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I. Introduction

The l£»00's have marked two major investment bocxns in tlie

United States. Ihe first occurred in the 1920 's, when according to Gordon

(1974) , expenditures for producer and consumer durables comprised a larger

fraction of GNP than during any period prior to World War I. Biis boom was

followed by the Great Depression of the 1930 's, v*iich was particularly,

characterized by the collapse of the new capital formation. The second

investment surge occurred in the 1950 's and early 60's. This boom has been

followed in the early 1970 's by a period of abnormally lagging investment.

Itiis glance at economic history suggests several iirportant

questions. First, v^at are the forces that periodically produce major

investment booms? Second, vAiat are the forces that underlie sharp

investment declines? Ihe third question, closely related to the second, is

how do the circumstances of an investment boom lead into subsequent

decline? Keynes (1937a) specifically addressed this third question in

noting that "increased demand for mcxiey resulting from an increase in

activity has a backwash which tends to raise the rate of interest, and this

is, indeed, the significant element in ray theory of v*iy booms carry within

than the seeds of their own destruction." Ihe third question links the

first two because an adequate theory of investment boons and decline must

explain not just the boon jiiase or the decline but also the transition

between the two.

Ihe econonics literature embodies two main sdiools of thought

on causes of investment boons and declines. Ihe accelerator theory
Dewey
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originated with Qark (1917) and focuses on real variables. According to

the accelerator theory, rising demand for consumer goods evokes higher

investment for replacement of a3equate capital plant to meet sales.

Moreover, rising sales trigger investment expenditures for expansion of

capacity. According to the theory, investment demand for expansion depends

on the rate of growth of final demand, and hence rising investment requires

an accelerating growth of final demand. Samuelson (1939) expanded the

accelerator theory by coupling it with the multiplier. In the

multiplier-accelerator model, rising investment increases national inccme

and thereby augments final demand. However, with a marginal propensity to

cbnsunne of less than 1, final demand rises by less than the increase in

investment. The declining rate of increase in final demand eventually

lowers investment and thereby reverses the growth in incane. Therefore,

acccording to the multiplier-accelerator theory, investment downturns are

brought about by either absolute declines, or even slackening growth, in

consumption expenditures.

The mcxietarist theory emphasizes monetary rather than real

variables as dcroinant causes of investment fluctuations. The monetarist

position is best stated by Friedman and Schwartz (1963a, 1963b) and

Friedtian and MeiselJtian (1963) . Friedman and Schwartz

(1963a) identify a strong historical correlation between changes in the

level of incane and changes in the size of the money stock. Diey reject as

unlikely the possibility that the correlation is due to coincidence.

Further, they reject the possibility that changes in money stock are caused

by shifts in demand for money and credit on the grounds that the stock of

money is an autononous variable controlled by the Federal Peserve. Ihey
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conclude # therefore, that changes in rnoney stock underlie shifts in incane.

Friedman and Schwartz note that the 1920 's marked the first

conscious attempt to use central bank powers to pronote internal econonic

stability. They thus attribute the rapid economic growth and investment

upsurge of the 1920 's to steady monetary expansion. In a similar vein,

Friedman and Schwartz attribute the severity of the contraction following

J929 to a one-third reduction in the stock of money between August 1929 and

March 1933. They conclude:

. .
Hie contraction is in fact a tragic testimonial
to monetary forces... different and feasible

..... . actions by the monetary authorities could have
prevented the decline in the stock of

_.... mcaiey—indeed could have produced almost any
desired increase in the money stock... it is
hardly conceivable that money incane could have
declined by over one-half and prices by over
one-third in the course of four years if there
had been no decline in the stock of money.

In the literature, the accelerator and monetarist theories of

boons and declines are not just conpetitive but almost mutually exclusive.

Temin (1976) contrasts a "money hypothesis" and "spending hypothesis" of

the Great Depression of the 1930 's. Temin argues that Friedman and

Schwartz show "almost conplete indifference to incane determination" in

their narrative of the depression. On the other hand, the spending

hypothesis onits the money stock as a causative factor:

Instead, in parallel with the procedure adopted
by Friedman and Schwartz, it assumes the validity
of the "spending hypothesis" and leads toward the
construction of a story on that basis... If
investment is determined by a variety of factors
other than the si?>ply of money, the level of
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Income will be, too. therefore, [the spending
hypothesis] cannot test the money hypothesis.
Bie causes of the depression are sure to be found
in the behavior of investment, not in the supply
of money.

Bie mutual insularity of the monetary and spending hypotheses can be seen

in the fact that the spending hypothesis contains no direct influence of

money stock on transactions, while in the monetary hypothesis it is the

dominant or even sole influence. Thus, in a recent symposium, Anna

Schwartz (1976) notes that the MPS model "does not even contain the

explanatory variables that [monetarists] deem important." Gould and Nelson

(1974) and Pesek (1976) argue that modern-day monetarists attribute a

dominant role to money but they assume that velocity is a stable function

of other variables rather than absolutely fixed.

This paper attempts an initial integration of the money and

spending hypotheses of investment boons and declines. An investment

functicxi is developed to interrelate real and monetary variables. In the

model, investment is influenced by real variables (such as volume of

sales) , by relative prices of labor and capital equipment, and by money

stock. Money enters through a liquidity constraint on investment, v^ereby

inadequate liquidity limits investment expenditure vAiile abundant liquidity

encourages investment. The combined investment function is simulated to

study investment behavior. Ihe analysis leads to three major conclusions:

1. Changes in real variables can induce sustained investment booms
that eventually give way to over-expansion of capital production
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capacity and subsequent decline in investment; the same forces
that reinforce the investment upturn reverse their influence
once production capacity becomes excess / and prorote decline in

, capital investment.
J

2. Changes in relative prices of labor and capital work in the same
direction as the real variables to accentuate either investment
booms or declines; such influence of relative prices lies
between the "real" emphasis of the accelerator theory and the
money stock eirphasis of the monetarist theory.

3. An expanding money stock is indispensable to supporting an
ongoing investment boon, and more generally, Federal Reserve
policies regarding money supply can exert important influences
on long-term investment behavior. However, contraction of money
supply is not a necessary or even prime cause of investment
downturns.

ihese conclusions are developed in the text, and the analysis is related to

results of Friedman and Schwartz and of Temin, and to recent work of Minsky

on the "Financial Instability Hypothesis."
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II. FORCES SUSTAINING INVESTMENT BCXDMS

J .
'

Ihis section describes forces that sustain prolonged

investment boons such as that of the 1920 's and of the 1950 's and early

1960 's. Ihe discussion is divided into investment incentives that derive

from: ^. -•

1. Beal forces
2.. Shifts in relative prices
3. Monetary variables

The Model description in Section II draws heavily on Mass (1978). Section

ill subsequently combines these elements into a simulation model to isolate

the iiipacts of the real and monetary variables in creating investment boons

and declines.

II,A. Impact of Real Variables

Che set of pressures that can reinforce capital expansion

derives from determinants of desired output rate in capital sectors. In

the accelerator model, output of capital goods is geared to meet average

orders or sales. In the simplest form of the accelerator, capital-output

ratio is assumed to be fixed by economic or technological factors, so that

desired capital stock is a multiple of average orders or sales of capital

goods. (See Chenery (1952), Koyck (1954), and Kuh (1965) for examples.)

In more recent investment work, the capital-output ratio is iteelf taken to

be a variable that depends on output prices and prices of factors of
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proQuction. (See Jorgenson and Siebert (1968)) and Bischoff (1971) for

examples). In either model, investment is viewed as part of the stock

adjustment process that moves capital stock toward its desired level.

Under the simplest assumption of a one-period adjustment in capital stock,

investment responds to the difference between desired capital at the

present time and desired capital in the previous period, the latter equal

to actual capital stock at the present time, so that investment depends

only ai the rate of change of sales.

Bie accelerator model in either form (with fixed or variable

capital output ratio) is limited in describing the circumstances of an

investment boon by assuming that output of capital goods is geared only to

past sales. For example, during a period of expanding sales, production of

capital goods will initially lag orders and sales, but will later need to

rise above both to replenish output inventories and to reduce to an

acceptable level a high order backlog that builds vAien production capactiy

is below orders. Thus, realistic portrayal of response of capital goods

producers to disequilibruim conditions requires considering affects of

inventory and backlog conditions on output behavior.

Equation 1 generalizes the accelerator principle along these

lines. Desired production of capital goods DPCG equals average sales of

coital goods ASCG plus correction terms for output inventory and order

backlog. When output inventory of capital goods OICG and backlog of orders

for coital goods BOCG equal their desired levels, DECG equals ASCG meaning

that output is geared simply to meet average sales rate. Impact of

inventory conditions is represented in Equation 1 as the inventory DICG

minus OICG, divided by time to correct inventory of capital goods TCICG.
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Low inventory necessitates production in excess of seiles rate to rebuild

inventory, while surplus inventory produces pressures to cut back output to

liquidate inventory. Order backlog similarly affects desired production:

high backlog necessitates production above average sales vrfiile low backlog

indicates weak demand and contracts output. The backlog impact is measured

by backlog of orders for coital goods BOCG minus desired backlog of

capital goods DBCG divided by the time to correct backlog for capital goods

TCBGC. Impact of inventories and backlogs on production is discussed in

Mack (1967), Stanback (1961), and Zarnowitz (1961).

DPCG (t) =ASCG (t) + (DICG (t) -OICG (t ) ) ACICG +

(BOCG (t) -DBCG (t))ACBCG (1)

To see how production policies for capital goods reinforce

trends in capital investment, suppose that orders for capital are rising.

Increased orders augment average sales, deplete Output inventories of

capital goods as those goods are shipped, and increase order backlogs for

Ce5)ital goods to the extent that appropriate output inventories are not

inmediately available. All three effects—higher sales, lower inventory,

and increased backlog—raise desired production of capital goods DPCG. In

turn, more production necessitates an increased capital stock. In Equation

2, desired capital in capital sector DKCS equals desired production of

capital goods DFCG times the desired capital intensity in capital sector

DCICS. DCICS measures the target cepital-output ratio in the capital

sector; its determinants are discussed in Section 2b. Finally, viewing

order rate for capital as part of the stock adjustment process implies that
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an increase in desired capital in coital sector will lead to still further

orders for capital goods, further increase in desired production of capital

goods, and so on.

._ DKCS(t)=DPCG(t)*DCICS(t)

,;.--; Apart from current donand or supply conditions, as measured

by output inventories, order backlogs, and average sale of capital goods,

capital investment may also be affected by expectations of growth in sales.

For exanple, si5)pose that demand for industrial equipment is growing at a

rate of 3% per year. Then capital stock and other factors of production

must be expanded at 3% per year to meet demand even if inventory and

backlog are in balance at each point along the growth path.

Equation 3 integrates influences of both levels of demand and

growth expectations an capital investment in capital sectors. Orders for

capital in coital sector OCCS equal the sum of replacement orders for

capital in capital sector RXCS plus expansion orders for capital in

Ce^ital sector ECCCS plus orders for sijpply line in coital sector OSLCS.

The first term, PDCCS, represents orders to replace depreciating capital

stock. OCCS would equal the replacement rate ROCCS if coital in the

capital sector were at its desired level and if expectations of growth in

sales were zero. The third term, OSLCS, is discussed later and represents

orders for capital on the part of capital users to assure prompt deliveries

and maintain an ^propriate amount of capital on order.

Ihe middle term in Equation 3, expansion orders EOCCS, is

formulated in Equation 4 as the sun of two components. The first term is
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equal to the desired additional number of ci^ital units to be acquired (or

disposed) , equal to desired capital in capital sector DKCS minus capital in

capital sector KCS, divided by the time to correct stock of capital in

capital sector TCSCCS. The second term equals capital in capital sector

KCS multiplied by the expected growth in sales in capital sector EGSCS.

Since desired capital in capital sector DKCS depends on desired production

of capital goods, it represents the influence on orders for coital of

levels of demand in accordance with Equation 1. The second term in

Equation 4 represents influence of growth or decline in demand for capital,

apart from present levels for demand, on capital investment. Within

Equation 3-4, then, rising orders for coital establish growth expectations

that still further augment orders for capital.

OCCS(t) =ROCCS{t) + EOCCS(t) + OSLCS{t)
"'^ '

(3)

BOCCS(T) = ({DKCS(T) - KCS(T) )/rCSCX:S(T) ) +
KCS(t) EGSCS (t) (4)

A third source of self-reinforcing growth in capital

investment from real variables derives from Icxig lead times during periods

of physical capital shortage that encourage excelerating investment plans.

Users of capital equipment try to maintain their outstanding orders for

capital at an appropriate level to acquire that equipment at the rate

required for their production plans. In terms of Equation 3, the desired

rate of acquisition would be measured by the sun of replacement orders plus

expansion orders for capital, that is (RCCCS + EOCCS). Orders for capital

must be planned ahead by the lead time or delivery delay for capital goods.

When lead times rise, capital goods must be ordered further ahead to
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sustain the desired rate of acquisition over time. Ihus in Equation 5

desired supply line in capital sector DSLCS equals desired rate of

acquisition of new capital multiplied by the perceived delivery delay for

capital PCDC. In turn, Equation 6 formalizes the supply line adjustment.

Orders for supply line jji capital sector OSLCS equal desired supply line in

capital sector DSLCS minus supply line for capital in capital sector SLCCS,

divided by the time to correct supply line in capital sector TCSLCS.

J '&• -

DSLCS (t) = (POCCS{t) +EOCCS(t)) PDDC(t) (5)

OSLCS (t) = (DSLCS (t) - SLCCS(t)) /TCSLCS (6)

Delivery delay for capital tends to run high when backlog of orders for

capital equipment BOCG is out of line with output inventory of capital

goods OICG, the latter representing the physical output available to meet

demands for capital goods. In Equation 1, delivery delay for capital DDC

is therefore represented in synixjiic form as an increasing function of the

ratio of backlog to inventory BOCG/OlCG.

EDC(t) = f (BOCG (t)/OICG (t)) f ' ( )>0 (7)

In, accordance with Equations 5-7, lead times for capital

equipment can be seen to influence capital investment as follows:

increased orders for capital goods fill order backlogs and deplete output

inventories, therdjy raising delivery delays for capital; in turn rising

delivery delay triggers advance ordering of capital goods that further

augments demand for capital.
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II. B. Impacts of Shifting Relative Prices

...-_. --. Major capital investment booms are characterized not just by

an increasing scale of production of capital goods, but by an increasing

intensity of coital use in production. Figure 1 plots employment, real

capital stock, and capital/labor ratio for the aggregate economy from 1925

to 1975. Ihe figure shows a significant increase in capital/labor ratio in

the late 1920 's, ard again following 1945.

SQ Sp <Q
uj o o o u«o 1979

Figure 1

Aggregate eoploynent and capital stock, ISSS-iy?***

Sources: Historical Statistics of the United States (pp. 126-127, 259)

and Statistical Abstract of the United States (pp. 356, 129)
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Sources of increasing capital intensity during capital investment

boons can be explained in terms of the relative attractiveness of capital

ancl labor as inputs to production. In Equation 8, desired capital

intensity in capital sector DCICS equals capital-output ratio in capital

sector COPCS multiplied by the perceived capital return to cost in capital

sector PCICCS. PCRCCS is lagged value of capital return to cost in capital

sector CRCCS, which measures incentives for increasing capital intensity.

in Equation 9, ChCCS equals price of capital goods PCG multiplied by the

marginal product of capital in capital sector MPCCS, both divided by the

marginal cost of capital in capital sector MCCCS. The numerator of

Equation 9 measures the marginal revenue product of capital. Ihe

denominator represents the depreciation and interests costs of holding

capital in inventory for a year. The ratio of marginal revenue product to

marginal cost measures the incentive to increase capital relative to

producticMi. Thus in Equation b, capital intensity is increased over the

present capital/output ratio when the return to capital is perceived to

exceed its costs, and conversely. Ihe formulaticxi in Equatiais 8-9 is

similiar to impact of factor costs on coital investment in the

neoclassical investment function (Jorgenson and Siebert (1968) , Jorgenson,

et al , 1970)), except that delays in perceiving marginal productivity of

capital and in determining an optimal capital-output ratio are explicitly

represented in the delay structure of PCRCCS. (Bischoff (1971) and Senge

(1978) described the theoretical importance of distinguishing delays for

adjusting capital intensity from delays for increasing capital stock to

raise output at a given capital intensity.)
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DClCS(t)= COKS(t) PCRCCS(t) (8).

CI<CCS(t)= (PCG{t) MPCCS(t))/MCCCS(t) (9)

~ -- During the initial j*iases of a capital investment boom, such

as the period around 1940 in Figure 1, capital sectors are under pressure

to exparxi output. Labor can normally be expanded faster than capital/

v*iich according to Keynes is produced through a relatively "roundabout"

process of production. Rising labor relative to capital stock creates

incentives for rising capital intensity that reinforces demand pressures

for additional production of capital goods. Moreover, as shortages of

labor develop, wage rates tend to rise. Increased wages create an

additional incentive for more capital-intensive production by increasing

coital return to cost in coital sector CFCCS. Thus, during an investment

boom, capital sectors of the economy compete for labor against other

producing sectors. The resulting shortage of labor and rising wages induce

more capital-intensive production. Finally, more orders for capital

further stimulate production of capital goods, thereby heightening the

cxxnpetiticMi for labor between capital-producing and capital-using sectors.

II.C. Monetary Impacts

Monetary variables influence the pace of capital investment

through two primary channels: the level of interest rates and the

availability of money (or more broadly, liquidity) to support expenditures.

A firm that is investing aggressively in capital equipment may frequently
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rtn short of liquidity even though it is highly profitable, as measured by

return on investment (Donaldson (1961, 1969)).- Therefore, availability of

external finance to supplement internal funds becomes a critical element in

sustaining investment booms.

Equation 9 extends the previous formulation of orders for

capital in capital sector OOCS to include liquidity pressures. Here, OCCS

equals the sum of replacement orders PDCCS, expansion orders EOCCS, and

.orders for supply line OSLCS multiplied by the effect of liquidity on

ordering in capital sector EDXS. The term liquidity is used here broadly

to canprise cash, short-term liquid assests (such as treasury bills or

other marketable securities) , and unused credit lines that could provide

funds for investment. Ihis definition of liquidity corresponds

eqpproximately to the broader definitions of money supply such as M2 and M^.

ElOCS has a multiplicative influence in Equation 9 so that per cent changes

In liquidity produce per cent changes in orders for capital goods (and at

the extreme, zero liquidity implies zero capital investment).

ELXS is a function of adequacy of liquidity—defined as the

internal level of liquidity divided by the liquidity needed to support

transactions. It has a normal value of 1 when the capital sector has

adequate liquidity to sustain the pace of real activity. In Figure 2,

ELOCS rises slightly above 1 in the face of more than adequate liquidity

that would provide a slight incentive to increase aggressiveness of capital

ordering. In this region, EliXS is below the 45 line so that investment

rises less than proportionately to liquidity when liquidity is high, or

equivalently, the velocity of money falls. Friedman and Schwartz (1963a)

document that velocity of money falls vAien money stock is high relative to
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transactions. Moreover, Pesek (1976, 1977) shows that Irving Fisher's

moietary theory incorporated a variable velocity depending on relative

monetary stock and transactions, rather than a constant velocity as

commonly interpreted (also see Mayer (1977). To the left of the (1,1)

point in Figure 2, inadequate liquidity curtails capital investment. But

here EliXS is above the 45 line, so that producers try to maintain

investment despite a shortage of liquidity and velocity of money rises

(Friedman ar^ Schwartz (1963a)).

Liquidity constraints must be incorporated in an investment

function as in Equation 9 to isolate the role of real and monetary forces

in generating investment booms and declines. Keynes (1937b) attributed a

key role to availability of financial capital in the investment process,

arguing, "It is to an important extent, the financial facilities that

regulate the pace of new investment." Minsky (1975) similarly emphasizes

that "the financial system. ...contains the potential for runaway expansion

powered by an investment boom. This runaway expansion is brought to a halt

because accumulated financial charges render the financial system fragile,

so that not unusual changes can trigger serious financial difficulties."

According to Minsky, "success breeds daring" in that incentives for

profitable investment raise acceptable levels of debt in the eyes of both

lenders and borrowers, until excessive debt charges eventually curtail

expansiai. Section III examines the behavioral effects of different

regimes of tight or easy money towards sustaining investment boons and

eventually turning those boons into declines. Coen.(1971) and Sinai and

Brininer (1976) describe recent investment functions that incorporate

liquidity constraints.
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/
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Figure 2

Impact of liquidity on investment
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III. BEHAVIORAL IMPACTS OF MCNEI-ARY AND REAL VARIABLES.

Ihe preceding hypotheses of the impacts of monetary and real

variables on capital formation have been conbined in a ccxriputer simulation

model. The model consists of two production sectors: one producing

consumer goods and the other capital goods. Each sector uses labor and

capital as factors of production. Substitution between labor and capital

in production is possible in accordance with a modified Cobb-Douglas

producticxi that allows for variable utilization of factors. Structure of

the capital goods sector is based on Equations 1-9 above. Labor

acquisition is assumed to depend on overall need for output in the capital

goods sector and on relative profitability of labor intensive versus

capital-intensive production; structure of labor acquisition is thereby

parallel to that of capital investment. Similarly, equations for labor

acquisition and capital investment in the consuner goods sector are

structurally parallel to those for the capital goods sector.

A priori values for all model parameters were chosen to

accord with values suggested by earlier corporate modeling studies with

firms and goods and capital sectors (Mass (1975), Roberts (1978)). Least

squares estimation was also used to estimate parameters. Estimated and a

priori parameter values are generally quite close together, providing an

important check on plausibility on model parameters. Senge (1978) reports

estimations and statistical test results. Hypothesis tests suj^rt the

structural hypothesis advanced earlier. For exanple, the results support

the hypothesis that desired production rate is influenced not only by

average sales as in the accelerator model, but also by relative inventory
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ano backlog conditions.

Kie following experiments atteiipt to gauge the relative

importance of monetary and real variables. Impact of real variables on

capital investment behavior can be isolated by neutralizing the monetary

impacts. In all the experiments interest rates are held constant because

the production sectors have not yet been integrated with a financial market

model that would generate interest rates. However, different conditions of

Credit availability are examined to analyze their effect. Focusing on just

money availability rather than cm both money availability and interest

rates does not fully exhaust analysis of monetary iirpacts. However, the

analysis in terms of money availability should be indicative in the sense

that tight money policies restrict investment both through high interest

rates and through limited credit, so that both responses work in the same

direction. The author is now working to extend the present analysis to

incorporate variable interest rates. [De Leeuw and Kalchenbrenner (1969)

discuss methodological limitations of single-equation models for isolating

in5x>rtance of monetary variables]

.

With the above provisos in mind, inpact of real variables on

investment is gauged by assuming that liquidity is always maintained at

adequate levels, ttider such conditions, liquidity has no effect on

investment, providing neither incentive nor disincentive. With liquidity

effects nuetralized, only real variables influence investment. Model

simulations with liquidity neutralized can be compared with other

simulations in vAiich liquidity c<»istraints are operative, to see the

behavioral impact of those constraints. Similarly, different assunptions

can be made about availability of money to the system to provide an
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aoditionai measure of sensitivity to monetary and real variables.

Figure 3 shows capital investment behavior when adequate

liquidity is always maintained. Such a condition of adequate liquidity

would correspond in real life to a higlily accomodative policy by the

Federal Reserve that injected money into the system to meet all

transactions requirements and thereby elerainated the possibility of

liquidity shortages. Specifically, Figure 3 shows the response of the

cpnsuner goods and capital goods sectors to a one time step increase in

orders for consumer goods starting from equilibrium. In this model

interest rates are held constant as noted earlier, and order rate for

consumer goods is the exogenous input influencing behavior. Figure 3 shows

fifty simulated years. From year to 23 output of capital goods expands

rigidly. At year delivery delay^ for capital is slightly below its normal

value of 1.5 years. Delivery delay rises up to a peak of over two years

around year 17. The high delivery delay is synt^Jtomatic of rising orders

for capital, depleting finished output inventories of capital goods, and

rising order backlogs in coital sectors. Inai^equate inventories of

capital goods and high backlog fuel expansion of capital output,

reinforcing expansion of coital sectors as Icaig as the coital sector

needs additional capacity to produce. Second, rising orders for capital

create growth expectations that also augment demand for capital. Tliird,'

high delivery delay for capital during the build-up 0iase frcxn years to

23 encourage advance ordering of capital goods that sustains the imbalance

between supply and demand that underlies the high delivery delay. Fourth,

Figure 3 shows that labor in the capital sector expands more rapidly than

the stock of capital in the capital sector during the production upowing;
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expanded labor enhances marginal productivity of capital anci favors more

capital intensive production. Rising v/ages^for labor (not shown in Figure

3) also foster more capital-intensive production. . ,..

;««•-
^OOO'- tt

PRODUCTION OF^
CAPlTaLGOODS^-X

CAfrrfli:

IN CAPITAL
SECTOR

J I ^z^1^-&i^ (N CAPITAL

^';S ECTOR

DftlVERYDELAV
FOR CflPlTAiL

'^*l!

y

Figure 3

fovestment bdiavior \4ien adequate liquidity is maintained.

froductlon of capital goods expands by about 80% up to th«
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peak in Figure 3. Ihe expansicm is fueled by the cumulative forces

described above and financed by the inflow of liquidity to meet the rising

level of internal activity. As long as liquidity is held adequate, the

real forces and shifts in relative prices promote a self re-enforcing

upturn. Thus the behavior in Figure 3 from year to 23 ^ows a sustained

investment boom. The behavior is consistent with the observation of

Friednan and Schwartz that expanding income and investment go hand and hand

with increasing money stpply. It is also consistent with Minsky's

observation that sustained investment boons are accompanied by credit

expansion motivated by a growing dependence of firms on external finance.

For exarrple, Minsky (1974) notes that ratio of corporate debt to profits

before taxes more than doubled during the investment boon of 1950 's and

early 60 's. However, the behavior in Figure 3 provides some inportant

perspectives on the role of mcxiey in generating investment booms. First,

throughout the simulaticxi, adequacy of money is maintained so that money

has a consistently neutral effect on investment plans. Iherefore, it

cannot be properly said that monetary expansion is driving the investment

boom, so much as the expansion of money is allowing non-monetary forces to

take root and trigger the investnient boom, therefore, the model underlying

Figure 3 isolates real forces and shifts in relative prices and wages that

can sustain a prolonged investment boom. Simultaneous expansion of incone

and money supply (liquidity) in Figure 3 occurs not because money is

driving the expansion but because growing liquidity requirements lead to

credit expansion. But money does have an important role in the system of

Figure 3, as seen in more detail later, for it is the sustained

availability of money throughout the investment expansion period that
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allows that expansion to generate such manentum and continue for such

duration.

j._.-,- . Capital production eventually overexpands in Figure 3.

Delivery delay in the capital sector peaks at about year 17, ahead of the

peak in production which occurs at about year 23. Delivery delay in

capital sector is highest when the imbalance between supply and donand for

capital goods is greatest. Therefore delivery delay tends to peak when

pressures for expansion of capital output are the highest. By the peak of

production, delivery delay has almost fallen back to its normal value.

However, restoring delivery delay to a normal level requires producing for

a- period of time in excess of orders, both to reduce order backlog and

therdby alleviate excess demand and to build up output inventory and

thereby increase available supply of capital goods. Iherefore, once

delivery delay has been restored to normal, production of capital goods

exceeds the output rate needed to sustain the existing capital stock

against depreciation. Overcapacity develops. At this point, all of the

mechanisms that previously sustained build-up of capital production now

reverse their effect to accelerate decline in capital formation. For

exanple, as order backlog for capital goods falls and output inventory

overbuilds, desired production of capital goods declines, thereby lowering

desired c^iital in coital sector and further decreasing orders. Moreover,

falling delivery delay means that advance ordering is no longer necessary,

so orders for supply line wane. Analogously, each of the mechanisms that

encourages capital production when capacity is short of demand acts to

depress new orders for capital goods once capacity ccnies to exceed orders.

Figure 3 thus shows a strong tendency for long investment boons to
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eventually turn themselves into declines. The behavior provides an

interesting perspective on the maietarist position that major economic

dovmturns are occasioned by monetary contraction. In Figure 3, money has a

neutral effect. On the downturn, investment, income, and money stock would

fall concomitantly, as occurred during tiie Great Depression of the 1930 's

{Friedman and Schwartz, 1963a) . But as on the upturn, maiey is not driving

the changes in income. Instead, the causality is reversed: falling

investment and income reduce liquidity requirements and thereby lower the

stock of money through diminished demand for credit. This behavior is

consistent with the analysis in Temin (1974, 1976) of the Friedman-Schwartz

explanation of the Great Depression. Temin observes that Friedman &

Schwartz (1963a) "looks only at one side of the market and ignores effects

coming from the demand for money... Friedman and Schwartz held the Fed

responsible for the decline in the stock of money after the crash. .. [But]

the fall in income may have decreased the demand for money leading to lower

interest rates and therefore smaller borrowing from the Fed. In other

words, the decline in the stock of money may have been a result of the fall

in income." Temin thus argues that the stock of money is determined not by

tiie supply considerations alone, but also by the denand for money and

liquidity.

The behavior in Figure 3 also provides seme perspectives on

the accelerator theory of investment. The accelerator theory sees changes

in final demand (consumption) as the driving force underlying boons. But

in Figure 3, the investment upsurge is not driven by consuTiption, vrtiich is

held constant exogenously, but by the internal dynamics of investment

decisions within the capital sectors and by the coupling between capital
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and good sectors through the effect of delivery delay for capital on

ordering. Although the accelerator theory is frequently held to be an

outgrowth of Keynes, the emphasis on consumption as the driving force for

income is in fact inconsistent with Keyne's stated thrust. In his 1937

response to Viner, Keynes surmiarizes the General Bieory as follows:

^e theory can be summed up by saying that
given the psychology of the public, the level
of output and enployment as a whole depends on

-• — -- ..^ - - the amount of investment. I've put it this
way, not because this is the only factor on
*rtiich agregate output depends, but because it

. .
is usual in a complex system to regard as the

''"' causa causans that factor which is most
•,

^. .. . subject to wide fluctuations.

As described in Minsky (1975) , Keynes thus saw the investment function,

rather than the consumption function, as the fundamental determinant of

inccfoe.

- 5}jg behavior in Figure 3 thus identifies a variety of non-

monetary forces that can account both for the periodic existence of

sustained investment booms and also for the tendency for those bocrnis to

turn into decline. As such, the behavior points to a more proninent role

for non-mcmetary variables than attributed in the mcxietarist theory.

Figure 4 shows an additional simulation in v^ich the

assunption of continuously adequate liquidity in the consumer goods capital

sectors is relaxed. Here, money supply in the system is assumed to be

fixed. In other words, a fixed amount of money is assumed to circulate

between consuner goods, capital goods, and household sectors with no

accanodation by the Federal Reserve to apparently growing liquidity

requirements by increasing money supply. As in Figure 3, the household

cco{x>nent of the system is highly simplified: household consumption depends
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on an exogenously fixed nonnal level of demand modulated by adequacy of

liquidity in the household. Household liquidity is augmented by wages and

dividends paid by the consumer goods and capital goods sectors and

decreased by spending for consumer goods. The effect of household

liquidity on consumption proxies the standard concept that consumption

depends on income or on assets.

Figure 4 shows fifty simulated years starting from about the

Seane initial conditions as in Figure 3, at the start of an investment

i5)turn. However, the behavior in Figure 4 differs importantly in magnitude

fran that in Figure 3. Ihe investment upturn in Figure 4 starts around

year seven or eight and peaks before year twenty. Moreover, production of

capital goods rises by less than fifty percent from trough to peak as

conpared with the almost eighty percent expansion in Figure 3. Figures 4

and 3 differ only in that adequacy of liquidity which was held normal in

Figure 3 is now free to fluctuate in accordance with maiey levels and

target expenditures in each of the sectors. Ihe same real variables and

chifts in relative prices that fueled the investment upturn in Figure 3

also account for the upsurge in Figure 4. But Figure 4 shows that with a

fixed mcxiey si:pply circulating between production and household sectors of

the econcray, investment plans come to be restricted by inadeqxjate

liquidity. Adequacy of liquidity is high at year 10, as measured by a

value above one. After year 10, pressures to expand production of capital

goods create mounting liquidity requirements in the coital sector to meet

wage payments and finance capital expenditures. But with a fixed amount of

total money in the system, the sector begins to encounter liquidity

shortages. Inadequate liquidity thus begins to force curtailment of
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investinent plans and throttles the non-monetary forces evidenced more

potently in Figure 3. Liquidity constraints thus account for both the

shorter duration and the diminished magnitude of the investment upsurge in

Figure 4 as compared with Figure 3.

K-PRODUCTION OF:

^*, CAPITAL
\:GOODS

I
•

ij'
Vw*

iDELIVERi DELAY
^ FOR CmTf\L

y

<flDE.QUACYOF;LlQUlD-*-
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Figure 4

divestment behavior with fixed money supply
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2- /She assumption of a fixed money sipply in Figure 4 is

unrealistic in the sense that it has not been observed historically. But

the conditions of Figure 4 do serve as an effective contrast with the

assumptions of Figure 3. In Figure 3/ a highly acccnmodative Federal

Reserve always maintained adequate liquidity through monetary expansion

despite rapidly growing liquidity needs. At the other extreme, in Figure

4, the Federal Reserve is completely unresponsive, and fails to foster

mcHietary expansion even in the face of growing economic activity.

Conparison of Figures 3 and 4 thus provides an effective basis for

isolating the impact of money supply cxi investment behavior.

In Figure 4, an investment boom does take place, albeit of

lower magnitude than in Figure 3. Demands for increased production of

capital goods trigger the expansion despite the fixed money supply. Figure

4 thus exhibits an increasing velocity of money during the upturn, as firms

in the consumer goods and coital sectors economize on cash balances and

continue to invest because of output pressures, despite inadequate

liquidity. The increasing velocity of money during the upturn in Figure 4,

and declining velocity during the downturn are consistent with evidence in

Friedman and Schwartz (1963a) . For exanple, Friedman and Schwartz note

that velocity of money declined hy about twenty per cent during the Great

Depression. In terms of Figure 4, velocity of money declines during a

period of over-expanded investment because diminished investment incentives

curtail expenditures even in the face of adequate money. The behavior in

Figure 4 is thus consistent with Temin's argument that production and money

supply during the 1S»30'8 may have been driven by falling income, rather

than the reverse.
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Bie behavior in Figures 3 and 4 points to an important role

of maiey supply in investment boons and declines. Figure 4 shows that if

tooney supply is not expanded to meet transactions requirements, an

investment bocOT may be sharply curtailed. However, as seen in Figure 3,

the expansion of money still cannot be said to be the fundamental driving

force in creating the boom; nor is contraction of money the fundamental

source of the decline. However, a proper conclusion, consistent with

Minsky, would be that expansion of money is needed during an investment

boom to acconmodate growing transacticwis and therdDy sustain expansion.

For exanple, Minsky (1575), notes that the investment bocxn of the 1950's

and 1960 's was fostered by "the inventiveness of the financial systen in

discovering ways to accoranodate the denand for finance..." From this

perspective, monetary expansion by the Federal Reserve and liability

management by banks to increase money supply during the 1950 's and 1960 's

provided an indispensible financial base that prevented early aborting of

the investment expansion. Note that Figures 3 and 4 show that moietary

policies may thereby have a strong effect on the econoniy during periods in

tAiich production sectors are strongly dependent upon external finance. In

ccxitrast. Mass (1978) shows that once capital investment overexpands and

producers have diminished incentive to invest in new capacity, reduced

dependence on external funds may imply low leverage for even highly

expansive monetary policy to sustain the investment boom. This b^avior is

consistent with the idea of the Keynesian liquidity trap.
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IV. CXWCLUSIONS

Kiis paper has attenpted a first integration of monetary

theories and accelerator (spending) theories of investment boons and

declines. In the literature, the two schools of thought are divergent and

competing. However, the preceeding analysis shows that investment booms

and declines are characterized by a close interaction between real and

monetary forces that gives them their character. In fact, both schools of

thoi^ht appear to have a valid side of the story to tell, but neither side

tells the whole story. _

Ohe accelerator and spending theories emphasize real

variables and interest rates as determinants of investment. But they admit

no influence of liquidity conditions on expenditures. Moreover, they tend

to see final demand as the active driving force in the economy, m this

spirit, Terain (1976) concludes that the Great Depression occured due to an

autonomous decline in consunption expenditures. But Terain 's conclusions,

like the thrust of the accelerator theories, ignores the array of powerful

non-monetary forces seen in Figures 3 and 4 that can drive long boons and

declines from capital investment dynamics.

Bie monetary theories importanUy stress effects of money

stock on transactions. Through influencing money supply. Federal Reserve

policy can be a key ingredient in sustaining investment boons, as seen in

Figures 3 and 4. However, the monetarist theories give short shrift to

real econonic forces and may thereby overstate the role of money as the

active agent in producing boons and decline. Ihe results presented earlier
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%K>uId support the interpretation that money is important as a conponent of

liquidity necessary to support a boom, but that non-monetary forces exert a

key role in generating the "animal spirts" that trigger the boom.

Similarly, monetary contraction may be more a symptom than a prime cause of

investment declines. Finally, monetary policy may exert high leverage vAien

liquidity shortages prevail, but low leverage when excess capacity

encourages rdDuilding liquidity rather than investing in capital goods.

Ihese ccmclusions point to an explanation of investment booms

and declines that draws pieces from both monetarist and accelerator

schools, but which essentially lies between them. An inportant focus for

future work is to integrate this analysis with a model of markets for

financial coital and interest-rate setting. An integrated model could

explore additional channels of real-financial interaction, including rising

credit limits in the face of sustained growth in sales, and variable risk

premiums for capital investment depending on memory of past liquidity

crises. Such analysis may contribute to a less "partisan" view of the

econoniy in v*iich money and real variables both have a place, and thus to an

ijiproved framework for assessing economic policies.



D-2943-1 -33-

BIBLIOGRAPHY

Bischoff, C.W. 1S71. Business Investment in the 1970s: A Comparison of
• Models, Brookings Papers on Economic Activity .

Brinmer, A.F. and A. Sinai 1976. The Effects of Tax Policy on Capital
Formation, Corporate Liquidity and the Availability of Investible
Funds: A Simulation Study, The Journal of Finance .

Chaiery, H.B. 1952. Overcapacity and the Acceleration Principle,

Econcmetrica , January. '
•-

Clark, J.M. 1917. Business Acceleration and the Law of Demand: A
: Technical Factor in Economic Cycles , Journal of Political Econany ,

March.

Coen, 1971. "Ohe Effect of Cash Flow on the Speed of Adjustment," in G.

Prcnira, ed. , Tax Incentives and Capital Spending (Vfashington D.C.

:

The Brookings Institution, 1971)

.

De Leeuw, F. and J. Kalchenbrenner 1969. Monetary and Fiscal Acticxis: A
Test of the Relative Importance in Economic Stabilization-Comment,
Federal Reserve Bank of St. Louis Review, April.

Donaldson, G.D. 1961. Corporate Debt Capacity , Homewood, 111. , Richard D.

Irwin, Inc.

Donaldson, G.D. 1%9. Strategy for Financial Mobility , Homewood, JllT,

Richard D. Irwin, Inc.

Friedman, M. and A.J. Schwartz 1963a. A Monetary History of the United
States , Princeton, Princeton University Press.

Friedman, M. and A.J. Schwartz 1963b. Money and Business Cycles. Review of

Economics and Statistics , Vol 45, February, 1963.

Friedman, M. and A.J. Schwartz, 1%5. ^le Great Contraction 1929-1933 .

Princeton: Princeton University Press.

- Friedman, M. and D. Meiselman 1963. The Relative Stability of Monetary
Velocity and the Investment Multiplier in the United States, in

Stabilization Policies , Studies for the Commission on Money and

Credit, Englewood Cliffs, N.J. , Prentice^all

.

Gordon, R.A. 1974. Economic Instability and Growth : The American Record ,

New York, Harper & Rsw.



D-2&43-1 -34-

Could, J. P. and C.R. Nelsoi, 1974. The Stochastic Structure of the
Velocity of ^Joney, fimerican Economic Review ^ vol. 64, June, 1974.

JorgensQiy D.W. , J. Hunter, and M.I. Nadiri 1970. A Comparison of
Alternative Econometric Models of Quarterly Investment Behavior,

Econanetrica , March.

Jorgenson, D.W. and C. Siebert 1966. A Conparison of Alternative Theories
of Corporate Investment Behavior, American Econonic Review ,

September

.

Keynes, J.M. 1936. ^le General Theory of Employment , Interest , and Money .

New ^ork, Harcourt, Brace.

Keynes, J.M. 1937a. The General Theory of Elnployment, Quarterly Journal of

Econcroics , vol. 51.

Keynes, J.M. 1937b. Alternative Theories of the Rate of Interest, Economic

Journal , vol. 47.

Mack, R.P. 1967. Information , Expectation , and Inventory Fluctuation , New

York, National Bureau of Economic Research.

Mass, N.J. 1975. Economic Cycles; P^ Analysis of Underlying Causes ,

Canbridge, M.l.T. Press.

Mass, N.J. 1978. A Microeconoraic Theory of the Liquidity Trap, System

Dynamics Groi?> Working Paper D-2936-1, Alfred P. Sloan School of

Management, M.l.T. Cambridge, Mass.

Mayer, G. 1977. Professor Pesek's Criticism of Monetary Theory: A
Ccwraent, Journal of Economic Literature , vol. 15, Septonber 1977.

Minsky, H.P. 1974. Coninent on 'A Critical Look at the Keynesian Model',

paper delivered at American Economics Association Meeting, San

Francisco, December, 1974, (unpublished).

Minsky, H.P. 1975. John Maynard Keynes , New York, Columbia University

Press.

Minsky, H.P. 1978. The Financial Instability Hypothesis: A Restatement,

presented at Western Social Science Association, 1978 meeting,

Denver, Colorado.

Pesek, B.P. 1976. Monetary Theory in the Post-Robertson "Alice in

Wonderland" Era, Journal of Economic Literature, vol. 14, September,
• 1976.

Pesek, B.P. 1977. Reply to Professor Dean, Journal of Economic Literature ,

vol. 15, September, 1977.



D-2&43-1 -35-

Roberts, E.B. 1976. Managerial Applications of System Dynamics ^ Cambridge,
M.l.T. Press.

Schwartz, A.J. 1976. Comment, in J.L. Stein, Editor, Monetarism . New
York: American Elsevier.

Senge, P.M. 197b. The System Dynamics National Model Investirent Function ;

A Canparison to the Neoclassical Investment Function , M.l.T. Ri.D.

Thesis, Cambridge, Mass.

Stanback, T.M. , Jr. 1961. Postwar Cycles in Manufacturers ' Inventories ,

Princeton, NJ, Princeton University Press.

Temin, P. 1973. Did Monetary Forces Cause the Depression?, M.l.T.

Department of Economics Working Paper, No. 107, ^ril 1973.

Temin, P. 1976. Did Monetary Forces Cause the Great Depression?, New York,

W.W, Norton arvd Company.

Zamowitz, V. ed. 1972. Tftie Business Cycle Today , New York, National
•' Bureau of Econonic Research.















Date D
^SEMENT

DEC22'80

FEB

mzfm

MB/03'83

-m

^^pf?
•

Lib-26-67



HD28.M414 no 1020- 78
Mass, Nathame/Monetary and real cause
735644

. _ .D»BKS.. 6op52:577

,

3 TDflQ ODl ISl flflS

HD28-M414 no.l021- 78
Serghiou. Serq/A theoretical model for

3 TOflD DDl 15T TOl

HD28.M414 no.1022- 78
Kobnn, Stephe/Firm and 'ndustry facto

73564P .
D.xBKS 00070034

''P P*P!^^

3 TD6D QDl 2Mfl S3D

HD28.M414 no.l023- 78
Beckhard, Ricfi/Explorations on the tea

822509 P.xBKS 000608""09 D*

3 TDfiD DDl im 4bl

HD28.M414 no.l024- 78
Beckhard, Rich/Core content of the tea

82251.0 .D.*BKS . . . Q006Q8

3 TOAD DDl mi ^&7

HD28.IVI414 no.l025- 78
Kalwani, Manoh/Sample size reauirement
735639 D»BKS 00062374

3 TOflD DDl IST fl3b

HD28.IV1414 no. 1026- 78
Kalwani, Manoh/Estimating zero order m
736029 D*BKS 00.0.6.93.2.6

3 TDflD 001 2MD 6^1

HD28.M414 no.l027- 78

Schmalensee, R/On the use of economic

822500 . . .P.*.B.KS . . . QQO6.O.87.0op
,

D*

3 TDflO 001 mi 4^5

HD28.M414 no.1028- 78
Zannetos, Zeno/lntelligent information

'1
iiiiiii iiiiliil

3 TOaO DDl 1ST TE7

HD28.M414 no.l029- 78
Katz, Ralph. /Time and work : towards

735635. . .0»BKS 0.0.0623,76,,.35 0»BKS

3 TOflO 001 IST abT




