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ABSTRACT

This study describes a system dynamies model of credit
extension, savings allocation, and interest rates. The model
constitutes the financial sector of the National Model of socio-eccnomic
processes, which is currently under development at the Sloan School.

Chapter I outlines the structure and purpose of the Naticnal
Model and summarizes the remaining chapters. Chapter II introduces the
system dynamics approach to financial modeling, focusing on basic
structural eliements that permit one to analyze disequilibrium behavior
and public policy alternatives. Chapter III describes the institutions
and functions of tne model. The "Savings Invastor" channels all private
savings to fiduciary institutions or direct investments. Three
aggregate lending institutions in the model extend short-term cre
(the "Bank"), long-term credit to ©business firms (the "Cerporz
Lender"), and residential mortgage credit to househclds f{the '"Mcrtgag
Lender").
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Chapter IV analyzes the response of tne model to deterministic
and random noise inputs. These simulations test the internal logic of
the model structure and, on the whole, successfully replicate the
cbserved behavior patterns of finanecial variables. Chapter 7 emplovs
data-based 1inputs and tests ¢the model's capacity to track guarterly
time-series data on lending and interest rates over the period 1560-T74.
The statistical and qualitative fit is acceptable in most cases.

Chapter VI addresses some of the missing 2lements and
weaknesses of the model structure and identifies issues fcr which the
financial sector, combined with the rest of the National Model, 1is
well-suited. These issues include the contributicn of monetary factors
to economic instability and inflation, the appropriate target for
official monetary poliecy, the vulnerability of the financial system to
changing modes of economic behavior, and the iaflation compcneat 2and
term structure of interest rates.

Thesis Supervisor: Jay W. rorrester
Title: Germeshausen Zrofessor
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CHAPTER I. INTRODUCTION AND SUMMARY

This study describes the structure and development of a
dynamic, macroeconomic model of financial processes. The purpose and
context of the model is prescribed by a larger modeling effort, of which
the financial structure constitutes an important component. System
dynamics has guided the development and testing process, so the purpose
and essential features of the model distinguish it in many respects from
other financial studies. Apart from models of finance in the individual
firm (see Lyneis 1974 for references), system dynamics has not been
applied in any detailed way to finance at a macroeconomic level. The
study described here, therefore, constitutes a first step which, it |is

hoped, will lead to valuable insights in finance theory and policy.

Though developed and tested separately, the model must be
viewed as part of the System Dynamics National Modeling Project. The
level of aggregation and selection of variables relate to the purposes
of the larger model, which is intended to <clarify the causes of
socio-economic behavior and to guide public policy. The rest of <this
section, therefore, outlines the organization of the Naticnal Model.*1%

The National Model treats all ma jor aspects of the

socio-economic system as internal variables to Dbe generated by the

#1®%Much of this description of the National Model is taken from
Forrester et al. 1976, pp. 1l1-1T7.
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interplay of mutual influences within the Model structure. The Model
contains seven major sectors (see Figure I-l1) and generates the flows of
goods, orders, money, and information that tie the sectors together.

By reaching from national monetary and fiscal policy down to
ordering and accounting details within an individual production sector,
the Model will bridge between the concepts of macro- and micro-structure
in the economy. Because behavior of the economy develops from deep
within its structure, the Model should be able to exhibit the ma jor
behavior modes of the economy, and provide important insights and
information about causes of socic-econcmic behavior.

A standard produc’ion sector will be replicated to form a
major part of the Model. wWith appropriate parameter values, the
standard sector can be used to renresent a variety of productién and
distribution activities--consumer durable gcods, consumer soft goods,
capital equipment, building construction, agriculture, resources,
energy, services, transportation, secondary manufacturing, knowledge
generation, self-provided family services, wmilitary operations, and
government service. Such generality fccuses attention on the
fundamental nature of prcduction of goods and services and simplifies

both construction and explanation of the mcdel.

Within each production sector are inventories of many factors
of production, including labor and various output of other sectors. For
each factor, an ordering function creates an order backlog for the
factor in response to desired production rate, desired factor intensity,

marginal productivity of the factor, price of the product, growth
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expectations, product inventory, and backlog, profitability, interest
rate, financial pressures, and delivery delay of the factor. By
comparison to other large-scale models, the ordering function in the
System Dynamics Model is more influential than the production function.
Much of the depth of dynamic behavior of the Model grows out of this

feature.

The structure of a standard production sector 1is essentially
the structure 4of a single firm in the economy. As with a firm, the
sector has an accounting subsector that pays for each factor of
production, generates accounts receivable and payable, maintains
balance-sheet variables, computes profitability, and borrows money. The
Structure should generate the full range of behavior that arises from
interactions Detween the physical variables and the money and
inforration variables. By carrying the Model to such detail, it should
communicate directly with the real sector where a wealth of information
is available for establishing the needed parameter values,

A production sector will generate product price in accordance
4ith conditions within the sector and between the sector and its
customers. Ffor testing price and wage controls, coefficients can be set
to inhibit price changes. The sector will distribute output among its
customer sectors. Market clearing, or the balance between supply and
demand, is struck not by price alone but also on the basis of delivery
delay reflecting availability, rationing, and allocation. As we shall

see, the rinancial Sector draws several analogies from these pricing and
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production processes.

People in the production sectors are divided 1into two
categories--labor and professional. For each category, a mobility
network defines the channels of movement between sectors in response to
differentials in wages, availability, and need. This labor-mobility
network allocates tne workforce between employment and unemployment and
among different productive sectors of the economy. The labor sector
also establishes wage levels for each production sector.

The demographic sector generates population in the Model Doy
controlling the flows of births, deaths, immigration, and aging. Age
categories divide people into their different roles in the economy from
childhood through retirement. The sector also divides people between
the labor and professional streams in response to wages, salaries,
demands of the productive sectors, capacity of the educationzl system,
and econcmic background.

The household sectors are distinguished oy aconomic
category--labor, professional, unemployed, retired, and welfare. EZach
household sector receives income, saves, borrows, purchases a variety of
goods and services, and holds assets. Consumption demands respond to
price, availability of 1inputs, and the marginal utilities of varicus
goods and services at different levels of income. The household sectors
also determine workforce participation--the fraction of the populatiocn
actively seeking work--in response to aistorical tradition, demand for
labor, and standard of living.

The government sector of the National Model will generate
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government services, tax rates, government expenditures and transfer
payments, and sales of government securities to finance the national
debt. Government services will be generated through use of a standard
production sector whose inputs are labor, capital, buildings, energy,
and other factors of production. An additional replication of the
standard production sector may b; used to represeat military services.

The National Model will simulate the behavior of a single
domestic economy. Once the Model is developed, either the whole Model,
or parts of it, can be replicated to represent an aggregate trading
partner (or wmultiple trading partners) of the domestic economy. For
example, standard production sectors could be replicated to represent an
aggregate foreign manufacturing sector and an aggregate foreign resource
sector. The foreign-trade sector will consist of one or more foreign
producers zand a set of coupling equations linking the foreign and
domestic economies. The coupling equations of the foreign-trade sector
will &gzenerate exchange rates, balance of payments, and flows of imports
and exports.

In the context of the complete National Model, the Financial
Sector links directly with the production, nousehold, government, and
foreign-trade sectors. Although Figure I-1 includes Federal Reserve
policy as a function of the Financial Sector, that function has been
develoved separately (see Benrens 1975) and does not lie within the
boundary of the Financial Sector model. With the completion of separate
sector development and testing, the Financial Sector will be merged

gradually with the other parts of the National Model.
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B. Summary

This section summarizes the contents of the remaining five
chapters of the study. Supporting material, in the form of detailed
descriptions of model equations, is provided in the appendices.

Chapter II introduces the systems approach to financial
modeling. The first section provides tne basic elements of a system
dynamics model, which is built around feedback loops that underlie real
activities. Examples cf causal-loop diagrams and flow-chart conventions
provide the reader with the background necessary to study the proposed
model.

More significant than the formal methodological features is
the conceptual approach to modeling financial processes. Because we are
interested in disequilibrium behavior in the economy, the model contains
structures that generate this behavior endogenously. For this purpose,
several elements appear that do not enter other financial models in the
same way. For example, money is conserved, flowing explicitly through
the system and accumulating in system levels; interest rating azare
represented as dynamically adjusting 1level variables; accuamulations
reflect specific security categories; and the model represents credit
availability explicitly by containing a "backlog" of loan requests that
are not always realized when desired through the price-clearance
mechanisms.

By portraying the micro-decision structures of banks and other
financial 1institutions, the model generates macro-level behavior.

A comparison of two small models of bank lending in Chapter II serves to
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exemplify the principle of representing explicitly only those
information flows and variables that underlie decisions in the real
system. Throughout the chapter, comparisons with the literature and
other models#2#%* are drawn.

Chapter III describes in some detail the instituticns and
functions that appear in the Financial Sector model. The chapter first
establishes the "management" versus "money-desk" perspective of the
sector as part of the National Model and identifies the important role
of the sector as the source of new money in the economy and the filter
through which official monetary policy affects real economic activity.

The Financial Sector as defined here channels the flow of
savings from household and business sectors to those who need short-term
and long-term funds. The institutions that effect this transfer consist
of portfolio managers {trust and pension funds), commercial banks, and
non-bank lending institutions. In the model of financial activity, a
"Savings Investor" serves as the aggregate portfolio manager of all
private savings. That is, instead of households directly putting their
savings into the time or savings deposits of banks and non-=-bank lenders,
or into government securities, equities, etc., each househcid and
business sector accumulates an undifferentiated pool of savings which
t

the Savings Investor then allocates among different kinds of deposits

and securities. Commercial banks are aggregated into one "Bank," which

#2%For example, the MIT - Pennsylvania University - Social Science
Research Council Model (MPS) and the Data Resources, Inc. (DRI)

nodel.



-23-

receives deposits (including savings allocated by the Savings Investor)
and extends short-term loans. Nocn-bank lenders are represented in the
model by two 1institutions, the "Corporate Lender," which extends
long-term credit to business firms, and the "Mortgage Lender," which
extends residential mortgage credit to households.

As Chabter II] demonstrates, many functions are common to the
three lending institutions (the Bank, the Corporate Lender, and the
Mortgage Lender) and to all four private financial 1institutions (the
three lenders plus the Savings Investor). These functions encompass
primary lending, investment in government securities, the setting of
interest rates, and the management of bank reserves.

Chapter IV performs a set of seven simulations of the
Financial Sector, driven by simple test inputs such as steps, sine
waves, and noise 1in loan demand. The first test examines asset
management (the manipulation of loan and security portfolios) by
isolating the Bank from the rest »f the sector and stepping up desired
loans by 10%. The simulation is designed mainly to relate the internal
structure to model behavior. The basic asset patterns in this
artificial test configuration seem consistent, however, with observed
patterns.

The next three simulations combine ¢the Bank and Savings
Investor, wherein the Bank can exercise both liability management
(mainly "selling"™ deposits through interest rate adjustments) and asset

o
management under a variety of test inputs. Model ocutput in these tests

compares well with observed phasing and amplitude relationships for
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different types of assets and interest races.

The remaining simulations combine other subsets of the
Financial Sector. A test of the Mortgage Lender and Savings Investor,
for example, reveals important differences in loan ad justments and
influences on the savings deposit yield. Combining these two
institutions with the Bank shows how these differences lead to realistic
asset shifts in response to changing interest rates. For example, a
“credit crunch" is simulated as a sizable open-market sale by the
Monetary Authority. 1In response to this initial shock, the sector
generates "disintermediation" (where savers shift funds from fiduciaries
to direct investments) and a shift in deposits from mortgage lenders to
the commercial banking system. Both phenomena have been cbserved in
recent years.

The last test imposes noise in 1loan demand on the entire
financial system to explore phasing and amplitude differences among
asset categories and interest rates. In general the results, which are
compared with recent data, support the internal structure of the sector.
However, as 1is the case throughout the chapter on dynamic tests, some
inconsistencies between model and reality are reported and should be
investigated in the next phase of model developrent.

Chapter V describes time-series tests of the Financial Sector,
wherein real-world data for the period 1$60-75 are put into the model
and selected variables from the model are compared with their actual
counterparts. Although the test reveals some problems that should be

studied further, the statistical and qualitative fit is fairly good in
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most cases and lends credence to the model.

Chapter VI takes up some of the loose ends that emerged during
the development and testing process and suggests some avenues for future
research. The incomplete or weaker elements in the Financial Sector
include the lack of explicit equity markets and excessive sensitivity of
model simulations to the size of the computation interval. Structural
modifications are proposed to deal with both of these cases.

The second part of Chapter VI identifies some issues for which
the Financial Sector, combined with the rest of the National Model, 1is
especially well-suited. These 1issues 1include the contribution of
monetary factors to economic instability and inflation, the approoriate
targets for official monetary policy, the vulnerability of the financial
system to changing modes of economic behavior, and the inflation
component and term structure of interest rates. By developing and
testing the Financial Sector of the national economy, this study
provides a new point of departure for exploring these and other

significant economic issues.
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CHAPTER II. A SYSTEMS APPROACH TO FINANCIAL MODELING

This chapter introduces the system dynamics methodology. The
first section presents the basiec components of 2 system dynamics model.
The second section considers, in more detail, some of the features that
distinguish a system dynamics wmodel of financial activity from other
aggregate financial models. The discussion focuses on the specification
of structure and should help the reader to understand the model

described ir Chapter III.

A. An Introduction to System Dynamics

System dynamics is a simulation approach to modeling that
applies the principles of cybernetics to social znd physical systems.
The basic component of a system dynamics model is the information
feedback loop, a sequence of causal influences that leads back to its
own starting point in a closed circuit. The feedback loor contains =wo
essential components, levels (stocks) and rates (flows). Levels are the
state variables, or accumulations, that characterize the system zat any
point in time. Model behavior arises from the variation in the quantiiy
in each level over time. Rates are the system's action or policy
variables that effect change in the levels. Rates represent information
flows and flows of people, money, goods, orders, and other ccnserved
quantities. Since the rates acting on a level summarize all the factors
that change that level, they are generally complex expressions. Often
one or more components of a rate are sufficiently Important to warrant

individual attention. These auxiliary variables are separated
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algebraically from the rate equations.

Figure II-l displays the basic feedback loop structure, using
the symbols of DYNAMO flow-charting to portray the two essential
components. The figure shows a rate that is linked in an information
feedback loop to a system level. The rate variable constitutes a
decision that relies on information contained in the system state.
While the decision produces action, such as a flow of money or people,
and thereby changes the quantity in the level, the link between decision
(rate) and state (level) represents a rule, or policy, that governs the
decision. A typical system policy in the Financial Model, for example,
relates the purchase of Treasury bills (contained in a system level) to
the discrepancy between desired and actual levels of bills. A system
dynamics model, in fact, constitutes a set of states and decisions
combined according to the modeler's perception of real operating policy
rules. The modeler tries to develop confidence in his poliecy structure
Oy studying the behavior it generates and relating “he behavior to
observed reality. As the modeling process continues, one tries to
identify the decision rules that nave an important dynamic impact and,

thereby, to discover those policies that effectively improve behavior.
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Figure II-X. The Feedback-Loop Structure

The direction of causality linking two @model variables, as
well as the polarity of complete feedback loops, may be described in a
causal-loop diagram. ~rigure II-2 exhibits a simple diagram of one of
the feedback loops that appears in this study. Each arrow in the figure
indicates the direction of causality; fer example, the accumulation of
bonds augments the flow of interest payments ¢tc the iIndividual or
institutional investor. The four variables are linked in a positive
loop, wherein a change in one element sets in motion a chain of events
around the loop that eventually produces a reinforcing influence con that
element. The accumulation of securities by a savings institution, for
example, produces interest income that can enlarge the security holding.

This loop in isolation gzenerates self-sustaining growth.
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Figure IT-2. A Positive Feedback Loop in
Portfolio Management

A second type of loop generates negative feedback. In
negative feedback 1loops, change in one element propagates around the
loop to produce counteracting opressures in the same element. For
example, two variables in the positive lcop shown in Figure II-2 are
also lirnked in a negative 1loop. Figure II-3 adds a 1link between
security purchases and cash to show that, while higher reserves of cash
and other liquid assets permit or encourage additional ourchases, the
purchase <transacticns deplete the pocl of cash. The purchase-cash loop

is self-corrective, rather than self-sustaining.
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Figure II-3. The Combination of Positive and Negative
Feedback loops differ not only in their polarity, pecsitive or
negative, but also in the delay by which responses are propagated around
the loco. Delays wmay exert an important impact on the direction,
timing, and magnitude of the influence of one system elament on znother.
Suppose, for example, that in the system described in Figure II-3,
interest accrues continuously but, in fact, is paid only annually or
when the security matures (as with discounted bonds). In this case,
purchases deplete cash immediately while interest opayments and
maturities replenish cash after a delay. If bond purchases zre Zrcewing,
the cash outflow will exceed the inflow z2nd the level <f cash and cther
liquid assets «will decline. The declining level of cash will restrain
further investment in bonds and could also influence plans and
expenditures elsewhere in th; systen.

Causal-loop diagrams, such as those portrayed In the previcus
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two figurcs, provide an organizing framework for a model, but they do
not yield the information required to express a set of relationships in
the form of equations. The model described in this study uses the
DYNAMO compiler and, therefore, adopts the conventions of DYNAMO flow
diagrams to specify the variables and the links between them required
re» simulation. Figure II-4 exhibits a DYNAMO flow diagram for the two
feedback loops portrayed in Figure II-3. The figure contains variables
that appear in the larger model described in Appendix 1, although the
format of the diagram is simplified for clarity. The conventional
DYNAMO symbols portray levels (rectangles), rates (valve symbols), and
auxiliaries (circles). Solid lines reflect physical flows such as money
or securities, while dotted 1lines portray information flows or some
functional dependence. Variables defined elsewhere appear in
parentheses (such as return on government bonds RGB). The remaining

term (average life of government bonds ALGB) appears as a constant.
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Government bonds GB is a level wvariable that zccumulates zthe

difference between the purchase of government tonds PGB and maturities

of government boads MGB. Liquid assets LA is a level that contains cash

funds as well as other near-cash securities. The 1liquid assets pocl

e e . -
grows with interest on bonds as well as maturities and declines with new

bond purchases. The receipt of interest on goverament bonds RIGB
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expands with the accumulation of bonds. As liquid assets LA begin to
exceed desired liquid assets DLA, the rate of bond purchases can expand
above the volume necessary to replace maturing bonds. Concurrently,
augmented bond purchases deplete cash funds (part of liquid assets) and,
thereby, restrain the capacity for making additional purchases. The
influence of relative liquidity on bond purchases is expressed through
the multiplier from liquidity on government bonds MLGB.¥1#

Specification of the system dynamics model described in this
study constitutes a causal theory, at a level of aggregation consistent
with the purposes of the National Model described in Chapter I. The
study focuses on developing a theoreticazl structure rather than on
deriving empirical relationships, although qualitative comparisons
between model simulations and real-world behavior are described in
Chapter IV, and an attempt to fit time-series data appears in Chapter V.
As part of the theoretical exploration, computer simulation permits one
to test the model for internal consistency, sensitivity to parameter
changes, the impact of nonlinearities, and the modes of disequilibrium

behavior. This structural approach to financial modeling should become

®#1*¥Detailed equation descriptions appear in Appendix 1. Here the basic
functional relationships (without the DYNAMO time subscripts) are

listed:
d/dt(GB) = PGB - MGB
d/dt(LA) = MGB + RIGB - PGB
PGB = MGB*MLGB ¢
MLGB = f(LA/DLA), where f indicates an increasing, nonlinear

functional relationship

MGB GB/ALGB
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clearer in the next section, which explores specific aspects of the

proposed model.

B. Distinguishing Features of the Financial Model

The rate-level principle described in Section A guides the
development of a system dynamics model. The modeler tries to identify
the important system levels and considers the feedbacks between levels
and the rates of flow that influence the levels. For example, the
inclusion of liquidity pools for each sector forces the zodeler to
explore the effects of asset purchases on liquidity and the possible
constraints of inadequate liquidity on the purchase of assets. The link
between level (liquidity) and rate (asset purchase) forces the wmodeler
to observe the basic physical principle of conservation. A ccanserved
flow model assures that physical quantities, such 2s money, move within
Jistinet channels and enter or disappear from the system only through
explicit processes. Like all paysical accumulations, ctherefore, <the
level of 1liquidity in our example cannot fall below zero. Well Sefore
this extreme is reached, in fact, the declining level of Liquidity
begins to restrain the flows that deplete it. assets cannot de acquired
at the desired rate. The constraints emanating from this pcint, In
turn, affect the flow of liquidity and its accumulation elsewhere in the
economic system. In this way. the impact of declining liquidity in one
place filters through the economy, affecting individual decisions and

overall system behavior.
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1. Disequilibrium in Financial Modeling

In a review article on "monetary economics," Stanley Fischer
writes that the most significant change in monetary theory over the last
25 years is the shift from comparative static analysis to explicitly
dynamic analysis (Fischer 1975, p. 157). The newer econometric models,
for example, incorporate lag structures that permit dynamic simulations
Lo test the sensitivity of system response to exogenous inputs and
changes in parameter values.

The system dynamics model of financial processes is in keeping
with the trend toward dynamic, disequilibrium models. 1In fact, dynamic,
state-variable models are well-suited for exploring the nature of
disequilibrium, wherein the system states (levels) are changing over
time. Disequilibrium behavior is captured in a system dynamic model
through the representation of level variables that conserve quantities
such as money, bonds, and loan requests in their own channels and serve
to uncouple rates of flow that might otherwise, by assumption, be
represented in equilibrium.*2%

In contrast, many econometric models, including those
containing lag structures, assume instantaneous market-clearance

mechanisms or other equilibrium relationships that prevent the analysis

#2#Economic models without the integration processes that produce
dynamic benavior are often inadequate for describing the
disequilibrium characteristics of economic activity. Samuelson's
classic multiplier-accelerator model, for example, attempts to
explain disequilibrium behavior (business cycles) while retaining
basic equilibrium concepts. The consequences of this failure to
accumulate essential physical quantities are treated in Low (1976).
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of disequilibrium or of policies that might mitigate unwanted economic
behavior. For example, most financial models assume that desired and
actual money stocks are equal, an assumption that Cagan (1972, p. 120)
criticizes. Other models fail to recognize the appreciable lags in
adjusting portfolio transactions or interest rates that arise from
information and transaction costs (Bosworth and Duesenberry 1974,
p. 53), or from institutional, psychological, and social forces
(Forrester 1961, pp. 406-411).

While economists have begun to apply disequilibrium 2znalysis
to prices, economic models have yet to represent successfully the
dynamic adjustment of both price and quantity. fischer writes, "The
outstanding problem in macroecosnomic disequilibrium theory iIs <the
working out of joint price and quantity determination." (Fischer 1375,
p. 161). The model presented in this study attempts to work out asset
prices (or interest rates) and quantities by tracking separately the two
distinct, but dynamically interacting concepts. In the model, both
interest rates and security holdings are represented as level variables.
To highlight the importance of integration and conservation in system
dynamics models, the discussion that follows will focus on these <two
levels, as well as on liquidity and the accumulation of loan requests.
The inclusion of these four variables as levels in :che model :nzy permit
a more complete analysis of disequilibrium behavior than has been
attempted in the past.

In the National Model, money flows throughout the system and
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accumulates in levels of liquidity for each sector.*3*% Monetary flows,
thereby, are separated from the flows of products or orders and from
information relating to prices and real purchasing power. The separate
flow of money has two important consequences. First, we know that
official monetary policy operates on the capacity of banks to create
deposits, as well as interest rates in the securities markets.
Therefore, the cash reserves of the banking system, as well as the money
pools of other credit institutions and borrowing sectors, are
represented in the model in order tc trace the impact of official
monetary decisions on spending behavior.

Secondly, the distinetion between actual money pools, or the
more broadly-defined pool of liquid assets, and desired levels affects
asset purchases, as was shown in the previous section. In the model,
the purchase of securities or the extension of credit reduces the cash
reserves of banking institutions and produces pressures to replenish

liquidity by selling securities, restraining lending, or attracting

#3%Real spending decisions are based, in part, on "liquidity," a
broader concept than what we usually call "money" (currency plus
demand deposits). 1In the National Model, therefore, money plus
near-money assets (for the financial institutions, this includes
Treasury bills) constitutes the conserved quantity, represented in a
level of "liquid assets." In each financial 1institution, for
example, money is calculated algebraically as the difference between
the 1level of liquid assets and levels containing near-money assets
(e.g., Treasury bills). While the amount of money calculated in
this fashion influences asset transactions (e.g., the purchase of
Treasury bills) and, therefore, is controlled in the wmodel, the
amount of wmoney itself is not represented directly as a level
variable and, therefore, is not technically a conserved quantity.
(See Chapter III and Appendix 1 for details.)
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savings deposits. These adjustments take time to accomplish and can be
constrained, or otherwise influenced, by official ceilings on interest
rates, or by more general efforts to tighten or relax credit conditions.

The treatment of money in the major economic models differs
from the above description. In accordance with standard Xeymesian
theory, the demand for money responds to changes in income (to capture
the transactions motive) and to variations in actual and expected
interest rates (which indicate the opportunity cost of holding money 2s
opposed to other assets). The MPS and DRI models, therefores, both
contain equations that specify ¢the demand for demand deposits as
functions of interest rates (including, in the MPS model, tne change in
the Federal Reserve's discount rate as a signal or proxy for expected
changes 1in other interest rates). The demand deposit equations In both
models also contain some indication of income and wealth.

Yet neither the MPS nor DRI models, in +their underlying
structural development or in the regression sequations <c-nemselvss,
express money 2as a conserved gquantity. The equations for demand
deposits, for example, relate money mainly to interest rates dut do not
indicate whether or not the demand is realized or what aappens If ZIt's
not. In other words, money does not accumulate the flows of credit,
interest payments, expenditures, or security transactions that directly
determine the money stocks of various interacting sectors of the
economy . Yet, 1intersectoral monetary flows, with their resulting
accumulations, seem to be an important focus of monetary and fiscal

policy. Moreover, the extension of bank credit, which creates demand
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deposits, 1is uncoupled in these models from the quantity of money.
Thus, the feedbacks between credit extension and real spending, as well
as the official policies designed to influence these channels, are
obscured or ignored.

In the system dynamics model, on the other hand, the extension
of bank credit constitutes a flow that directly augments the money stock
of borrowing sectors. While alternative interest rates may influence a
sector's asset transactions and, therefore, total money balances, the
impact of interest rates on money levels is indirect. Finally, we have
seen previously that money balances both are affected by asset
transactions and, in turn, influence future transactions through the
operation of explicit feedback loops.

interest rates are also represented in the system dynamics

model 2s levels. The level, in this case, does not accumulate flows of
tangible quantities, such as money and other liquid assets, but
represents 2 dynamic process wherein interest yield changes in response
to demand and supply in different markets. In large markets with
nomogeneous assets, such as government securities, the response is
rapid. But in the case of negotiated loans that make up the bulk of

rimary c¢redit transactions, interest rates adjust over an appreciable

U

period of time. The adjustment times reflect delays and imperfections
in obtaining information =about market conditions; competitive factors

that restrain banks, for example, from moving far out-of-line with the
competition; and institutional-social factors that introduce caution and

delayed decision-making within business or other bureaucratic
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organizations. The process of integration, reflected in the interest
rate levels, portrays this dynamic adjustment.

Moreover, changes in yield represent an imbalance in demand
and supply. Suppose a financial market moves from supply-demand
equilibrium to disequilibrium and then back into balance. During that
transition, the interest-rate level will integrate the effect of
imbalance and will end up at a new equilibrium that might or might not
equal the beginning value. The rate-level format permits the yield to

"float" without reference to an initial value and yet still reflect

relative supply and demand.¥#4#%

A third 1important 1level variable in the model 1is the
accumulation of securities within the Bank and other financial
institutions. In reality, holdings of bonds, bills, CD's, etc.,
influence the total volume of securities exchanged, %the government's
refinancing needs, and, through relative supply znd demand, interest
rates. The model assumes that investors maintain their holdings by
replacing maturing securities or those scld in secondary markets, unless
various pressures encourage different behavior. The stock of

securities, therefore, directly influences market demand znd, thereby,

interest rates.

#U%Equilibrium in a state-determined system is characterized by

unchanging system levels (the time derivatives of all levels = 0).
At issue here is the capacity of interest rates to be pushed freely
by pressures emanating from other parts of the system, not at
substantially higher or lower interest rates might be consistent

with 2 new supply/demand equilibrium.
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In contrast, the MPS, Brookings, and other large-scale models
determine interest rates on the basis of term structure equations, which
specify yields for various security categories as functions of a
particular (short-term) rate (and other factors such as changes in the
rate of inflation) .#5% Most models rely heavily on
exogenously-determined rates (e.g., the Federal Reserve's discount rate
in the MPS model) to derive the crucial short-term yield. And few
models contain the stock of securities at all in their interest-rate
equations. Benjamin Friedman, on the other hand, criticizes the term
structure approach because it does not take into account the volume of
long-term securities in the determination of 1long-term interest rates
(B. Friedman, February 1974).

The system dynamics model described later reflects available
quantities of securities 1in each market. Each type of security is
confined to an identifiable channel znd cannot disappear from the system
eaxcept through some explicit process. Supply and demand for each
security, and thereby interest rates, depend on this endogenous
conservation of asset flows rather than on exogenously-determined
interest rates or other non-systemic influences. This separation of
securities 1into distinet markets, however, does not preclude the

opportunity to arbitrage Dbetween security classes and maturities in

¥5¥While the MPS model explicitly uses the term structure approach in
relating corporate bond rates to short-term (commercial paper)
rates, the DRI model does not directly specify 1long rates as
functions of short rates. However, the equations (and estimated
coefficients) end up looking rather similar.
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response to changes in interest rates. Indeed, an important input ¢to
the transactions decision in the model is the relationship between the
yield on each security relative to (risk-adjusted) returns available on
other assets.

A fourth important level in the proposed financial model 1is
the backlog of loan requests. In the procurement of nonfinancial
factors by a firm or productive sector, a flow of orders accumulates In
a backlog that is worked down over varying periods of time, according <o
the nature of the factor. The backlog (vacancies) for labor, for
example, may average only a f2=w weeks, while orders for capital will
remain in back.og for a considerably longer period. Zven 1n
equilibrium, a backlog exists, reduced oy shipments and replenisned witn

new orders. In disequilibrium, orders and shipments do not balzance =znd
the net difference accumula&es in backlog.*6#

Although money is not commonly considered a2 factor of
production, its procurement through the extension of credit logically
fits the procurement pattern of other factor inputs. Orders for crecit
respond to a variety of pressures that emanate largely from withiIn each
ordering firm or sector. During the process of naegotizting loans 2and

lines of credit, lending institutions perceive a volume of loan requescts

that will be required in the near future. Since there is no guarantee,

#6#Most economic mocdels do not contain order backlogs and, therafore,
miss the effect of the conservation of orders on investment patterns
and system stability. Mass cites some of the relevant literature
and discusses the important dynamic effects of backlogs on business

behavior (Mass 1975, especially Chapter 3).
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however, that liquidity will be adequate to meet loan demand, the flow
of loan requests will not always equal the extension of short- or
long-term credit. The net difference must be conserved in a Dbacklog

level or explicitly canceled out of the level in order for loan requests

not to be lost unaccountably froq the system.

The principle of conservation requires that "orders"
accumulate even though data on unfilled loan requests is not generally
available.®*7%® The existence of a backlog, moreover, provides the
information lenders need to adjust their portfolios over the near future
and determines the relative capacity of investing institutions to extend
credit. A model that contains an accumulation of outstanding loan
requirements permits the explicit treatment of availability and credit

rationing which, together with interest rates, equates ex post (flow)

demand and supply.

The intervening levels in an economic structure uncouple flows
such as orders and money and permit explicit disequilibrium analysis.

R many economic models, on the other hand, flow rates depend on other

-4

flow rates. For example, in the DRI modei, the inflow of investible
funds to wmortgage lenders is a function of current disposable income
(see Eckstein et al. 1974, pp. 599-600). Current income appears in many

models as a proxy for capacity to invest or spend, but the causal

¥*7#The Federal Reserve started recently to colleect data on
"commitments,"™ a portion of which could be considered firm
requirements subject, of course, to cancellation; but this data is
imprecise as to the type and firmness of the commitments.



linkage between inccme flows and spending requires structure, such as
accumulated income in the form of money pools and wealth, that 1is
usually missing. To cite the examples of structure that have been
discussed in this section, liquidity levels uncouple income flows from
asset purchases; accumulated security holdings uncouple purchases from
maturities; and the backlog of loan requests uncouple the need for

credit from the capacity of banks and fiduciaries to make loans.

2. Micro Decisions in a Macro Model

The model described in this study attempts to represent rezl
decision processes explicitly, in a structure whose component parts can
be recognized by bankers and investors. Loan extensions in “he model,
for example, are directly and causally dependent cn influences that
bankers supposedly consider, including alternative yields on competitive
assets, liquidity ratios, and pressures exerted by the c¢entral Dbank
authorities. While the equations reflect processes that occur at this
micro-level, the model structure generates macro-economic behavior.

In contrast to this approach many financial models zontain
quantitative relationships that are not intuitively neaningful, where
abstraction may imply, but does not express underlyin dehavioral zand
causal assumptions. Benjamin Friedman writes: "The analytical
frameworks which economists use to investigate various economic

phenomena often bear 1little resemblance to markst participants'

conceptions of the processes in which they play some role."
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(B. Friedman, June 1975, p. 1).#8%

An approach that explicitly portrays the micro-level operating
processes has at least three advantages. First, such a model can be
communicated relatively easily to operators and policy-makers, who can
recognize the structure as pertaining directly to what they do. Second,
it is often easier to obtain a consensus on the explicit structural
components of the model when they constitute recognizable, direct causal
links rather than abstract relationships that may hold little intuitive
meaning. Finally, models that reveal real-life causal links tend to
improve policy analysis, in which the effects of policy intervention on
behavior can be traced to explicit activities rather than to abstract,
statistical relationships.

A simple illustration may help to clarify the difference
between models that portray actual decisions and models that abstract

beyond the recognizable processes. Figures II-5 and II-6 portray

*8%His statement introduces the discussion of long-term interest rate
determination that was cited previously. Consideration of the
reasons for adopting such analytical frameworks goes beyond this
treatment of the system dynamics approach to model specification.
Some argue, however, that formal data rather than theory or direct
observation, too often determine structure. One critic of
econometric methods, for example, writes, "I define an econometric
wodel 2as one whose structure is dictated primarily by the data, and
only secondarily by theoretical considerations." (Black 1974, p. 1).
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alternative dynamic models of bank lending.#9% Both models represent
the accumulation of deposits through the extension of loans by the
aggregate banking system.#10% In both examples, the demand for loans is
assumed to encourage banks to lend up to the 1limit imposed by the
central bank's reserve requirements. At any time, the banking system

can support a volume of total deposits equal to total reserves R divided

#9#The two models are illustrative oaly, and do not portray directly
the larger model described in this study. 3ut the structures
discussed here are simple and seem suitable for distinguishing
between the "operating level" approach to modeling and zmore abstract
approaches.

#10*Intrecductory textbooks commonly distinguish between & single bank,
which attracts deposits so as to zmake more loans or investments, znd
the banking system "as a whole, which greates deposits by makin
loans. The creaticn of deposits by the aggregate system zay te
considered a macro-econcmic phnenomenon, while attracting deposits Dby
an individual bank is considered a micro-economic phenomenon.
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by the required reserve ratio RRR--i.e., maximum demand deposits
MDD = R/RRR.*11#% If banks have no desire or need for reserves not used
to back deposits (excess reserves ER), then equilibrium exists when

DD = R/RRR.

#11#%Suppose total bank assets equal reserves (R) plus earning assets (E)
and that total liabilities consist of demand deposits (DD); then,
DD = R + E, or

DD/R = 1 + E/R.

According to the central bank, banks must hnold reserves equal to
some fraction, the required reserve ratio RRR, of tctal deposits.
«f the banks are fully extended, then RRR = R/DD, or, by
substitution,

1/RRR = 1 + E/R.
Multiplying through by R and substituting DD for R + E gives
(1/RRR)R = DD = MDD.
The term 1/RRR may be called the "bank money multiplier® (Shapiro

al. 1968, p. 9) and indicates the multiple by which a change i
reserves R will yield an ultimate change in demand deposits DD.

Dlw
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Should reserves R be increased by /\R, then demand depcsits
will rise by an amount equal to /\R/RRR. The change £freca cne
equilibrium to another, however, does not occur instantaneously.

Instead, the net lending rate LR moves up iIn respcnase

reserves and causes deposits to rise toward their new

the first

T

naximum level.

o0 the addition in

In

model, 1lending rate LR is formulated so as tc¢ adjust demand
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deposits over a specified adjustment time AT (3 months); that is,
LR = (MDD - DD)/AT.#12%

The second model of bank lending also adjusts deposits 1in
response to changes in reserves (or reserve requirements), but contains
different formulations. As shown in Figure II-6, the level of demand
deposits DD, together with the required reserve ratio RRR, determines
the volume of required reserves RR. Required reserves RR, together with
reserves R, determines the amount of excess reserves ER which the
banking system can lend. As in the first model, we assume that desired
excess reserves DER equal zero and that loan demand is sufficient to
assure that any positive amount of excess reserves will be lent out. If
reserves R step up, excess reserves ER, which equals reserves R minus
required reserves RR, increases at the same time, and lending starts to
rise. Lending now reflects the ad justment of the discrepancy between

éxcess reserves ER and desired excess reserves DER, over the time to

ad just reserves TAR; that is, LR = (ER - DER)/TAR.

#12%Expressed as a differential equation,

(d/dt)DD = LR = (MDD - DD)/AT = (R/RRR)/AT - (1/AT)#DD.

Solving for DD,

- -t/AT
DD = R/RRR - [(R/RRR) - DDo]e &/

where DDy is the initial value of DD and AT is the system time
constant. This simple system describes a goal-seeking, or negative
feedback loop, where MDD ( = R/RRR) is the system goal toward which
DD adjusts.
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Figure II-6. A Simple Model of Bank Lending (Case #

The time constants in the ¢two <cases (AT and TAR) have
distinetly different meanings. The adjustment time AT in Figure II-S Iis
a parameter that refers to a system-wide adjustment and could be
estimated only from observation of the entire system over some pericd of

time, possibly through the use of statistical techniques. The parameter

—a

would reflect all the factors that Influence bank lending  and,

o
(]

therefore, couid change over time as different factors plzy 2 mor r
less important role. The time to adjust reserves TAR, on <the otaer
hand, has operational meaning ¢to a banker, sven though banks do not
fully control the creation of deposits. The value of TIAR, .which is

considerably shorter than the system adjustment time AT, @ight Se

selected by asking bankers now long they normally like <to xeep



-52-

nonearning reserves in excess of official or operating requirements.
Other factors that may influence lending (e.g., relative returns or
measures of bank 1liquidity) may enter the model separately without
changing the meaning of the equations or parameters associated with
ad justing excess reserves.

The individual in a large system can act only on the basis of
information available to him. While ¢the final system-determined
equilibrium (e.g., maximum demand deposits MDD in the first example) 1is
not information wusually accessible to the individual banker when he
makes a lending decision, desired and actual excess reserves are known
and nave operational meazning. A model that portrays individual rational
decision processes may or may not move toward a system-wide optimum, as
the goal for any individual unit is not necessarily the same as the goal
for the system.

The simple model discussed above, as well as the full
financial model described later, attempts to develop structure on the
grounds of economic theory, direct experience, observation and
intuition, verbal information, and the principles of integration and
feedback introduced in Section II.A. The structure is what counts. If

a2 concept enters into real decision-making, it is represented in the
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structure, whether or not statistical data is available, and regardless
of nonlinearities that might pose estimation problems fcr statistical
modelers.#13#%

In addition to enhancing the possibilities for rcommunication
and consensus, causal structures that portray micro-level decisions help
to identify the points of the system in which policy intervention can
affect system behavior. Fer example, the first of the two bank lending
models introduced earlier contains no direct causal 1ink Dbetween
appropriate information (e.g., loanable cash reserves) and bank
decisions. Therefore, changes 1in policy, that is, in rules by which
actual decisions are made, cannct be explored in the model simulations
or introduced as real policy alternatives. The second model, on the
other hand, explicitly contains excess reserves which constitute 2
control variable that bankers observe and influence directly. 3y
intervening in a causal model one can explcre mechanisms that iInfluence

system behavior and one can begin to understand how the policy

intervention propagates through the system.

¥{3%¥Nonlinearities, in fact, may be necessary In a structure that
attempts to represent real-life physical constraints. Zor example,
the accumulation of money and other 1liquid assets, which was
discussed previously, appears to 3impose a nonlinear iImpact on
spending, since it is literally impossible to pay out funds that do
not exist. The nonlinearity begins to exert an impact when the
system strays beyond "normal" ranges of behavior. A case in 9poin
is the Great Depression, when liquidity in certain sectors of the
economy (such as agriculture) virtually dried wup. The National
Model 1is designed ¢to explore changes in historical conditions,
future social and economic constraints, 2and alternative policies
that could well force the system into the nonlinear ranges that

produce unaccustomed modes of behavior.
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The large-scale macroeconomic models, in contrast, usually
rely on statistical correlation to support causal hypotheses. Drawing
policy conclusions from statistical correlation models, however, can be
nazardous. In the late 1960s, monetarist economists attempted to
support, with statistical regressions, a causal link running from the
rate of change in the money supply to business activity. Tobin showed,
however, that it is perfectly possible to construct an economic model in
which money has no causal influencze on business and yet generates the
same lead-lag relationships that have been observed historically (Tobin
1969). Intervening to influence a supposed causal link that is weak or

nonexistent in reality will fail to have the desired impact and could

produce unwanted consequences.

C. Conclusions

This chapter has described how integrations and lag structures
portray dynamic, disequilibirum behavior. In some ways contemporary
economics 1s moving in a similar direction, but there are important
countercurrents. Comparative statics, for example, still characterizes
many "dynamic" models, wherein all economic actors are assumed to
optimize their positions and, thereby, establish an equilibrium during
successive, arbitrarily defined, periods. Simultaneous equation
solutions suit this form of analysis.

More extreme than comparative statics analysis is the theory
of "rational expectations," pioneered by Muth (1961) and since developed

Oy Sargeant (1972) and others. Stated simply, the theory asserts that
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prices and interest rates reflect all known information instantaneously;
that known information includes instantaneously formed expectations
about policy actions or other "outside" shocks to the system; and that
"expectations, since they are informed predictions of future events, are
essentially the same as the predictions of the relevant economic theory"
(Muth 1961, p. 316). In a rational expectations world, immediate price
ad justment means, in the extreme, that public policy actions prcduce
change only in prices and not in transactions. For example, if the
Federal Reserve takes action to increase the money supply by buying
securities, the economy will react by adjusting instantaneously the
expected rate of inflation and, therefore, will cause interest rates toc
rise rather than fall. Only if there were lags in the formation of
prices and expectations would such an action generate lower interest
rates and, thereby, real changes in output. But, according <o the
proponents of rational expectations, these lags seldom 2xist and cannot
be depended on to produce successful econcmic policy.

The system dynamics model described In this study differs

m

radically from a rational expectations model. dere <there azre
differential lags in perceiving and acting on information that iamply
memory and the conservation of both information and real flcocws that is
ignored in other models. Whereas Muth writes, "Information Is scarce,
and the economic system generally does not waste It" (Muth 1961,
p. 316), a system dynamics modeler asserts <that information is

excessive, imperfect, and internally inconsistent, leading to delayed

reactions and market "clearance" based not only on price but also on
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availability. To portray this world, a model requires the
disequilibrium structures described earlier.
Moreover, in a world of imperfect and excessive information,

decisions can no longer be optimal. For an optimal decision requires a
set of criteria, such as the reaction patterns of all market
participants, that is simply not known to any individual--much as the
system goal in the small banking model described earlier is not an input
to the decisions of individual bankers. Instead of optimizing
alternatives, the individual more often '"satisfices" by seeking
minimally satisfactory alternatives. March and Simon write:

Most human decision-making, whether individual or

organizational, 1is concerned with the discovery and selection

of satisfactory alternatives; only in exceptional cases is it

concerned with the discovery and selection of optimal

alternatives.... To optimize requires processes several

orders of magnitude more complex than those required to
satisfice. An example is the difference between searching the

haystack to find the sharpest needle in it and searching the
haystack to find a needle sharp enough to sew with. (March and
Simon 1958, p. 141).

An example of satisficing in the model described later is the
manner in which the return on loans is determined by the lending
institutions. The lender tries to reduce various conflicting pressures,
sucn as deviations from acceptable profitability and interest rate
spreads; he does not try simply to maximize profit over some short
period of time. This type of behavior, though not characteristic of the
traditional concept of "economic man" in the comparative staties or
rational expectations theories, may still be described as rational.

Simon writes that most real economic decisions are made by a rational,
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choosing organism of limited knowledge and ability. "This organism's
simplifications of the real world for the purposes of choice introduce
discrepancies between the Simplified model and the reality; and these
discrepancies, in turn, serve to explain many of the phenomena of
organizational behavior." (Simon 1955, p. 1l1l4).

As a fully-contained theory of behavior, the model described
in this study becomes a vehicle for revealing both the short-term and
long-term dynamic implications of alternative policies. for example,
simulation tests of the Financial Sector of the National Model, together
with Monetary Authority and borrowing sectors, will permit the
exploration of different monetary policies on short-term business
cycles. One benefit of this testing procedure could be to distinguish
the short-term effect of officially-induced changes in interest rates cn
inventory management from the longer-term impact on capital
investment .#14% Other tests of the Financial Ssctor, alone or :in
combigation with other parts of the National Model, will be discussed in

later chapters.

®14#Mass explores the causes of short-term and long-term business cycles
in (Mass 1975), and suggests the need for future research cn the
dynamic impact of wmonetary actions on different types of economic
instability.
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CHAPTER III. DESCRIPTION OF THE FINANCIAL SECTOR

This chapter describes the Financial Sector model and outlines
the functions and structure of each subsector. The description attempts
to clarify important links within the Financial Sector and between the
sector and its environment. References to the literature on banking and
finance serve to relate the work to other studies in finance. In
addition to this verbal treatment of the model, Appendix 1 provides =2n
equation-by-equation description.

Section (A) relates the Financial Sector model to the overall
purposes of the National Model, thereby suggesting <the degree of
aggregation required of the Financial Sector. Section (B) describes the
institutions that are represented by the sector, namely a generalized

"Savings Investor" that collects and allocates private savings, znd

]
(0

dit =to

2

three aggregate lending institutions that extend short-term r

business and household sectors (the Bank), long-term credit to business
(the "Corporate Lender"), and residential mortgage credit (the Mortgzage
Lender) . Section (C) considers the functions that, in large part, zre

common to the four instituticnal categories.

Unlike most system dynamics projects, the study of {inancizal
processes contained here nas substance only within a larger framework,
namely the National Model described in Chapter 1. As part of a bigger
project, the Financial Sector model must contain enough detail to permit

the exploration of issues that will be treated by the overall Naticnal
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Model. These issues relate to the modes of macroeconomic behavior, the
monetary interconnections between operating sectors of the national

economy, the transmission of monetary controls, and long-term historical

developments.

1. Fipancial Structure and Macroeconomic Behavior

In most respects, the purpose of a system dynamics model is
defined in terms of dynamic behavior. The modeler decides to focus on
certain modes of behavior, such as short-term oscillations or long-term
growth, 2and structures his model to include only those variables,
linkages, and time constants that produce the behavior of interest.
Therefore, a model designed to analyze the short-term business cycle
would exclude slowly-changing demographic factors; while a model that
deals with long-term economic growth would ignore quickly-varying
pnenomena such as prices and inventories.

The benavior modes of interest in the National Model range
from the three- to seven-year inventory-employment cycle to the
long-term esconomic growth cycle.®#1# Structures whose time constants
give rise to very quick adjustments (less than two or three months)
would not De expected to contribute to fluctuations with a periodicity
exceeding two years. The structure of the Financial Sector, therefore,

excludes or simplifies the representation of very quickly changing

%#1%See Forrester 1974 for more details on the modes of interest and the
reasons for using one model to study such a wide range of dynamic
issues.
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elements that are unnecessary with respect to the behavior modes of
interest. For example, Bank borrowing from the Monetary Authority 1is
modeled as an instantaneously adjusting variable. Borrowed reserves
could be represented properly by a level that increases with thne
extension of loans by the Monetary Authority and declines as these loans
mature. But the relevant time constant, which defines the average life
of a loan from the Federal Reserve, rarely exceeds a week and 1is,
therefore, far too short to affect three- to seven-year fluctuations.

In specifying a suitable time span of interest we can
distinguish between the "money desk view" of financial activities, that
focuses on daily adjustments in Federal funds and other méney-market

instruments (see, for example, DePamphilis 1974), and the broader view

0

of a bank's management, that looks beyond the daily or weekly position
to assess bank strategy over the next three to twelve montas (as in
Hodgman 1963). Given the purposes of the National Model, the broader,
longer-range focus is the more relevant for modeling financial activity.
We are 1interested, therefore, in the lending institution's response o
required loans'and other factors over several months or longer, rather

than in how a bank might adjust daily reserve requirements.

2. Monetary Interconnections

The National Model contains consumer and producing sectors
connected by the markets for labor, raw materials, gocds, and amoney.
The purpose of disaggregating the model into many sectors and markets is

to provide a realistic framework for analyzing economic instability =znd
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long-term growth. Moreover, the National Model should permit an
in-depth study of inflation, which has accompanied growth in all of the
industrialized economies. Tobin has observed that the
interrelationships among different sectors of the economy are important
for understanding inflation (Tobin 1972).%2%¥ Our own preliminary
dynamic tests of interacting production sectors of the National Model
(see Forrester et al. 1975) also suggest the importance of interactions
among sectors to overall dynamic behavior. Financial markets comprise

one important channel through which different non-financial sectors

interact.

Zach sector in the model contains a level (stock) of 1liquid
assets that consists of money plus near-money subsitutes. Directly
affecting these pools of liquidity are monetary flows. As shown in

Figure III-1%3%  money moves among production sectors in exchange for

#2#1ccording to Tobin, if demand is high for products of one sector and
low for products of another, the high-demand sector will tend to bid
up both its product prices and prices for its factor inputs. At the
same time, the low-demand sector may well be forced to maintain or
increase its prices due to rising factor cost and declining
profitability. Such interactions among sectors can cause an
inflation that can Dbe characterized as simultaneously demand-pull
and cost-push, but in different sectors of the economy.

#3#Figure III-1 shows money in each sector. As described later, money
(equal to currency plus demand deposits) is calculated for each
non-bank financizl institution as the algebraic difference between
the level of total liquid assets and the level of non-money liquid
assets (e.g., Treasury bills). The contrast between money and the
hroader concept of liquid assets will " be handled in a similar
fashion in the production and household sectors. Nevertneless, the
figure shows only the money portion of each sector's broadly-defined

liquidity.
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product sales (factor purchases); between household and production
sectors in payment for consumer products and labor services; and between
the government and other sectors to account for transfer payments, taxes
and the purchase of goods and services. Money flows are separated from

the flows of products and orders, and from information relating to

prices or purchasing power.
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Figure III-1. Money Flows ia the Nationmal Model
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The explicit treatment of money flows permits one to examine
the 1impact of money and close substitutes on decisions of different
sectors to spend or save. Under normal conditions, liquidity remains at
desired levels and has no significant impact on spending. Conditions of
monetary constraint, however, will affect prices and interest rates, the
capacity to meet current payment obligations, and the assumption of
future commitments.

The total supply of mcney can be reduced or expanded by the
activities of the banking system, broadly defined to include both
commercial banks and the Monetary Authority. Thus, Figure III-1 shows
the banking system as a cloud-shaped source or sink, where money

originates or disappears from the economy.

3. Transmission of Monetary Controls

In addition to treating the relative impact of money flows
among different sectors, the National Model will explore monetary
controls that influence overall economic activity. Monetary controls
generally do not affect directly one's decisions to spend or save, but
work through the established financial institutions. Economists
disagree about the links between monetary policy and economic activity
and about the advisability of trying to adjust quickly to variations in
interest rates, unemployment or inflation. Some are more inclined to
"fine-tune" the economy to continuously changing conditions, while
others favor slowly changing policy rules, such as maintaining a steady

growtn rate in money supply. One argument against fine-tuning is that
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the lags between policy and economic behavior are fairly long and
variable and may cause monetary decisions to have maximum impact at the
wrong times (Friedman 1968). Another argument cites the instability in
financial markets that results from frequent changes in Federal Reserve
decisions (McCracken 1975).

Questions relating to the effects of official monetary actions
can be examined with the aid of the Financial Sector model. As shown
earlier, the Monetary Authority in the model operates in the government
securities market to influence bank reserves and interest rates. The
short-term effect on bank lending capacity varies and is determined by
the Bank's liquidity position. The Bank may be able to attenuate the
direct impact of monetary controls, however, by selling deposits
(CD's and other savings deposits) to other investors (represented by the
Savings Investor) and thereby continuing to extend credit in the face of
tight money policies. Moreover, when Bank credit Is restrained,
potential borrowers may turn to non-bank credit institutions {(the

Corporate Lender or Mortgage Lender) which, in turn, can bid for private

[

savings, expand their 1lending, and thereby diminish <the effect o
official monetary control.

figure III-2 shows the position of the Fipancial Sector as a
filter through which the monetary authorities attempt to control the

rest of the economy. To influence the extension of credit to primary

-

borrowers, the monetary authority must interact with institutions of thae
Financial Sector in the securities markets or through regulations

affecting bank reserves. 1In response to the monetary control functions,
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the sector may try to influence the demand for funds and overall savings

by adjusting interest rates and the availability of credit.
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4. Historical Developments in Financial Activity

In addition to representing the financial functions of current
institutions, the model should also exhibit the broad sweep of
historical developments in financial activity since the mid-1800s.
Important changes have occurred since then. In banking, for example,
the establishment of the Federal Deposit Insurance Corporation in 1933
put an end to sudden massive withdrawals from banks resulting from
public lack of confidence. But runs on the banking system contributed
to financial panics in the past and produced extreme constraints on the
banks' capacity to meet withdrawals. Therefore, the structure of the
Bank contains enough detail to exhibit the effect of these extreme
conditions.®4#

In the realm of financial intermediaries, major developments
include the rise in government debt that began with the First World War
and the rapid expansion in installment credit and mortgage financing
that followed World War II. A dramatic example, relating mainly to the
expanding residential construction iIndustry, the grewth in savings and
loan associations, from $5.5 biliion in loans in 1945, to almost
$300 billion in 1975. The Financial Sector model should capture these

nistorical developments by revealing, for example, <the growth in

*U¥An example of the structure that would have an impact only in times
of crisis 1is the dependence of current deposit witndrawals on the
Bank's reserve position. In normal times, desired withdrawals are
realized. But in a crisis, depleting reserves cause banks to fzil
and affect the aggregate banking system's capacity to accommodate

deposit withdrawals.



construction lending by the mortgage lending institutions to the

nousehold sectors of the economy.

B. Financial Institutions

1. Overview

The Financial Sector allocates and controls the flow of
savings from household and business sectors to those who need short-term
and long-term funds. The institutions that effect this transfer consist
of four types:

(1) Portfolio managers (trusts and pension funds)

(2) Commercial banks

(3) Non-bank lending institutions

(4) Monetary Authority

In the model of financial activity, a "Savings Investor"
serves as the aggregate portfolio manager of all private savings. That
is, instead of nouseholds directly putting their savings into the time
or savings deposits of banks and non-bank lenders, or into government
securities, -equities, etc., each household and business sector
accumulates an undifferentiated pool of savings which the Savings
Investor then allocates among different kinds of savings deposits,
Treasury bills, government bonds, or equities. Commercial banks are
aggregated into one "Bank," which receives deposits (including savings
allocated by the Savings Investor) and extends short-term loans.
Non-bank lenders are represented in the model by two institutions, the
"Corporate Lender," which extends long-term credit to business firms,

and the "Mortgage Lender," which extends residential mortgage credit to
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households. The Monetary Authority performs the control functions of
the Federal Reserve and is described elsewhere (Behrens 1975). As
Section (C) will demonstrate, many functions are common to the three
lending institutions (the Bank, the Corporate Lender, and the Mortgage
Lender) and to all four private financial institutions (the three
lenders plus the Savings Investor). Before describing the common
functions, however, this section will consider the four institutions
represented in the model and how they interrelate.

Figure III-3 exhibits a schematic overview of <the manner iIn
which funds in the model are transferred from savers to borrowers. Zach
household and business sector adds excess funds to a pool of private
savings. These savings are collected by the Savings Investor zand then
distributed among a wide variety of financial assets, including two
kinds of government securities znd three types of ‘“"savings deposits."”
Common stock also appears as an asset of the Savings Investor, zalthough
in the model described in this study, the purchase and valuation of
common stock are not treated. For now, only contractual,

interest-bearing assets are created in the Fipancial Sector model.
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Figure III-3. The Flow of Private Savings
into Financial Assets

The M"savings depcsit" assets of the Savings Investor
constitute 1liabilities of the three lending institutions. The flow of
funds into these deposit accounts provides resources for wmaking loans
and for purchasing government securities. fach lender can hold its
assets in the form of cash reserves, yield-bearing government
securities, or loans of various types.

In addition to interacting directly with borrowers, the four

sinancial institutions in the model also interact with each other and
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with the Monetary Authority and Treasury in the government securities
markets. The Monetary Authority conducts cpen-market operations in
these markets and, thereby, affects the amount of Bank reserves. The
Treasury, of course, finances its deficits by selling securities to the
other market participants. As we shall see later, a market allocation
mechanism in thé model generates flows of Treasury bills and bonds from
one seller (the Treasury) to five purchasers (including the Monetary
Authority), in accordance with each institution's portion of total
desired purchases. Thus the Bank, for example, competes with other
financial 1investors for the available bills and bonds. Secondary
transactions, which permit the sale of securities before they mature,
may occur within each aggregate institution but do not appear explicitly

in the model.

2. The Savings Investor

Although the Savings Investor in the model most closely
resembles bank ¢trust departments and others who manage individual zand
business portfolios, it does not really represent real-1ife
institutions. Rather, the Savings Investor serves as an zllocation
mechanism that transfers private savings into the hands of =2stablished
lending institutions (through the acquisition of deposit liabilities),
into the government (through the purchase of government securities), or
into equity ownership (not dealt with further in the current version of
the model). In reality, Zany different parties perform :hese functions.

Individuals, for example, normally invest directly in the yield-bearing
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deposits of fiduciary institutions; corporations buy most of the
certificates of deposit that constitute a portion of the Bank's "savings
deposits™ in the model; and both individuals and corporations invest
directly in Treasury bills and government bonds. Instead of making
their own allocation decisions, however, the household and business
sectors of the National Model relegate these decisions to the Savings
Investor by simply depositing excess funds in "savings." The assets of
a typical sector, therefore, would 1include money (for transactions
purposes), savings, receivables, and various physical assets.¥#5#

In the balance sheet of thne Savings Investor, shown in
Table III-1, the assets consist of wmoney plus a range of government
securities, savings deposits, and equities.®#6* The liabilities consist
entirely of savings deposits that accumulate in each of the household

and business sectors of the National Model.

#5#¥Note that the allocation of all private savings by one "savings
investor" implies a common array of preferences among firms and
ftouseholds for different types of securities, maturities, and risks.
Given the standardized equation format of the Financial Sector,
however, a '"household Savings Investor" could be separated from a
"business Savings Investor” if one wanted to distinguish between

their different preference functions.

¥6%As noted before, the current version of the Financial Sector model
does not treat the issuance and valuation of common stoeck. For now,
therefore, common stock appears as an asset of the Savings Investor
only at a constant nominal value (see Appendix 1, Equation 134).
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Table III-~1
SAVINGS INVESTOR BALANCE SHEET

Assets Liabilities
Money Total Savings

{
1
1
i
i
Treasury bills i
Government bonds i
Savings deposits in Bank g
Savings deposits in Corporate i
Lender g
Savings deposits in Mortgage ]
Lender g
Common stock {
1

—

Each household and business sector contains a level of
savings, which, in addition to money and receivables, constitutes the
only financial asset on the sector's books. The level zrows when new
savings are deposited or when earnings accrue on the assets of the
Savings Investor. Figure III-4 gives a simplified pertrayal, In the
form of a DYNAMO flow diagram, of the links between the Savings Iavestor
component of the Financial Sector and the producticn and housenold
sectors. The diagram shows that an increase in savings ISAV adds :o
each sector's level of savings SAV. At the same time, zoney flows out
of the sector's money pool and increases the amount of cash funds 2eld
by the Savings Investor. Subsequent investments by the Szvings Investor
affect the composition of its assets but nave no affect on the amount of

savings held by each production or household sector.
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the Savings Investor remain in balance.

3. The Bank

Over 75% of the stock of money in this country (currency plus
demand deposits) consists of demand deposits at commercial banks. Over
90% of all payments are made by means of checks drawn cn these deposits
(Shapiro et al. 1968, p. 121). The money supply, therefore, is
determined largely by the manner in which commercial banks create and
contract demand deposits.

The process of deposit creation 1is described in most
introductory texts on economics and banking. Deposits grow when
currency or gold is placed with a bank, or when a bank makes 2 loan.
Deposits decline when currency is withdrawn, or when bank loans are
retired. Most banks must hnold, in reserve, 2n amount in <cash or
deposits at the Federal Reserve equal to a specified fraction of demand
deposits. This fraction, or required reserve ratio, 1s determined by
the monetary authorities and changes from time to time In response to
various economic conditions.*7%

The extension of bank credit is restrained by <the <Iractional

#T7#5ee Behrens 1975, Chapter 5, for a discussion of the determinants of
the required reserve ratio. Note that the Bank in the financial
model most closely resembles member banks of the Federal Reserve
system, which imposes reserve requirements and acts as lender of
last resort to member banks that fail temporarily to meet deposit
withdrawals. Most of the nation's banks, accounting for the vast
majority of demand deposits, are members of the Federal Reserve
System. The remaining non-member banks must comply with reserve
requirements imposed by state banking laws.
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reserve ratio: new loans, and thereby deposits, can be created only
when banks have reserves that are not required to protect deposits; and
a fraction of every expansion in outstanding deposits must be
transferred to the required reserve account. Excess reserve balances
available for lending, therefore, shrink as credit expands. Demand
deposits and excess reserves, therefore, are linked in a negative
feedback loop, shown in Figure III-5, in which a deviation between
desired and actual excess reserves produces pressures tending to close
the gap. As we saw earlier, the value of the system time constant

determines how much time elapses before a new equilibrium is attained.
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As Figure III-6 shows, reserves of the banking system <2zn be
classified in different ways. In terms of source, total reserves are
either owned by the bank or borrowed from the Federal Reserve. In terms
of application, reserves are either required (as a »propcrtion of
outstanding deposits) or excess (not required to offset deposits, and
thereby available for lending). Borrowed reserves may bYe less <than
excess reserves for the aggregate system, 2s in Barking System 4, thus

yielding "free" reserves (equal to owned excess reserves); or total
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borrowed reserves may excaed excess reserves, thereby yielding negative

free reserves.*8#*

Banking System B

Borrowed
Reserves
Negative
Free

Reserves

Cwned
Reserves

Figure III-6. Reserve Classifications in the Banking System

Tne balance sheet of the Bank in Table III-2 shows that
certain commercial banking activities are not pursued explicitly by the

Bank in the model. Installment credit, for example, is not treated as a

*8%Since 1960, Federal Reserve member banks in the aggregate have held
positive free reserves at year-end for 8 years and negative free

reserves for 8 years.
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separate category of funds, but is ccnsidered part of '"short-term"
loans. Moreover, even though commercial banks can engage in mortgage
lending, the model is organized functionally so that the Bank makes only
short-term loans, while the Mortgage Lender extends all of the
residential mortgage credit, and the Corporate Lender makes mortgage
loans to business firms. Municipal bonds do not appear explicitly; they
are subsumed in the category of long-term government bonds, even though
local obligations, unlike Treasury securities, do not constitute one
homogeneous aggregate.#9#% Finally, federal funds and inter-bank loans,
which are important sources of liquidity, do not appear in the balance
sheet, because they are netted out in the aggregation of all banks into

one institution.

#9#The National Model <could contain an extlicit amunicipal sector
(separate from the federal government) which would be built around
the standard production sector and would seek long-term funds iIn the
credit or securities markets. An expansion of the financial model
to accommodate this possibility is discussed in Chapter VI.
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Table III-2
BANK BALANCE SHEET

I

1
Assets Liabjlitie i

1

I
Reserves Deposits {
- Owned - Demand i
- Borrowed - Time i
Securities Equity capital

- Treasury bills Borrowed reserves
- Government bonds
Primary loans (short-term)

- Sector 1

I .
- Sector "n"

e e e e o e _—— e - — ——
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The items on the Bank's balance sheet, as well as their layout
in Table III-2, provide an impression of how the model and the rest of
this chapter are organized. Reserves are either owned or borrowed, as
shown in Figure III-6. Treasury bills and bonds (including municipal
bonds) comprise the widely traded securities available to the Bank.
They can be reduced so as to raise loanable funds, or increased in times
of slack loan demand. Primary loans may be classified according to the
wat different borrowing sectors and differ from security holdings by the
nature and structure of the lending relationship. Later sections of
this chapter will treat each of these broad asset categories.

Most of the Bank's liabilities consist of demand and time
deposits. The Bank can influence the deposit mix and, thereby, the
level of required reserves, by varying the rate it pays on time deposits

(including CD's) and thereby encouraging their expansion or reduction.
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In addition, shareholders of the Bank own equity, which expands or
contracts through adjustments in the flow of dividend payments.

Finally, the Bank can borrow reserves from the Federal Reserve, offset

by the same account on the asset side.

4. The Corporate Lender

We have already seen that the Bank in the model extends only
short-term credit, even though most commercial banks also engage in
real-estate loans, mortgages and other types of long-term lending. The
two non-bank 1lenders in the model also constitute somewhat artificial
entities in that they each bring together many different ¢types of
investors and engage in a fairly narrow range of lending activities.
Table III-3 exhibits the types and sources of long-term private capital
that existed at the end of 1973.%10% Each of the four columns in <the
table 1s represented by one of the four financial institutions.
Residential mortgages, for example, are held by the Mortgage Lender znd
include the mortgage holdings of commercial banks as well as the assets
of institutions, such as savings and loan companies, that engage zalmost
exclusively in mortgage credit. Installment credit is subsumed in Bank
lending, and equity eventually will be held by the Savings Investor.

The Corporate Lender draws together a broad array of real-life
investors. The bulk of the Corporate Lender's assets consist of

corporate bonds, held directly by individual investors as well as by

210%Government bond holdings, which are spread among the four financial
institutions in the model, do not appear in the table.
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insurance companies and pension funds.#11%# Most of the corporate bonds
held by households are negotiable bonds that are traded actively in
secondary markets, while much of the insurance companies' long-term
holdings consist of privately-placed credits. We may assume that
Secondary trades take place within the aggregate Corporate Lender, even
though they do not occur explicitly in the model. For-convenience,
primary loans of the Corporate Lender alsc include commercial mortgage
credit extended to finance buildings, shopping centers, and so
forth--debts that, in part, are backed by the general credit of the
borrowing corporation or by a real-estate project's earning power.
Therefore, some of the assets actually held by savings banks and savings

and loan associations are subsumed in the Corporate Lender.

*11%*As shown earlier, all household savings accumulate in a pool tha? is
allocated by the Savings Investor among an array of portfolio
alternatives. One such alternative is the "savings deposits" of the
Corporate Lender, which, in turn, invests in corporate bonds.
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Table III-3
LONG-TERM LIABILITIES OF HOUSEHOLDS AND BUSINESS FIRMS,
YEAR-END 1973 (a)
($ billions)

Long-Term

Household Liabilities Business Liabilities

1
|
i Long-Term
1
l

'Residential Installment

i
i
t
;
Assets of': i Mortgages Credit i Debt (¢) Equity (e)
___________________ | e o e o e e o et e o o | e e o ot o e e > e e o = e e o
| : :
i Households ! 12.4 -- i 66.9 T4L .4
{ Business ! - 11.9 { - -
i Commercial Banks ! 74.9 69.5 | 44 .9 0.7
| Mutual Savings ! ;
] Banks ! 61.1 1.4 ! 25.2 4.0
i Savings & Loan ! i
i Associations H 210.7 1.6 : 21.5 -
. Insurance Cos. ! 40.4 - i 134.7 45.5
. Pension Funds (d) ! 9.4 - | 79.2 107.8
| Finance Cos. ! 12.5 43.4 ' - -
i Others (b) H 8.8 19.6 ' 4.2 40.7
i A SO f cemme meee-
i ! 430.2 147.4 i 386.6 943.1
{ r I
[®E S = - - | T e S D D S W S D D S e - | R R D G R D R D S S M - -
i Financial Insti- | Mortgage Bank 1 Corporate Savings
i tutions in Model | Lender i Lender Investor
i ! h

(a)

(b)

(e)

(d)

(e)

Excludes assets of Federal, state, and local governments, foreign
nolders, or government-sponsored credit agencies.

Includes credit unions, real estate investment trusts, security
brokers and dealers, open-end investment companies.

Includes Corporate and foreign bonds and commercial mortgages.
Foreign bonds = $16.6 billion (4% of total).

Includes private pension and state and local retirement
funds.

Common stocks at market value.

SOURCE: Statistical Abstract of the United States (U.S. Department of

Commerce, 1974).

e e e e e e et ewm e e e ey v e =
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The balance sheet of the Corporate Lender in some respects
resembles the Bank's balance sheet. Yield-bearing assets include
government securities and primary loans, while the only other asset |is
money. Liabilities 1include yield-bearing "savings deposits," but not
demand deposits. Equity capital, a much smaller component of total
liabilities, consists of accumulated earnings that have not been paid
out in the form of dividends. Although some 1long-term lending
institutions, especially insurance companies, can borrow short-term
funds from commercial banks, the Corporate Lender (as well as the
Mortgage Lender) does not have this option in the model. This
simplification seems justified in view of the relatively small amount of
short-term credit that lénding institutions actually require to

accommodate their own customers' loan demand.#12%

#12%The most important instances of short-term borrowing by financial
institutions seem to be accommodated implicitly elsewhere in the
National Model. Each production sector carries receivables on past
sales that nave not yet been paid. Thus each production sector is
alsc a financial lender and can be said to include the activities of
financial institutions ¢that are established in reality to
facilitiate the sales of certain kinds of products. For example,
the consumer durables sector implicitly would include the financial
arm of the automobile industry, represented by such companies as the

General Motors Acceptance Corporation. The consumer durables
sector, in turn, borrows short-term funds from the Bank in order to
finance these activities. In 1like manner, the establishment of

e~eal-estate investment trusts, whose recent difficulties have
endangered many banks in this country, could be subsumed in the
construction or building sector of the model, financing the sales of
the sector which, in turn, relies on the Bank for short-term credit.
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Table III-4
CORPORATE LENDER BALANCE SHEET

Assets Liabilities
Money Savings deposits

Treasury bills Equity capital
Government bonds
Primary loans (long-term)

- Sector 1

- Sector ™"n"

v e e P tmem e . Em e e — —— ———
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5. The Mortgzage Lender

Since World War II the mortgage market hnas absorbed more
private savings'than all of the corporate, US government, and municipal

bond markets combined. Most of this expansion has occurred in home

mortgages which currently exceed the value of outstanding federal,

state, and local long-term bonds. Residential mortgages now total about
$500 billion, while all types of mortgages total well over 3600 billion.

In addition to sheer size, several factors justify a separate mortgage

lending institution in the financial model. One significant

consideration is the long average maturity of mortgage loans, *#13% which,

together with the construction activities they finance, appears Lo

#13#The average term to maturity on first residential mortgages is about
25 years (see Brigham and Bartell 1970, pP- 292), but refinancings
cause mortgage portfolios to roll over in considerably less time.
(An average lifetime of 12 years 1is assumed for mortgage loans in

the model.)
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contribute to long-term swings in economic activity.#14* Another factor
is the sluggish adjustment in interest rates that mortgage lenders are
allowed or are willing to pay for deposits, which, during times of tight
money, can result in a significant drain on funds necessary to meet the
demand for mortgage credit. Thus, a "credit crunch" can penalize the
construction industry more severely than other sectors of the economy.
This last consideration will be taken up in Chapter IV.

The main suppliers of mortgage finance are savings and loan
associations, 1life insurance companies, mutual savings banks, and
commercial banks. Like short-term bank credit, mortgage 1loans are
individually negotiated and usually do not trade in secondary markets.
While nome mortgages rely in large part on the property as security,
mucn of thé smaller volume of commercial and industrial mortgages relies
more on the viability of the borrower and, in the model, are considered
part of long-term business debt to the Corporate Lender rather than
aousehold debt to the Mortgage Lender.

Savings and loan associations, which account for over half of
the outstanding residential mortgages, have been restrained since 1966

by a ceiling on what they can pay in interest on deposits. Therefore,

#14%ike investment in lomg-lived industrial capital, investment 1in
residential housing probably contributes to longer economic cycles
than the acquisition of other househcld durables. These
considerations are analogous to the impact of the different life
spans of productive factors on economic cycles. See Mass (1975) for
details. Maisel also suggests that residential construction and its
financing through mortgage loans contributes to economic
instability, although his analysis does not focus on the periodicity
of the resulting fluctuations (Maisel 1963).
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during periods of high loan demand, or rising nominal interest rates,
savings and loan's cannot raise as much in deposits as might otherwise
like, and have been forced to rely mainly on loan repayments and the
growth in savings through interest accumulation to finance rising loan
demand and to offset the competition for deposits from other lending
institutions. In addition, savings and loan banks can borrow from the
National Home Loan Bank system (NHLB). These advances, much like
Federal Reserve Bank loans but of a longer maturity, have, at times,
added significantly to 1loanable funds. In 1969, for example, NELB
advances climbed to a record $4 billion, about equal to the  unusually
low gain in savings deposits (USL 1973, p. 116). Under most conditions,
however, these loans constitute a small portion of total funds. In the
model, provision is made for officially-imposed ceilings on deposit
rates, but the facility to borrow from government agencies has been left
for the future.

Table III-5 gives the balance sheet of the Mortgage Lender.
Like the Corporate Lender, the Mortgage Lender holds money as well zas
securities. Liabilities consist of yield-bearing deposits and equity,
both held by the Savings Investor. Interest paid on deposits, relative
Lo rates available on other types of savings deposits and government
securities, affect the willingness of savers (through the Savings
Investor) to hold deposits which, together with loan repayments,

constitute the main source of lending capacity.



-88-

Table III-5
MORTGAGE LENDER BALANCE SHEET

Assets Ligbjlities
Money Savings deposits

Treasury bills Equity capital
Government bonds

Primary loans (long-term)
- Sector 1

- Sector "n"

e e e e e e e

C. Finanecial Functions

1. Overview

Despite differences among financial institutions, their
lending decisions and asset allocation respond to similar pressures and
in most cases can be modeled identically. Both commercial banks and
non-bank lenders, for example, are established primarily to make
negotiated loans to 1individual customers. To accommodate primary
lending activities, these institutions also nold government bonds,
Treasury bills, and other widely-traded secondary assets for security
and liquidity. Moreover, the various kinds of fiduciaries set interest
rates and manage cash reserves in a similar fashion. Because of the
functional similarities, the Financial Sector can be thought of as a set
of functions, as well as a set of different institutions.

Figure III-7 portrays the functional organization of the

sector. Each institution extends primary credit, manages an investment

portfolio of securities, sets interest rates on loans and deposits, and
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manages a cash position. These common functions are bounded by the
inside circle and are interconnected. For example, relative interest
rates affect the allocation and volume of Securities, while primary
lending is influenced by the availability of liquid assets (including
Treasury bills). Within the larger sector boundary, but outside of the
boundary of any one institution, lie the government securities markets,

which allocate securities according to relative supply and demand.
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Functional Organization of the
Financial Sector

Figure III-7.

The sector mcdel uses the DYNAMO III compiler in order to
facilitate the representation of activities that are repeated in several

parts of the @odel. As explained elsewhere (Pugh-Roberts 1976), the

DYNAMO III compiler can accommodate arrays of equations. Therefore, one
aquation can be written to represent a relationship common to more than

one 1institution or asset type. One of the equations, for example,
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defines a variable called "liquid assets" LA, which has a subscript "FI"
standing for "financial institution." The "FI" indicates that one
equation for liquid assets actually represents four distinet quantities.
As can be seen in Appendix 1, the use of subscripts is somewhat
complicated by the fact that some equations are common to all four
financial 1instituticns and, therefore, have the "FI" subscript; some
equations are common to the three lenders ("L"); some are common to
only non-bank lenders ("NBL"), and so forth. The subscript that appears
with a variable indicates which subset of the four financial
institutions contains that variable.

The equations are written so that one could use the same model
to simulate the Bank alone, the Bank 1in connection with ocne other
lender, or any other combination of financial institutions. The
equations would remain the same, but the parameters might differ if, for
example, one wanted to combine all long-term lending into one (rather
than two) entities.

Equations that are common to the three lenders generate
primary lending, the recurn on loans, transactions in government
securities, and the management of deposit and equity liabilities. tner
structures apply to all four institutions (e.g., government securities
transactions and certain liquidity flows), or to only a single
institution. The most important of the non-general formulations
determine the management of Bank reserves, which have different
characteristics from the cash reserves of other fiduciary institutions.

Finally, a block of coupling equations expresses the monetary flows
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among financial entities and links the entire sector with other sectors
of the model. Coupling equations lie outside of the Financial Sector
boundary and are usually unique to the particular configuration of the
National Model into which the sector is merged.

The equations of the model are described individually in
Appendix 1. The purpose of this sectioﬁ, therefore, is to give an
overview of the formulations that clarifies the functions and major
links within the Financial Sector. The equations are written in blocks
that, for the most part, carry common subscripts and describe particular
functions. The rest of this chapter 1is organized along the same
pattern, except that the description of government security transactions

(Treasury bills and bonds) pertains to two blocks of equations.

2. Primary Lending

Primary loans may be defined as credits that are wusually
negotiated with each borrower and reflect an assessment of each
borrower's current and expected financial condition. Primary 1loans of
banks are usually not traded in secondary markets, and, therefore,
represent relatively 1illiquid investments. Primary loans of the
Corporate Lender or Mortgage Lender include long-term claims that also
are not generally sold before maturity or, if traded in established
secondary markets, are held within the boundaries of aggregate lending
institutions. Most of the following discussion will focus on the Bank,

although the same structure applies to the other two lenders.

Most studies of banking represent the extension of primary
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credit as a portfolio selection problem tempered by the special
relationship that exists between a bank and 1its customers. At one
extreme is the single-period portfolio selection model, which emphasizes
the similarities befween commercial banking and optimal portfolio
management. In this view, bank loans, like any other financial asset,
ad just instantaneously or within a short period to relative return,
risk, and liquidity. Tobin expresses the portfolio selection view of
banking most forcefully. A bank, he writes,is like any other financial
intermediary, in that it attempts to maximize short-term profit by
equating marginal returns with marginal costs. "However short the
period, it is only returns over the period immediately ahead that are
relevant to portfolio selection." (Tobin 1959, Chapter 3, b»p. 2).
Elsewhere, he writes, "The distinction between commercial banks and
other financial intermediaries has been too sharply drawn. The
differences are of degree, not of kind." (Tobin 1963, p. 418).

At the other extreme is the view that banking institutions
exist because of their special relationship with customers and,
therefore, must respond to long-term considerations acre than <o
short-term pmarginal returns. Hodgman most strongly states this
position: '"Commercial banking is essentially a service industry. The
loan and investment policies of commercial bankers are strategically
subordinated to the customer service aspect of banking and cannot be
understood apart from this aspect." (Hodgman 1963, Preface). As a pure
pure portfolio manager, a banker in Tobin's model would seek cr reject

lending opportunities on the basis of marginal risk and return,
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regardless of customer relationships. Hodgman, on the other hand,
asserts that the deposit relationship 1is crucial for long-term
profitability and that loans to non-depositors, at the same rate of
return, are considerably more costly from a long-term point of view than
loans to depositors. He writes, "In the long run the individual bank's
capacity to lend and invest depends upon 1its depositors." (p. 25).
Therefore, "A bank's most important customers are its depositors, not
its borrowers." (p. 166).

Most recent banking studies combine the short-term portfolio
balance approach and the long-term primacy of customer relationships.
The MPS model, for example assumes that banks attempt to maximize
short-term profit by choosing an optimum investment portfolio (which
does not include bank credits), but that the optimum portfolio is based
on expected 1levels (and variance) of outstanding loans and deposits
(Modigliani et a2l. 1970, pp. 181-185). Bosworth and Duesenberry express
the primacy of customer loans in an equation for excess loan demand,
which combines the two driving forces in banking--business loan demand
and Federal Reserve open-market policy. In their model, banks adjust
security holdings, when possible, to meet 1loan demand. "To put it
shortly--and with some 1lack of precision--when the Federal Reserve
provides banks with sufficient reserves to accommodate business loan
demand passively, the rest of the market is insulated. When Federal
Reserve policy does not provide enough reserves, the excess loan demand
is passed to the rest of the market through bank sales of securities or

bank issues of additional short-term liabilities." (Bosworth-Duesenberry



-95-

1973, p. 68).%#15¢%

The Financial Sector model also distinguishes between customer
loan demand and securities investment. Like banks in the
Bosworth-Duesenberry study, the aggregate Bank manipulates investments
in response to changes in loan demand and stays relatively clear of the
securities markets when liquidity is easily forthcoming from the Federal
Reserve.

Primary credit extension 1is governed by four direct
influences:

(1) Loan demand

(2) Liquidity

(3) Relative returns

(4) Borrowed funds

Unlike most financial models, the impact of loan demand is

exerted through a "packlog of loan requests," as well as through asset
prices (interest rates). The nature and implications of <this backlcg
level can be explained most clearly by comparing the procurement of
credit by each borrowing sector in the National Model witn <the
procurement of other factor inputs. That is, whether obtaining labor
services, capital equipment, or money, the purchasing sector formulates

a need, places orders, and eventually receives the iInput In accorcance

*i15%Tn a model that bases asset choice entirely on interest rates,
Silber fails to reveal substitutability btetween government
securities and the rest of a banlk's portfolio (Silber 1670, 1o. 39),
a result that is consistent with the separation of primary lending
from other portfolio investments. Goldfeld arrives at a similar
finding. (Goldfeld 1966, pp. 57-59).
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with the supplying sector's capacity to meet demand.

The lending equations resemble the formulation for shipments
in the standard production sector. That is, the demand for loans, like
the demand for factors of production, is represented by a backlog level
that accumulates orders (loan requests). The backlog determines an
indicated shipping (loan extension) rate which, together with the
sector's product inventory, generates an actual shipping (loan
extension) rate. The backlog of loan requests divided by the Lloan
extension rate defines a loan extension delay which, when transmitted to
each ordering sector, determines the flow of loans to each sector.

The notion of lending against a backlog of loan requests
logically suits the process of loan negotiation and credit extension.
But the concept is unconventional and will be clarified here. Bank
loans or long-term credit extended by the various thrift institutions
can be divided into two categories--project loans, and loans extended
under previously-negotiated commitments (such as 1lines of credit).
Project loans are extended to finance particular, identifiable projects.
They constitute virtually all of the credit held by mortgage lending
institutions and other long-term lenders, and perhaps 30% to 40% of the
loans granted by commercial banks. Loans granted under existing
commitments are used when needed 2and help to meet short-term
requirements not identified with particular projects. These 1loans
account for the remaining portion of bank credits.

Project loans clearly fit the format of 1lending against a

backlog. In anticipation of a construction project or similar
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investment, a firm will plan the related financial needs and negotiate
the financing over some months. During the negotiating process, credit
"orders" become visible to the lending institution as an accumulated
backlog, representing a financing need which the lender would like to
accommodate if possible. Based on the backlog of loan requests, the
lender determines an indicated or desired lending rate, which may be
modified by relative liquidity, returns, or borrowed funds. In the case
of bank loans granted under previously-arranged commitments, the backlog
represents requests for lines of credit and less formal commitments that
the borrower intends to utilize over the coming year. The credit
extension delay encompasses the time to arrange for new or renewed
commitments, as well as the shorter time that passes before the
commitment is utilized.

The credit extension process involves several sequential
steps, shown schematically in Figure III-8. For both project loans and
commitment loans, the borrower plans hnis future financial needs by
estimating the amount and timing of future costs and revenues. Then the
borrower and lender enter into discussions about the cost and
availability of credit, discussions that evolve into Jormal
negotiations. During this phase, the lending institution reviews the
borrower's financial condition and, for current customers, any changes
that have occurred since the last loan or line of credit was extended.

Given the lender's liquidity and interest rate, a loan or commitment is
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granted and money is transferred either immediately or after a fairly

short time.*16*

Planning Negotiation Utilization
phase phase ("loan of funds
extension delay')

Project
Loans o— f‘§77
? Discussions ﬁ'
Planning with lender Credit is
" " extended
begins begin ("orders N d
enter 'backlog') ("Backlog" is
g depleted™)
Commitment
is granted
Commi tment
Loans o

Time ———

Figure III-8. Timing of Credit Requests and Extensions

#16%For any one bank, an annual commitment may remain unutilized for a
good part of the year, as the borrower may have only seasonal
requirements and may also distribute nis usage of credit lines among
several different banks. In the model, however, all banks are
aggregated into one entity, and regular seasonal patterns are
ignored. Thus, for the aggregate Bank, the negotization process
involves commitments that the borrower actually intends to use, and
they are generally "taken down" (the money passes from lender ¢to
borrower) soon after the commitment has been arranged.
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As an information input to the supplier of funds, the
"backlog" of loan requests represents commitments that the Bank or other
lenders must try to satisfy in the near future. If demand rises, for
example, the Bank will wish to increase its lending rate in order *to
maintain its normal accommodation of credit requests and, thereby, to
maintain a "normal loan extension delay." Thus, <the desired or
indicated 1loan extension rate ILER equals the backlog of loan requests
BLR, divided by the normal loan extension delay NLED:

ILER = BLR/NLED.

The normal loan extension delay may be compared with the
actual 1loan extension delay, which is defined as the backlog of loan
requests BLR divided by the loan extension rate LER:

LED = BLR/LER.

As Dbacklog grows, the loan extension delay initially
increases, thereby indicating the reduced availability of credit
relative to demand. This indicator of reduced credit capacity, if not
quickly restored by expanded lending, eventually causes potentizal
borrowers to reduce their credit demands. As an indicator of market
supply and demand, the loan extension delay also affects the
determination of interest rates. A higher delay, for exampls, indicates
tighter credit conditions and causes lenders to increase the return on
loans. The higher cost of credit eventually may cause borrowers to
reduce their loan requests.

The relation of primary lending in the model to a backlcg of

loan requests makes explicit the notion of credit availability or
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"rationing" that is treated in much of the banking literature. The loan
extension delay in the model 1indicates the relative availability of
credit to current and prospective borrowers. Implied by this delay is a
whole range of non-price features that make up what Hester calls the
"loan offer function." (Hester 1967). These features, which vary as
relative credit capacity expands or contracts, include the size of loan,
repayment schedules, maturity, guarantees, types of collateral, dividend
and working capital restrictions, and other restrictive covenants.

There are several theories of credit rationing. In the
simplest sense, rationing in any market occurs when price (interest
rate) fails to equilibrate supply and demand. As shown further on, the
model generates a dynamically adjusting return on loans. One of the
influences on the desired return is the condition of the credit markets,
indicated by the relative loan extension delay. During the period of
ad justment in interest rates, the Bank could exhibit "dynamic rationing"
(Jaffee 1971, p. 15), where, for example, interest rates fail to rise
fast enough to stifle excess demand. However, interest rates in the
model are also influenced by factors other than relative demand, so that
it 1is possible for interest rates to remain constant for awhile, even
when the relative loan extension delay would suggest the existence of
excess demand. (See the description of interest rates in Appendix 1.)

Liquidity, as well as demand, influences lending capacity.
Liquid assets consist of directly-loanable funds or securities that can
be liquidated easily. For the three lending institutions, liquid assets

consist of cash reserves plus Treasury bills (with an average maturity
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of six months). Although reserves for the Bank, and money in the case
of non-bank lenders, constitute the pool of directly-loanable funds, the
important lending decisions focus on the broader concept of liquidity.
The composition of liquidity is handled in the investment accounts, as
we shall see further on.

To some observers, liquidity management is the essence of
banking. Crosse and Hempel observe, "It is the task of bank management
to measure immediate and prospective demands and to anticipate then, to
the extent possible, by providing an adequate reservoir of liquidity
instruments." (Crosse and Hempel 1973, p. 143). This reservoir of
liquidity may be considered an inventory out of which demand may be
satisfied. "Cash and other assets readily convertible into cash
represent 'inventories,' the carrying cost of these 'inventories' is the
surrender of earnings power, and various penalties are incurred for
insufficient 'inventories.'"#17% (Porter 1961, p. 326).

Figure III-9 exhibits the relationship between lendin and
liquid asset "m"inventories."” The 1inside negative 1loop portrays the
direct effect of loan extensions on 1liquid assets. When the loan
extension rate rises, for -example because a growing backlog of loan
requests expands the indicated loan extension rate, 1liquid assets
decline. The decline in liquidity, relative tec desired liquid assets,

restrains further lending. As with depleting inventories in production

#17%Dyesenberry also draws an analogue between the 1liquid assets of
banks and the inventories of other business firms (Duesenberry 1963,

p. 13).
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Sectors, therefore, the "physics" of shipping goods or credit out of a
declining inventory level requires a constraining link between the
liquid assets level and the lending rate. When liquidity is excessive,
on the other hand, lending terms may be eased, banks will be more
inclined to 1lend to non-depositors or to other less established
customers, and lending will rise above the rate usually elicited by

outstanding credit demand.
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Tigure IIT~- 9. Teedback Loops Relating Ligquid
Assets and Loan Zxtension Rate

The outside (negative) loop reveals the direct 1link between
loan demand and lending that has already been described. For example,
as demand, in the form of backlog, rises, the indicated and actual 1loan
extension rates rise, thereby reducing the backlog of loan requests.

The positive loop in the upper part of the figure reduces the full
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impact of demand on lending, however, because, as the indicated loan
extension rate grows, the pool of desired liquid assets also expands.
As desired 1liquidity grows relative to actual levels, lending 1is
curtailed in order to rebuild the 1liquid assets inventory. This
restrictive influence on lending, however, is not enough to prevent a
higher rate of loan extensions, for the direct impact of backlog on
lending (outer loop) always exceeds the indirect impact (through desired
liquid assets). But as lending expands, the 1liquidity pool declines,
which, 1If no other forces are present to replenish liquid assets,
eventually will suppress 1loan extensions. Through these and other
channels, lenders attempt to maintain an adequate inventory "buffer," by
ad justing the 1level of liquid assets to a desired amount equivalent to
several months' worth of indicated loan extensions.

The third influence on credit extension is the relative return
on loans. Usually, relative returns does not constitute a strong
influence on lending, since over the short term, at any rate, credit
extension responds primarily to loan demand even at the expense of 2
short-term marginal disadvantage. Lenders generally zdjust tneir rates
fairly slowly, partly so as not to jeopardize customer relationships.
Political, social, or other "non-economic" pressures can also prevent

lenders from raising their rates rapidly, in which case the relationship
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of loan yields to more freely-adjusting returns can have a significant
impact on lending.#18%

To calculate relative returns on loans RRL in the model, the
lending institution relates "effective" returns on loans outstanding
ERLO to an average return on assets ARA. The effective return equals
the current return, less the default fraction on outstanding loans. The
impact of defaults is considered in more detail later on. The average
return, or reference point in the comparison, equals a weighted return
on all assets available to the lender. The comparison is adjusted by a
"risk and cost premium on loans" RCPL which accounts for the spread in
returns required to compensate for non-default risks (such as the risk
of realizing capital losses through changes in interest rates) and
administrative costs (such as credit checking or collecting on small
installment loans). A similar relative return calculation influences
all asset purchases in the Financial Sector and is shown below. When
the ratio equals one, relative returns have a neutral impact on lending
(or purchases of other assets). When the ratio exceeds one, lending

expands; and when the ratio falls below one, lending is contracted.

RRL = (ERLO - RCPL)/ARA.

#18%*Some observers have blamed the inflation of the early 1970s, in
part, on the political restraints that prevented banks frocm raising
the prime rate as fast as loan demand warranted. The artificially
low rates thereby encouraged borrowing and inflationary spending
(Rose 1976, p. 175). 1In the model, the setting of the return on
loans outstanding RLO (see Equation 24) incorporate the possibility
of a ceiling rate, which could be imposed in simulations of the
National Model to explore the importance of artificially-constrained

rates on inflation.
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Defaults on loans exert both short-term and long-term effects.
In the short term, a higher default fraction causes the effective return
to decline, thereby reducing the attractiveness of loans relative to
other assets. Moreover, a high 1incidence of failures causes bank
liquidity to decline, thereby restraining further lending. At these
times of 1illiquidity, banks become 1increasingly dependent on the
government, mainly the Federal Reserve, to bail them out of an otherwise
dangerous situation.®#19%

Over the longer term, defaults encourage greater caution among
bankers and usually result in higher credit standards. This is a
long-term impact, because the memory of extensive business failures,
such as those of the Great Depression, lingers long after normal
conditions return. Defaults, as well as other criteria for

creditworthiness, such as debt-equity ratios, differ from sector to

sector. Therefore, the determination of creditworthiness, or of what
constitutes a justifiable loan request, resides within each sector. In
other words, even though the designation "creditworthy" ZInvolves

attitudes of the lender, it also entails conditions of each Ddorrower

and, thereby, 1is established outside of the boundary of the Financial

#19#Two recent examples that led the Federal Reserve to rescue major
parts of the banking system were the collapse of the Penn Central
Railroad in 1970 (entertainingly described in Smith 1972), and <the
failure, ¢two years later, of the Franklin National Bank. Minsky
writes that banks have come to expect the Federal Reserve to save
them from the effects of business failures and, tnerefore, have been
more willing to take significant credit risks. The entire {inancial
system becomes increasingly fragile as a result (Minsky 1975).
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Sector described in this study.

Lending is also influenced by the 1level of outstanding
borrowed funds (borrowed reserves in the case of the Bank). When
borrowed reserves approach or exceed the maximum amount deemed
acceptable by the Monetary Authority, the Bank becomes subject to
increasing pressure on further lending.%#20% When, as a result, lendiﬁg
is reduced, the process of money creation through the extension of
credit is restrained. This means that the total money supply eventually
is brought back to a lower level than would otherwise prevail.
A reduced money supply requires fewer protective reserves, thereby
limiting the Bank's need for borrowed funds. The negative feedback loop

just described appears in Figure III-10.

Loan extension

rate
+
3orrowed (—) Total xzcney
raserves supoply
N
-t
Required

reserves +

Tigure ITI-1C. Negative Teedback Loct Relating Bank
Lending 2ard 3orrowed Raserves

#20*The other two lending institutions in the model cannot borrow, like
the Bank, from an official "lender of last resort™; so the influence
of excessive borrowing applies only to the Bank.
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3. Return on Loans

As we saw in the previous section on primary lending, the
lending institutions provide two basic signals about credit market
conditions to potential borrowers: the loan extension delay (indicating
the availability of credit) and the return on loans (indicating the
price of credit). The first signal has already been described. To
generate interest rates, the aggregate lending institution adjusts 1its
current return to a desired, or indicated, 1level over a period of
several months. 1In this fashion, the return on loans adjusts over time,
rather than instantaneously, to market conditions and other influences.
The adjustment time ( = 0.3 years in test runs of the model) reflects
delays in perceiving and reacting to market trends, &the tendency of
credit institutions not to get far out of line with the competition when

setting rates, and the 1inclination of lenders to protect custcmer

t. The

[

relationships even at the expense of having to ration cred
structure of each lending institution's return on loans is displayed in
Figure III-1l, which shows the goal-seeking nature of interest rates In

the model, as well as the factors that influence the desired interest

rate goal.
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Figure ITI-11., Structure of the Return cn lLoans
The desired return on loans reflects four basic influences:

(1) average return on assets
(2) relative loan extension delay (an indicator of
excess demand)
(3) relative profitability
(4) current spread between loan rate and deposit rate
The average return on assets represents an arithmetic mean

of

the current returns available to lenders, including the opportunity cost

of foregoing

the yields available on government securities in order to

make loans. If the other influences, such as loan demand, are neutral,

the gesired rate equals the average return, plus the acceptable risk and
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cost premium on loans and the (perceived) default fraction on loans#21%
The other influences expose the return on loans to negative
feedback pressures. Relative loan demand in primary credit markets, for
example, is reflected in the loan extension delay, a variable that
declines when supply is tight relative to demand, and rises with surplus
liquidity. When the loan extension delay is relatively high, desired,
and therefore actual, interest rates tend to rise; while a short delay
has the opposite effect. Higher interest rates tend to discourage loan
demand, which lies outside the Financial Sector boundary, thereby
bringing down the backlog of loan requests and reducing ¢the 1loan
extension delay (which 1is a function of backlog). As shown in

Figure III-12, these changes mitigate the upward pressure of interest

rates.

#21#%As we saw previously, the risk and cost premium on loans expresses
the spread between loans and the average return required to
compensate for certain kinds of risk and administrative costs. Both
the risk and cost premiums, as well as the default fractions, are
constants in the current model testing.
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Figure III-12. Negztive Teedback Lcop Relating Loan
Demand and Interest Rates

The third influence on primary interest rates 1is relative
profitability. In the model, the ratio of current profits to total
assets is compared with an acceptable ratio. As profitability declines,
the return on loans moves up, as shown by the loop in Figure III-13. As
profitability exceeds acceptable levels, lenders are willing ¢to let
rates fall (or rise less rapidly), so as to maintain or augment market
share. The pressure from profitability on interest rates is a gzood
example of satisficing, versus optimizing, economic alternatives, a
distinction that was drawn in Chapter II. A pure profit maximizing
model would probably not include the notion of a satisfactory (as
contrasted with maximum) return ncr %ermit downward pressure on interest

rates in response to "excessive" profitability.
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The influence of a higher interest rate on »profits is not
necessarily immediate, since interest payments on locans zlready booked
are usually based on past returns and not the current returz. Tor che
Bank, the delay in the impact of higher returns on the aggregate flow of
profits is not substantial, because Bank loans are shert-term {(with an
average life of one year), and because a large portion of commercial
bank loans carry floating rates that adjust ¢to current wmarket
conditions. For the Mortgage Lender, however, a higher interest rate

will have 1little immediate impact on earnings because of the long
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turnover in mortgage loans (12 years in the model) and the fact that a

mortgages rarely carry floating rates.#22%

If we combine this delayed impact on revenues with
unrestrained adjustment of interest rates on savings deposits, which
banks use to attract liquidity, profits can be squeezed during times of
rising rates. As we shall see in the section on liability management,
expanded loan demand not only causes loan rates to rise but also
encourages lending institutions to raise the returns they pay on savings
deposits, 1if they are permitted to do so, in order to attract funds.
Savings deposits have a short 'M"maturity"™ compared with long-term
mortgage or business loans. Therefore, in the short run, the rising
rate on deposits erodes profits, despite the higher marginal return on
loans. In addition to relative profitability, therefore, lenders also
look at the gpread between asset returns and deposit rates, a current
relationship that influences future profits. The negative feedback
between returns and spread, shown in Figure ITI-14, helps to prevent
wide swings in profits and is a commonly-used comparison in banking.
When the cost of deposits 1is relatively high (the spread is low relative

to the traditional relationship), pressure builds to raise the return on

#22#Tn simulations of the model, one can adjust the averaging time wused
in calculating the aggregate return on loans that governs interest
payments. For example, an averaging time of 12 years for
determining the payment of interest on mortgage loans implies that
all outstanding mortgages carry yields that prevailed when the
credit was originally extended. An averaging time of 6 years, which
is employed in Chapter IV, assumes some floating rates (as well as a
portion of interest in the form of initial, or front-end fees).
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loans. A high spread, on the other hand, encourages lenders to reduce

loan rates.
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Figure III-14. Yegative Feedback Loop Relafing Interest
Rate Spread and Interest Rztes

4. 1Investment in Government Securities

Lending instituticns, 1like other firms, can actively
manipulate both sides of their balance sheets. 3efcre the 1960s, the
banking literature focused on "asset management." 3anks were said <to
rely mainly on asset adjustments when managing liquidity, and were
relatively passive to the flows occurring in deposit accounts (see, fer
example, Robinson 1962). This section describes asset management, while
Section C.5 deals with the management of 1liabilities as a means of
ad justing loanable funds.

The investment portfolios of the three 1lending institutions

consist of M"Treasury bills"™ and "government bonds."™ State and local



-114-

obligations are included in these caftegories, so that the bond portion
of the portfolio is really not as homogeneous in reality as the name
implies in the model. Treasury bill transactions permit lenders to
adjust rapidly the composition of their liquid assets (defined as "cash
funds" plus bills) and to respond, as well, to relative interest rates.
Bond transactions reflect liquidity requirements as well as cash funds
and relative returns.

Securities markets in the model serve to allocate transactions
in each security among the different market participants. Each
financial institution determines a desired purchase rate. If, for
example, the Bank wants to maintain a constanﬁ stock of bills or bonds,
its desired purchases just offset maturing issues. If one of the
institutions wants to expand its holdings, desired purchases exceed the
replacement volume. For each security, the different desired purchase
rates are combined with the desired transacticns of the Monetary
Authority and Treasury. With Treasury bills, for example, total desired
sales by the Treasury are compared with total desired purchases of the
other market participants. Securities change hands according to each
participant's portion of total desired purchases. If the two sides of
the market are equal, =ach desired purchase rate is realized. If total

desired purchases exceed desired sales, short-term demand goes

unsatisfied.#23#

¥23*The demand and supply for securities are expressed as flows (desired
purchase and sale), while the demand and supply of primary loans are
expressed as stocks (backlog of loan requests and "inventory" of
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This formulation suggests a concept of desired transactions
that differs from the usual notion of current demand and supply in the
securities markets. Here, the Bank or some other market participant may
desire a change in its security holding without necessarily transmitting
this information to the securities broker. Thus, demand and supply
refer to what an investor will want to transact over some extended
period of time (weeks or months) rather than the amount he might tell
his broker to buy or sell on some particular day. In the model,
therefore, the securities markets do not necessarily match demand and
supply at every instant in time.

Government securities are traded in active secondary zarkets.
In the model, however, secondary sales, which could take place between
the Bank, Savings Investor, and Mortgage Lender, do not occur. Instead,
each lending category can change its security holdings by augmenting
desired purchases, and thereby obtaining a larger share of the total
volume supplied by the Treasury, or by refusing to replace securities as
they mature. This format does not preclude secondary transactions cthat
may occur within the three aggregate lending categories.¥24#%

An important determinant of each party's desired purchase of

liquid assets). Inventories and backlogs exist in the actual
securities markets, but they involve such short delays that an
allocation scheme based on relative flows seems appropriate for our
purposes.

#24®An  earlier version of the model contained explicit secondary
transactions, but they entailed more complicated structure and had
no significant impact on behavior that could not be produced with
the current formulations.
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Treasury bills is the discrepancy between the desired and actual cash
funds portion of liquid assets. Every asset transaction involves a
change 1in cash funds (excess reserves in the Bank, money in the case of
cther lenders). When the Mortgage Lender buys a bill, for example, its
money stock declines and that of the Treasury increases. When the Bank
buys a bill, the Bank credits the seller witﬁla deposit and, thereby,
reduces its excess reserve position by a fraction of the new deposits.
Just as the liquid asset pool constitutes an _inventory to
support lending, the excess reserves or cash component of liquid assets
also may be viewed as an inventory required to carry out transactions on
a continuous basis. The desired value of this loanable funds inventory
is wusually a few weeks' worth of loans. When the desired and actual
volume of cash funds diverge, pressure builds to correct the imbalance.
For example, if excess reserves in the Bank are high, the Bank's
purchase of Treasury bills increases, thereby adjusting the composition
of 1liquid assets in favor of bills. If reserves (or money for the
others) are short, then the Bank's purchases fall below maturities; the
stock of bills declines through maturities, and the funds "inventory" is

replenished.#25#%

¥25%Excess reserves cannot decline below zero, as the Bank can borrow
reserves from the Monetary Authority when necessary to meet
requirements. Free reserves, of course, can be positive or
negative, as was shown 1in Figure III-6. Many financial modelers
empnasize the importance of desired excess or free reserves as a
focus of Bank asset management (e.g., Tobin 1959, Meigs 1962,
Goldfeld 1966). Whereas our model posits a simple transactions
motive for holding excess reserves (or cash for the other
institutions), many models causally relate free reserves to various
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While Treasury bills provide short-term 1liquidity, bonds
provide a resource that can be converted into more liquid assets, as
well as attractive returns and safety from default when loan demand 1is
slack. Hodgman calls this the ‘'"residual" function of securities
investment (Hodgman 1963, p. 38). That is, given the extent of loan
demand and required 1liquidity, the investment portfolio provides
alternatives to holding low-yielding liquid assets. By distinguishing
between short-term and long-term securities, the Financial Sector model
permits shifts between the liquid (short-term) category and the residual
(long-term) category, in response to liquidity needs, relative returns,
and expected changes in interest rates. When loan demand is robust,
bonds are sold to reconstitute the 1liquidity buffer. When credit
markets are slack and relative liquidity builds up, lending institutions
are inclined to accumulate bonds.

Investors i1in the model derive a desired bond vpurchase rate
which, depending on market conditions, may or may not be realized. 1In
equilibrium, bonds are replaced as fast as they mature. When liquidity
is 1insufficient, however, desired purchases fall below the volume of
maturities; bond holdings decline and liquid assets are replenished.
The compensating negative loop, shown in Figure III-15, operates like

the loop that relates liquidity to lending (see Figure ITII-9).

other influences. For example, Tobin suggests that desired free or
excess reserves might be either positive or negative depending on
the relationship between the discount rate and the bill rate (Tobin
1959, Chapter 9, pp. 9-18). As described here and in the section on
reserve management, actual free or excess reserves in the model
change mainly as the indirect, rather than direct, result of trying
to balance off other influences.
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Figure III-15. Negative Feedback Loop Relating Bond
Purchases and Liquidity

Although the investment portfolio 1is managed mainly to
accommodate the primary lending function, relative returns have some
direct impact on the balance between short-term and long-term securities
in the securities portfolio. Crosse and Hempel write, "When the yield
curve 1s sharply ascending, the temptation is strong for commercial
banks to confuse the liquidity positions with their portfolios and to
lengthen maturities in search of higher returns." (Crosse and Hempel
1373, p. 218). In the model, a yield that is high relative to other
(risk-adjusted) yields available to the investor encourages purchases
while a2 relatively low return discourages purchases. As we shall see
below, these actions eventually reduce the yield spread. This negative

feedback is shown in Figure III-16.
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In assessing the relative return on bonds, lenders compare tae
"effective™" return, rather than the current return, to yields available
on other assets. Based on past experience, investors form expectations
about future rates. If the expected change in return is positive, for
example, investors foresee higher rates and postpone the purchase of
long-term securities in order to exploit the expected lower price. This
expectations effect does not exert a direct impact on Treasury 5ill
transactions; but given the other pressures on desired security
holdings, a sale of bonds based on the anticipation of higher Ifuture
bond yields frees up funds that, in part, so into Treasury bills.

The securities market not only allocates transactions, but
also derives the total demand and supply necessary %o determine interest
rates. If the demand for Treasury bills, for instance, exceeds the
supply, bill rates are pushed up, e%entually serving o reduce the

aggregate demand for bills. Figure III-17 portrays this negative locop.
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Figure ITI-17. Negative Feedback Loop Relating Desired
Transactions in the 3ill Market and the
Return on Treasury Bills

Several recent studies emphasize the relative influence of
supply and demand in the securities markets. For exanmple,
B. M. Friedman states that, in most mecdels, long-term interest rates
fail to reflect the way in which participants in the market for
long-term securities adjust their actions to movements in short-term
rates, the spread between long and short rates, and other determinants
of portfolio behavior (B. M. Friedman 1974, p. 1). By treating demand
and supply explicitly in each separate securities market, Friedman
calculates an endogenous, jointly-determined yield for each security.
Boswerth and Duesenberry also compute supply and demand for each of
several security categories and relate the returns on securities to

conditions ia each market (Bosworth and Duesenberry 1973).



-121-

While the model described here determines interest rates on
the basis of supply and demand in each securities market, many other
financial models do not. The Brookings model, for example, permits the
algebraic calculation of a short-term rate on the basis of the supply
and demand for money and derives a long-term rate from a term structure
equation. The MPS model yields a three-month bill rate but contains no
explicit supply-demand equations for returns on other government
securities. The dependence of long-term rates on short-term markets is
based on the theory that the long-term bond rate reflects the average of
expected short-term rates over the life of the LScad, so that long- and
short-term government securities can be considered perfect substitutes.
This assumption is probably a useful first approximation of reality.
"But once we embark on the task of giving a detailed treatment of the
structure of the financial system, there is a strong case for building a
model which starts from the beginning with a <clearing of markets of

particular types of securities." (Bosworth and Duesenberry 1973, p. uli).

5. Liabilities of Lending Institutions

The nature of banking, at least for <the big money center
institutions, has changed over the past 20 years. 3ecause of rising
interest rates and the growing sophistication that has permitted more
transactions with smaller money pools, the vclume of interest-free
deposits and low-yield passbook savings has grown more slowly than the
demand for credit. Whereas banks and other fiduciaries once merely

gathered low-cost or no-cost deposits, "(tloday, they must function like
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supermarkets, haggling over the price of the money they acquire,
attaching a small markup, and then reselling the product to the public."”
(Rose 1976, p. 174).

As a highly aggregated representation of financial activities,
our model does not capture the diversity of liability ;nstruments, such
as Eurodollar deposits, certificates of deposit, overnight purchases of
federal funds, and "repos" (securities sold under an agreement to
repurchase within a day or so). Each lending institution in the model,
howeveb, has a "savings deposit" liability which lenders can attract or
discourage by raising or lowering the rates they are willing to pay.
The Bank adjusts its return on deposits in response to changes in market
and other conditions. The long-term lenders adjust their rates more
sluggishly. During periods of changing rates, most of the loans on the
books of tne Corporate Lender or Mortgage Lender have been acquired at
an earlier time and at different rates. When rates are rising,
therefore, the two institutions cannot quickly raise thneir portfolio
yields in order to offset the higher rates they must pay to obtain
funds. Moreover, long-term lenders are often constrained officially
from paying competitive rates.

An individual bank can attract time deposits (mainly CD's)
fairly quickly, and thereby augment its liquidity. For the banking
system as a whole, however, attracting interest-bearing deposits simply
encourages the conversion of demand deposits into time deposits. The
resulting increase in liquidity for the aggregate, therefore, comes

entirely from the lower reserve requirement on time deposits. For
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example, if the required reserve ratio is 20% on demand deposits and 5%
on time deposits, and if the banking system encourages depcositors to
convert $1000 of demand deposits into time deposits, then excess
reserves of the Bank will rise by $150. The freeing of $150 will permit
an expansion of credit amounting to $75C (assuming all of the new credit
stays in demand deposit accounts). In the model, the Bank can encourage
such a conversion by changing its return on deposits. If the Bank
raises the return, for example, Bank "savings deposits" become
relatively more attractive on a yield basis than other securities and
encourage a change in the portfolio mix of tne Savings Investor (which
holds all of the lender's savings deposits).

Lenders control the return on savings deposits, to which the
Savings Investor responds when allocating funds amcng deposits and other
asset choices. The influences on this rate include relative liquidity,
profitability, and relative interest rate spread. #hen liquidity
declines, due to augmented credit demand, the lender raises the return
on savings deposits. A higher return tends to attract savings, thereby
permitting a nigher rate of lending and a reduction in the loan
extension delay. This negative loop 1is exhibited in Figure III-i8.
Profitability and relative spreads also exert negative feedback on the
savings deposit yield. For example, a low spread between the rate on
loans and the rate on deposits, as well as relatively low profitability,

encourages a corrective reduction in the return on savings deposits so

as to recoup profits.
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Tigure III-18. Three Negative Feedback Locps Influencing
the Return on Savings Deposits

In addition to defining the change in savings deposits and in
associated returns, the block of equations for liabilities also permits
"defaults"™ on savings deposits, which rise during conditions of
extremely tight liquidity. Under normal conditions, of course,
depositors are free to withdraw their funds at will.#26%

Finally, the liability -equations determine ¢the actual and
desired level of equity. Current equity in a lending institution equals
the difference between total assets and the non-equity 1liability

accounts (e.g., savings deposits). Desired equity is based on an

*26®Because of Federal deposit insurance, "defaults" (including delayed
payments) on savings deposits are largely 2 thing of the past. The
possibility of defaults on deposits is accounted for, however,
because of the National Model's long historical perspective.
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acceptable ratio of equity to total assets. The actual level is
adjusted to the desired amount by means of dividend payments, which are
reduced when equity is low and expand when the equity account is high.
Dividend payments are also influenced by the amount of cash on hand and

the current level of profits.#27#%

6. Bank Reserves and Currency

The sources and uses of Bank reserves involve a fair amount of
detail in the model. Owned reserves of the Bank accumulate net currency
deposits and the value of the Monetary Authority's operations in the
securities markets. Wnen deposits are converted into currency, owned
reserves decline by the full value of the currency withdrawal. Tor
simplicity, each production and household sector contains a money stock,
with no distinction made between currency and demand deposits. To
permit currency deposits and withdrawals from the banking system,
however, a single stock of currency resides in the Financial Sector,
representing the aggregate amount of currency held by the public.
Conserved flows exist between the level of owned reserves in the Bank
and the level of currency in the public. The two levels zand the ‘low
rates that affect them are shown in Figure III-19. At equilibrium, the
levels remain constant, as the net value of open-market operations :s

zero, and currency withdrawals exactly offset currency devosits.

#27%*As explained in Chapter VI, equity financing in the National Model
could be handled through the dividend payment mechanism, in which
case dividends would be controlled not only by pressures within the
firm (as described here), but also by factors such as risk and

return determined by investors.
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CWR
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Figure III-19. Conserved Flows Between Owned Reserves and
Currency in the Public

The public's desired ratio of currency to money (the sum of
currency and deposits) can change over time,®#28% and the process of
credit extension can create deposits and thereby cause the actual
composition of the aggregate money supply to diverge from the desired
mix. In both cases, currency deposits and withdrawals no longer remain
in balance. Under normal conditions, the two rates that connect the
currency and reserve levels reflect only the public's desire to correct

for any divergence between the desired and actual composition of the

#28#%The desired ratio of currency to mwmoney 1is determined within the
Financial Sector, but is held constant at the present stage of
development. The ratio will reflect public confidence, mainly in
terms of the Bank's past capacity to meet withdrawal demands.
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money supply. Under conditions of stress, however, eroding public
confidence can cause runs on the banking system which rapidly deplete
bank reserves and bring about numerous bank failures. In the model,
therefore, an extensive decline in owned reserves restrains currency
withdrawals.

The other influence on owned bank reserves, the value of
open-market operations, reflects the unique nature of the Monetary
Authority's participation in securities markets. When a bank sells a
security to a fiduciary institution, 1its owned reserves remain
unchanged. But when a bank sells securities to the Federal Reserve,#29%
the bank receives a deposit at the Federal Reserve and, therefore, an
addition to owned reserves equal to the value of the security
transaction. In like manner, a sale of bills by an individual savings
institution to the Federal Reserve results in an increase in deposits at
the Fed, which the 4investor transfers to the banking system when it
deposits 1its check in a2 commercial bank.

The borrowed component of bank reserves is modeled as If the

-

Bank can always borrow to meet current reserve requirements. That is,

#20#\s stated earlier, secondary sales do not occur explicitly in <Che
model. However, if the Monetary Authority wants to purchase more
bills, its desired purchase rate rises. Because it now wants to
purchase a larger share of the total voclume supplied by the
Treasury, the Monetary Authority accomplishes an additional purchase
at the expense of other participants who obtain a smaller portion.
The securities allocation scheme in the model, therefore, causes
other participants to purchase less than they otherwise would and,
therefore, produces an effect on bank reserves that is equivalent to
a secondary sale by the Bank, Corporate Lender, or Mortgage Lender

to the Monetary Authority.
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whenever owned reserves fall below the required amount, borrowed
reserves automatically make up the difference, so that excess reserves
in the model ( = total reserves minus required reserves) can never be
negative. In addition to the borrowing that meets net reserve
requirements of the aggregate system, the model implies that there are
always individual banks in the system that have to borrow from the
Monetary Authority even when the system's net reserve position exceeds
the required amount. Therefore, some debt to the Monetary Authority is
always outstanding, although the amount 1is very small when excess
reserves of the system are high and can be traded among banks in the

Federal Funds market.#30%

Previous sections of this chapter have already shown that Bank
lending and investment activities are curtailed as system borrowing from
the Monetary Authority exceeds acceptable amounts. Although the model
places no direct restriction on borrowing to meet requirements,
therefore, it does impose constraints on the activities of the Bank that
lead to a need to borrow. This procedure was described earlier and
seems to reflect ¢the current Federal Reserve policy described by

DePamphilis:

#30#In the Federal Funds market, a bank with a tight cash position can
purchase another bank's excess reserves for periods up to a week.
Many banks, especially the 1large money center institutions, are
reluctant to borrow from the Federal Reserve and, therefore, depend
more often on the Funds market. The Federal Reserve also acts
directly 1in the market by selling government securities in exchange
for Federal Funds. Note that a long period of system borrowing does
not necessarily mean that any individual bank is in debt for long.
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The current policy is to accommodate the initial request for

credit promptly. The bank is then placed under 'surveillance'

and decisions are made as to the appropriateness of the bank's

continued borrowing. If the borrcwing for that bank is deemed

appropriate, as a result of either the frequency of borrowings

or the use of credit, then the Reserve bank engages in

counseling activities with the bank. (DePamphilis 1974,

p. 44).

Reserve borrowing, in reality, is a privilege that the Federal
Reserve can deny. For example, a bank that tries to borrow in order to
exploit the difference between the cost of borrowing and the returns it
can obtain on investments may not be allowed to borrow from the Federal
Reserve. In the model, however, the only direct motive for borrowing is
to meet current requirements; and the profit maximizing motive, which
the Federal Reserve can rebuff, does not appear. This ctreatment of
borrowed reserves differs from other models, which relate borrowed
reserves to Dborrowing costs (discount rate) and investment yields
(usually a Treasury bill rate).#31#%
In the MPS model, the discount rate, and behind that the rate

on Federal Funds, plays an important role as an indicator of short-term
money market conditions. (See Modigliani et al. 1970, pp. 213-217.) In

our model, the Federal Funds rate appears, but only as a function of

other rates and not as a level that respcnds to conditions in a separate

#31%Burger's equation, for example, contains a discount rate and the
bill rate and implies that borrowing rises when the bill rate
exceeds the cost (Burger 1971, p. 67). In the MPS® model, free
reserves ( = excess reserves - borrowed reserves) is a function of
the discount rate and the return on the investment portfolio, both
of which are considered exogenous to the financial system.
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funds market. The Funds rate reflects very short-term activities, and
is an important input to the Federal Reserve's day-to-day
decisions.¥#32% But, as Behrens shows (Behrens 1975), the National Model
structure for monetary control focuses on the instruments that affect
basic economic policy over months and years, and does not deal
explicitly with day-to-day operations in the Funds market. Although the
Federal Reserve runs its short-term trading with an eye on the Federal
Funds rate, its longer-term goals relate to overall economic conditions
which it attempts to influence through operations in the government
securities markets, "counselling" or "moral suasion," and other policy
instruments.

In terms of uses, bank reserves may be classified as required
or excess. Required reserves simply reflect the required ratios on
outstanding demand and time deposits. Excess reserves represent a
residual that results from Bank 1lending and investing. Apart from

trying to maintain adequate excess reserves as a part of the 1liquid

#32%The Federal Funds rate and the rate on Treasury bills vary 1in
relation to each other over the very short term, but over the longer
term the two rates are virtually equal. Between 1959 and 1969, the
Funds rate averaged only five basis points (0.05%) over the bill
rate (Boughton 1972, p. 53), the difference indicating the
"non-price" costs of borrowing from the Federal Reserve (p. 45).
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assets 1inventory, the Bank does not focus its attention on excess or

free reserves.#323% However, reserves are directly affected by these

activities.

#33#%Tn the model, these two reserve concepts are related to rate
differentials, lending activities, and the like, but they are not
considered the direct focus of Bank decisions. This position
conforms to Boughton's view that free reserves and excess reserves
are not, from the perspective of a banker, demandable quantities
(Boughton 1965, p. 344).
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CHAPTER IV. SIMULATIONS OF THE FINANCIAL SECTOR

A. Introduction
1. Purpose of Simulation

This chapter employs computer simulation to explore the
behavior of the Financial Sector model. Simulations of a system
dynamics model have several purposes. First, one can trace behavior
back to specific causal relationships in the model, and, thereby better
understand the underlying model structure. More importantly, the model
is supposed to represent reality. Simulations, therefore, should also
reveal how well the model captures real processes.

Simulations should be used, first, to test the internal
consistency of the model. When combined, do the structural components
that may seem logical in isolation produce behavior that 1is consistent
with the wunderlying assumptions? In the model described nere, for
example, the lending institution is designed to respond to rising lcan
requests by adjusting its security holdings and liabilities. One would
suspect faulty structure if the lender responded ¢to rising demand by
lending 1less and augmenting its government securities. With ecyclical
ad justments in demand and supply, lending may indeed contract during a
period of rising loan demand. But we should wmake sure, through
intuition as well as empirical observation, that this behavior makes
sense 1in light of the assumption underlying each component relationship
in the model. As the testing process continues, the discovery of

inconsistent results generally leads to improvements in the model.
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Simulations also serve to test the correspondence of the model
Wwith observed experience. Qualitative conditions, such as extended
growth in demand or cyclical fluctuations in business behavior, should
give rise to recognizable financial behavior. For instance, the model
should producg realistic phasing of changes in loans, GNP, and interest
rates. The markets for long-term and short-term credit in the model
should generate a recognizable term structure of interest rates.
A general squeeze in credit conditions should prove more detrimental to
long-term lenders, such as the Mortgage Lender in the model, than to
short-term lenders, because an asymmetrical impact of tight monetary
policy has been observed in reality. Apart from testing for qualitative
behavior, one can assess the model's capacity to match past experience
by comparing observed time-series data with time-series produced by the
zodel. Time-series testing is taken up in Chapter V.

Finally, model simulations can be applied to the theories and
policy conclusions that arise from other modeling efforts or from
Enformal cbservation and intuition. With ¢the aid of the Financial
Sector, we should be able eventually to study numerous theoretical and
policy issues. for example, how important 1is monetary policy in
maintaining economic stability? How does inflation influence interest
rates? Would floating interest rates on mortgage 1loans help to
stabilize the housing market? Most of the iInteresting theoretical or
policy questions cannot be dealt with, however, until the Financial
Sector and other sectors of tne National Model zre linked together. The

simulations in this chapter, therefore, will focus on the behavioral
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implications of the underlying model structure and on qualitative

comparisons with observed behavior.

2. Format of the Simulations

Although this study focuses on the Financial Sector, the
Sector cannot be simulated without some inputs from outside of the
sector boundary. Certain explicit inputs, such as loan demand or
desired government security sales, must be generated in some reasonable
fashion in order to test the dynamic characteristies of the financial
structure. While time-series data, which we shall examine in Chapter V,
constitute one type of input, more artificial deterministic inputs, such
as step or pure oscillatory patterns in loan demand, enable us to focus
on the internal structure of financial activities. If we understand the
sector's internal stability characteristics, for example, we shall
understand better how financial structures contribute to the stability

of overall economic activity.

The focus on internal financial structure nas iled =zo the
development of a '"test generator" that represents, iIn a haighly
simplified manner, the structure of the non-financial economy. The test
generator is described in the next section of this chapter and in
Appendix 2. The test equations provide the inputs that eventually will
be supplied by the Monetary Authority, the Treasury, and the borrowing
public, all of which directly interface with credit markets.

Since the Financial Sector is complicated, involving multiple

replications of numerous financial functions, this chapter will describe
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relatively simple tests first before activating all four financial
institutions. The first test, therefore, involves only the Bank; the
other financial institutions do not vary their asset transactions or
interest rates. The next three simulations encompass the Bank and the
Savings Investor. Subsequent tests treat mortgage lending in isolation,
both long-term and short-term lenders together, and, finally, the entire
array of financial activities.

Each test starts in equilibrium, a condition where none of the
level variables can change without some outside disturbance.®1#%
"Disturbances" to the equilibrium condition consist of three types of
test inputs--steps, pure oscillations, and random, autocorrelated noise.
In the first test, for example, the Bank 1is subjected to a step in
desired 1loans. This step causes the backlog of loan requests to rise,
thereby producing expanded Bank loans, security transactions and other
adjustments that lead, eventually, to a new equilibrium state. A step
input in loan demand or in some other exogenous variable permits one to
explore stzbility characteristics such as the damping of oscillations or
the relative phasing of financial quantities as they change over time.
Subsequent tests with oscillatory inputs permit an analysis of relative
amplitude changes and the phasing or price and quantity adjustments.

A noise input brings out the inherent periodicity of the system under

#1%#The basic model program contains initial conditions and policy
parameters that, when combined with the parameters based on real
data, produce an equilibrium condition. Thus, the initial values of
outstanding loans and securities in the Bank, though reasonably
proportioned, do not reflect banks at a specific date.
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study, as well as relative amplitude and phasing characteristics.

3. Description of the Test Generator

The test generator used in this chapter represents in
simplified form octher parts of the National Model. Nevertheless, the
simulations still require over 40 test equations to operate credit
extension and government securities markets. The test generator
includes six physical levels, each of which affects decisions in the
Financial Sector:

(1) Backlog of loans

(2) Loans outstanding

(3) Money

(4) Savings

(5) Treasury bills in the Monetary Authority
(6) Government bonds in the Monetary Autherity.

Backlog and loan levels exist for each type of credit. Thus,
when testing the Bank or the Bank with the Savings Investor, backlog and
loan levels for the two types of long-term credit remain constant, and
only the levels associated with Bank loans are allowed <o vary. The
major test inputs (step, pure oscillations, noise) apply <o a desired
level of loans. Comparison of desired and actual loan levels, together
with a desired and actual backlog of loan requests, produces 3z
correction term which, when added to replacements for maturities,

generates loan requests. The basic T'ordering" equation for 1loan

requests, without subscripts, appears below:
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RLTG=MLTG+CLBTG
CLBTG=(DLTG-LOTG+DBTG-BLTG) /TCLBTG

RLTG - REQUESTS FOR LOANS IN TEST GENERATOR (DOLLARS/YEAR)

MLTG - MATURITY OF LOANS IN TEST GENERATOR (DOLLARS/YEAR)

CLBTG - CORRECTION FOR LOANS AND BACKLOG IN TEST GENERATOR
(DOLLARS/YEAR)

DLTG - DESIRED LOANS IN TEST GENERATOR (DOLLARS)

LOTG - LOANS OUTSTANDING IN TEST GENERATOR (DOLLARS)

DBTG - DESIRED BACKLOG IN TEST GENERATOR (DOLLARS)

BLTG - BACKLOG OF LOANS IN TEST GENERATOR (DOLLARS)

TCLBTG - TIME TO ADJUST LOANS AND BACKLOG IN TEST GENERATOR
(YEARS)

Loans and backlog are embedded in the major reedback loops
between lender and borrower. The extension of additional credit, for
example, causes the backlog to decline and the loan level to rise which,
in turn, reduces the flow of 1loan requests. At the same time, as
requests for unrealized loans accumulate in backlog, say because the
lending institution cannot obtain sufficient liquidity to meet demand,
downward pressure on loan requests is generated. Figure IV-1 exhibits

these negative feedback loops.#2%

#2#\ote that other feedbacks, such as the depressive impact of higher
loan extension delays and interest rates, are not embodied in the
test generator, even though these price and availability feedbacks
probably exist in reality and are active in the Production Sector of
the National Model.
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Correction for loans
and backlog in test
generator

CLBTG Y +

Requests for loans
in test gzeneratcr

RLTG
Loans outstanding \
in test generator - \
LOTG = A
’ Backlog of lcans
+ N in test generagor
3LTG
(=)
Loan- extension
rate
LER

-+

Figure IV-1. Major Feedback Loops between Financial
Sector arnd Financial Test Generator

Assuming the lending institution can meet nigher loan demand,
loans and backlog will adjust to their desired levels and the correction
term will approach zero. The backlog of loans, which first rises in
response to higher loan requests, falls back to a new, higher level that
is proportional to the higher flow of maturing loans. A step ia desired
loans in test generator DLTG, for example, could produce the behavior

shown qualitatively in Figure IV-2.
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DLTG Desired loans in
i test generator

-
P e “X_10TG Loans outstanding
in test generator
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Correction of 7 test generator
loans and -
tacklog in /,
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,——" \\“~. test generator
\
—
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Figure IV-2. Possible aehavior of Loan- and Becklog

Variables in the Test Generator in Response
+o a Step in Desired Loans

The test generator contains one money level, which accumulates
211 the flows related to loan extensions and governemnt security
transactions. when Gthe Bank makes a loan, money in the test generator

rises (as does its demand deposit component) and excess reserves in the

3ank decline. Therefore, a money level is required for the simulations

so that the Bank can assess the level of liquidity. When other lenders

extend coredit or purchase securities from the Treasury, money in the

test generator 2l1so rises; sut total money, and therefore Bank

reserves, are not affected, because an equal volume of funds flows out

of the non-Bank lending institution.

In the National Model, each production and household sector

contains a 1level of savings. Money set aside for savings directly
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augments the money pool of the Savings Investor and, simultaneously,
increases the quantity of savings. For the simulations described in
this chapter, the savings level is held constant, so that one could
eliminate the level variable in the test generator. But a level
variable rather than a constant appears in the test generator in order
to permit changes in savings for the time-series test described later.
Information on savings is required by the Financial Sector in order to
generate a weighted return on savings (equal to total earnings on assets
held by the Savings Investor divided by total private savings).
Eventually, this total return would enter into the savings decisions of
household and business sectors.

The two remaining levels in the test generator accumulate the
Monetary Authority's holdings of government securities. These levels
are required to generate maturities and desired »purchases, which
eventually affect the value of open-market operations and Bank reserves.
For most of the tests, the Monetary Authnority holds constant lievels of
bills and bonds. To 1investigate the system's response =to changing
open-market operations, however, the level variables are required.

A final word should be said about the test generator's
treatment of Treasury policy, which is reflected in the desired sales of
bills and long-term bonds. An appropriate formulation for testing the
Financial Sector entails a "neutral" policy on the part of the Treasury.
One definition of neutral could be purely exogenous--that is, not

.
responding to actions taken within the sector boundary. A constant

desired transactions volume, for example, would be appropriate for tests
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with a cyclical loan demand input. But for tests with a step input, a
constant volume of desired sales would determine the new equilibrium
level of government securities and interest rates, because, in
equilibrium, total desired purchases of government securities must equal
desired sales. The "policy" of holding desired sales constant, however,
is hardly neutral with respect to the Financial Sector.

Tests that employ gtep inputs to the sector, therefore, do not
assume constant desired sales rates by the Treasury, but instead, set
desired sales equal to total maturities of the relevant security
category. With this formulation, the internal structure of the sector
being tested, rather than the (external) Treasury in the test generator,
determines the new equilibrium values. Changes in related interest
rates and asset holdings result from dynamics within the Financial

Sector; <the Treasury assumes an essentiall assive role.
1

B. Simulations of the Bank

This section constitutes the main body of the simulation
experiments. Bank lending 1in the model is based on structure that is
replicated for all of the three lending institutions, s0 that
simulations of the Bank will cast light on the behavior of the other
lenders as well. Moreover, the Bank is unique in being able to create
money and in the nature of its cash reserves, which differ from money
used in other sectors. Finally, because these experiments with the Bank
come first in the set of dynamic simulations, the description will
contain more detail than subsequent tests of single or combined

financial institutions.
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l. The Bank--Step in Loan Demand

The first simulation of the Bank is somewhat rigged to produce
a simple dynamic experiment. In response to a 10% step in desired
loans, the Bank is prevented from raising deposit rates and, thereby,
from attracting additional funds from the Savings Investor. The Bank's
only source of 1liquidity, in addition to maturities on loans and
securities and any additional income it can obtain from charging more on
loans, is government bonds. As bonds are allowed to mature and are not
replaced with new purchases, liquidity rises, thereby permitting
additional loans. The Bank relies on asset management, in other words,
rather than liability management, to meet its objectives.

In addition to holdiag both the level of savings deposits and
the return on savings deposits constant, the first simulation also holds
the yields on government securities constant, even though the 3ank's
attempt to sell off securities in the face of rising loan demand would
cause these yields to rise. To produce simple behavior for the first
test, therefore, we artificially hold all interest rates constant except
the return on loans. We can examine, thereby, the major influences on
lending, the return on loans, and security transactions in a clear znd
well-organized manner. In the next test, that combines the Bank «with
the Savings Investor, security yields and deposit rates are permitted to

vary, with somewhat more complicated results.

The first simulation is summarized in four figures, each one
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showing a computerized plot of important financial variables over a
20-year period.*3% The following discussion is organized around these
figures, which exhibit the behavior of Bank loan variables, interest
rates, government securities, and reserves.

Figure IV-3 shows the major lending variables. After six
months, desired loans (DLTG) step up by $15 billion. As desired loans
now exceed actual loans outstanding in test generator, requests for
loans (not shown in the figure) also step up, and additional backlog of
loan requests (not shown) accumulates. The indicated 1loan extension
rate, which 1is proportional to backlog, rises sharply to a point about
$8 billion above the 1level that would satisfy the stepped-up 1loan
demand.#4% The loan extension rate equals this indicated rate modified

by the multipliers plotted in Figure IV-3, and therefore also rises

sharply in response.

#2#0ach computer simulation involves a set of parameter changes
required to neutralize certain parts of the Financial Sector
structure. For the first run, government security yields are
prevented from changing by setting TFCR equal tec 0; the Bank is
prevented from changing the return on savings deposits, by setting
TARSD equal to a large number (to approximate infinity); other
switches, coefficients, and time constants are specified so that the
3ank is isolated from non-Bank institutions. The step in desired
loans in test generator SDLTG(1l) equals $15 billion and occurs at
TSDL = 0.5. Also for each run I assumed &a constant, rather than
variable, default fraction on savings deposits ( = 0.005). All of
the parameter changes for the model simulations appear in tables at
the end of this chapter.

4#The new equilibrium loan extension rate, if desired loans are
eventually realized, equals maturities, which in turn equals the
initial value of loans (LOTG) plus the step in desired loans
(SDLTG), divided bty the normal payment time for loans NPTL, or

(148.5E9 + 15E9)/1 = 163.5E9.
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If it weren't for the constraints imposed by inadequate
liquidity (including cash funds), the loan extension rate would rise
with the indicated rate and quickly adjust to the new equilibrium
amount. However, the initial upward thrust in lending, which rises by
over $7 billion within the first three months, is suppressed thereafter
mainly by the resulting drain on liquidity. Liquid assets (not shown)
decline by $4 billion within a year, while desired liquid assets (also
not shown) rises rapidly in proportion to the indicated loan extension
rate. As a result, the multiplier from liquid assets on lending causes
the loan extension rate to fall as much as 8% behind the indicated rate
within 1.5 years. Since lending cannot keep pace with demand, <che
backlog of unsatisfied loan demand, and with it the indicated loan
extension rate, overshoots the eventual equilibrium value.

An additional, but less substantial influence serving =to
restrain lending is the multiplier from cash funds on lending. 4s we
have seen, the availability of cash funds affects all asset
transactions, while relative 1liquidity affects c¢nly transactions in
non=-liquid assets. In responding to higher loan demand, %tae 3Zank

nd,

"

rapidly creates more demand deposits (not shown iIn the figure)
thereby, depletes excess reserves (to whicn cash funds are
proportional). This depresses the purchase of all assets over a short
period of time until reserves can be brought back into line. Thus. the
multiplier from cash funds on lending declines to G.9 after six months

before rising sharply again.



After two years, in fact, a condition of excess cash funds
prevails, despite the overall inadequacy of liquidity. Cash funds
(excess reserves) remain high for a long period partly bec;use purchases
of loans and bonds, which would help to eliminate the surplus, are
Suppressed by inadequate liquidity, which, in this run, can be obtained
only by reducing bonds and not by attracting deposits. Moreover, =since
government security yields are constant, they remain unattractive
relative to the higher return on loans and, therefore, fail to exert
upward pressure on bill purchases that would also reduce excess
cash.#5¢#

Counteracting the restraints already mentioned is the
multiplier from relative returns on lending, which rises because of the
pigher return on loans outstanding. The return, which is shown in the
next ~figure, rises precisely because the Bank has been unable to meet
demand.

After about two years, liquid assets begin to rebuild, 2as we
can see from the turn in the multiplier from liquid assets on lending.
As already stated, the Bank is precluded from raising deposit rates and

thereby selling more savings deposits. Therefore, government bonds

¥5*In addition, since the Treasury's desired sales of bills equal
maturities only, the Bank's capacity to increase its bill holdings
depends on the multiplier on purchase of Treasury bills MPTB, which
permits purchases to exceed desired sales by only a small amount and
therefore restricts the speed with which the Bank can raise its bill
portfolio.
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provide the major source of additional liquidity, with some inflow of
funds resulting from the higher earnings on outstanding loans.®%6%
Because 1liquidity begins to rebuild, the 1loan extension rate can
continue its steady apprcach to the higher equilibrium value. At the
same time the backlog and indicated loan extension rate decline slowly
toward equilibrium. Loans initially expand abruptly and almost reach
the desired 1level within 1.5 years. The liquidity restraint and the
speed with which the bond portfolio declines, however, bprevent loans
from fully stabilizing until about the seventh year.

Figure IV-4 exhibits variables related to the return on loans
outstanding, the only interest rate that is permitted to vary in the
first simulation. As we have seen, three factors influence the return
on loans (as well as the average return on assets): relative loan
extension delay, relative profitability, and the relative spread between
interest rates on assets and the cost of deposits. Each 1influence
affects the desired return to which the actual returns adjust.

The 1loan extension delay, which rerflects credit market

conditions, constitutes the dominant pressure on the Bank's interest

®6#Note that liquid assets in the Bank equal a multiple of excess
reserves plus Treasury bills (see Equation 7 in Appendix 1).
A"reduction in bonds, therefore, does not result in a flow of m:cney
to the Bank but, rather, causes money of the Treasury (contained in
money in test generator MIG) to decline. This lower level of money,
and therefore demand deposits, reduces required reserves, raises
excess reserves, and therefore raises liquid assets and cash funds
of the Bank. Similarly, when borrowers pay interest on loans, their
checking accounts are debited by the bank; deposits and required
reserves decline and excess reserves and Bank liquidity rise.
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rate. The loan extension delay (not shown in the figure) rises
initially because of the accumulation of unrealized loan requests.
Within nine months, the loan extension delay reaches a peak about 7%
higher than its normal value of three months (0.25 year). As a result,
the multiplier from delay on return on loans rises to about 1.07. In
other words, excluding other forces discussed below, the return on loans
would rise by 7% within a year#7#% (because of the impact of the
"delivery delay"™ on loans). Profitability and relative interest rate
spread, however, provide counteracting pressures, which build up as %he
return on loans rises. As demand conditions cause banks to raise their
charges, the spread between loan and deposit yields, as well as bank
profits, expands. Relative to the acceptable rate spread, the current
spread rises during the first year, as long, in fact, as the retura on
loans increases. As the spread expands, downward pressure is exerted on
the 1interest rate. As the spread rises, so does profitability, which
includes the higher earnings on a growing level of 1loans ¢that vyield
expanded revenues to the Bank. Together, the impact of profit and
spread partially offset the influence of loan extension delay. After
about one year, the pressures on the loan yield start to diminish and
the multipliers slowly return to 1. As loan demand is realized, ¢then,

the return on loans moves back to its original value of 6.3%, after

*7%*The time to adjust return on loans outstanding TARLO is equal
to 0.3. Within three adjustment times, or about one year, the
return would adjust to its desired level.
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having risen as high as 6.7%. As no other returns in this simulation
are permitted to change, only the original value of 6.3% provides the
acceptable ratios of profitability and spread that are consistent with a
new equilibrium.

The adjustments in securities that permit the Bank eventually
to meet loan demand are displayed in Figure IV-5. As we saw earlier,
lenders can vary security holdings by purchasing more or less than the
replacement volume. As bills or bonds mature and are not replaced by
purchases, the total holding declines. The desired purchase rates are
modeled in a similar fashion, and respond to available cash funds,
liquidity (in the case of bonds) and relative returns. Figure IV-5
shows that both bills and bonds decline in response to the step in loan
demand. As lending rises, the Bank's cash funds (not shown here)
decline. Because these effective cash reserves now constitute a
smaller-than-acceptable component of total 1liquidity, the multiplier
from cash on Treasury bills falls to a low of 0.89 within nine months.
At the same time, a rising rate of return on loans, compared with the
constant bill rate, decreases the relative attractiveness of bills and
provides additional, though less intense, downward pressure on bill
purchases. Both forces cause bill holdings to decline initially by
about $4 billion (over 25%) within two years.

Thereafter, however, bills begin to accumulate slowly toward a
new, higher level, as the Bank rebuilds its liquidity to accommodate the
expanded lending activity. The source of this turn-around and expansion

in liquidity can be traced to the net sale of government bonds. Within
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two years of the step in demand, bond holdings are down by $5 billion.
When bonds are allowed to mature, the Treasury's money supply,
represented in the pool of money in test generator (not shown in the
figure), declines by the same amount. This reduction in total money
frees up Bank reserves, thereby augmenting effective cash funds of the
Bank by roughly the amount of the decline in bonds. Rising cash funds
quickly redress the composition of Bank liquidity, equal to effective
cash funds (proportional to reserves) plus bills, and thereby drives the
multiplier from cash on Treasury bills from 0.89 to a peak of 1.05.
Within two years of the worst cash squeeze, then, aggregate bill
holdings for the banking system start to rise. The excess of actual
effective cash funds over desired cash funds (not shown) peaks at about
16% and then gradually declines.

Although bills start to rise, bond holdings continue their
steady decline. Within two years of the step in loan demand, net bond
sales have eased the pressure on 1liquidity, and the multiplier from
liquidity on government bonds starts to rise. For twelve years,
however, liquidity remains below the desired amount. So inadequate
liquidity, plus the relatively unattractive (constant) bond yield,
causes bonds to fall, but at a decreasing pace. Eventually, bonds
decline by almost $17 billion, thereby permitting a $15 billion
expansion in loans and an additional holdiné of liquid assets.

Figure IV-6 traces the time plots of Bank reserves. Excess

reserves, though a tiny fraction of total bank assets (about 0.1% at the
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end of 1975), constitute a widely accepted channel for official monetary
policy and an important component of a bank's capacity to make loans.
When net lending rises, total money supply, and therefore demand
deposits, also expand. The figure shows that demand deposits rise in
the simulation, but only by $0.7 billion, before declining to a level
slightly below its initial wvalue. That 1is, even though loans rise
eventually by $15 billion, the total money supply hardly changes at
all.*8% As the Bank's bond holdings decline, loans advance. In effect,
the Treasury has permitted its money supply to decline so that private
borrowing can expand. The economy's overall debt composition has
changed in favor of the private sector.

Required reserves of the Bank move in phase with total demand
deposits, as the Bank is required to hold a fraction of demand deposits
(22% in the model) as reserves. Because demand deposits first rise,
required reserves and therefore borrowed reserves expand by about
$0.15 billion. The subsequent reduction in required reserves is
roughly, but not exactly, mirrored by changes in excess reserves. As
explained in the equation description, excess reserves are influenced by

the amount of owned reserves and by borrowed reserves, 2as well as oy

*8%Demand deposits end up slightly below (less than $0.2 billion) the
initial amount because the Bank needs a somewhat higher volume of
cash funds (excess reserves) to support its expanded lending. To
provide the added excess reserves, total demand deposits of the
government (included in the pocol of money in test generator) must
decline, <through reductions in the bond account, by more than the

amount ¢f new primary bank loans.
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changes in reserve requirements.

In Figure IV-6, owned reserves decline at first, then rise
above the 1initial value before gradually coming back to the new
equilibrium amount. Except for a short lag that permits the public to
adjust the ratio of currency to money, the movement in owned reserves
mirrors the behavior of demand deposits. Initially, total money {(not in
figure), and therefore demand deposits, rises by about 3$0.7 billion
bDecause of higher lending. Since the public wishes to hold a constant
portion of money as currency, this portion ( = DRCM = 0.2) of the higher
money level is withdrawn from the Bank and thereby reduces owned
reserves cver a short adjustment time. When total money falls, the
public deposits currency so as to maintain the desired composition of
money; and owned reserves rise again. During the entire run,

open-market operations, the only other influence on owned reserwves, are

neld constant and have no impact.

vy

Excess reserves also reflect borrowed reserves. At irst,
borrowed reserves climb sharply by about $100 million and then decline
again along with required reserves. On balance, the initial decline :In
excess reserves equals the reduction in owned reserves (approximately
$60 million on the plot) plus the rise in required reserves
($75 million), less the expansion in borrowed reserves ($100 million),
or about $70 million.

To complete this treatment of the first simulation, Table IV-1

exhibits balance sheets for the Bank before and after the transient

response to stepped-up loan demand.



-157-

Table IV-1
COMPARATIVE BALANCE SHEETS OF THE BANK--FIRST SIMULATION
($ billioms)

{ !
i Assets £=0 t=U0 Liabilitie £=0 t=40 |
! 1
! i
! Reserves 43.4 43.4 Demand deposits 165.9 165.7 |
| Treasury Bills 15.2 16.7 Savings deposits 65.0 65.0 |
! Gov't bonds 40.0 23.3 Borrowed reserves 0.4 0.4 |}
. Loans 148.5 163.5 Equity 15.8 15.8 |
{ 247.1 2u6.9 247. 246.9 |
! [
t 1

At the new equilibrium, loans outstanding equal

$163.5 billion. Bonds, however, have fallen by $16.7 billion, whereas
one might have expected the decline to match the $15 billion increase in
desired loans. Most of the $1.7 billion difference ($1.5 billion) has
gone into maintaining a higher level of liquidity commensurate with the
higher lending rate. Thus the Treasury bill account exceeds its initial
value while excess reserves are high enough so that the Bank's effective
cash portion of liquidity attains the desired level. The remaining
$0.2 billion in the decline of the bond account offsets the previously
explained decline in demand deposits.

The preceding discussion was designed mainly to relate a
portion of the model to its behavior and to familiarize the reader with
the basic dynamics of asset management in banking. The conditions of
the test were somewhat artificial, but the simulation represented the
way in which the banking system uses 1its securities portfolio to

accommodate primary loan demand. For a qualitative comparison with
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recent experience, consider the chart in Figure IV-7.%#g#% During
1973-74, when loan demand was rising sharply, total bank credit expanded
by 32% while total security holdings rose by only 6%. Most of these
securities were long-term bonds which actually declined during much of
the two-year period, despite the overall growth trend in money supply,
economic activity, etc. As loans leveled off during 1975, the bond
account expanded by over 10% during the first six months, and then also

leveled off.

#3%#The chart is based on data supplied in various FRB Bulletins. Total
bank loans and investments are shown directly in the Bylletin. The

division of total securities 1into short-term and long-term
categories is based on data showing bank holdings of government
Securities by maturity ( < 1 year and > 1 year) and on the
assumption that 8% of the remaining securities were short-term
(which was approximately the short-term portion of total outstanding
state and local securities during recent years).
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Figure V-

This pattern in bond holdings is consistent with the theory
and behavior of the Bank model, whose bond account declined in the first
simulation to provide liquidity for primary lending. If liquidity had
continued to flow into the Bank after the higher loan demand nad Dbeen
satisfied, the ©bond zccount also would have risen to take up the slack
just as actual bond accounts rose during early 1975.

The Treasury bill account in Figure IV-7 is more volatile than
the bond accoun:t. Although no close parallel can be drawn betweean the

pehavior of bills in the rather artificial model run and in reality over
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the last three years, the general patterns are consistent. In the model
(see Figure IV-4) Treasury bills first declined as liquidity was drawn
down to permit a higher lending rate. Later, after loans started %o
level off, bill holdings rose as the Bank attempted to replenish its
liquid assets. In Figure IV-7, bills also fall as bank credit rises
during early 1973, and they rise sharply in 1975 when loan demand falls
off. The pattern in 1974, when contrasted with the movement in bonds,
is not reflected in the model, but seems to have more to do with
relative returns on securities, which were not allowed to change in the

first model run. The next simulation, however, will reflect the richer

behavior that results from permitting investment returns to vary.

2. The Bank and Savings Investor--Step in Loan Demand

In the second model simulation, the Bank is combined with <the
Savings Investor ¢to permit the Bank to manage both its assets zand its
savings deposit liabilities. As we saw in the first run, the 3Bank could
ad just its securities portfolio so as to accommodate primary loan
demand. But Bank savings deposits, as well as interest rates on
deposits and government securities, were held constant. In the second
run, the Bank can raise 1liquidity not only by reducing its bond
portfolio, but also by attracting deposits from the Savings Investor.
Other things being equal, the Savings Investor is encouraged to raise
Bank deposits when the return on deposits exceeds <the risk-adjusted
returns on other holdings (government securities and savings deposits in

other lending institutions).
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In this run, however, other factors enter the Savings
Investor's portfolio decision. First, interest rates on bills and bonds
are permitted to change in response to the Bank's security transactions
as well as those of the Savings Investor. As the Bank's holdings of
government bonds are depleted, for example, the return on bonds rises
and competes with the yield on Bank savings deposits. Second, the
Savings Investor's cash portion affects its purchase of other liquid
assets, which include savings deposits and Treasury bills. Thus, the
conditions for this run are more complicated than before, in that two
financial institutions are active, rather than just the Bank. The other
two lenders, however, are totally passive. They cannot change their
deposit returns, which enter into the Savings Investor's decisions; they
maintain constant levels of deposits; and they hold a constant lending
rate.#10#%

Figure IV-8 shows time plots of major balance sheet items for
the Bank over a 20-year period. In response to the same $15-billion
step in desired loans that we saw before, most of the ad justment to a
new equilibrium occurs over the first 10 years. The behavior of this
run differs from the previous case by exhibiting an overshoot in loans
and securities. As we shall see later, this additional instability

reflects the Bank's capacity tc raise savings deposits, as well as

#10*To run this model configuration, the test generator parameters are
the same as before. Now, however, the coefficient for testing
financial sector CTFS equals 1 for both the bank and the Savings
Investor (CTFS(2) = CTFS(3) = 0 as before).
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variations among alternative interest rates.

By attracting deposits as well as reducing bonds, the Bank
produces a balance sheet after the transient period that looks different
from the one shown earlier. This new balance sheet appears in
Table IV-2.

Table IV-2

COMPARATIVE BALANCE SHEETS OF THE BANK--SECOND SIMULATION
($ billion)

I I
] I
| Assets t=0 t=40 iabilitie t=0 t=40 |
| {
| Reserves 43.4 Ly .0 Demand deposits 165.9 163.6 |
i Treasury Bills 15.2 16.5 Savings deposits 65.0 T4.8 |
i Gov't bonds 40.0 30.3 Borrowed reserves 0.4 0.4 |
i Loans 148.5  164.3 Equity ~15.8 _16.3 |
: 247.1 255.1 247. 255.1 |
t I
I i

Unlike the comparison in the first run, total assets in
Table IV-2 have risen by $8 billion rather than returning to their
initial value. Instead of relying entirely on reducing the government
bond account to meet expanded loan demand, the Bank simultaneously
reduces bonds and increases savings deposits (by raising the return on
deposits). Bonds deciine, therefore, by about $10 billion, rather than
$17 billion as before, and savings deposits increase by almost
$10 billion. Most of the proceeds end up in the expanded loan account,
which grows by $15.8 billion. If the only net change in Bank
liabilities were the $10 billion growth in savings deposits, then we

would see an equal expansion in total assets. The final increase,



-164-

however, is about $8 billion, reflecting the growth in loans and the
decline in bonds, plus somewhat higher bill holdings and reserves.
Offsetting part of the growth 1in savings deposits is a $2.4 billion
decline in demand deposits, due, as we shall see, to the actions of the
Savings Investor.

Changes in the asset holdings of both Bank and Savings
Investor show that the economy, as before, has basically shifted its
debt composition from public to private obligations. In addition to
changes 1in government securities of the Bank, Treasury bills in the
Savings Investor decline by about $6 billion, thereby reducing
government debt by about $15 billion and permitting a similar rise in
Bank credit. Because total savings are held constant here, some asset
of the Savings Investor, other than bills, must decline by $4 billion so
as to permit the $10 billion expansion in Bank savings deposits. In
fact, because non-bank deposits are also held constant, only changes in
cash funds and government securities of the Savings Investor can make
room for the nigher level of deposits. As shown in Table IV-3, the
Savings Investor switches cash and bills for savings deposits, 2ll forms
of liquid assets. Bonds end up at their initial level.®*11%# The reduced

cash, in turn, accounts for most of the decline in demand deposits on

#11#%In equilibrium, given the nature of the test configuration, bonds
held by ¢the Savings Investor must equal the initial level.
Appendix IV-2 provides a discussion of equilibrium conditions for
the combination of a lender (in that case, the Mortgage Lender) and
the Savings Investor, given the same formulations in +the test
generator as prevail in the simulation of Bank and Savings Investor.
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the Bank's balance sheet; for expansion in the privately-owned money

supply, through higher lending, offsets the decline in government-owned

funds.
Table IV-3
COMPARATIVE BALANCE SHEETS OF THE SAVINGS INVESTOR--
SECOND SIMULATION ($ billion)

i %
i Assets £=0 £=l40 Liabilities £=0 t=40 !
1 {
! l
i Cash 13.0 9.1 Total savings u77.9 477.9 |
| Treasury Bills  40.0 34.0 ]
! Gov't bonds 70.0 70.0 '
| Savings Deposits: i
| - Bank 65.0 74.9 {
! - Corp. Lender 126.3 126.3 !
! - Mort. Lender 153.6 153.6 i
i Equity {
i  (nominal) 10.0 10.0 !
1 |
t 1

Figure IV-9 exhibits the major loan variables plotted over 20
years. During the first 2.5 years, the behavior looks similar to the

behavior of the first run, where the Bank could obtain new liquidity
only by letting bonds mature (and earning a higher return on loans). In
response ¢to the step in loan demand, lending expands rapidly during the
succeeding quarters and thereby depletes cash and liquidity. Cash funds
(not shown in the figure) fall during the first three quarters, thereby
suppressing the 1lending rate, but then move sharply up again through
ad justments in the Treasury bill account. Liquid assets (also not
shown) fall during the first two years, causing the multiplier from

liquid assets on lending to restrain the loan extension rate to 7.5%

below the indicated rate.
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The restraint from insufficient liquidity is not as great as
before, because during the first two years, the Bank obtains liquid
assets from an expansion in savings deposits as well as from reduced
bond purchases. Thus 1liquid assets fall by less than in the previous
run. Subsequently, liquid assets rise faster because of the growth in
savings deposits, so that desired and actual levels of liquidity are
equal by year 7 (versus 12.5 before). At this point the multiplier from
liquid assets on lending equals one and actually exceeds one by a slight

amount during the next five years. )

As explained earlier, this simulation differs from the first
because of the Bank's capacity to change savings deposit rates and
thereby attract funds from the Savings Investor, and because government
security rates are also permitted to vary. The effect of a higher
deposit return on Bank liquidity and, thereby, on lending, has been
described. The impact on lending of variable rates on deposits and
securities also can be seen in Figure IV-9. The multiplier from
relative return on lending rises after two years to over 1.1, thus
exerting considerably more upward pressure on lending than before, when
the multiplier rose to a (earlier) peak of 1.1. Some of the factors
that lie behind the behavior of this multiplier are exhibited in the
next figure and will now be explained.

Figure IV-10 shows the return on loans outstanding and four

other related variables. Compared with the previous simulation, the

return on loans peaks higher (over 7.9% versus 6.7%) and later (at
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t = 4.75 versus t = 1.5). The higher peak value reflects two factors:
the average return on assets and the return on savings deposits. The
average return on assets in the figure lags the return on loans
slightly, reflecting the phasing of government security rates that enter
into the calculation of average return. If no other influences on loan
rates were active, the return on loans would adjust over the short
adjustment time ( = 0.3 years) to the average return on assets (plus the
constant risk and cost premium on loans). Thus, as the Bank sells off
securities to meet loan demand and the Savings Investor reduces
securities so as to increase savings deposits, interest rates rise,
thereby encouraging loan rates to rise as well.

Other factors, however, cause the return on loans to peak
before the average return on Bank assets. Initially, lending cannot
Keep pace with demand and the loan extension delay rises. Within two
years, nowever, relative demand is more than satisfied; the delay falls
below iIts normal value; the multiplier from demand on return on loans
declines and stays below one. At the same time, however, the Bank has
raised its return on savings deposits and thereby cuts into the spread
between what the Bank can earn and what it must pay out for deposits.
As a result, the multiplier from spread rises to a peak of 1.1, thereby
causing the return on loans to keep rising. As the return rises, the
spread declines. Simultaneously, the return on savings deposits (not
shown here) rises less rapidly as the 3ank regains liquidity, while the

average return on assets keeps rising. The influence of the reduced
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spread, therefcre, peaks out well ahead of the return on loans (about
one year).

The impact of profitability is weak for the Bank. Although
the Bank raises deposit rates by a higher fraction than loan rates, the
pool of outstanding loans exceeds the pool of deposits. Thus relative
profitability rises even as the spread declines, and the multiplier from
profit exerts some downward pressure on loan rates.

In addition to peaking at a higher level, the return on loans
peaks later than 1in the first run because of the upward movements in
other interest rates. Bill returns and bond yields rise over a
five-year period. Initially, both the Bank and Savings Investor
purchase fewer securities than the Treasury wants ¢to sell, causing
yields to rise. Even though Bank-held Treasury bills bottcm out in the
third year, bills in the Savings Investor, as well as bonds in both
institutions, keep falling for about three more years, thereby driving
rates up.

Relative returns in Figure IV-9 favor loans over government
securities, although the peak in the multiplier from relative returas on
lending occurs about two years before the peak in the return on loans.
Following both plots out 20 years reveals that, while liquidity and cash

eventually adjust to their desired levels, the return on loans remains
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relatively attractive and sustains a loan extension rate and loan level
that exceed their "desired" amounts.¥12% The interest rates, in turn,
stop moving when desired (Treasury) sales of government securities equal
desired purchases and the actual return on loans outstanding equals the
desired return. By year 12, the securities markets are roughly 1in
balance and the average return on assets stabilizes. At this point, the
influences that would move the loan rate away from the (risk-adjusted)
average return are also in balance, with the upward pressure of a
relatively low spread in returns offset by the downward pressure from
relatively high profitability and low loan extension delay.

Figure IV-1l displays the major liability management variables
plotted over 20 years. In response to the initial step in loan demand,
relative 1liquidity declines and, through the multiplier from liquidity
on return on deposits, causes the return on savings deposits to rise.
Relative 1liquidity reaches its lowest point at year 2, and remains low
for more than five years, considerably longer than relative demand
(measured by the relative loan extension delay) remains high. Liquidity
stays 1low over a longer period because, even after lending matches loan
requests, liquidity must be brought up to the new, expanded level of
activity. One way to raise liquidity is to attract deposits by paying a

higher yield.

%#12%Desired loans in test generator DLTG steps to 163.5E9, while loans
equilibrate at 164.3. A comparable excess of backlog over desired
backlog offsets the difference between desired and actual loans, so
that the correction for loans and backlog in test generator CLBTG is

equal to zero.
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In addition to the influence of liquidity on deposit yields,
the 1increased return on loans also encourages a higher desired return.
Thus a positive loop operates to push rates up: a higher return on
loans 1lifts the return on deposits, which squeezes rate spreads and
encourages higher loan yields. Downward pressures build up, however, as
the expanded liquidity, resulting in part from higher savings deposits,
permits growth in 1lending and stabilization of yields on government
securities.

As the yield on Bank deposits rises, relative to the average
return available on other assets of the Savings Investor, the multiplier
from return rises and encourages expanded investment in Bank savings
deposits. Because interest rates equilibrate at a level nigher than the
initial value, and because the yields on non-Bank deposits stay constant
in this simulation, the multiplier from returns stabilizes at a level
above one (1.18 at t = 20). Offsetting the attraction of a higher yield
is the reduced level of cash funds in the Savings Investor, expressed in
the multiplier from cash on savings deposits (0.85 at t = 20). Thus,
the higher return successfully attracts deposits to the Bank.

The overshoot in savings deposits occurs because of delays
inherent in establishing the return or deposits and in the Savings
Investor's purchase and accumulation of deposits. As shown in
Appendix 1, the return on savings deposits adjusts to a desired return
over a one-year adjustment time. Then, in response to, say, a higher

return, the Savings Investor purchases deposits which accumulate in a



-17U-

level. The expanded liquidity that results puts direct and indirect
downward pressures on loan and deposit rates. But these pressures take
time to transmit to investors in the form of lower yields and a reduced
rate of deposit accumulation. In effect, investors are responding to
information which reflects previous, rather than instantaneous,
conditions. The potential for instability described here has been
~reated -elsewhere 1in connection with general price and quantity
ad justments (Mass 1976) and is a feature of economic systems where stock
variables (e.g., liquid assets) enter into management decisions (such as
the loan extension rate and adjustments in the deposit rate).

Figure IV-12 reveals the asset management side of Bank
behavior. As in the first simulation, Treasury bills and bonds decline
during the first few years 1in response to the cash and Iiquidity
sSqueeze. However, as 1liquidity comes in from the sale of zadditional
savings deposits, cash funds encourage more purchases of bills than
before; and higher liquid assets cause the multiplier from liquidity on
government bonds to return years sooner to its neutral value of one.
Although bills eventually come back to a level higher than at the
beginning, in order to balance out the composition of liquid assets,
bonds stabilize at $10 billion less than the initial level.

Though not as significant as the 1influence of cash or
liquidity, relative returns exert an interesting impact on the Bank's
securities transactions. For bills, ¢the wmultiplier from relative
returns falls below one at the beginning because of the rise ian return

on Bank loans. But from +then on, the multiplier encourages bill
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purchases because the effort of both Bank and Savings Investor to
eliminate bills has raised the interest rate relative to other yields.
For bonds, the timing is somewhat different. The relative return on
government bonds (not plotted) does not rise at all above one. Even
though bond rates increase, the return on bills and loans rises by a
greater fraction, so that the Bank's purchase of bonds is discouraged
because of both inadequate liquidity and a low relative return. At the
same time as 1liquidity is restored and actually encourages bond
purchases by the Bank, other interest rates decline more rapidly than
bond yields and force the relative return (and multiplier from return on
bonds) back toward one.

The behavior of the Bank in this simulation depends partly on
the responses of the Savings Investor. Figure IV-13 plots three assets
held by the Savings Investor, plus the ratio of relative returns that
affect these asset transactions. Because of the Bank's early
liquidation of Treasury bills, the relative return on Treasury bills
rises and encourages the Savings Investor to increase its nolding by
$1 billion. Thereafter, the reduced cash position affects the aigher
relative return on bills and causes bills in the Savings ZInvestor to

g

decline. As the return on savings deposits rises, its return relative
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to the bill rate essentially causes a shift in the Savings Investor from
bills to deposits.#13#%

The relative return on bonds also increases, though after a
slight decline at the beginning because of the rapid rise in the pill
rate. Thus the returns on all three variable assets (bills, bonds, Bank
savings deposits) are attractive relative to the average. Even though
the multiplier from return on government bonds rises as high as 1.17,
the bond level falls during the first five years by over $5 billion,
because of the declining level of cash funds. After five years, though,
bond holdings start to rise again, as bond yields stay up relative to
the declining rates on bills and deposits, and as excess liquidity
(which grew because of the initial decline in bonds) exerts pressure to
buy bonds.

At the beginning of this description, we saw that the system
nearly stabilizes after about 10 years. The stability results from the
Bank's having satisfied locan demand virtually fully after a few years.

(The correction term in the test generator, not shown here, is close to

zero within three years of the step input.) After adjusting iInternal

#13#The multiplier from returns on bills reaches about 1.14, while the
multiplier from return on savings deposits reaches about 1.3. 3oth
multipliers use the same table for multiplier f{rom relative returns
TMRR and are based on a particular return (bill rate or deposit
rate) with reference to the average return on assets of the Savings
Investor. Therefore, if MRSD > MRTB, we know that the risk-ad justed
return on savings deposits exceeds the return on Treasury bills.
With an equal downward pressure from insufficient cash funds, we
should expect the Savings Investcer to favor deposits over bills.
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liquidity and interest rates to the initial shock, the system faces no
additional perturbation and moves smoothly toward equilibrium. In the
next simulation, the exogenous input will vary continually, as a sine

wave, over the entire test period.

3. The Bank and Savings Investor--Cyclical Loan Demand

The third simulation comprises the Bank and Savings Investor
as they respond to a sine wave in desired loans, with a four-year period
and a 10% amplitude. The other parameters and switches in this test are
the same as before, except that desired sales of government securities
equals maturities plus a term that corrects the outstanding amounts of
bills and bonds to constant desired levels.¥#14* The discussion of this
simulation will focus on the relative phasing and amplitudes of Bank
assets and interest rates as they move over the full cycle imposed on
demand. The four-year period of oscillation was chosen to represent the

duration of a typical short-term business cycle.

#14%Tn the previous two runs, the time constants of the correction terms
on desired sales of Treasury bills DSTB and desired sales of
government bonds DSGB were set to high numbers (approximating
infinity) so that desired sales simply equaled maturities. In this
fashion, outstanding securities and interest rates could settle at a
new equilibrium determined by the internal workings of the Financial
Sector rather than by the test generator. In the oscillatory run,
the correction term is active so as to avoid a drift that would
result from making desired sales equal to maturities. Drift would
reflect the downward bias in the multipliers affecting the purchase
of bills and bonds (MPTB, MPGB). When desired sales exceed
purchases, the level of securities would decline, causing desired
sales (which depend on the level) to decline as well; when desired
purchases exceed desired sales, however, MPTB and MPGB would not
exert sufficient pressure to bring outstanding securities back up to
preceding levels.
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Figure IV-14 shows Bank loans and securities as they oscillate
over a lO-year period, starting after the transient response to the
Sine=-wave input has disappeared. The figure brings out several
important features of the model. First, the Financial Sector combined
with the test generator attenuates the oscillations so that a 10%
amplitude in desired loans ( = $15 billion) produces an amplitude of
about 3% 1in outstanding loans (approximately $5 billion). Part of the
attenuation occurs within the test generator. Despite swings of + 15EQ
in the correction for loans and backlog in test generator (not shown in
the figure), the requests for loans (not shown) moves over a narrower
range, because requests equal maturities (a one-year delayed value of
the lending rate) plus the correction term. The one-year average
lifetime of loans, therefore, puts maturities about 130 degrees out of
phase from the correction term (which also includes the backlog ievel)
and helps to attenuate ¢the oscillations.®15% Similarly, within <the
sector, the 1lending rate (also not shown) oscillates with an amplitude
of over 7% while maturities (a one-year delay of lending) and the loan
levels, to which maturities are proportional, move within a narrower
range. Other variables, however, oscillate with a higher amplitude than

the input signal. 1In the figure, for example, liquid assets move cver a

®15%Forrester 1961, p. 417, shows that a simple first-order delay, such
as maturities relative to the 1loan extension rate, reduces tae
amplitude of an incoming sine-wave signal by alimost 350% when the

r

ratio of the delay time to the period equals 0.25 {( = 1 year average
life of loans + 4 year period).
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range of + 20% of the mean value, a result that parallels the observed
amplification of inventories in most production systems (see Forrester
1961, Chapter 15).%16%* As Figure IV-14 reveals, Treasury bills, which
comprise most of the liquid assets, fluctuate by about + 20% around the
mean value. The amplitude of osecillation in bills coensiderably exceeds
that of government bonds, which vary by only about 5% around the mean.
This relative volatility of Treasury-bill holdings seems consistent with
available data on the composition of bank security portfolios.®#17%
The relative phasing of asset holdings is also consistent with

observed behavior. Conard writes:

As is well known, bank loans and bank investments commonly

move inversely to each other. The bank attempts to

accommodate its loan customers and adjusts its investment

portfolios as required to meet this need. If necessary, and

sometimes when not necessary, it may borrcw from the Federal

Reserve 1instead of selling securities, but this does not

prevent the opposite movements of loans and investments. The

cyclical patterns reveal this inverse conformity clearly, with

loans moving cyclically in agreement with business expansion
and contraction. (Conard 1966, p. 67)

&

In the figure, bills held by the Bank move 180 degrees out of
phase with loans, while bond holdings lag bills by six to nine months.

As we have seen in the structure of the Financial Sector, the 3ank

#16%A full technical treatment of the system's response to a sine-wave
input goes beyond the scope of this chapter and will not be pursued
further here.

#17%Se2, for example, the breakdown of commercial bank holdings of
government securities by maturity in the FRB Bulletin, which shows
greater changes in short-term securities than in long-term holdings.
See also Figure IV-7 earlier in this chapter.
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behaves in the manner described by Conard, with adjustments 1in
government securities reflecting the primary credit needs of Bank

customers.®18%

Figure IV-15 shows the impact of Bank portfolio adjustments on
interest rates. Again, the behavior of the model accords with the

pattern described by Conard:

This cyclical pattern [in loans and securities] makes it
plausible to believe that one of the important factors causing
interest rates on bills and bonds to rise during business
expansion may well be the action of banks; that is, a changed
demand for bank loans is transmitted directly to the capital
market through the securities in which banks trade, primarily
Treasury bills but significantly also intermediate-term
government notes and bonds. When the demand for bank loans
increases, bank sales of securities reduce their prices and
raise their yields. At the same time, bank rates on loans
also increase in response to expanding demand. (Conard 1966,

p. 67)

#18%Gordon also shows the inverse correlation between bank loans and
security investments in the context of NBER reference cycles. The
comparison can be seen in two reference cycle patterns reproduced

from Gordon 1961, p. 293:

BANK LOANS QUTSTANDING
REPORTING MEMBER BANKS
— 3 CYCLES 1919-1938

~——e 3 CYCLES 1919-1927 BANK INVESTMENTS
——— 3 CYCLES 1945-19%8 REPORTING MEMBER 3ANKS
~——— 5 CYCLES 1919-1938
o~ s
~ —_— -1
RN _4f77£“‘*: 120
o 12 28 36 <8 &9 e N
HORIZONTAL SCALS IN MGNTHS 7 N
/ N i,
« 100 -t
7 Z 1
. \\‘ 4/
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In the figure, the returns on loans, bills, and bonds all move
roughly together, with loan rates preceding bill yields by about one
quarter and bond yields by two to three quarters. The historical
pattern in interest rates is similar to the model's behavior. Until
recently, for example, long-term bond rates tended to lag loan yields,
with a lag of about eight months during the early part of this century
(Conard, p. 56). Treasury bill rates, on the other hand, have
synchronized more closely with loan yields, even tending to lead
business-cycle (and loan-yield) peaks since 1920 (Conard, p. 58).
Finally, the work of Cagan and Kessel shows greater volatility in
short-term rates than in long-term rates. (See Kessel 1965 and Conard,
p. 69). The model does not correspond as well to this last observation,
as yields on both bills and bonds in the figure move over a comparable
range.®*19% The relative volatility of short and long rates in the model

should be examined more closely when the Financial Sector is combined

with other parts of the National Model.

4. The Bank and Savings Investor--Noise in Loan Demand
Some of the same relationships that were examined in

connection with the pure sine wave input can also be explored when the

#19%The bill rate in Figure IV-15 stays above the bond yield over most
of the run, despite the historical tendency of bond yields to exceed
bill rates. One should not attribute much significance to this
relationship in the model, however, as the model is initialized with
the bill yield higher than the bond yield (5% versus 4.9%) and
therefore retains the gap in steady-state oscillation.
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Bank is subjected to random noise in loan requests. The noise input
contains approximately all frequencies and, therefore, tends to elicit
the natural, or inherent frequency of the system. As shown 1in
Figures IV-16 and IV-17, the Bank combined with the Savings Investor
exhibits a noticeable inherent frequency of U4 to 7 years.®#20#% The
period 1is consistent with short-term business-cycle behavior, although
there is no obvious reason to take this as validating or invalidating
the internal structure.

The two figures also reveal phase and amplitude relationships
similar to those uncovered in the sine-wave simulation. Investments
move countercyclically with respect to loans, with greater relative
amplitude in bill fluctuations than in bonds. Also, interest rates tend
to move together, with bill yields and loan rates well synchronized, and
bond yields lagging the other two by about six months.

In addition to interest rates, Figure IV-17 also plots the
(fractional) change in the total money supply. Visually, the
fluctuations in the change in money move counter to interest rates,
especially 1loan and bill rates. Cagan has found a strikingly similar
negative correlation between short-term yields (in his investigation,

the commercial paper rate) and the rate of change in the money stock

®20#%This period seems related to the one-year average Llife of Bank
loans, although extensive testing was not performed to isolate the
critical parameters. Note that another noise run, with the
correction term removed from the request for loans in test generator
RLTG, showed a similar periodicity (4.5 to 6.5 years), with somewhat
greater amplitude in the oscillations.
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