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FOOTNOTES

1The research described in this paper was carried out under a grant from the
Netional Science Foundation. We are grateful to Sanford Berg and Jon Peck
for skillful and loyal help with the computations and to Donald Hester for
use of his macro~simulation program. We have benefited from the commentes
of Carl Christ on the original version of the paper.

2Bank‘s net free reserves are equal to excess reserves less débt to the cén-
tral bank; the model does not attempt to explain the two items separately.

5Public is assumed not to hold currency.

hFor example, consider the following trivial model:
* = -
XD(t) = B, BlP(t)
ax () = ofxp(e) - X (6-1))
% (6) = X (t)
vhere X; is the desired quantity of a commodity, P its price, AKD the

change in actual demand, « # O the speed of adjustment, and ié

nously determined supply. Irrespective of the speed of adjustment < , the
system will be in long run equilibrium two period after & change in the supply.

the exoge-



PITPFALLS IN FINANCIAL MODEL-BULLDINGS/

William C. Brainard and James Tobin, Yale University

Most monetary economiéts agree that the financial system is & come-
plex of interrelated markets for assets and debits. The prices and interest
rates determined in these markets, and the quantities to which they refer,
both influence and are iﬁflﬁenced by the "real economy,” the complex of mar-
kets for currently produced goods and services. These interdependences are
easy to aciknuwledge in principle but difficult £o honor in practice, elther
in theoretical analysls or in empirical investigation. All of us seek and
use simplifications to overcome the frustrating sterility of the cliché that
everything depends on everything else. But we all know that we do so at some

per:ll.

in this paper we argue for the importance of explicit recognitlon
of the essential interdependences of markets in theoretical and empirical ﬁpe-
eifications of financial models. Failure to respect some elementary interre-
lationships ~- for exomple those enforced by balance sheet identitles -- can
result in insdvertent but serious errors of econometric inference and of poliey.
This 1s true equally of equilibrium relationships and of dynamic models of the

behavior of the system in disequilibxium.

We will try to illustraste the basic polnt with the help of computer
simulations of a fictitious economy of our own construction. This procedure
guarantees us an Olympianlknowledge of the true structure that is generating
the observations. Therefore it can exhibit some implications of specifications
and misspecifications that are inaccessible both to analytical inspection and

to econometric treatment of actual data.



We fully realize, of course, that this procedure cannot tell us any-
thing about the real world. You can't get something for nothing. We realize
further that lessoas derived or illustrated by simulations of our particular
structure will not be very convinecing or even interesting to pecple who be-
lieve that the model bears no resemblance to the processes which generate ac-
tual statiatical dsta. We have tfied to formulate a model we believe in qua-
litatively, though of course the numerical values of the parameters are arbi.’

traxry.

I. An Equilibrium System

We begin by setting forth the eguations of a stgtic equllibrium of
a siﬁple financial system. The model contains the following six assels: cur-
rency and baﬁk reserves, Treasury securities, private loans, demand deposits,
time deposiis, equities. With each asset is assoclated an interest rate; some
rates are market determined, some are policy variables, some are institutional
constants. There are three sectors: governmént, commercial banks, public. .
The constituents of their balance sheéts, and the symbols used for them in the

paper, are giveh in Table 1.

The interest rates involved in the model are:

Y., central bank disgount rate T. demand deposit rate, legal
F D

celling (generally zero)
rs Treasury security rate ;& time deposit rate, legal

celling
T loan rate r marginal efficiency of real

- investment
r,. market yield on equity

K



TABLE 1.
Asgets of
Debts of ‘ '
Government Banks Public Total Debts
B P ' ‘
Government 57 Treasury|S Treasury|G-R Treasury Bills
' Bills Bille
Required
£ g::eg:: ¢ CurrencylR Regerves of
Reserves ' Currency
Banks D Demand D Demand Deposits
Deposits :
~ T Time T Time Deposits
Deposits
Public =L ZLoans ~L Loans
Equities in V Equities |V ZEguities
Physical Capital
Net Worth -G Government ) w¥ Equities
Assets-Debis Debt + Govern-
. ment
Debt

~P
cisions,
)

(rps 70 7p)

(rs, Tre Ty Tqo rx) .

r the vector of interest rates relevant to public porifollio de-

the vector of interest rates relevant to banks' asset choices,

In addition to the interest rates and the accounting veriebles of Table 1, the

following symbols are used:



P the market valuation of equities; the replacement value of the
physical assets to vhich the equities glve title ls taken to
be 1 and serves as the numeraire of the system;

K the stock of capital at replacement cost ,

b4 nﬁtional inecone;

kD and kT reguired reserve ratios for demand end time deposits
respectively.

I = &X net ilnvestment at replacement cost
H oprivate saving
GP government purchases

tTX the marginal tax rate. .

The equations are:

Public asset holdings and debts

[ ¢ = c®(2F, Y)W’ Currency] (Assumed zero im similstion
' model)

(1) D= DP(;P, Y)WP Demand deposits

(2 7= TP(;P, Y)WP - Time deposits

(3) sf = SP(;P, Y)W? Treasury securities

(‘1#) L = 15, YW Borroving

[y n.VP(;‘P, Y)WP ﬁqui‘bies

= (1 - LP - sP - ;'P' - DP - cP)wP]' [implied by other equations)



‘Bank asset holdings - |

(5) E= Eg(;B)(lr- kyJD + EgGB)(l - k)T Net free reserves
(6) 8 = o)1 - k)0 + SEENL - k)T Treasury securlties
(1 =1P) - kﬁ)D + In(E) (1 - 1T Loans

=(1-1%-Sg)(l-kD)D-i-(l-Eg-Sg)(l-kT)T

Balance equations

(8) kﬁD +kI+E+C=R Currency and bank reserves
(9) sT+s®Pag-R Treasury securities
{1 + 1220 impliea by (¥) and (7))  Loans
(10} V=K Market value of equity
()W ecwy Public wealth
{(12) pry =T Yield and value of equity
(13? T = 06 +-c&_§ Relation of mgrginal to average

product of capital.

In saddition, two inegualities must be satisfied in order for the

celling rates on deposits to be effective. Banks must be willing to accept
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demand and time deposits at prevailing interest rates in at least as large

yolume as the public wishes to hold.

The thirteen equations (leaving aside public currency holdings) de-

termine 7 quantities (D, T,~SP, SB, L, E, V) , four rates (rs, T T ) s

the market value of equity p , and of wealth 'WP + Exogenous variables are

of two kinds: policy variasbles 1, , T,

0 R, kD ) k'I‘ and other variables

G, K, Qs Y . Alternative interpretations are possible, depénding on

the modus operandi or objectives of the central bank. Although the supply

of reserves R 1is one of the quantities the central bank directly conftrols,

it may nevertheléss be an endogenous variable and Ty an exogenous one it

the central bank supplies whatever reserves are needed to peg the market in-

terest rate at some target level.
A number of the features of this model need explanation:

1. The structure of the balance sheet Gesired by the public is taken ‘
to depend on the vector of relevant interest rates and on its net worth WP

in a special way. Desired holdings of the various assets and debts sre homo-

geneous in wealth; & change in WP with gilven interest rates changes all itéms '
in the balance sheet in the same proportion. With respect to. interest rate
effects, the assets are assumed to be gross substitutes. An increase in the
rate on e'a. particular asset inereases the public's demand for the asset but

diminishes or leaves unchanged its demand for any other.

2. Similar behavior is assumed of banks with regard to the allocation

"of their Ydisposable assets” -- deposits less req_uired reserves =- among net



..'T...

free reserves,g/ government securities, and loans. However, allowance is made
for possible differences between the allocations of disposable demand deposits
and disposable time deposits. Since time deposits are, from the individual
banker's viewpoint, less volatile than demand deposlts, they may be more

adventurously invested.

The vector of interest rates relevant to the banks is somewhat dif-
ferent from the one relevant to the public. It includes the central bank
discount r;te, which is irrelevant to the public, but excludes the rate on
equities, which the banks do not hold. It is also assumed, though this is

not essential, that asset allocations of deposits are independent of the rates

that are pald to depositors.

3. In each case, banks and public, the entire list of relevant in-
terest rates occcurs in each equation. The reason for this is as follows:
The total effect of an interest rate change, summed over the whole portfolio
or balance sheet, must be zero. Thus if a particular rate is entered only
as & positive factor in the demand for its own asset and not included 1n any
other egquation, the offsetting negative effect is being implicitly assigned
1o the missing equation. (In the above model, bank demand for loans and pub-

1ic demand for capital play this residual role.)

Tt is always important to check the specification of the unwritten
equation that is implied by the explicit specification of the others: For
example, one might be tempted, either because it is theoretically convenient
or be;ause of econcmetric results and significance tests; t0 regard the time
deposit iﬁterest_raté as important for time deposits but of negligible impor-

tance in public demand for any other particular asset -- demand deposits,
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currency, tecurities,-loans. But to drop it out of those equations is to
assume that all the funds atiracted into time deposits come from equities.
If this ié an assumption one would not make deliberately, nelther should he
make 1s inadvertently. It is quite possible that cross-effects are so dif-
fused that none of them apﬁears significant in empirlcal regressions. Yet
it is a mistake to drop them out, because their sum 1s not zero but equal

in absolute value to the own-effect.

e The same observation applies to other variables affecting
balance sheet or portfolioc choice, In the model, income Y 1s entered to
represent the standard influence of transactions volume on desired holdings
for demand deposits and £or currency. By the same token, Y belongs in the
other asset demand functions of the public. If an increase in income induces
the public to add to their money holdings, it induces them to diminish their
holdings of something else. If this something else is not specified, the
implicit assumption is that all the movement into cash is at the expense of

the residual asset, the one whose equation is not written down.

5. The influence of Y on asset choice i1s one causal link from
the real economy to financial markets. An additional link is the influence
of r , the marginal efficiency of capital, another varliable exogenous to
the financial sector. An increase iﬁ r , for example, will raise elther
the market value ‘of equities, and with it -the publle's wealth, or the market
yield of equities, or both. In any event it will lead to a general reshuffling
of portfolios, and & new structure of rates. The marginal efficiency of capi- -

tal 1tself 1s linearly relasted to its average product I/K ; both ¥ and K
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are exogenous to the finanéial sector.

6. One of the basic theoretical propositions motlvating the model
is that the market valuation of equities, relative to the replacement cost
of the physical assets they represent, is the major determinant of new in-
vestment. Investment is sfimnlated when capital is valued more highly in the
market than it costs to produce it, and'discouraged.when its valuation is lesg
than its replacement cost. Another way to state the same point is to say that

investment is encouraged when the market yleld on equlty % is low relative

10 the real returns to physical investment.

An increase in p , the market valuastion, can occur as a result of
an increase in the marginal efficlency of capital r , i.e., as a result of
events exogenous to the financial sector. But an Increase in p may also

occur as & consequence of financial events that reduce rK 3

the yleld that
investors require in order to hold equity capital. Indeed this is the sole
linkage in the model through which financial events, including monétary policies,
affect the real economy. In other words, the valuation of investment goods
relative to their cost is the prime indicator and proper target of monetary
policy. Nothing else, whether it is the quantity of "money” or some financlal
interest éate, can be more than an imperfect and derivetive indicator of the

effective thrust of monetary events and policies. As some of our examples be=-

low will show, such indicators can be quite misleading.

in the actual economy, of course, the single linkage just described
is a multiple one. There are many kinds of physical capltal and many markets

where existing stocks are valued -~ not Just markets for equlties, but other
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markets for opersting businesses and for houses, other kinds of real estate,
cars and other durable goods, etc. The value of these stocks then helps to
determine the profitability of new production of the same kind of capital or
of close substitutes. Here thié varietf is ignored by aggregating all capital

and attributing to it a single market price and a single replacement cost.

7.' The effecté of changes in Regulation q ceiling rates on time de-
posits have been much debated in recent years, among both monetary theorists
and men of affairs. In our view this discussion has not paid enough attention
to the general equilibrium effects of such regulatory measures and has been
too preoccupied with the effects on Qommercial bank loans or deposits. A re-
duction in the celling may in some circumstances be deflationary, but the fact |
that it drives funds out of banks and forces them to contract their loans 1s
no proof at all of this assertion. Exstwhile depositors will be looking for
places to invest their funds, and they may be glad to acquire, elther directly
or through other 1ntermedia:ies, the assets the banks have to sell and to ac-
comodaté the borrowers the banks turn away. Whether the ultimate result is
to bid interest rates and equity yields down or up is & complicated question:

_ the answer depends, among other things, on whether time deposits are in wealth-
owvners' portfolios predominantly substitutes for demand deposits and currency
or for loans and equities. The former substitution pattern tends to make a
reduction in time deposit rates deflationary, the latter pattern, expansionary.
The answer depends also, of course, on what is assumed about the supply of un-

borrowed reserves and other instruments of monelary control.

For some purposes it will be useful to make explicit the connections

'between .the financial system and the real economy, extending the model to
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encompass endogenous determination of income, investment, and the marginal
productivivy of capital. Our extensions are of the most primitive sort; our
purpose is not to build a complete model but include the linkages necessary

to illuminate the problems of constructing a model of the financial sector.

The explicit equations, (14), (15), and (16), are given below in section III-T.
Net inﬁestment depends, for the reasons already stated, on the market value

.of capitsl, p . The model 1s a stationary one -~ alternatively, it could
be interpreted to describe deviations from trend. In an eguilibrium with
Pp=1, net investment will be zero. Government expenditures are exogencus;
taxX revenues and saving are linear functions 6f income; the level of income is
deterﬁined by)the usual miltiplier process. The marginal productivity of capi-
tal has an exogenous component but al;o varies directly with income. Both ine
come and the marginal productivity of capital feed back into the equations of
the financial sector in the manners already described. The model does not
determine a commodity price level; everything is eipressed in terms of newly

produced capital goods, the numeraire.

II. Dynamics of Adjustment

No one seriously believes that either the economy as a whole or its
financial subsector is continuously in an equilibrium. Equations like those
of the model described above do not hold every moment of time. Consequently
analysts and policy-makers can hope to receive no more than limited guidance
from‘comparaﬁive static analysis of the full effects of “changing" exogencus
variables, including the instruments of policy. They need to know also the

laws governing the system in disequilibrium. Since there are many dynamic



specifications that héve the same static equilibrium, the model-bullder has
great freedom. Moreover, economle theory, although it imposes some a priori
constraints on specification of equilibrium models, has almost nothing to say
on mechanisms of adjustment. The burden on empirical testing and estimation
is very heavy, but it is precisely in the estimation of lag strictures and
sutoregressive effects that statistical and econcmetric techniques encounter

greatest difficuities.

There are, of course, some identities -- e.g. balance sheet or income
ldentities -~ that apply out of equilibrium as well as in. Ouwr structures in
Paxrt I on the need for model-builders to pay explicit attention to these iden-
tities apply with egual force to dynamic specifications. A common and useful
dynamlc equation is that the deviation of a veriable from its "desired level”
~= i.e., 1ts value according to one of the egquations of the equilibrium model
~-- 1 diminlshed by a certain proportion each wnlt of time. This specification
is incomplete when the model includes a number of such variables conStfained
to add up to & given total, the same total for actual values and desired values.
Deviations of actual from desired values must always add up to zero. If, for
example, the public is ralsing its holdings of demand deposits to bring them
closer to the quantity desired at current levels of income and interest rates,
‘the public must also be reducing i1ts holdings of some other assets, taking

those holdings either toward or away from eguilibrium.

In general, the adjustment of any one assel holding depends not only
'on its own deviation Dut also on the deviations of other assets. The public

might have exactly the right amount of demand deposits and yet change this
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holding in the course'of adjusting other holdings to their desired levels.
Failure to specify explicitly these dynamic cross-adjustment effects has

the unintended consequence that they are all throwm into the omitted equation,
In the model of Part I, for example, the equity equation happens to be the

one which is arbitrarily omitted, since by "Walras's law" its specification 1s
impliclt in the other equationsfr If no cross-effects were allowed in the ex-
plicit equations of adjustment of the other asset demands, then the counter-
raxrts of all the owm-adjustments specified would be loaded into the implicit
ad justment éqnation for equities. The assumption would be, for example, that
when people increase their deﬁand'deposits to bring them up to desired levels
they get all the funds by selling eguities. It is doubtful that a model-builder-

would want to make an assumption of this sort, but he might 4o so inadvertently.

Thelnecessity for the effects of a change in a variable to sum to
Zero across an ekhaustive list of asset holdings applies separately to every
lagged value introduced as an explanatory variable. Model-builders are tempted, .
of course, to choose for each equation, one at a time, the‘lag structure that
seems best to fit thelr common sense judzments and the data. They should
remember that they are implicitly building the reflection of this lag structure
into other equations. For example, it would be hard to make sense of a model
that relates one asset holding to interest rates lagged two and three quarters
and relastes a close substitute to the same interest rate lagged one and four

quarters. .

We are pléading, in short, for a "general disequilibrium" framework

for the dynamics of adjustment to a "general equilibrium" system. Thais is
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the'spirit in which the simulation model, described in the next sectlon, has

been constructed.

III. Description of the Structure of the Model

The model which has been simulated is as follows:

1. Publie's desired balance sheet. Each desired asset holding is

of the form X = (ao *ayTy ¥ aglg k agr ¥ oar + a5Y)WP . The assumed coef-
ficients of the linear forms are given in Table 2; we do not attempt to defend

the realism of these numbers or the ones in later tables. We shall designate

by X**(t)} the value of x* wvhich this function yields for contemporanecus

r's, Y, and w® . The sum of X**/WP sust be identically equal to 1;

therefore, the constant terms must add up to one and the other coefficlents to

Q0. Own~rate coefficients in each case are shown in squares.

2. Public's adjustment behavior. This is assumed to take the fol-

lowing form AX, () = X, (t) - X, (t-1) = zjaijtxg*(t) - X(t-1)) + p,H(t) +
7iK(t-l)/_\.p(t) .

The first terms simply represent thé stock adjustment terms previous-
ly discussed, including "eross" as well as "own" texrms., The last two terms
represent inltial allocations of neq saving KE(t) and of capital gains on equi-
ties K{t-1)Ap(t) . Together these two variables account for the change in
public wealth QWP(t) . As the colwmn sums of Table 3 indicate, ﬁhé sun of

the reactions to & particular deviation, with wealth constant, must be zero,
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TABLE 2.

Desired Balance Sheet of Publiec

by

T
Coefficients (time s T g Y
of : Const. dep.) (Securities) (Loans) (Equities) (Income)
ot o 0 0 o 0 0 Currency?/
%k P _ Demand
(1) D™ /w 55 =20 -.10 0 0 10
° Deposits
¥% P - Time
(2) =/ .05 40 .20 o 0 -.03 Deposits
(3) s™*mF .20 -5 50 0 -.025 -.05  Lreasury
Securities
wx P Loans (in
(&) /W 0 0 0 <20 -.125 -.05 negative
sense)
VT 30 -.05 -.10 -.20 +.15 .05  Capital

TOTALS  1.00 0 0 o o 0

and the sum of the reactions to a change in wealth must be one,

Taere are five deviations X* (¢} - A(t-1) and two wealth increments
H(t) and X(t-1)Ap(t) . But they ere linearly dependent: the sum of the five
deviations must equal the swm of the two wealth increments., Therefore, there
are only six indentifiable coefficients, not seven, in each AX adjustment
equations. Ve have chosen to leave ouf v¥*(4) - v(t-1) , which can be derived
s the sum of the last two variables -- column headings in Table 3 -- less the
sum of the first four. Thgrefore, each of the first four colﬁmns of Table 3
describes the pattern of reactions to a unit deviation in the designated var-l

iable offset by a unit deviation of opposite sign in eguity holdings. ILikewlise,
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each of the last two éolumns describes the pattern of reactions to d unit in-
crement of wealth matched by & unit deviation of the same sign in eqﬁity hold-

ings.

The numerical values in the table embody some preconceptions of the
authors. One is that new saving is initially accumulated as demand deposits,
later to be distributed among other assets if holdings of demand deposits are
too large. Another is that capital gains are initially held in ﬁhe assets that
gave rise to them; later they may be at least partially realized and distributed'
across the whole portfolic. The fourth column has the following interpretation:
If people are in debt more than they like, (and have equivalently more equity
cepital than they would like) they repay 40% of the excess, selling equities
forljh-of the repayment and using demand deposits for the other 5/&. Converse-
ly if their debt is less than desired they borrow 40% and divide the newly
borrowed funds in the same one-to-three ratio between equlties and cash. Sﬁ£~
sequently the borrowed meoney finds its way into equities, which the equilibrium

eqguations tell us 1s the purpose of incurring debt.

3, Banks' desired allocation of deposited funds. As explained in

Part I, banks accept as given and beyond thelr control the quantitles of time
and deméﬁd deposlits forthcoming at the ceiling rates. They allocate these de-~
postis, after meeting the reserve requirements upon them, among excess reserves,
securities, and loans. These allocations are not the same for the two kinds of
deposits; banks are more willing to lend out their time deposits, which are

« vegarded as less likely to be withdrawn. The form of the equation for banks'

desired holding of an asset is X2 a (1 -k )D{a, +a{r, -~ 2.} +a(r -1,)}+
8 T W\g T T/ T 8\, T Tp



TARLE 3.

7 Adjustment Behavior of Public
Coefficient of: :
Deviation from Desired Stocks

; Changes in Wealth

Demand. Dep. Time Dep. Securities Loans Saving Capital Gains
5 *¥* % *¥%
DU(%) - D(4-1) - T (8) - T(6-1) 8T (8) - 8(4-1) LT (%) - L(+1)  H(s) K _. (o - p, ;)
(11) AD(t) l+.3o -.08 | .08 .30 1.00 0
(21) AT(t) -0 . l =410 0 0 0
(3+) asT(t), 15 -.10 .20 0 0 0
)'"“'! . :
-y ' i . ]
(1Y AL(t) 0 : 0 0 7.1»0' _ 0 0 [
;.' o ]
~ Lo av(e -.05 -.02 -.02 -+20 0 1,00”
/ i
{
A
TOTALS 0 0 | 0 0 1.00° 1.00
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: B
(1 - kT)T{aT + al(rs - rF) + aa(rL - rF)} + We shall call the value of X
for contemporaneous values of interest rates and deposits X*(t) .
TABLE k.
Desired Portfolio of Banks

Constants Coefficients of differentials
above discount rate

®p fp . - .
demand time L 2
deposits deposits securities rate loan rate
Ty = Ty To- Tp
(5) E* .01 .0 -.0k -.01  Net free Reserves
. A
B#* Treasury
(1) -L* .32 66 . ~.02 +.10 Loans
TOTALS 1.00 1.00 0 _ 0

4. Banks' adjustment behavior. The dynamics of bank behavior are

similar in structure to the dynamics of public portfolio adjustment. Changes

in bank portfolio allocations depend, on the one hand, on deviations from de-
sired allocations and, on the other hand, on changes in disposable deposits,

The assumed structure of the former responses 1s given in the first two colums
of Table 5, for net free reserves and securities. A unit deviation in either of

these has as its counterpart a unit deviation of opposite sign in loans.

The structure of responses 10 changes in disposable assets is given
in columns three and four; very siumply, all changes are initially ebsorbed in
net free reserves. As indicated in those columns, disposable assets may change

either because deposits change or because reserve reguirements are altered.
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Reserve reguirement changes slso figure in column one: banks are assumed to
realize, for examplé, that net free reserves of last period are already less
excessive if reserve requirements have meanwhile been increased.
TABLE 5.
Adjustment Behavior of Banks

Coefficients of: Changes in

Disposable Assetls cl es

Demand Time in Loan
Net free Reserves|Treasury Securities| Deposits | Deposits | Demand

Deviation from Desired Stocks

B¥(t) - B(t-1) | S5 () - 82(8-1) | (kek)AD | (1-k)AT | -AL

+ AKDD(f-l) -5 D(t-1)| ~Ak (1)
+ ART'I'(t-l)

(5') aE 5 -5 1 1 -1
(6'y &as® -5 .5 0 o 0

AL 0 0 0 0 1
TOTALS 0 Q 1 1 0

Finally, the last row and column of Table 5 recognize that in the
short un banks meet from excess resefves whatever loan demand comes thelr way
at the established interest rate. However, banks adjust the loan rate up or

down, depending on whether L¥(t) - L{t-1) is greater or smaller than zero:

. *(6) - L(t-1
A b = 10 {(1-@3(31) +LE1-%)T@-1)}



This i6 the modus operandi of the loan market, and determines the
loan rate. There are two other balance equations, one for Sank reserves (cur-
‘rency) and one for interest-bearing government debt. These equations determine
the two remainlng interest rates, on securities and equities. These must ad-

Just contemporaneocusly as ‘necessary to clear these markets.

(8) B(t) + kDD(t) + kTT(t) = R{%t) Reserves

(9 sT(t) + 8B(¢) = &{t) - R(t) Securities

As in the static model, we have eguations for the market value of

the capital stock and for total public wealth:
(10) v(t) = p(t)x(t)
(1) CW(e) = 6(e) + v(t)

5. Market value of eguity. As explained in Part I, there is an in-

verse relation (12) between the market value of equity and the return it bears.
Their product is equal to the marginal productivity of capital, r . This in
turn was assumed to be positively and linearly related to the average product

capital;. in the dynamic version this relation is lagged.
(22) r (6)p(t) = x(s)

' _ Y{t-1
(13) w(t) = oy + o grT

In some simulation runs &, is varied in a cyclical pattern in order to "drive"

the economy. Two pairs of normal values of (czo, 0(1) are used -- one is (9,2.5)
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and the other (8,5). The second gives a more ﬁowerful endogenous determination
of r . 8ince the eguilibrium value of the average producﬁ of capital 1s taken
to be .4, the eguilibrium velue of marginal productivity is in both cases 10

(percent).

6. Changes in wealth., Equation (11) implies that &' (t) = Av(t) =AG(t) .
Likewise, equation (10) says that AV(t) may be the result either of real in-
vestment I(t) = AK(t) or of capital gains or losses on exisiing capital. The
allocation of changes in wealth between saving (H(t) = &6(t) + p(+)I(t)) =nd

) By .
capital gains makes a difference in the adjustment process -- see Table 3.

The 13-equation static model has now been augmented by the seven ad-
justment eguations (1') through (7'). Correspondingly, actual values of the

Pk

seven quantities are augmented by seven desired levels p¥* | i s S N

¥, B*, s, L¥.

The model so far desdribed tells how the financial system operates
in response to monetary policy changes or to other shocks arising either inside
the financial sector or in the real economy. This model can trace the effects
of these shocks on time paths of interest rates, financial quantities, and the
market valuation of capital. Among the variables whose time paths are treated
as exogenous to the financial system are income Y , the exogenous component

of marginal efficiency of capital ¢

o 2 the real capital stock K , the govern-

ment debt G .

In a rough sense, this model is analogous to the LM sector of the
‘textbook Keynes-Hicks macro-economic model. That is, it tells what interest

rates will be assoclated -- via monetary and financial institutions, markets,



and behaviar -- with different states and paths of income and other "resl eco-

nomy” variables.

T. The model extended to endogenous determination of income. As

noted in Part I, we have also constructed a primitive,extension of the model
to allow for endogenous determination of income. The dynamic version of this

extension consists of the following eguations:

{1%) Y} - el - %)) = ¢

o * &K(t) + GP(x)

This is the conventional multiplier relation. Here ¢ 1is the marw

ginal propensity to consume from disposable income, <, is the consumption

intercept, tx is the marginal tex rate, and GP is government purchases.

No lags are introduced; (14) holds for contemporaneous values of the variables.

(15) ' 26(t) = Gp(t) - TEr(e) - T,

The increase in government debt is identical to the budget deficif,
which 1s the excess of government purchases over tax revenue. Tax revenue is

& linear functioﬁhof income.
(16) 2K(t) = 7o(p(t) = 1) + 7 (p(t-2) - 1)

As explained in Part I, the valuation- of egquity is the channel through
which financial policies and events are trensmitited to the real ecoaomy{ Equa-

tion (16) expresses this linkage. In one numerical version (70, 71) is

(1.5,0); in an alternative version (70,71)‘ is (1.5,1.5). These three egua-

tlons convert Y , G, and K into endogenous variables and introduce GP ,
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txo and TX as new policy parameters.

The extended model can be driven by three kinds of shocks (a) exogen-

ous changes in T ---i.e,, changes in the «, part of r (b) monetary in-

struments, in particular changes in R , the supply of bank Treserves, and
(¢} fiscal policy, represented by variation of government purchases GP

while #ax rates remain constant.

IV. Description of Simulations

'

The dynamie systems described in section IXI are systems of similtan-
eous non-linear first order difference eguations in 20 or 23 varisbles. Tnere
are three such systems, cne for the financiai sector alone, and two variants
of the extended model, with "weak iuvestment” and "strong investment responses

to changes in income Y . Simulations of the following types have been run:

(a) Unit impulses: the system is displaced from equilibrium by a

once-for-all'inérease of 10% in a single exogenous variable, holding all others
at their initial equilibrium values, and the paths of the endogenous variables

to the new equilibrium are traced.

(b) Exogenous cycles. The system is displaced from equilibrium by

a sinusoidal fluctuation in a single exogenous variable, with a period of 2k
units of time. AL its peaks the variable is 5% above, at its troughs 5% below,

its initial value.

There are both monetary cycles, in which the driving forece is R,
the supply of unborrowed reserves, and non-monetary cyeles¢ In the several
non-mone%ary cycles, the driving forces are GP , goveroment purchases, and

¥ , themarginal efficiency of capital or its exogenous component Qb +« There
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are two kinds of non-monetary cycles, correspondiﬁg to alternative assumptions
about the behavior of the central bank. In one set of simulations, the mone-
tary authorify holds R coanstant and lets interest rates fluctuate. In another
set, the monetary authority desires 1o peg the Treasury security rate, and
therefore-engages heavily in open market operations fesigned to keep the rate

on target,

The results of these simulaticns are summarized in the Appendix Tables.

They Torm the basis for some ohservations in the subsequent sections of this

paper.

V. Eouilibrium Responses, Financlal Sector

The comparative static properties of the model, a number of which were
discussed gualitatively in Part I, are illustrated in Table A-1. How to read
it may be explained by reference to the first column, which concerns the ulti-
mate effects of a 10% or .17 change in unborrowed bank reserves R , accomplished
by open market operations. Note that the public eventually sold not only .17
securities to the central bank but another .34 to the banks. With the reserve.
requirements in force, the increase in réserves could legally have supported
an expansion of 1.13 in demand deposits or 3.40 in time deposits, or any linear
combination. However, this does not happen. Both demand and time deposits
have elasticities less than one (.43 and .69) with respect to reserve changes,
and their total increase is only .8k. Banks keep .10 of the new reserves idle.
Even s0, the public has consi@erably reshuffled its wealth,;selling securities

and borrowing as the counterpart of their inereased deposits. Their portfolio
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shifts, and their counterparts in the banks' portfolios, are induced by a general
reduction in interest rates, with which goes an inerease in the valuation of
equity capital p . Thus the column says that open market purchases have an

effect in the expected expansionary directicn.

The other columns are to be interpreted similarly. A number of pro-

perties of the model worth noting are illustrated in Table A-1l:

(a) In several instances D and p move in opposite directions,
and ingreases in D accompany increases rather than reductions in iﬁterest
rates. Thus column 3 concerns an increase in wealth which takes the form en-
tirely of equity capital; no government debl in monetary or other form is pro-
vided to balance it.D As might be expected, this is highly deflationary. But
the publlic does acquire more bank deposits, and the banks are induced by higher

interest rates to cut their excess reéerves drastically.

Columns & to T concern 10% increases in demand deposits as a result
of autonomous changes in asset preferences, the shift in each case coming from
the asset indicated. All such shifts are of course deflationary, even though
demand deposits increase and satilsfy partially the public's desire to hold more
af them. Banks are again induced to economize reserves by increases in inter-

est rates.

(b) Changes in excess reserves are also an unreliable guide ﬁo the
thrust of the financial system, as measured by P . When monetary policy is
eXpansionary, excess reserves go up along with p . When, as in column 8, non-
monetary events are-ralsing both p and the-demands on the banking system,

net free reserves fall.
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{(c) Although interest rates move together in all the cases in Table
A-1, they too can be misleading indicators. Consider, for example, an autono-
mous shift from securities into capital, whose effects could be calculated by

would rise by .Ok, =, would

X

subtracting column & from column 5. Then Tg

fall by .21 and - p would rise.

In Teble A-2 the equilibrium responses of tThe endogenous variables
t0 three exogenous variables, Y , G, and R are compared to the relative
amplitudes of the same endogenous variables in cyeles ariven by the same three
exogenous variables. Thus demand deposits had a relative amplitude 1.07 times
as large as income in an income-driven cycle; this compares with a comparative~
statics elasticity of 1.03. Tﬁe table shows that for some variables such elas~
4icities are a misleading indicator of cyclical sensitivities. The magnitude
of the cyclical fluctuatiens in T , for example, ls on the order of two-thirds
its eguilibrium response for both the ¥ and R cycles. On the other hand,
in the Y. cycle, the security holdings of both the banks and the public fluc-
tuate more than two and a half times theilr equilibrium response. Similarly,

fluctuations in bank reserves cause bigger fluctuatlons in r

X and p than

would be expected from the corresponding once-for-all elasticity. This suégests
that it mey be daifficult to obtain accurate estimates of the demand relation~

ships from ¢yclical data.

VI. Adjustment Speeds

The speed with which a simultenecus difference equation model returns

to egquilibrium when subjected to a change in an exogenous variable cannot be
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inferred by inspection of individual behavioral equations. Systems with slow
adjustmenty in individual behavioral equations may move gquickly to a new equi-
librium, and systems lncorporating rapid adjustment in individual equations

may be slow to reach a new equilibrium, This reflects two features of a "gen-

eral disequilibrium" system.

First, some variables can be taken as given by individual decisién-
mgkers or in particular markets but are endogenous to the system as a
whole. 8low response of individuals in one dimension may merely result in a
compensating large and rapid adjustment of other endogencus variables. This

process may get the system to equilibrium in a short time.ﬂ/

Second, adjustments made in one market, while moving 1t towards
equilibrium, may move other markets away from equilibrium. Even for the rela-
tively simple model of the financiel sector we have constructed, the dypamics
of adjustment would be extremely difficult to obiain analytically. Although
the system is non-linear, one might expect the endogenous variables to exhibit
behavior similar to that generated by a high order linear difference equation.
Hence we should not be surprised to find that the speed with which particular
variables adjust to their new equilibrium depends on the particular exogenous
varizble which is changed. DMoreover, there is no simple way taq infér from
the speeds of adjustbment to each of two or more individual shocks how fast the
system would adijust to a combination of shocks, either simltaneous or sequen-~

tial;

In our similations (see Table A-4) it appears that most variables are

relatively slow to reach a new equilibrium following an increase in the supply
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of real capital or an increase in'the marginal product of capital, and adjust
relatively fast to an injection of reserves. Similarly, on the basis of the
analogy with linear difference eguatiocns, we would expect to find some variables
responding relatively fast to some shocks and relatively slow to others. De-
mand deposits, for example, complete 75% of their adjustment to a change in
income within two periods, whereas loans require 18 periods for a similar ad-
Justment. In response to a change in the marginal producf of capital, however,
loans adjust T5% of the way in 5 periods whereas the similar adjustment requires

9 periods in the case of demand deposits.

In spite of the fact that relative speedslof adjustment depend on which
exégendus varlable is changing, some endogenous variables seem to adjust rela-
tively slowly for aimost all of the shocks we have considered. Even though
individuals always hold the deéired quantity of loans, I is frequently among
the last of the variables to come within 25% of its new equilibrium value.

In two thirds of the cases, the loan rate, which banks adjust "slowly," achieves
775% adjustment before the quantity of loans. With the exception of the adjust-
ment to a change in the marginal product of cépital, demand deposits'adjust

“more rapidly than time deposits.

VII. Cyclical Timing Patterns

In & highly interdependent dynamic system, the chronological order
in which variables reach cyclical peaks and troughs proves nothing whatever
about directions of causation., Although few people would seriocusly claim that
cyelical lead-lag patterns are a reliabie guide to direction of causal influence,

believers in the causal primacy of monetary variables have offered the timing
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order of variables in business cycles as partial evidence for their position.
Simulation of cycles of known exogenous or causal source is a good way to show

that observed timing order can be very misleading.

The dangers involved in relying on the timing of peaks and troughs
as antindication of causality are iliustrated in Tables A-5 and‘A-6. In every
case considered, some endogenous variable leads the exogenous variable driving
the system. In each of the reserve cycles, for example, ZfLree reserves lead
the total supply of reserves. Similarly, an exogenous cycle in the marginal
_product of capital generates a cycle in incame which leads it in both variants

of the extended model.

Even though leads and lags do not provide informetion about causation,
if they could be depended on they would be extremely useful in forecasting the
future course of the economy. Unfortunately, the tables provide numerous ex-~
=am;oles of variables which lead another endogenous variable when the economy
is d;iven by one exogenous variable and lag it when driven by another exogenous

variable.

For example, in the extended model with reserves fixed, loans lead
income when government purchases are the driving force, bul lag income in cycles

driven by fluctuations in the marginal product of capitsal.

Similarly, in the financial sector simulations, the rate on securities
leads the rate on equities by two periods when income alone varies exogencusly,
but lags it by one period when fluctuations in investment accompany the varia-

tions in income.

Not surprisingly, the leads and lags aré also sensitive to the policy
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actions of the monetary authority. If the supply of reserves is fixed and govern-
ment purchases cause fluctuations, Ifree reserves trough when income peaks.

When the monetary authority pegs the raite on securities, however, free re=-
serves actually peak with income. Similarly, in the "strong investment" var-
iant, loans lead gwernmen‘c; purchases by two periods when the. rate on securities

is endogenovs and lag government purchases when it is pegged.



Toble A-1
Financial Sector Model

Equ‘ilibrimn Responses.
to Onee-for-all 10% Increases in Single Variables

(units in upper left of cell; elasticity in lover right)

- - [
: - Shock, and Raserves| Gov, Debt|Real Cap. Preferences for Demand Deposits | Mg, Prod] Income| Reserve Requirements i Celling
: gmount ; Rete
: ~ Demznd Dep. | Time Dep, R
' : ¥ R B %% A X% . . N T
! yvariable R G X from T "{frem S from K™ 7| Trom ‘L r Y KD kT -
: - 17 .75 L2 { .70 .70 .70 .70 1.0 0.5 1. 5% 0.5% ’
ihemand, R .15 .57 .53 .45 i .46 .19 73 1-.18 -.07 -.oh
] .
{ bepostits D b3 .21 .82 .76 .65 .59 .66 27l 105 -.26 -.10 -1.35
e .5k .10 .52 -.88 -.38 -.36 - 31 20 |-L [-%0 -12 2.0h
. Deposits I B9 .13 66 1,12 - 48 - 46 -. %0 .23 -.90 .58 -.15 2.54
‘Security & |- .67 7 .08 f-.09 .08 .16 18 .05 | .26 .09 -3
E}{oldings -1l.92 2.581 1.76 30 I %0 .60 .68 .19 .57 L5k -1.18
zéans ~L .33 .18 1.58 -.26 -. 01 L1k .32 .57 08 {-.22 -. 10 .19
.33 18 1.58 - 26 -, 0L 1h 32 57 .08 - 22 -. 10! .79
neess o .10 -, 02 -, 11 -, Ok - 05 ~. Ol -. 05 -, 0% -07 |-.06 -, 02 Ok
RKeserves (n.a) (n.a) {n.a) (n.a) {n. =) (na) (n.a) (n.2}] {n.a) (n.a) (m &) {n.a.)
Bank 5B 3% .08 -~ -. 09 .09 ~. 09 .16 - 18 [-.05 |-.26 =09 .3
' Securities 1.09 26| -0 -29 .29 -.29 51 -58] " -.16 .83 -9 .99
Security r -.09 .06 .09 .02 .08 .ok .04 .03 .09 | .05 .02 .oh
" rate 5 - k6 300 L .20 .39 .20 .20 L1500 L hh .2k .10 .20
vield on - -2  }|-.03 1.16 .27 <18 49 .38 .46 32 | .20 ] .08 .31
capital K 2l - 03 113 .26f - .18 27 ¢ T I .20 .08, -.30
Loan ) - 20 .ok .65 . 20 .10 .20 .28 .24 .28 | .ab stz
interest L -.38 .08 1.22 .38 .19 .39 .5h gl sk .27 .10 -.66
vquity’ » 02 |+.00 -.13 - 03 |-.02 -f-05 |-.04 .05 [-.05 |-.02 -.01 .03
'i"'e'me .20 %, 00 +1.%0 ) - 20 -, 50 - ho .50]  ~.30 -.20 " -.108 30|

hhere are dnevact beeause changes in © were revorted only to one significent figure,



Table A-2

Financial Sector Model

Amplitudes (Peak less Trough) relative to

(Equilibrium Elasticities (absolute values) from Table 1 in parentheses)

Auplitude of Driving Force (10% of equilibrium value),

Exogenous cycles in:

Variable Income ¥  Income Y, Govt Debt Reserves
Investuwent AI&/ G R

gjf;;m 1.07 (1.05) 3.20 40 (21) |6 (43)
1323251_ .60 (.90) S b (s |39 (69)
secarlty oP .55 (.19) 3.2k 2.34 (2.52) | .73 (1 92)
;Loans | _;'"-“"‘w 25 ( 08 ) —"_“-”2—5;. wwwwwwwww o 06 ( lé) B w-.l"( ( 55)
i—!\%:::'fres 2 .09 (.o7) .33 {03 (.02) .15 {.10)
ST s e | s TS | s (aeos)
?{ES{ZSZ?%Y g | 439 (k) ) .&u”(.5c>) 39 (ke)
i Il G R N
st TL | o5 (5%) 2.0k .08 (.08) | kL (.38)
@;ﬁ:{‘ p 1 .20 (.30} | 2.70 ;l .20 (Fo0) | ko (.20 |

Y4

to a multiplier of

capita.l stock is held constant.

-/ Amplitudes given in units.

In this simlation OK was always 1/2 (actual Y - equilibrium Y), corresponding
2; the capital stock varied accordingly, whereas in column 1 the




TABIE A-3

L Extended Model Cycles
Amplitudes (Peak less Trough) relative to Amplitude of Driving Force.
(1.0% of Equilibrium Value)

Strong investment variant S Wesk investment variant
Exogenous cjcle in:
GP, Gavt.Purchasedr, Marg. Product GP Govt.Purchases| r, Marg. Product
' + - Reserves Reserves — -1 -

ro pegged R fixed o Pegged R fixed| R R v peggedl. R fixed r. peggeJ R fixed
-~ R - S R
eposits 1.%2 8 1.51 1.16 .66 .63 1.52 .79 1.08 1.03
ime
eposits T 33 52 L1 .25 b2 1 3k S5k ko .23
ecurity P .
oldings © 1.2k Lok .56 ] 1.73 1.7% 1,20 .90 .53 15
oans -1, .38 .20 1.02 95 37 Sk .28 i .91 .85
XCess 1 ' |
eserves E——/ .10 .07 -09 412 .@ .ll .Oh .06 ‘0? cll
anks' B 8 ' & 7
ecuritied .83 .22 61§ 1.09 .87 .90 .90 .16 .61 oL
ecurity
ates Ty .05 .39 00 ¢ .20 .39 +39 05 .39 .00 .20
ield on
epital ‘K| **° 16 SN S .06 13 .03 23 .76 .81
ORI
nterest Tn| % +35 -0 -80 2l | e .10 .29 .58 .70
quity -
alue P} 9 .00 .20 .20 .00 .20 .00 .00 .%o 10
eserves R 1,00 .00 A .00 1.00 1,00 .93 . .00 1 .00
Income Y .80 .68 3h .30 .12 .10 .76 | .26 .68 .2k

l/Amplitude given in units.



Teble A~k
Finanelal Sector Medel
Speeds of Adjustment to
Once-for-All 10% Increases in Single Variables
(spallest number of periods after which variable's distance from new equilibrium is

25% or less of full equilibrium response. Starred entries (*) designate adjust-
ment paths that over-shoot and oscillate.)

J—
r—
s*nock; gaeserves Govi. Real Preferences for Demand Dep. | MBng. |[Tnecomei Réserve Reg.
; Debt | Cap. } - «Prod.
rariableN R G K ifrom T%¢[from S¥¥ from K¥¥ from L¥¥| r Y k.D kT
poaed 5 5% | 10% 2 3 2 2 9 2 L 2
eposits ! _
fee  pl o7 fux tioxi 6 7 6 5 7 6 8 | 8
leposits
exrlby oFy f 1 laex | 5} 1% 8 8 {1 8 T
foldings _
Tes -4 b I ™ 13 2o TIx 3 5 15% 10 9
Rxeess - " ' % )
Reserves - b > o* 2 2 b > 7 5 L 1
st SB % : %

awities | 2 b g 22% 6 &% 9 8 10 8 5 1 b
Pecurity . 4
Fates Td 1 2% 4 e ! > 1 2 3 6 3 2 3
fleld on . : .

boital TK D¢ (D% j 0% 1 12 5% T {8 L 2 2
- 1

L0an N

knterest T, L Lx o* L L P 5 T 5 b 3
q‘i:y | 3 j15% | 9% | 15¢ 2 5% 7 6% | 6 2 | 2




Table A-5
Iag (+) or Lead (-), Compared with Exogenous Cycles (24 periods)

Financial Sector

{ Endogenous _ Exogenous Veriables
Variables E
R G Y, &

> /2 21/2 | -21/2 o
T (2 1/2)} 3 § S
¥ (2} (2) 1/2 (-5 1/2)
R 51/2 ¢ (-k1fe) 2
E (0) -1 (=2) ©)
R A 3 3/2 - -5 1/f2
Ts 1 (1/2) 21f2 | 31/2
g 3 (2 1/2)5 (1) ' 2 1/2
L 2 1f2} (3 h1fz | b
P (%) 2 1/é 7 (2 1/2)
R ; o i )
Y 0 ) ) .

- ) - - 0

Comparison is with second cyclical pesk of cyclically fluctuating
exogenous variable in simulation run. Nwnbers in pareatheses refer
to timing of a trough in comparison with this reference cycle's peak;
this comparison is made for variables that move counter cyclically.



Table A-6

- Lag (+) or Lead (-), compared with Exogenocus Cycles {24 periocds)
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iir_nula".:lon run. Humbers in parentheses refer to timing of a trough in comparison wi u‘—x
‘iis cyele's peak;

e it =

(2 1/2)

A it bt

gt " . M =
mxtended Model ~ f:»*“o*’zb Investment Extended Model - Weak Invesitnent
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bis conparison is mede Ffor varisbles thalt move counter eyclically.
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