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ABSTRACT

Title of Dissertation: Interindustry and Macroeconomic Effects of
Monetary Policy: A Long Term, Modeling.
Perspective : C

Ralph Michael'Monaco, Doctor of - Philosophy, 1934.

Dissertation directed by: Clopper Almon, Jr., Professor of Economics

The effects and effectiveness of monetary policy changes are almost
always evaluated within the context of the quarterly macroeconometric
model. Such a model is not usually simulated very far into the future,
say two to fhree years at most. Thus, implications drawn from these
simulations do not reflect long term considérations of a continued
policy hég?hé:- Further, macroeconometric models are silent on the
differing effects of policy among jndustries. The pufpose of the
present study is to examine the long term, macroeconomic as well as

interindustry differences among possible Federal Reserve policy schemes.

The monetary policy model used to simulate these possible Federal
Reserve policy schemes is an‘annual, six-equation model predicting the
qﬁantity of M2 balances held in the economy and ffve interest rates of
varying maturitye. fhe exogenous policy variables aré the_non-Lbrroﬁed
reserves of the banking system and the required reserves of the banking
systém. The monetary policy model was designed to be in%erted intd av78
sector input-qutput model with eqonometrically gstimated equations for

the various final demand types. The input-output model includes a




price-income side which ;aléutates prices from the various components of
value added such as profits, labor compensation and indirect business
taxes. As part of the thesis, several of the sets of equations were
re-estimated and changes were made to the structure of the model to
allow a greater influence of interest rates. TheAconstrucfion of an
economically "reasonable" forecast pointed out further deficiencies
which were addfessed and dealt with in the fhesis. A forecast to 1995

is presented as a base from which various simulatjons are run.

Finally, the entire model is simulated from 1982 to 1991 under
various assumptions about the paths of monetary pricy variables. These
results are then compared with the results of similar ;imulations done
with modeLs.developed by three commercial forecasting houses. It is
found that fhe hodeL developed in the thesis compares very favorably
with the modelg of the commercial forecasters. Along with the
macroeconomic comparisons with fhe three other models, the interindustry
implications of these monetary policy regimes are developed to determine
which industries experience the most significant changes fn output and

employment in the face of the policy changes.



Preface

Over the past six years it has been my privilege to be associated.
with the interindustry Forecasting Project at the University of Maryland
(INFORUM) research group, first as a graduate research assistant, Later
as a dissertatidn fellow. The INFORUM model is a large interindustry
model of the United States economy which can be Linked to smaller models
of‘severaL foreign countries. In the‘courﬁe'of my worﬁrgith INFORUM, I
became interested in the subject of modelling in general, and, more
specifically, with model building, operation, and the forecasting
properties of large scale models. When the time arr%ved to choose a
dissertation topic, I saw the chance to combine an interest in models of
the monetary sector with the interest in large scale models in general
by building a small monetary sector model and incorpérating it into the
then-existing INFORUM model. The properties and forecasting
reasonableness of the newly revised model were to form the basis of the
thesis.

At approximately the same time as the dissertation decision,
INFORUM was "completing"” the building of a new domestic mode( for Chase
Econometrfcs. With the departure of the coordinator of the new model,

it fell to me to finish putting the new model together. Such a task
would enable me to become familiar with the new model and allow me to
use this new model as part of the proposed thesis. The projected
completion time for the task was one month.

Eleven months Llater the neﬁ model produced its first sensible
forecast. 'In‘the intervening time, much was learned and changed about

the economic structure, the estimated equations and the programming that

ii



comprised the new model.

. The interindustry model that finally emerged was far more
complicated and less manageable than the interindustry model originally
jntended to be used with this thesis. This decrease in manageability
stems primarily from the endogenizatiqn of real disposable income, a
variable which was exogenous in the earlier version of this model;
Programming complexity was enhanced by the simultaneous solution of
industry output and prices and by the requirement that the three
| individual pieces of the model be capable of’operating reasonabLyv
without the other two. The Fortran code for preparing data for the
model to Qse and for the model itself consists of approximately 10,000
lines. A complete printout of all of the variabLesvused in the model
for a typical forecast horizon of 15 years runs to well over 400 pages."

It must be hastily added that this model is very much a group
effort, with every member of the INFORUM staff contributing a great deal
to the workings and results of the model. Most of these efforts went to
the.important task of estimating the equations which fundamentally
comprise the model. The uofk of putting these equations fogether into a
model and writing the model software fell first to Patrick Henaff, who
brought the modél to near completion, and Llater to‘myself. Matthew Hyle
was responsible for the programming and equations of the price-income
side of thé model. The original set of programs around which the model
was designed was the effort of Clopper Almon and Dduglas Nyhus.

There are many people to thank for helping me, both with bringing
.the model to some sense‘of‘comptetion and in Helping with my thesis, two.
very intertwined tasks. I owe much to Matthew Hyle, who shared many a

long evening with me in our mutual quest to finish the model and our

iii



theses. 1 owe an eveh.greater debt to Margaret Buckler, who managed
always to be there at the right moment with advice or a friendly ear.
She has also made an art of writing display routines, without which the
model results could not be seen. Many ears were made available to me by
kindly souls. Améng the best were those of David Robison, Stephen
Poilock, Anthony Barbera, and Lorraine SuLLiVan. Daisy Foster lent her
fingers to the enterprise by helping with the typing.

A lLarge debt of gratitdde is owed to my thesis advisor and
sometimes sparring partnér, Clopper ALmoﬁ, who provided me with oﬁe of
.the greatest opportunities an economic modeler can be given -- thé
chance to participate in an important way in the construction of a new

kind of modele.
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Chapter 1. Introduction_and Summarx.'

‘The recent experience with high inﬂat'ion rates, high interest
rates and a slumping economy has brought the questions of the effects
- and effectiveness of monetary policy to center stage of the economic
policy debate. The tool used almost exclusively to determine the
effects of monetary policy changes is the quarterly macroeconometric
model;. While this tool is appropriate and useful for many pur’poses. it
is inappropriate to examine Long term consequences of a policy action,
Llargely because the focus when building these models is on the short
run. An equat1;on which fits the historical data well Q'il.l. extrapolate
the recent. past quite adequately into the near future and is the logical
choice for inclusion in a short=run forecasting model. Consider the
problem 6f forecasting consumption expenditures on durable goods; To
arrive at a relatively accurate forecast of e'xpenditures‘ a year or two
into the future, it is probably not necessary to account for the slowly
changing age composition of the popuLat'ion'. To foreéast consumption
expenditures on durables by 1995. however, the age compositi’on of the
population becomes a critical factor. since ‘som‘e age groups tend to make
more durable goods purchases than do other age groups. Modeling
considerations would probably favor the equation without demographic
influences, since very Little short-run explanatory power is added by
’the demographic variables and the cost of using and maintaining a model
compli¢ated by the introduction of demographic variables is higher than
the cost  of using and maintaining a Less complicated model. The policy
implicat‘fons of a model incLudingAd‘emographic vér'iables probably ,d'iffer‘

from a model without them., if only because the sensitivities to other



variables are different in the two models. Thus, using a model designed
for short term forecasting is generally inappropriate for long term

forecasting.

A second feature lacking in many macroecoﬁowetric modeLs is detail
about various industries in the economy. This is a particularly
important feature for monetary policy. One, if not the, major monetary
policy transmission mechanism is interestyrates.. Certain industries are
more sensitive to interest rate lLevels and changes than others. A model
wﬁich discriminates only among manufacturing, non-manufacturing and
service industries prevides less information about the more specific
effects of a policy change than does a medel which sub?divides each of
the three fndustries. Information about the effects of monetary poldicy
on the three eggregate sectors may be usefel to‘the Lumber‘industry, for
exemple, but not as useful as a model which‘includes a separate Lumber

industry as part of the model.

The purpose of this dissertation is to provide a framework for
analyzing the long term, interindustry effects of monetary policy. This
is accomplished by incorporating a simple monetary policy model into an
interﬁndustry model designed for long term forecasting. The combined
models then provide a siﬁulation tool for.anaLYZing the two issues
eiscussed ebove. Conceptually, the dissertation consists of three
pebts: deveLopinQ tﬁe monetery'modeL, revising and completing the
interindustry'model, and simulating fhe model under verious monetary
policy changes. This three part process is presented in‘chapters 2

| through 6.



In chapter 2., two competing approaches to interest rate modeling
are discussed. A variant of one of the approaches is selected as an
appropriate modeling approach in this particular environment. A
six-eqdation monetary model is then developed, estimated and simulated

independe'ntl.y of the Larger, interindustry model.

In chapter 3, the lLlarge interindustry model is introduced.
Interest rate sensitivities of various final demand equations are
pfesented. Two sets of regression equations are re-estimated to enhance
the interest rate sensitivity of the model. Changes in the structure of
the model calculation of foreign prices are presented. The solution

process and structure of the model is briefly outlined and discussed.

Chapter 4 consists of reporting the attempts to produce an
ecpnomically reasonable base forecast from which alternatives can be
run. In the course of these attempts, changes are made to major
macroeconomic equations in the model and several exogenous fixes are
developed. Several part’ial‘ runs of the model are presented and a base

- forecast is shown and discussed.

Chapter S compares the results of the base run‘\uith alternatives
produced when the monetary policy variabl.‘e_s‘are changed. Two
aLternat;ives invéstigate the efffécts of changing the growth rate of the
non-borrowed monetary basé. the principail' exogenous monetary policy
variable. Another scenario investigates the effect of differing reserve
requirements on the long term forecast. | Finally, a single scenario is

run which allows comparison of the base with a model that contains a



higher Level of interest rates. In all of these cases, long term
average growth rates are emphasized and are the subject of the
comparison. To keep the analysis to a manageable level, only the
macroeconomic results and the industry output results are the subject of

discussion.

In chapter 6. ﬁore long term average growth rate comparisons are
presented. This chapter focusses on the macroeconomic results of three
other Long term models run under similar mohetary policy assumptions.
These scenarios are compared with the model developed in the earlier
chapters run under the same policy assumptions. Weaknesses in all of
the models are revealed. More detailed results are presented for the
model developed in this thesis, which tends to reveal more clearly some

problems and results from fhe previous chapter.

Finally, a conclusion outlines some possible extensions of the
model. General comments about the viability and chabacterist{cs of the

‘model are presented.



Chapter 2. Monetary_ Sector

The pdrpose of this chapter is to discuss the problem of monetary
modelling and various approaches to dealing with the probLem; A sm’aLL.,
six—equation model is deVetOped, the purpovse of which is to provide la
framework incorporating movements‘in the fundamental factors in the
economy into interest rate determination. The model is designed to
become a part of a large, interindustry forecasting»model and 1is
estimated using annual data from 1960 to 1981. Simulations over subsets

of that data set are presented.

A model of the monetary sector should be able to meet two
requirements. First, the model should start from quantitites over which
the Federal Reserve has complete or nearly complete control and
translate ‘movements in these variables to other variables in the syst'em.
Second, the model‘ shquld be abL‘e'to prodube an array of interest rates,
botl:hl I.'png“ aﬁd sﬁort term. Hhil‘e:the size of fhé mod:el that meets these
two reqﬁi rements can vary quite substantially, these two tasks must bé

met. Two major types of models have been advanced as models of the
monetary sector. These are flow-of-funds models and bank-reéer;vles”
models. The bank-reserves type of model is by far the most prevalent
approach to monetary modelling, and we turn to examine these models

first.

Approaches_to_Monetary Modelling

The bank-reserves approach to monetary modelling begins with the

assumption that the market for bank reserves controls the short term



interest rate and that Llonger term interest rates can be modelled using
the short term rate via term—structure equations. 'To be more specific,
the model of short—term interest rate detérmination begins with the
definition of free reserves

(1) FR = NBR - RR

where
FR = free reserves of the banking system
NBR = non-borrowed reserves
RR = required reserves.

By realizing that required reserves can be uriften as some specified
fraction of total deposits and taking non-borrowed reserves as
exogenous, we can use equation (1) as the equivalent of the usual market
clearing condition in a three-equation model of the short term interest
rate:

(2) NBR

FR + qD

(3) FR = FR(Z,r)

&) D

DCX, r)
where

reserve requirement ratio

total deposits

exogenous variables which determine free reserves

exogenous variables which determine demand for deposits
short term interest rate.

S XNOUO
o nn

The usual épproach to monetary modelling has been to estimate equations
(3) and (4) and to solve the estimated money demand equations for the

interest rate when using exogenous non-borrowed reserve assumptions.



While this three-equation system meets the first requirement of a
monetary model, namely. allowing the modeler to begin from a variable
that the Fed can control,lit does not meet the second requirement of
having the capacity to generate lLong-term interest rates. This
deficiency is met by using a term—structure relation Like (5) 1in which
the long term rate is determined by the short term rate and other

variables, usually the inflation rate.
€-)) P, = rL(r, p)

where

long term interest rate

g
inflation rate.

p

The four equation model ((2) through (5)) is n§w a complete monetary
sector model and is a prétotype'of the monetary SEctor used in most
forecasting ﬁbdels of the U.S. economy. Naturélly) barticular models
vary greatly in terms of the number of equations, the type of data used
and the procedure used to estimate the equations.

A bank reserves model that is nearly as simple as the prototype
presented here is developed by Scadding for the Hickman-Coen
medium-range forecasting modeL.1 The monetary model isvan eight equation
model which predicts the quantity of M2 balances (old M2), the 90-day
Treasury bill rate, and the rate paid on time deposits by banks.
'Separate equations are‘estimated for excess reserves and borrowed
reéerves, which aré tﬁe coﬁponents of free reseEves. 'The model is
estimated using annual déta from 1924-1940, 1946-1966. Although the
Scadding version meets only the first requirement of monetary sector

models, the second requirement was met by the addition of a single term



structure equation estimated especially for the Hickman—Coen modeL.
This eqﬁation translates the Treasury bill rate into the AAA bond rate.
Cooper presents a quarterly versiop of the simple prototype and other
versions can be found in DelLeeuw and Hendershott.2 |

The Federal Reserve Bqérd's quarterly macroeconomic model is a much
Larger veréion of the prototype presgnted here. The complication in
this model arises from the division of total deposits into several
types. An equation is developed for demand deposits,‘overnight
repurchase agreements, Eurodollar accounts, money market mutual fund
accounts, aﬁd several other types of deposits. Since many of these
equations réquire different sets of exogenous variables, the size of the
overall model is increased by considerably more than just the number of
deposit equations.

‘In the determination of interest rates, an alternative to a bank
reserve model is a flou-of-funds model. In the flow-of-funds approach,
the demand and supply of each type of security for each of several
market partfcipants is explicitly modelled. The interest rates are
regarded as the prices which equilibrate the demand and supply of each
security fype. Two of the fécent examples of this appfoach are found {n
Hendershott and Backus et. al. .3 Such models are Qenerally,regarded as
more complete and consistent than bank reserves models for several
' reasons. f{rst, because>the deﬁ-of—funds models generally disaggregate
‘agents‘into more categories than the three of the bank reserves model,
(the Fed, the non-bank public and bahks) potentially important
‘diffebences in behavior.g(ossed bvef.by the aggregate hodeL can be
model Led with thé flow-of-funds abproéch; Second, since flow-of-funds

models try to present a complete balance sheet for each agent in the



model, certain theoretical balance §heet restrictions can easily be
imposed on the model which cannot be imposed on the more aggregate
model. The best example of these restrictions is the restriction that
pefmits changes in rates of return to affect only the composition and
not the size of the portfolio. Finally, the examination of separate
security markets allows portfolio-adjustment effects among various
securities.of differing maturity, which is in stark constrast to the
term-structure approach. The choice of which type of model to use to
“forecast interest rates, whether a flow-of-funds or aggregate bank
reserves model, becomes a queston of whether to use a large,
disaggregated, complex model or a small, highly aggregated model. The
key issue is whether the added size and complexity of the flow-of-funds
model adds enough to the accuracy of thé forecasts of the varipus
interest rates to justify the extra effort necessary to build, maintain,
and use the model.‘ Tﬁis fséue has been addressed by Hendershott and
Orlando who estimated each type of model using quarterly data from no
Later than 1966.1 to no later than 1971.4.S The bank reserve model
contains 13 equations and‘forecasfs three interest rates, the commercial
paper rafe, the AAA bond rate and a mortgage rate. The fLoQ-of—funds
mode l consists of 39 equations with seven agents and three assets.
Simulation of each model over the periqd 1972.1 to 1972.4 yielded the

following results for the three rates.



Table 2.1
Root Mean Square Errors 1972.1-1972.4

Rate on Asset ' Bank Reserves Flow of Funds

Levels Changes ~Levels Changes
Commercial paper A ‘ «41 | | =96 «50
Corporate Bond Rate 35 33 11 .09
Mortgage Rate «23 ’ 11 54 23

The comparison is presented using the root mean squared error of
the forecasted lLevels and the forecasted changes. The immediate
conclusion one canvdrau from this table is that neither method of
forecasting-intefést rates is substantially better than the other.
While the bank reserves model uas:better able to forecast the commercial
paper rate and mortgage rate, it was decidedly inferior in forecaéting ’
the corporate bond rate. The absence of a clearly superior method for
forecasting interest rates ieavés fhe conclusion that these tuovmodeLs
are roughly equivalent in their capacity for interest rate forecasting.
In view of this evidence, and the comparative ease of building, using,
and maintaining a smaller model, the aggregative approach to interest

rate forecasting was adopted.

Problems_of Implementation_of the Bank Reserve Models

The hallmark of the recent financial history of the United States
has beeh rapid innovation. While the cau#es of the innovative behavior
seem to be cleér; namely. the techﬁicél progress in funa transferring

and the resbonse of the financial éistem to high rates of inflation and

usury ceilings, the effect on the job of the monetary modeller has been



- to increase immensely the difficulty of forecasting. The inhovations in
the monetary sector show up as instabilities in the coefficients of the
‘estimated equations and make the use of these equations éuspect for
forecasting .6 This problem of instability has manifested itself in the
two key equations of the bank reserves models, the money demand equation
and the free reserves equation.

The money demand equation is perhaps the most frequently estimated
relatiqn in all of empirical economics. Thg usual approach to modelling
money demand is the Baumol-Tobinlapproach, which views the demand for
frgnsactions balances as an inventory problem. With a given level of
transactions and an opportunity cost to holding funds, the optimal size
of the inventory of transactions balances can be determined. This Line
of apalysis leads to the specification that the Logarithm of real
transﬁctions balances is linearly related to the lLogarithm of some
measure of income (permanent or cﬁrrent) and a short term interest rate.
Although this type of equation fit the data well and provided reasonable
forecasts out-of-sample simulations prior to 1973, the standard equation
began to féil on post=1973 data. Judd and Scadding provide a summary of
the stability problems associated with conventional money demand
equations and the steps taken to deal with this prpblem.7

Many of the attempts to "stabilize" the equation involve the
extenéion of thé definition of real money balances to include the new
interest bearing transactions accounts. This ihclusion has, however,’
changed the4hature of the money demand curve, since the short term
interest raté is now not solely a measure of the opportunity cost of
holdfng funds as was previously the case. To the extent that measures

of money balances include assets which bear market interest rates, the



sign on the short-term interest rate in the money demand equation should
be positive. not negative. This problem is especially acute for M2
demand curves, since by 1982, 64% of the non-M1 components of M2 bore

8 Presumably, the introduction of the

market related interest rates.
entire term structure of interest rates would be a soluton td this
problem; however, since thié redefinition is a relatively new
phenomenon, it would be impossible to estimate a relationship in which
the short term rate is positively related to real money balances and the
long term rate is negatively related to real money balances. The newest
type of accounts, "super NOW" and money market‘deppsit accoﬁnts, will,
over the horizon we are interested in, virtually eLiminaté the dichotomy
between transactions and savings accounts and probably change the M2
type deﬁand equation into one in which the short-term rates have
positive signs while the long-term rates have negative 'signs.9

While the demand side of bank reserves models has received
considerable attention, the supply side; as embodied in the free
reserves equation, hés received comparatively Llittle attention.
Unfortunatelx for monetary modelers, innovation in bank behavior has
affected the free reserves equation'in a manner similar to the money
demand equation. The conventional wisdom on the free reserves equation
relates the amount of free reserves to the discount rate, the short-term
interest rate, changes in reserve requirements and the volume of

commerqiaL loans.10

The diécount‘rqte measures the cost of borrowing
;:funds from the Fed, while the short-term interest rate measures the cost
of holding excess réserveé.. Thbs, the d{scount rate is expected to have
a positive coefficient ih a regression while the short term rate should

-enter with a negative sign. In quarterly equations, consideration is



taken of the change in reserve requirements having a négat'ive effect on
the Level of reserves (decreasing reserve requirements increasing free
reserves initially) and the effecf of commercial loans on free reserves.
Commercial Lloans are included because banks are presumed to sacrifice
tﬁeir excess reserves position or borrow from the discount window to
accommodate the demand for Loans in order to ma'intain a continuing
relationship ulith their debtors. This term, then, emphasizes the
residual nature of free reserves. ’

In a recent article, Lombra ‘and‘ Kadfman point out thatl the si mple
analytics behind this type of equation no longer obta'in.“ Instead, in a
world of Liability management, excess reserves and borrowed reserves
lose their pre-eminent role as the paths by which banks alter their
portfolios. The increasing importance of the federal funds market and
of certificates of deposit has enabled banks ‘to make Loans without
changing their holding of excess reserves or borrowing from the discount .
window.  Lombra and Kéufman provide some evidence that the standard
excessréservé equation has changed considerably by presenting the
results of a monthly fegression equ‘at'ion estimated over two separate
périods, 1960.1 to 1968.6 and 1969.1 to 1?76.12. The fit of the
equation using the Later sampLe_per'iod was substantially worse than the
fit of the equation over ‘the earL‘ieE period and the coefficients on the -
short term interest rate and discount rate switched signs between the
earlier_andﬁLater periods. Thus, there is some evidence that the key
relétion on thg supply of mohey 'side is unétable and some further
'eyider{é:e-that suggests'thafﬁ.fr"eérésérveé ._'d'einandv is no Longer the key
relation on the supply side. | |

The poi;nt of the preceding d'iscussion, is that although the bank



reserves models forecast interest rates roughly as well as larger, more
complicated models, recent financial innovations on the demand and
supply side make the use of.the bank resefves structural equations
suspect as forecasting tools. An alternative to the use of structural
models whose stability properties are suspect or whose properties under
a new environment are unknown is to estimate a reduced form equation on
the variable of interest directly. 1In this case, rather than estimating
the demand and sdpply of money, an equation is estimated to predict
intérest rates directly. Although this aﬁproach does not diminish the
structuratl instabilities except in thé~unlikely‘event that such
instabilities cancel out from the demand and supply side, the analysis
is made ﬁore convenient by'allouing all of the instabilities to be put
into a single equation which can be modified easily at the will of the
forecaster. As a practical matter, the forecaster often has a better
idea about the course of interest rates than about the structural
parameters of the demand and supply equations. |

In the small model developed here for inclusion into the larger,
interindustry model, there are six equations summarizing the monetary
sector. An equation is developed which translates fhe non-borrowed
monetary base into M2. This equation satisfies‘the firét requirement of
a monetary model. The second requirement is met by thé addition of five
interest rate‘equations. Each one of the equations will be dealt with

separately.



Estimating _the_model

To meet the requirement that the model should start from some
quantity over which the Fed has control, the nomborrowed monetary base
is taken as the exogenous variable and a single regression equation is
used to translate the base measure into the broader, M2 aggregate. This
equation explains the movement in the money multiplier, a concept‘uhich
contains elements of the demand and supply of money. The textbook
version of the M2 multiplier can be written as the solution to a

six—equation system:

(1) NB=dD + sS=FR + C
(2) FR = a1M2
(3) C= a2M2
4) D = a3M2
(5) §= a4M2’
(6) 2 =C+D+ S
where
NB = non—borrowed reserve base
FR = free reserves
D = transactions deposits
$§ = savings and time deposits
C = currency
d = required reserve ratio on transactions deposits
s = required reserve ratio on time and savings deposits

The solution for the M multiplier is:

- -1
4 a1 + az) -

While in the textbook case a, through a4 are fixed parameters, it is

. M2/NB = (da3 + sa

‘clear that they are really fdnctions of other variables such as interest
rates, income , and policy instruments of the Fed. Equation 2, for

example, could be replaced by the usual free reserves type of equation



and its parameters estimated prior to substitution into the money
multiplier equation. Alternatively, the a; can be viewed as possibly
very complicated non-linear functions of interest rates, income and
other exogenous variables, and an equation est%mated which is intended
to approximaté the more complicated function. This latter course was
taken. In order to understand better the factors which influence the
multiplier, it is important to know how the components moved in the
past.' Figures 2.1 and 2.2 present plots 6f the historical a; values
from 1960 to 1981. As these pictures show, rather steady declines in
the currency and demand deposit ratios are/someuhat offset by increases

12 Given the lower reserve

in the time and savings deposit ratio.
requirement ratio on time and sévings deposits, the effect of the
moyemehts of the a; has been to increaég the multiplier.. The free
reserve ratio, (a1), is by faf the smallest component, and shows no
consistent trend. Given its size, the free reserve ratio exerts a much
smaller influence on the multiplier than the other components.

An examination of the plots §uggests that to describe the Long term
movements in the multiplier, asset substitution between currency, demand
'depoSits and intéiest-bearing money accounfs‘must be modeled. As a
generalization, the use of cash management‘techniques is positively
related to the Losses sustained when the techniques are not adopted.
The major part:of these Losses is the result of high rates of inflation
‘and inferest. Cash'management; or pfocedures and‘habits ﬁhich tend to
minimize holdingé of non-interest bearing assets, has an element of
learning to it. Thué, once prbcedures are adopted; they are seLdom
discontinued when iﬁflafionvand interest;rafés faL( to iouer levels.

"Threshhold or ratchet type variables constructed from previous peaks of



FIGURE 2.1

FREE RESERVES AS PERCENTAGE OF M2

DATE FRR

Is *
60 0.04
61 0.16
62 0.12
63 0.05
64 0.03
65 -0.02
66 -0.06
67 0.04
68 -0.04
69 =0.15
70 -0.10
71 =-0.07
72 -0.01
73 =0.17
74 =0.21
75 0.01
76 0.01
7 =-0.02
78 -0.05
79 -0.08
80 -0.07
81 ~0.06

IS *

* * * *
| *
|
(
|
| *
| *
| *
| *
| *
| *
| *
| *
| *
| *
I*
| *
| *
| *
| *
| *
I *
I *

* * * *

~0.210 =0.131 -0.052 0.026

CURRENCY AS A PERCENTAGE OF M2

DATE CURR
T IS *
60 9.49
61 8.93
62 8.56
63 8.28
64 8.14
65 7.93
66 7.91
67 7.77
68 7 .62
69 T7.69
70 7.87
71 7.52
72 7.12
73 7.05
74 7 .26
75 7 .26
76 7.03
77 6.79
78 6.86
79 6.94
80 7.00
81 6.84
IS *

* * * *

—— —— — — . —t — — - —— S Sy Vo — . e — p— — —

* * ‘ * *
6.790 7.364 7.938 8.512

0.105



FIGURE 2.2
DEMAND DEPOSITS AS A PERCENTAGE OF M2

DATE DDPR
IS * * * * * *

60  36.68 | *

61  35.20 | *

62  33.38 | *

63 31.57 | *

64  30.24 | *

65  29.07 | *

66  28.39 | *

67  27.51 | *

68 27.19 | *

69  27.05 | *

70 26.81 | *

71 25.48 | *

72 24.30 | *

73 23.58 | o

74 . 22.99 | *

75 21.61 | *

76 19.81 | *

77 18.67 | *

78 18.32 | *

79 17.45 | * -

80  16.53 | *

81 13.69 |I#
IS * * * * * *

13.686 18.579 23.473 28.366 33.259
SAV + OCD + NTC + TDS + MFA AS A PERCENTAGE OF M2

DATE OTHR
IS * * * * * *
60 53.83 I* SAV = SAVINGS DEPOSITS
61 55.87 | * 0CD = OTHER CHECKABLE
62 58.06 | * DEPOSITS
63 60.15 | * . NTC = NON~BANK TRAVELERS®
64 61.62 | * CHECKS
65 62.99 | * TDS = SMALL TIME DEPOSITS
66 63.63 | * MFA = MONEY MARKET MUTUAL
67 64.56 | * FUND SHARES HELD BY
68 64.94 | * INDIVIDUALS
69 64.93 | *
70 65.02 | *
71 66.69 | *
72 68:20 | *
73 68.71 | *
74 68.83 | *
75 70.34 | *
76 72.17 | *
44 73.27 | *
78 73.31 | *
79 73.74 | *
80 T4.60 | *
81 77.27 | *
IS * * * * *

*
53.827 58.814 63.801  68.789 73.776



inflation or interest rates and used in the multiplier regression would
seem to follow the intuition described above. Other candidates for
incLusion‘in the money multiplier relation are a measure of required
reserves (which should be inversely Eeléted to the multiplier), a
measure of income growth, and perhaps a time trend. |

Several équations were estimated in an attempt to embody these
relationships. While other specifications included lags of various
lengths on the independent variables and a Log-linear transformation,
the specification which dominates all others in terms of goodness-of-fit
and out-of—sample'predictive power is a simple OLS regression on annual
data from 1960 to 1981 using the following variables:

90 day Tbeasury bitl rate‘

Percentage change in real GNP

Previous peak inflation rate or current rate, whichever is greater

Cover the period 1960 to 1981)

Total required reserves divided by M1 money supply

The Eesults of the estiﬁation are'pbesehted in Figure 2.3. The
coefficients are all of the proper sign, with previous peak inflation,
the Treasury bill rate and income growth forcing the multiplier up and
higher Levels of the required reserve ratio pushing the multiplier down.
The fit is extremely good and the residuals exhibit no sign of serial
correlation. | |
| 'Oﬁe test of the suitability of a regression for forecasting
purposes is its ability to simulate well out of the sample period. To
this end,.the same specification for the money multiplier Qas estimated
from 1960 to 1975 and simulated fronm 1976 to 1981. The results from
this exercise are presented in Figure 2.4. Génerally, the results are
quite‘gdod, iﬁdicating that the specification ié fairly stable. Thé

average absolute percentage error (AAPE) for the simulation period is



FIGURE 2.3

MONEY MULTIPLIER EQUATION ESTIMATED THROUGH 1981

4 SEE = 0.2168 RSQR = 0.9727 RBARSQ = 0.9663
RHO = -0.0992 DW = 2.198 AAPE = 2.21
VARIABLE REGRES-COEF T-VALUE ELASTICITY MEXPLAVAL MEAN

INTERCEPT 7 .660589 7.02 0.883 97 .39 1.0000
"~ PPINFL 0.310161 11.29 0.198 191.40 5.5418
RTB 0.120063 3.84  0.081 36.64 5.8540
PCRG ' 0.147334 5.48 0.058 66.29 3.4383
REQRES =0.015463 -2.14 -0.221 12.68 123.7882
MMULT | DEPENDENT VARIABLE = = = = = - 8.67467

MONEY MULTIPLIER

DATE ACTUAL  PREDIC MISS

IS * IS+ IS A-P * * * * *
60 6.49 6.87 -0.38% +
61 6.75 6.84 =0.09 *+

62 7.05 739 ~0.35 * +
63 7«45 7.23 0.21 + *
64 7.63 7.46 0.18 + *
65 7.86 7.70 0.16 + %
67 8.01 754 0.47 -+ *
68 8.16 8.28 -0.12 ' N
69 8.20 8.41 -0.21 * +
70 8.05 8.01 0.05 +*
71 8.40 8.27 0.13 +*
72 8.82 8.57 0.25 + *
73 9.25 9.16 0.09 +*
74 8.99 9.18 -0.19 * +
75 9.23 9.15 0.08 +%
76 9.88 10.15 -0.28 * +
7 10.45 10.28 0.17 +*
78 10.43 10.41 0.01 +
79 10.36 10-50 -0.14 *‘+
80 10.44 10.25 0.19 ‘ A
&1 11.01 11.05 -0.04 '
IS * IS+ IS A-P * * * * *

6.487 7.458 8.429 9.400 10.371

MMULT = M2 / (NONBORROWED RESERVES + CURRENCY)
REQRES ' = REQUIRED RESERVES / M1

PPINFL = PREVIOUS PEAK INFLATION RATE

PCRG = PERCENTAGE CHANGE IN REAL GNP

RTB =

90 DAY TREASURY BILL RATE



FIGURE 2.4

MONEY -MULTIPLIER EQUATION ESTIMATED THROUGH 1975

4 SEE =

0.2274 RSQR = 0.9239 RBARSQ = 0.8962
RHO =  -0.1233 DW = 2.247 AAPE = 2.35
VARIABLE ‘ REGRES-COEF T-~VALUE ELASTICITY MEXPLAVAL MEAN
INTERCEPT 7.876002 2.85 0.982 31.77 1.0000
PPINFL 0.351301 6.23 0.183 112.71 4.,1722
RTB 0.079398 1.05 0.047 4.91 4.7232
PCRG 0.169629 4.70 0.073 73.42 3.4353
REQRES =-0.017503 -0.80 -0.285 2.89 130.3626
MMULT DEPENDENT VARIABLE = = = = = =~ 8.01766
AAPE IN TEST PERIOD = 2.28 ,
MONEY MULTIPLIER
DATE ACTUAL PREDIC MISS
IS * IS + IS A-P * * * * *
60 6.49 6.82 =0.34% +
61 6.75 6.82 -0.07 *+
62 7.05 743 -0.39 * o+
63 745 7.23 0.22 + *
64 7.63 7.46 0.17 +x
65 7.86 7.72 0.15 + *
66 7.94 8.13 =-0.20 ‘ * +
67 8.01 751 0.51 + *
69 8.20 8.36 -0.16 * +
70 8.05 7.91 0.15 + *
71 8.40 8.33 0.07 +
72 8.82 8.69 0.12 + %
73 9.25 9.19 0.06 +
74 8.99 9.15 -0.16 *+
75 9.23 9.23 0.00 : + ‘
76 9.88 10.43 =0.56 =========SIMUL * +
(44 10.45 10.56 -0.12 *+
78 10.43 10.60 =0.17 * +
79 10.36 10.54 -0.18 * +
80 10.44 10.15 0.29 ’ + *
81 11.01 10.93 0.09
IS * IS+ IS A-P * % * * *
7.450 10.337

6.487 8.412 9.375

+*



Lower than the same statistic computed over the regréssion sample
period. In both estimations, the primary explanatory varijables are the
previous peak inflation rate and the percentage éhange in real GNP,

Having established a relation between the non-borrowed monetary
base and a more éomprehensive monetary aggregate, we turn to the task of
developing equations to forecast interest rates. The starting poiht for
the development of these equations is the Lliquidity preference model and
the modelling itself follows closely the work done by Feldstein and
Eckstein 13. The Feldstein and Eckstein work was directed toward
assessing the fundamental determinants of the long-term interest rate,
rather than the short term rate. Such an approach is in direct contrast
to bank Eeserves models in which the short rate is modeled more
"structurally” thén the Llong rate and in which the Long rate is modeled
via term structure equations. The Feldstein and Eckstein approach was
chosen for many reasons. |

Fifst, there is a large body of empirical evidence suggesting that
the interest rate which enters the decision to invest in plant or
equipment is the long-term rate. The use of the long-term rate in the
behavioral equations used to forecast investment and structures is also
‘a feature of the intérindustry model fdr which this monetéry sub-model
is designed. Given the‘pre-eminent role of the Ldng rate to the "real”,
(as opposed to nominal), economy, it would seem more appropriate to make
the long rate respond to fundamental.changes in the economy directly,
ratﬁer than héving the Llong réte respond indirectly through movements in
the short rate. It is a well establishéd empirical fact fhat short
rates are more volatile than long rates. GiVen that both long and short

rates are responding to the same economy, the relative volatility of



short rates is evidence that short rates respohd to transitory events
more strongly than do long rates. Since thg primary emphasis of the
Largé {nterindustry model is to'pboduce‘long-term forecasts with less
emphésis on accurately tracking shorf-fﬁn; cyclical phenomena, the -
conventional term-structure approach to Long-tefm interest raté
determination was eschewed.

Perhaps more important than the above reasons for modelling the
long rates directly is the changing nature of the money demand curve.
The standard Liquidity preference approach defines an inverse
relationéhip between the quantity of money held (where money has no
expli#i@ yiéld) and the rate of return on short-term, liquid assets. As
‘more interest-bearing asset accounts become part of the generally
accepted definition of money, and as these acéounts begin to bear
market-related interest rates, the inverse relation between the short
term interest rate and the quantity of money becomes more tenuous.
Forecast%ng movements‘in‘Long-term'rates via short rates, themselves
determined by an equation which is certainly.changing, is surely an
unsatisfactory procedure. For this study, thérefore, an equation is
developed‘uhich defines the'majbr money substitute as long term
government securities. Thus the rate of return on long term government
securities is seen as the opportunity cost of holding money-type
accounts. | |
e The‘above analysis suggests that if the term étructure relation is
to be used af all, it should be used in a way opposite to fhe way it is
used in the current Lliterature. 1In general, term structure theories:
suggest onLy’that long and short rates are related. They do not suggest

that the short rate "causes" or "determines" lLong rates, although the



conventional approach uses short rates to determine long rates. It
would seem that a relation could be developed which makes the short rate
a function of the long rate. Equations using th'is "reverse" term
structure relation were estimated using annual data over the 1959-81
period vérying‘the specifications slightly. The result of this effort
was that all of the "reverse'" term structure equations provided
forecasts of the short rate that were implausibly volatile for
reasonable forecasts of the Long‘r‘ate. ‘ Such a result is hardly
surprising, since conventional term structure relations have been
criticized on the grounds that the forecasts that they produge of long
rates are implausibly §mgg;h.14 The result obtained from the reverse
term structure equations 'fs another view of the same phenomenon. Since
an equation which produces reasonable shért rates from a set of
reasonable long rates could not be found, the attempt to make use of the
term structure to aid in forecasting either long or short term rates was
abandoned. Instead, the short term interest rate equation uses the same
set of independent variables as the Long rate, with the structural
differences between the Long and short rates indicated by the relative
importance of the independent variables.

Having discussed the approach to modelling interest rates, we can
now turn to a more detailed discussion of their specifications. The
~equation used to predict the 10 year Treasury bond rate, the Long term,
riskless asset considered in the model, is fairly simple. The
specification is the result of an attempt to incorporate influences from
the monetary sector, from real aggregate demand, and from inflation.

Many equations were tried, varying the monetary policy variable, the

indicator of aggregate demand and the Length of the lag on inflation.



For the monetary policy variable, the percentage change in the monetary
base, the percentage change in non-borrowed reserves and the percentage
change in M2 balances were among the variables tried. The variable
chosen to represent monetary forces is the ratio of M2 to nominal GNP.
The sign on this variable in an interest rafe equation should be
negative, reflecting the idea that greater quantities of M2 holdings are
associated with Lower Long term bond rates, for a given Level of nominal
income. For the aggregate demand indicator two main variables uefe
tried: the overall unemployment rate and thé rate of growth in real
GNP. Each of these were tried in several transformations including the
Llogarithm of real output and the inverse of the unemployment rate. The
percentage change in real GNP was selected as the aggregate demand
indicator. A Lag of one year was found to be useful in explaining
inferest rate movements.

The rate of inflation is the third major influence on rates and it
is by far the factor to which the most attention has been paid in the
recent literature. The rate of inflation, in various Lag distributions,
enters interest rate equations as a proxy for the expected rate of
growth of the price level. Although many early economic writers
realized and discussed the relationship between expected infLat%on and
interest rates, Irving Fisher is generally credited with inventing tﬁe
proposition that the nominal rate of interest can be decomposed into a
real fate of interest and the éxpected rate of growth in the price
I.evel..15 Armed with this simple idea, and proposing the idea that with
perfect foresight movements in nominal interest rates uohld be dominated
by movements in the inflation rate, Fisher conducted some empirical

tests of his theory. His conclusions were that perfect foresight had to



be rejécted because inflation was not passed completely through to
nominal rates. Fisher's lLater empirical work showed that the highest
simple correlations between inflation and interest rates could be
obtained when the inflation effect was distributed over time, with the
periods extending 20 to 30 years. Fisher's interpretation of this
- correlation was that price lLevel changes resulted in changes in real
economic activity, which took much time for the economy to work through.

As is the case with many simple and useful ideas, the Fisher
decompostion of nominal rétes was reinterpreted to mean something that
was not originally intended: that real interest rates could be
adequately described by the constant term in a regression and that the
expected rate of growth in the price level could be adequately
represented by a distributed Lag on past inflation rates. As the
importance of expectations of all types to economic behavior has become
more recognized, the Fisher relation has become the battleground in the
war between the rational expectations school and the more traditional
- macroeconomic theorists. Skirmishes have been fought over the proper
econometric technique to usevto estimate the model, uhethef survey data
for inflation expectations is adequaté for use in the model and uhethér
the size of the coefficient on the inflation term should be unity. The
qoncLusions most recently drawn about the modéL #re very much Llike the
conclusions drawn by Fisher himself, namely that the expected real rate
diverges from the realized real rate systematiéally with the inflation
rate. Thi§ conclusion suggests that there is considerable money
illusion in securities markets. This illusion should have an effect on
real economic activity, in the manner.proposed by Fisher.16

A very useful result of the Fisher relation resurgence is the



recognition that because nominal interest income is taxed, the
maihtenance of after-tax real returns implies a more than directly
proportional relationship bewteen inflation and interest rates. For
example, with a 502 marginal tax rate, the preservation of a 2% real
rate of return after a fully expected rate of price increase of 8%
require§ the nominal interest rate to rise by 16 percentage points.

Summers places the approximate value of the coefficient on expected
inflation at 1.3 when the distortions of the tax system are
considered.17

Having observed that the rate of inflation is particularly
important for interest rate equations, a three-year moving average of
the rate of growth in the GNP deflator is included in the interest rate
equations developed for the present model. The fact that annual data
are used precluded more sopﬁisticated analysis of the Lag distribution
on inflation. Thus the point should be made clear that the three-year
moving average is not intended to be the definitive description of the
expectations-generating mechanism. Rather, the three-year moving‘
average is best viewed as an adequate device to reL#te inflation and
interest rates.

Figure 2.5 reports the results of estimating an equation of the
discussed form using OLS and annual data from 1960 to 1981. The
inflation variable is by far the most important variable in the equation
and since its coefficient is much less than 1.3, the equation suggests
that fhere is considerable money illusion in the iO year bond market.
While all of the coefficients are of the proper sign and the equation
fits relatively well, the Low Durbin-Watson statistic suggests that some

systematic influence is not represented by the independent variables.



FIGURE 2.5

10 YEAR TREASURY BOND RATE ESTIMATED THROUGH 1981

4 SEE = 0.7488 RSQR = 0.9149 RBARS@ = 0.8949
RHO = 0.5078 DW = 0.984 AAPE = 9.10
VARIABLE REGRES-COEF T-VALUE ELASTICITY MEXPLAVAL MEAN
INTERCEPT 40.476070 4.21 6.054 42.83 1.0000
CAMK =62.254456 =3.98 -5.839 39.01 0.6270
PCRG ‘ 0.173474 1.65 0.089 7.69 3.4383
PCRG(T=1) 0.070394 0.81 0.038 1.92 3.6192
LINFL 0.951267 10.94 0.657 183.58 4.6199
RTB10Y DEPENDENT VARIABLE = = = = - =~ 6.68591

LONG TERM INTEREST RATE EQUATION

DATE ACTUAL  PREDIC MISS
IS * IS + IS A-P * * * * *
60 4.12 5655 =1.43 * +
61 3.88 3.95 -0.07 +
62 3495 4.33 -0.38 * +
63 4.00 3.17  0.83+ =
64 4.19 3.09 1.10+ =

65 4.28 3.52 0.76 + *

66 4.92 5.14 -0.22 *+

67 5.07 4,59 0.48 + *

68 565 5.70 -0.05 +

69 6.67 6.82 -0.15 *+

70 735 739 -0.04 +

71 6.16 6.72 =0.56 ‘ * +

72 6.21 6.18 0.03 +

73 6.84 7.1 =0.27 *+

74 7.56 7.92 ~0.36 *+

75 7.99 8.47 -0.48 * +

76 7.61 8.63 -1.02 : * +

7 742 7.70 -0.28 * +

78 8.41 8.27 0.14 +*

79 9.44 10.20 -0.76 * o+

80 11.46 10.67 0.79 + *

81 13.91 11.98 1.93 : + *
‘ IS * IS + IS A=P * * * * *

3.092 5.394 74695 9.997 12.299 .

RTB10Y = RATE ON 10 YEAR TREASURY BONDS

CAMK = M2 / NOMINAL GNP

PCRG = PERCENTAGE CHANGE IN REAL GNP

LINFL = THREE PERIOD MOVING AVERAGE OF PERCENTAGE CHANGE IN GNP DEFLATOR
DUM79 = DUMMY VARIABLE : .25 IN 1979, 1.0 IN 1980

1.00 IN 1981, O ELSEWHERE



FIGURE 2.6
90 DAY TREASURY BILL EQUATION ESTIMATED THROUGH 1981

4 SEE = 1.2133  RSQR = 0.8311 RBARSQ = 0.7913

RHO = 0.6581 DW = 0.684 AAPE = 20.22

VARIABLE REGRES-COEF T-VALUE ELASTICITY MEXPLAVAL MEAN

INTERCEPT 63.096112 4.05 10.778 40.10 1.0000
CAMK =101.697713 -4.01 -10.893 39.56 0.6270
‘PCRG 0.236224 1.38 0.139 549 3.4383
PCRG(T=1) 0.289573 2.06 0.179 11.79 3.6192
LINFL 1.010061 7.17 0.797 100.60 4.6199
RTB DEPENDENT VARIABLE = = = = = =~ 5.85401

TREASURY BILL EQUATION

DATE ACTUAL  PREDIC MISS
IS * IS + IS A-P * . * * .
60 2.95 5.94 -3 .00 * +
61 2.38 2.78 -0.41 * +
62 2.78 3.44 -0.66 * 4+
63 3.16 2.20 0.96 + *

64 3455 1.59 1.96+ *

65 3.95 2442 1.53 + *

66 4.88 4,88 -0.00 +

67 4,33 3.86 0.47 + %

68  5.34 4.62 0.72 + *

69 6.69 6.51 0.18 +*

70 6.44 6.83 -0.39 *+

71 434 4,95 =-0.61 * +

72 4.07 477 -0.70 * +

73 7.02 6.62 0.41 + %

74 7.87 7.59 0.28 +h

75 5.82 6.47  -0.65 * o+

76 5.00 6.41 -1 41 * +

77 5.27 6.56 -1.29 * +

78 7.22 7.89 =0.67 * +

79 10.04 10.39 =-0.35 * +

80 11.62 10.48 1.13 + *x

81 14.08 11.58 2.50 : + *
IS * IS+ IS A-P * * * * *

1.595 4.251 6.906 9.562 12.218

RTB = RATE ON TREASURY BILLS, NEW ISSUES, 90 DAYS

CAMK = M2 / NOMINAL GNP

PCRG = PERCENTAGE CHANGE IN REAL GNP

LINFL = THREE PERIOD MOVING AVERAGE OF PERCENTAGE CHANGE IN GNP DEFLATOR
DUM79 = DUMMY VARIABLE : .25 IN 1979, 1.0 IN 1980

1.00 IN 1981, O ELSEWHERE



(The same pattern is exhibited by the short term rate equation. See
" Figure 2.6.) By examining the columns Llabel led MISS, it can be seen
,thﬁt the worst over-prediction/occurs in 1974 and the worst
" under-predictions are in 1980 and 1981. The 1981 miss is fully 13% of
the observed 10 year bond rate while the miss in the short rate equation
js 18% of the actual short rate in 1981. These large misses by the
equation in the last few years may be reflecting the rather tumultuous
" recent financial history. At lLeast three major causes may be offered to
explain the run=-up of interest rates over the period 1979-81. These
are: the change in announced operating procedure of the Fed, the
imposition and removal of credit restrictions in 1980, and the furor
over the size of the FéderaL government deficit. The effecf on interest
rate of each of these factors will be briefly discussed.

The change in October 1979 by the Federal Reserve to an operating
procedure that placed much greater emphasis on maintaining targetted
rates of growth of monetary aggregates greatly influenced interest
rates. The immediate effect on interest rates was an increase in their
volatility. According to Johnson, the standard deviation of weekly data
on the three month Treasuryvbill rate increased from 1.57 percentage
points over the period from January 1968 to September 1979, to 2.39
percentage points over the period from October 1979 to September 1980.18
Similar increases were found for Treasury bills and bonds across the

maturity spectrum. Johnson concludes that




Much of this increase in variability reflects, of course,

the unusually sharp cyclical swings experienced. this

past year {1980): but even apart from those

swings, Tre§sury rat?s_have.shoun considerably150re

nonsystematic variability since October 1979.

The question of whether this increased variability of rates by itself
has Led to higher average rates is a difficult one to answer
empirically, primarily because the '"sharp cyclical swings" to which
Johnson refers make it difficult to distinguish procedure-change effects
froﬁ the usual economic effects. It can be argued, however, that the
increase in variability and Levels of rates are responses to another
factor, namely, uncertainty over the course of monetary policy and the
workability of the new procedure. This uncertainty may have forced
lenders to demand some premium for parting with their money over some
period, as market participants assimilated the new environment.

The imposition of credit controls and the announcement of a 3%
discount rate surcharge in March of 1980 gave interest rates of all
maturities an upward push. Although the credit controls and the
surcharge were removed in May of that same year, a 2% surcharge was
re-established in November and was continued into 1981. The effect of
these surcharges was to increase the Levels of all rates, either through
'increasing'the cost of funds to banks or via "announcement” effects.
The imposition and removal may have heightened the Level of uncertainty
about policy and further increased the uncertainty premuim. |

Finally, the furor over the size of the Fedéral government deficit

added another kind of uncertainty or fear‘premium to interest rates.

According to Brunner, the explosion in interest rates in 1981 was due to



the addition of a "« . . substantial risk premium which hardly ever

n20 He asserts that

entered in the past history of our financial markets.
risk premium was brought on by the uncertainty imposed by U. S.
policy-makers. Market participants tell a similar story.‘ Irwin L.
Kellner, of Manufacturer's Hanover Trust Company, attributes the level
of interesf rates in the second half of 1981 to a "fear premium" brought
on by the uncertainty about the course of the Federal budget deficits.z1
Market participants may expect the Long term inflation rate to be higher
with higher deficits, thereby pushing up lLonger rates. Uncertainty
about the extent of the effective budget cuts that were part of the
Reagan economic program may have contributed to the rise in interest
rates by making it nearly impossible to figure out the extent of the
government's borrowing needs.

Ffom the preceding paragraphs it is evident that the post-1979
period is unusually turbulent and atypical of the rest of the post-WWII
period. The econometric response to a few data points which are

different in some way from other points in the series is to use a dummy

variable. In this case, a dummy variable of the following form was

constructed: ‘
Value Period
0.00 1960-78
0.25 1979
1.00 1980
1.00 ' 1981

The <25 in 1979 reflects the one quarter of the new Fed operating
procedure, while the ones in the other periods reflect all three
reasons.

Re-estimating the two interest rate equations after adding the

dummy variables to each resulted in the estimates presented in Figures



FIGURE 2.7

10 YEAR TREASURY BOND EQUATION WITH DUMMY VARIABLE, THROUGH 1981

5 SEE = 0.4476 RSQR = 0.9696 RBARSQ = 0.9601
RHO = 0.0919 DW = 1.816 AAPE = 5.12

VARIABLE REGRES-COEF T-VALUE ELASTICITY MEXPLAVAL MEAN

INTERCEPT 19.121382 2.68 2.860 20.33 1.0000
CAMK =27 044515 =2.32 =2.536 15.60 0.6270
PCRG 0.095947 1.44 0.049 = 6.31 3.4383
PCRG(T-1) 0.083189 155 0.045 7.29 3.6192
LINFL 0.776210 12.37 0.536 225.13 4.6199
DUM79 2.987819 5.36 0.046 67.29 0.1023
RTB10Y DEPENDENT VARIABLE = - - = - - 6.6859

LONG TERM INTEREST RATE EQUATION

DATE ACTUAL PREDIC MISS
: IS * IS + IS A=P * * * * *
60 4.12 5-00 -0.88 * +
61 3.88 4.02 =0.14%+
62 3495 4.21 ~0.26%+
63 4,00 3.82 0.18+
64 4,19 3.79 0.40+%
65 4,28 4.10 0.18 +*
66 4.92 5.05 -0.13 +
67 5.07 4.92 0.15 +

68  5.65 5.54 0.11 +

69  6.67 6.32 0.35 +ox

70 7.35 6.70 0.65 + o*

7 6.16 6.39  -0.23 O x s

72 6.21 6.27  -0.06 +

73 6.84 6.84 0.00 +

74 7.56 7.53 0.03 | +

75 7.99 8.03  -0.04 +

76 7.61 8.15  -0.54 * 4

7 7.2 7.73  =0.31 * +

78 8.41 7.74  0.67 P

79 944 9.65  -0.21 *+

80  11.46  12.32  -0.86 * o+

81  13.91  12.99  0.92 + o
IS * IS + IS A=P * * * * %

3.793 5.945 8.098 10.251 12.403

RTB10Y = RATE ON 10 YEAR TREASURY BONDS

CAMK = M2 / NOMINAL GNP

PCRG = PERCENTAGE CHANGE IN REAL GNP

LINFL = THREE PERIOD MOVING AVERAGE OF PERCENTAGE CHANGE IN GNP DEFLATOR
DUM79 = DUMMY VARIABLE : .25 IN 1979, 1.0 IN 1980 \

1.00 IN 1981, O ELSEWHERE



2.7 and 2.8. The fit of both equations has been enhanced considerably
and the residuals now display no evidence of serial correlation. For
the 10 year bond rate, the coefficient on the three year moving average
inflation term has declined from .95 to .77 while the elasticity on the
liquidity term has been cut in half. Examining the éoefficient'on the
dummy suggests that the three factors discusséd above added
approximately 3 percentage points to the Long rate.

Turning to the short rate, the same pattern of a reduced
coefficient on the inflation term and the M2 term is found. The
coefficient of the dummy in the short rate equation suggests that the
short rate was pushed up by nearly 4 percentage points because of the
above-mentioned factors.

In order to examine the suitability of these equations for
forecasting purposes, these equations were estimated from 1960 to 1975
and simulated over the 1976-81 period. Since the period 1979-81 has
aLready been established as an unusual ﬁeriod, we should not expect the
equations estimated from 1960-75 to simulate well over the 1979-81
per{od. It was decided that the values for the dummy from the
estimation déne over the 1960-81 would be applied during the relevant
period during the simulation. The results of the estimations and
simqlations are reported in Figures 2.9 and 2.10. The results indicate
a dimimution in the fit of both the Long and short rate eqdations and a
deterioration in the Durbin-wétson statistic in the Long rate equation.
The AAPE of the simulation for the Long rate equation is nearly twice
that of the same statistic computed over the sample period. The AAPE of
the short rate simulation is much worse than the long rate with an

average miss of nearly 18. This figure is héavily influenced by severe



FIGURE 2.8

90 DAY TREASURY BILL EQUATION WITH DUMMY VARIABLE, THROUGH 1981

5 SEE = 0.8747 RSQR = 0.9122 RBARSQ = 0.8847
RHO = 0.3600 DW = 1.280 AAPE = 14,26
VARIABLE REGRES-COEF T-VALUE ELASTICITY MEXPLAVAL MEAN
INTERCEPT - 33.186765 2.38 5.669 16.33 1.0000
CAMK =52.382718 -2.30 =5.611 15.34 0.6270
PCRG 0.127639 0.98 0.075 2.97 3.4383
PCRG(T-1) 0.307495 2.94 0.190 24.12 3.6192
LINFL 0.764876 6.24 0.604 85.29 4.6199
DUM79 4.184736 3.84 0.073 38.70 0.1023
RTB DEPENDENT VARIABLE = = = = = - 5485401

TREASURY BILL EQUATION

‘DATE ACTUAL PREDIC MISS
' IS * IS + IS A=P * * * * *
61 2.38 2.88 =0.50*% +
62 2.78 3.27 =0.49 * +
63 3.16 3.11 0.05 +*
64 3.55 2.58 0.98+
65 3.95 3.23 0.72 + =*

66 4.88 4.76 0.12 +*

67 4,33 4.32 0.01 +

68 5.34 4.39 0.96 + *

69 6.69 5.81 0.87 + &

70 6.44 5.86 0.58 + *

7 434 4.49 =0.15 *+

72 4.07 4.89 -0.83 * o+

73 - 7.02 6.24 0.79 + *x

74 7.87 7.03 0.84 + *

75 5.82 5.86 -0.03 +

76 5.00 5.73 =0.74 * +

44 5.27 6.60 -1.34 * +

78 7.22 7.15 0.08 +

79 10.04 9.62 0.42 +*

80 11.62 12.80 -1.18 k4

81 14.08 13.00 1.08 + *
IS * IS + IS A=P * %* : * * *

2.376 4.865  7.355 9.844 12.334

RTB = RATE ON TREASURY BILLS, NEW ISSUES, 90 DAYS

CAMK = M2 / NOMINAL GNP

PCRG = PERCENTAGE CHANGE IN REAL GNP

LINFL = THREE PERIOD MOVING AVERAGE OF PERCENTAGE CHANGE IN GNP DEFLATOR
DUM79 = DUMMY VARIABLE : .25 IN 1979, 1.0 IN 1980

1.00 IN 1981, O ELSEWHERE



FIGURE 2.9

10 YEAR TREASURY BOND EQUATION ESTIMATED THROUGH 1975
WITH DUMMY IN SIMULATION

4 SEE = 0.3041 RSQR = 0.9551 RBARSQ = 0.9387

RHO = 0.4443 DW = 1.111 ‘AAPE = 3.59 .

VARIABLE REGRES=-COEF T-VALUE ELASTICITY MEXPLAVAL MEAN

INTERCEPT 9.803469 1.66 1.766 11.77 1.0000

CAMK =11.956919 -1.23 =1.353 6.68 0.6282

PCRG 0.039534 0.66 0.024 1.97 344353

PCRG(T-1) 0.100545 2.12 0.070 18.66 3.8799

LINFL 0.772435 11.73 0.493 267.40 3.5405

RTB10Y DEPENDENT VARIABLE = = = = = = 555250

AAPE IN TEST PERIOD = 13.38

AAPE IN TEST PERIOD WITH DUMMY VARIABLE (DUM79) = 4.93

LONG TERM INTEREST RATE EQUATION

DATE ACTUAL PREDIC MISS ‘
IS * IS + IS A-P * * * * *

60 412 475 =0.63 * +

61 3.88 3.96 -0.08+

62 3.95 3.99 -0.04+

63 4.00 4.00 -0.00+

64 4.19 3.97 0.224*

65 4.28 4.23 0.05 +

66 4,92 4.94 -0.02 +

67 5.07 5.10 -0.03 +

68 5.65 5.48 0.17 +*

69 6.67 6.23 0.44 + &

70 7 .35 6.62 0.73 + &

71 6.16 6.37 -0.21 *+

72 6.21 6.39 -0.18 *+

73 6.84 6.84 0.00 +

74 7 .56 7.71 -0.15 +

75 7.99 8.25 -0.26 *+

76 7 .61 8.07 ~0.46 * 4 m—emeeeee- SIMUL

77 7 42 7 .94 -0.52 * +

78 8.41 7.71 0.70 + &

79 9.44 9.41 0.03 +

80 11.46 12.21 -0.78 * o+

81 13.91 12.57 1.34 + *
IS * IS + IS A=P * * * * *

3.880 6.014 8.148  10.282 12.416

RTB10Y = RATE ON 10 YEAR TREASURY BONDS

CAMK = M2 / NOMINAL GNP

PCRG = PERCENTAGE CHANGE IN REAL GNP

LINFL = THREE PERIOD MOVING AVERAGE OF PERCENTAGE CHANGE IN GNP DEFLATOR
DUM79 = DUMMY VARIABLE : .25 IN 1979, 1.0 IN 1980

1.00 IN 1981, O ELSEWHERE



FIGURE 2.10

90 DAY TREASURY BILL EQUATION ESTIMATED THROUGH 1975
WITH DUMMY FOR SIMULATION

4 SEE = 0.7465 RSQR = 0.7972 RBARS@ = 0.7235
RHO = 0.3069 DW = 1.38 AAPE = 12.62

VARIABLE REGRES-COEF T-VALUE ELASTICITY MEXPLAVAL ~ MEAN
INTERCEPT 14.241332 0.98 3.015 4.27 1.0000
CAMK -23.202499 -0.97 -3.086 4.22 0.6282
PCRG 0.114671 0.78 0.083 2.74 344353
PCRG(T-1) , 0.385403 3.31 0.317 41.23 © 38799
LINFL 0.895106 5453 0.671 94.54 3.5405
RTB DEPENDENT VARIABLE = = - - - - 4.72319

AAPE IN TEST PERIOD = 26.53

AAPE IN TEST PERIOD WITH DUMMY VARIABLE (DUM79) 17 .61

_TREASURY BILL EQUATION

DATE ACTUAL PREDIC MISS
IS * IS+ IS A-P * * * * *
60 2.95 4.51 =1456 * + '
61 2.38 2.42 =0.04+
62 2.78 2.79 -0.01 +
63 - 3.16 3.38 -0.22 *+
64 3.55 2.90 0.65 + =*
65 3.95 3.60 0.34 + *

66 4.88  4.79 0.09 I

67 4.33 4.66 -0.33 * +

68 Se34 4.40 0.95 + %

69 6469 5.76 0.93 + %

70 6.44 5.59 0.85 + %

71 4.34 4.56 -0.22 *+

72 4.07 5.57 -1.50 * +

73 7.02 6.80 0.22 +*

74 7.87 753 0.35 + *

[ 5.82 6.32 -0.50 * +

76 5.00 6.26 =1.27 * + =eeceeee—-SIMUL

(a4 5.27 7.84 -2.58 * +

78 7222 T4 -0.52 * +

79 10.04  9.77 0.27 +%

80 11.62 1293 =131 * +
31 14.08 12.66 1442 + *

IS x IS + IS A=P * * * * *
' 2376 4,865 7 .355 9.844 12.334

RTB = RATE ON TREASURY BILLS, NEW ISSUES, 90 DAYS

CAMK = M2 / NOMINAL GNP

PCRG = PERCENTAGE CHANGE IN REAL GNP

LINFL = THREE PERIOD MOVING AVERAGE OF PERCENTAGE CHANGE IN GNP DEFLATOR
DUM79 = DUMMY VARIABLE : .25 IN 1979, 1.0 IN 1980

1.00 IN 1981, O ELSEWHERE



over-predictions in the 1976-77 period. It should be noted that the
AAPE for 1960-75 estimation is over 12%, suggesting that the simple
model does not fit as well for the short rate as it does for the long
rate.

Given an equation to calculate the rate on lLonger-term government
securities, it is possible to calculate the rates on private securities
using the goverment security rate as a prime determinant. The equation
to predict the rate on Moody's AAA rated securities uses the current and
Lagged value of the 10-year Treasury bond rate, the current rate of
inflation and the ratio of the sum of corporate profits and capital
consumption allowances to nominal GNP. If the term to maturity of the
two types of securities were identic{al, the equatv'ion would serve to
explain the movement of default risk over time. Since, however, the
average maturity on AAA rated bonds is approximately twice that of the
10-year Treasury security,' there are aspects of the term structure as
well as default risk differences to be explained. Thus, the two
government security variables provide a type of term structure "base"
while the other variables are intended to catch movements in the risk
premium and term premium. The expected sign on inflation can either be
positive or negative. This is because an inflation effect is already
incorporated into the ten year Treasury bond rate.

The coefﬁcient on inflation, then, represents the differential
effect of inflation on the two security types. The expected sign on the
internal funds proxy, (corporate profits plus corporate capital
consumption aI.Loulance divided by ﬁominal GNP) is negative. There are
two mechanisms that would explain this sign. First, large values of

this ratio would be an indication that firms were doing well and 'might




lead to a diminution of the risk of default. Second, the variable may
be an indicator of a series of portfolio adjustments. A rise in profits
or debreciation al lowances might cause a reduction in the demand for
externalvfunds, which, given Lenders who have definite lending
preferences, would Lead to a fall in the interest rates on corporate
bonds. The results of estimating this equation using annual data from
1960 to 1981 are reported in Figure 2.11. The equation fits extremely
well, and the prime independent variable is by far the conteﬁporaneous

valué for the 10-year Tfeasury‘bond rate. The rate of inflation enters

positively and the proxy for internal funds enters negatively, as:
expected. Figure 2.12 reports the resuLts‘of estimétihg the same

equation from 1960 to 1975 and simulatiﬁg over the 1976-81 period.

| Rhite the AAPE in the test period is rather small, about 4.5%, all of‘
| the errors are over-predictions. The coefficients on the inflafion rate

and the internal funds proxy. have cﬁanged considerably between these two

periods, which may signal some instability in the equ;tion. The effect

of inftation doubles and the effect of the‘internal funds préxy triples

when the longer period is used. Since most of the explanatory power

from both equations is coming from the 10-year bond rates, and since

this coefficient is fairly stable, thié equation is still probably

suitable for use in a forecasting context.

The Last équétion which is driven by the long~term government
security rate is the mortgage rate, which is a rate used in the
equations for purchases of structures in the lLarge, interindustry model.
Figure 2.13 reports the results of estimating very simple equation using
only the Level of the 10-year Treasury bond rate and the change in that

rate to explain the mortgage rate. The results are extremely good, both



4 SEE = 0.1326 RSQR = 0.9974 RBARSQ = 0.9968
RHO = =0.1447 DW = 2.289 AAPE = 1.36
VARIABLE REGRES-COEF T-VALUE ELASTICITY MEXPLAVAL
INTERCEPT 24726795 4.25 0.379 43.54
RTB10Y 0.702071 13.08 0.652 232.57
RTB10Y(T=1) 0.269406 4.03 0.234 39.87
INFL 0.097706 3.73 0.067 34.83
FUNDS =15.691477 -4.04 -0.331 39.96
RAAA DEPENDENT VARIABLE = = = = = =~

FIGUR

E 2.11

. AAA BOND RATE EQUATION ESTIMATED THROUGH 1981

SIMPLE AAA EQUATION

MEAN

1.0000
6.6859
6.2505
4.9372
0.1519
7.20348

*+

+x
*+

*+

*
8.498

DATE ACTUAL PREDIC MISS
IS * IS + IS A-P * *
60 4.41 4.62 =0.21%+
61 4,35 4.36 =-0.01+
62 4,32 4.35 -0.03+
63 4,26 4.33 -0.07+
64 4.40 441 =-0.00+
65 4.49 4,47 0.02 +
66 5.13 5.08 0.05 +*
67 5451 5447 0.03 +
68 6.17 6.04 0.14 +*
69 7.03 7«12 ~0.09 +
70 8.04 8.12 -0.08
71 7.39 737 0.01 +
72 7.21 6.92 0.29 +*
73 .46 - 7040 0.04 +%
74 8.57 8.35 0.22
75 8.83 9.03 -0.20
76 8.43 8.34 0.10
77 8.02 8.06 -0.04 .
78 8.72 8.77 -0.04
79 9.63 9.88 =0.25
80 11.94 11.77 0.17
81 14.17 14.22 =0.05
IS * IS + IS A~P * *
- 4.259 6.379
RAAA = RATE ON AAA CORPORATE BONDS
RTB10Y = RATE ON TREASURY BONDS, 10 YEARS
INFL = PERCENTAGE CHANGE IN GNP DEFLATOR
FUNDS = (CORPORATE PROFITS + DEPRECIATION) / GNP

*
10.617

+%

*
12.737

*+



FIGURE 2.12

AAA BOND RATE EQUATION ESTIMATED THROUGH 1975

4 SEE = 0.1185 RSQR = 0.9950 RBARSQ = 0.9932
RHO = -0.1906 DW = 2.381 AAPE = 1.44
VARIABLE REGRES-COEF T-VALUE ELASTICITY MEXPLAVAL MEAN
INTERCEPT 0.339847 0.22 0.056 0.22 1.0000
RTB10Y 0.761602 7.04 0.694 134.75 5.5525
RTB10Y(T=1) 0.374638 3.57 0.327 46.85 5.3237
INFL 0.038145 0.61 0.025 1.69 - 3.9715
FUNDS =4.,110243 -0.55 -0.101 1.35 0.1502
RAAA DEPENDENT VARIABLE = = - = = =~ 6.09719
AAPE IN TEST PERIOD = 4.86
SIMPLE AAA EQUATION
DATE ACTUAL PREDIC MISS
Is * IS + IS A-P * * * * *
60 4.41 4,55 “0e14%+
61 4.35 4,27 0.08+
62 4.32 4.25 0.07+
63 4,26 4.29 -0.03+
64 4.40 [ANAA -0.03+
65 4.49 4.57 -0.08 +
66 5.13 5.14 -0.01 +
67 5.51 5.52 -0.02 +
68 6.17 6.07 0.11 +*
69 7.03 713 -0.10 +
70 8.04 8.09 -0.05 +
71 7.39 7 .41 -0.03 +
72 7.21 6.95 0.26 +%
73 744 7.48 -0.03 *+
74 8.57 8.37 0.20 +
75 8.83 9.02 =0.19 +
76 8443 8.74 -0.30 *+ W eeeceee SIMUL
77 8.02 8.40 -0.38 * +
78 8.72 9.13 =0.40 * +
79 9.63 10.33 -0.70 * o+
80 11.94 12.31 =-0.37 * +
81 14.17 14.99 -0.82 *
IS * IS+ IS A-P * * * * *
4.250 6.535 8.819 11.103 13.388













































































































































































































































































































































































































































