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Macro theory typically assumes that the stock of capital demanded
depends inversely on the discount rate the businesg sector applies to its
expected cash flows, and similarly the quantity of real balances demanded
depends inversely on the discount rate people use in cash-holdings decisions.
Both decisions involve risk, but macroeconomics has lacked an explicit theory
showing how risk affects these decisions. This paper integrates ; simple
version of the capital asset pricing model (CAPM) into a rather conventional
rational expectations model, to study macro effects of risk and to provide a
macro explanation of the returns distributions usually taken as given in the
CAPM.

Firms face disturbances from unanticipated fluctuations in real aggregate
demand, and all money holders are subject to s;ochastic fluctuations in
the inflation rate. These risks are modelled with the CAPM, focusing on cor-
relations of rates of returns on various assets. The integrated model gives
short- and long-run real effects of changes in the mean and.variance of
inflation, in the variance of real disturbances to the economy, and in fiscal
policy; it does not, however; examine explicitly the transition from the short
to long run. Thus, the model can investigate some.effects of variances that

could not be considered in earlier rational expectations models (Lucas [1972],

Sargent [1973], Safgent and Wallace [1975]) where such variances do not affect

the unconditional means of endogenous variables.

The model provides a macro framework for some problems in finance. For
example, it predicts an increase in expected inflation due to increased monetary
grovth has a negative effect on returns to equity. Fama and Schwert (1976) found
a negative empirical relationship between rates éf return to stocks and measures
of expected inflation; Fama (1980) and Geske and Roll (1981) offer explanations.

Some results follow from questions about variances seldom explicitly




investigated in macro models: an increase in the variance of disturbances to
aggregate demand causes a fall in output and the capital stock. This is because
such an increase raises the '"beta'" of real capital and hence the discount rate
used in capital accumulation decisions. An increase in the variability of
inflation by itself leads to an increase in the capital stock; it makes

capital more attractive relative to real balances and thus lowers capital's
beta. However, the variability of inflation is likely so highly correlated
with real disturbances to aggregate demand (Logue and Sweeney [1981]) that real
output and the capital stock fall, on balance.

Some results contradict previous work: an increase in the mean inflation
rate leads to a reduction in the capital stock and real output here, while
Tobin (1965), Lucas (1975), Fischer (1979) and others show the capital stock
and output rising. An increase in mean inflation reduces real balances and
hence makes real capital a larger fraction of the "market basket' that the
economy must hold. This in turn raises the beta and required rate of return
applied to capital accumulation decisions and hence reduces the steady state
capital stock. These results arise because, (a) there are assets beyond capital

and real balances, and (b) capital and real balances are not gross substitutes

(as they are in, say, Tobin [1969]).

Some traditional results are confirmed: an increase in government spending
(financed by taxation in the short run or not) "crowds out" private investment,
raising the real interest rate and also the discount rate used in investment
décisions, and reducing both income and the capital stock.

This paper makes no attempt to derive jointly the macro and CAPM formula-
tions from some more fundamental analysis, of the adjustment path of the system.
Indeed, the difficulties in handling intertemporal CAPMs (e.g., Ross [1978]),

even in the absence of macro complications, would make such a task much more




formidable than what is attempted here. Nevertheless, the macro and CAPM
"stories'" combined here do not seem grossly inconsistent. In fact, they

are complimentary; the macro analysis provides the disturbances' distributions,
taken as parametric by the CAPM, while the CAPM allows explicit incorporation
of the effects of risk in the macro analysis.

Section 1 describes the model, particularly its CAPM elements. Section 2
discusses the business sector, and shocks to it from aggregate demand dis-
turbances; Section 3 discusses the relationship of these shocks and inflation-
ary shocks. Section 4 analyzes equilibrium in financial markets. Sections 5
and 6 discuss effects of parametric changes in, respectively, the long and
short run. Section 7 offers one test of the model, using a rather standard
money demand function that incorporates inflation risk. Section 8 provides

a summary and conclusions.

1. Description of the Model

The model includes five markets—-for money, a one-period indexed govern-
ment bond, equity in firms, labor services and a single output that can be
consumed or added to the capital stock. At the start of each period, the price

level, the value of equity in firms, and the short-term real rate of interest

are jointly set to'equate the expected value of aggregate demand to the full-

employment level of output and to clear financial markets. By the end of the
period, output and financial markets revise views and adjust prices, thus be-
ginning a new period. All prices are based on rational expectations, but ex
post often are incorrect. TFor example, the money stock may grow faster than
expected, or money demand randomly decrease, causing higher inflation than
expected. Similarly, government or private demand for output may be higher

than expected, reducing business inventories below optimum levels and causing




the somewhat expensive process of rebuilding them. Unexpected inflation is
the major component of risk to holding money balances, unexpected shifts in
aggregate demand the major component of risk to equity. (Realistically,
aggregate supply shocks such as technological change or some OPEC decisions
are also components of equity risk, and can easily be incorporated in the
analysis.) However, sources of risks are generally not independent: some unex-
pected growth in the money supply will finance unexpected increases in govern-
ment spending; some random decreases in money demand will finance higher consump-
tion.

Unintended inventory changes are reversed through changed labor demand, un-
employment and output. The model considers only equilibrium states, ignoring
such transitory dynamics and their accompanying price level and yield changes;

this is for convenience, and falsifies no important result.

Elements of the CAPM In the CAPM;l/ appropriate discount rates for real

investment and money holding decisions are

(1) RR, = r + BF[E(RMKT) - r]

2 R_=r+8 [ER) - 1,

m

where RRF is the réquired real rate of return on the business (firm) sector's
activities, RR.m the required rate on real money balances, r the risk-free real
rate of interest, E(RMKT) the expected real rate of return of society's entire
risky portfolio (the "market" basket, that is, both equity and money balances),
and BF and Bm coefficients relating the variability of real returns on the
particular asset to the variability of the market's return. (Table 1 defines

the major variables used.)




The discount rates RRF and RRm can be applied to the expected real

returns on the assets, or decisions makers set

(3) E [B(Present Value of Real Cash Flows)

3K ] = RRp

(4) U'IM/P, y] - E(2B/P) = RR_, U' = RR_+ E(AP/P).

K is the capital stock. The expected real rate of return on holding real
balances is the marginal utility (U') of these balances (taken as non-stochastic
and depending on the money stock, M, the price level, P, and real output, y)
less the expected rate of inflation, E(AP/P).

One CAPM variant (Merton [1980]) assumes society requires a constant

2/

marginal cost of risk=' a>0, where the standard deviation of the actual rate

of return for the market o , measures risk of the market's real rate of

Rk

return, so

(5) E(RMKT) =r+ ac

RxT

With zero variability (risk), E(RMKT) would simply equal the risk free real
rate r.

The "beta'" slope coefficients in (1) and (2) are

= Cov(Rgs Rgp)
o2
Rk

(1) 8 = VR Rypp)
2

m
o
RMKT

where the COV(-) are covariances of actual real rates of return on the assets

and the market as a whole. Substituting (6) into (1) for BF gives




(8 RR =+ C°V“:§’ Bk ER ) - 7]
Rt

and substituting (5) into (8) for E(RMKT) gives

(9) RR, =T+ C°V(§§’ Rgr) [ + aoRMKT -rl=r+a C°V(i1=’ Rygr)
Rykr RykT

Similarly,

(10) R.Rm =r+a COV(Rm, RMK'J:') .
o

R

The discount rates depend positively on a, and the Cov(‘)s, and negatively

on O ; sections 2 and 3 examine the Cov(*)s and o

Rt

Ry

Return on the Market Basket of Risky Assets The only assets available to

society in non-zero net amounts are shares in firms and money balances.
Government issues a risk free, one-period indexed bond with the market-
determined real rate r. Assume these bonds are redeemed through perfectly

foreseen patterns of taxation, and there is effectively a zero net stock of

3/

them in existence at all times.=' The actual real rate of return on the
market (RMKT) is simply a weighted average of the actual real rates on money

(Rm) and equity (RF)‘ Thus,

= I y
(11) RMKT—me-’-wRF’

where v is the real value of equity in firms, x_h_ the quantity of real balances,

and w the (non-human) real wealth of society, w = m + v. Thus,

(12) E[Rg ] = S ER ] + 2 EIR],




Properties of o2 require discussion of the business sector.
T

2. The Business Sector

Firms forecast sales S and adopt pricing policies to try to set S equal
to the current full-employment output, y, or they set E(S) = y. Extra costs
arise from deviations of S from y. For example, if y > S, some unsoid output
is lost to wastage, with the rest carried as inventory at positive costs.
If S > y, then inventories sink below optimum levels, to be rebuilt with costly
accelerated production, extra hiring; overtime, etc. Thus, the short-run
equilibrium level of output, y, often differes from its long-run level §, due
to inventory fluctuations that affect labor demand (as for example Blinder,

[1979]), with these output and employment fluctuations causing extra real costs.

- 2
For any level of y, let these real costs equal cEiE;)q y, where c is a positive

constant. Thus these costs depend on the squared percentage deviation of S from

y, and (proportionately) on y.

Real "profits'" m or real net income, then, are
(13) = = {7 - cl(s - y)/y1% v},

where T is the level of m if S = y at the full-employment, general equilibrium

level y. Assume

(14) §_§_Z =u

b

where u is a white noise (Section 3 derives u); thus, there are no patterns

in forecast errors, consistent with rational expectations. Hence,

(15) Eln ] = [m - c(cfl)yt].




The discount rate RRF is used to evaluate the sequence of expected real
profits E[nt]. Assume that the economy is in steady state, or E[nt] is the
same for all t. Then, the real value of the business sector is
T 2
T - co
T

-V is established at the start of the current period. The actual real rate of

(16) v =

return RF during the period is composed of 7 divided by the real value of

equity, plus the change in v from this period to the next. Thus, RF is

ar”n RF=?‘_‘_§(_UZ_)X+%.

From (16), with a given RRF and cﬁ,‘z can vary only if firms change y and K.

In the short run these are fixed and hence Av = 0, and in the long run Av = 0
with the steady state y and K. Hence, Av # 0 only on the traverse to steady

state, which is not examined here. This explicitly assumes the wealth

consequences of any u are felt fully in period t (even if adjustments to

disturbances occur over several periods).

Determination of RRF and RRm From (9) and (10), finding RRF and RRm requires qz

Ry

Cov(RF, RMKT)’ and Cov(Rm, RMKT)° The real return on the market, from (4),

(11), (12), (17) and the discussion surrounding them, is

w v

- 2
(18) RMKT = %(U' - .%I_,) + ¥ [“_Z_c_(_’:’_).z] ;

4/

thus ,—

2 = (By2 2 IV2,29.2-2
(19) o . (w) 9ip + (w) c 20ucu.




The covariance of RF and RMKT can be shown.to be

=L X 29,22
(20) Cov(RF, RMKT) = c 20uou.

vw

From (9), then

(y/v)c220i0§
(21) RRF =r+ a :

- 2 2 25 2 2%
{(m/y) Op + c Zoucu}

o . S ]
Similarly, Cov(Rm, RMKT) =3 %ap’ and

(m/y)o2
(22) RRm =1+ a APZ oo 2 25
. 2
{(m/y) ofp + c 20uou}

It is worthwhile exploring u, AP/P and their relations in more detail.

3. Structure of Disturbances to the Economy

First consider u. Aggregate demand S equals consumption C, plus
investment I, plus government demand G. Suppose the economy is in steady
state, with I = 0. Then, at the full employment level of output, y, ex ante

goods market equilibrium requires

(23) y = E(C) + E{G) = E(S).
Suppose

(24) Gt =G + ey,

where G is a constant, et is a white noise error term, with the disturbance ey

proportionate to the scale of the econcmy as measured by y. Let C depend

on real disposable income and on r,




(25) c=C(y - t, ) + &y, C, <O,
and let C(*) be linear homogenous in (y - t),
(26) ¢ = (y - t)C(1, 1) + &y, 1>c¢, r)>0,

where £ is a white noise error term, and t real taxation. At a given price

level, P, m depends on randomness in the money supply. Suppose
(27) m_ + E(mt) + ey,
whereet is a white noise. Given E(S) =y,

(28) St -y=uys= {et + Et}y. Thus,

S, -y 2
(29) E [—'E—y— = 0121 = o2 + ce,

g

because there is no reason for autonomous shifts in the consumption function
(£) to be correlated with unforeseen changes in government spending (e).
(e and € should show poéitive correlation.)

The rate of inflation is, directly from this LM curve;él

P - P
t+1" "t _ AP _
(30) 7§, T r - § + (e, - w)/(w/y),

where § is the trend rate of growth of the money supply, € the random
component of money supply growth and w.y a white noise term on growth of the

real money demand function. Thus,
2 - [+2 2 2
(31) ofp = {og + o7}/ (w/y)

because unforeseen disturbances to money demand and supply (w and €) should

be orthogonal. Increases in cj should tend to show up in increases in o2 and

3
2

o 2 . . . .
increases in o; should tend to be associated with increases in UE.




It is clear, then, that increases in oi and © are likely to occur

2
AP
simultaneously. This is an extremely important consideration for empirical

work. Nevertheless, it is useful to consider such shifts one at a time.

Equilibrium in Financial Markets

The long run system (with zero investment) can be described by

E(C) + E(G) = (y-t)C(1, r) + G (IS curve)

s - 2
T/y co’

_._.__?ggr__ (firm valuation equation)

U'(m,y) - E(AP/P) = RR (LM curve)

(y/v)c22020i
(4') RR, = r+ a 2 (equity discount rate)
{(m/Y>2°§P + szcﬁci}%

(m/y) °§1>
(") RR.In r+ a (real balances discount rate)
{(w/y)?02, + c?20202}%

(6') y = y(RRF’ gu); Y12y < 0 (aggregate supply curve).

The model is completed with the aggregate supply function (6'). In (6')

the higher is RRF’ the lower the long run level of operations that the busineés
sector plans on; the higher is O, the higher are (long run) average costs

and the lower the scale of operation. (6') depends on the capital stock demand

6/

function—

d
K = K(RR}, 0); K, K, <0,

An increase in Oy affecting K through both RR_ and o, can be offset by a

F

reduction in r that reduces RRF enough to offset the impact of %y by itself

(K,) on gd, 7/




(1') - (6') can be solved for the six unknowns, y, r, m, v, RR;, RR_.

The strategy is to analyze the equilibrium in the r, y plane, similar
to traditional IS-IM analysis. This requires solving for m, v, RRF and RRm
in (2') - (5") in terms of r, y, and parameters. First, the behavior of

- m/y and RRm in (3') and (5') is found with E(AP/P), r, o,  and o, taken as

AP

parameters. These results are then used to examine the behavior of v/y and

RRF_in (2') and (4'). The relevant results for m/y, v/y and RR; are summarized

in the reduced forms
M[E(4P/P), T, cAP,cu]; Ml, MZ, M3<O; M, > 0:

VIE(8P/P), T, 0,,,01;5 V V,<0; V,> 0:

1’ V20 Yy 3

3 < 0.

RRF = R[E(AP/P), T, Opp? cu]; Rl’ RZ’ R4 >0; R

These results are used with IS and aggregate supply curves ([1'] and [6'])
to help determine equilibrium values of r and y in Sections 5 and 6.
The results in (32) can be seen as follows. The curves labelled U'U'

and R.’R.m RRm in Figure 1(a) show combinations of m/y and RRm satisfying
1 71

respectively equations (3') and (5'):§/ In (3"), d(m/y)/dRR.m < 0 as intuitively
required. In (5'); dRRm/d(m/y) > 0 since an increase in m/y raises the

numerator proportionately more than the denominator. Increases in r or Spp

do not affect U'U', but shift RR_RR_ to the right to RR_ RR_ (3RRm/d3c,_ > O,
my ml m, m, AP
3RRm/3r > 0 for any m/y), thus reducing m/y and raising RRm; an increase in

cu—-with Opp constant--causes RgmlRle to shift to the left, so m/y rises as
RR.m falls. In Figure 1(b), an increase in E(AP/P) shifts the curve UiUJ to
L
the left to UéUé (SRRm/EE(AP/P) < 0 for any m/y); the curve RRm RRm does not
. 1 1
shift, and thus m/y and RRm both fall. This shows the results for M(-) in (32).




The curves V_.V. and RR, RR, in Figure 2 show values of v/y and RRy
1 71

11
9/

that satisfy equations (2') and (4'), respectively.=' While both have negative

slopes, suppose RRF RRF is steeper than Vlvl,_gg required for stability.lg/
1 "1

The results for V(°) and R(-) in (32) follow.

(a) An increase in E(AP/P) has no effect on (2') and VV does not shift.

For any v/y, from (4') BRRFla(m/y) < 0 and from (32) 3(m/y)/3E(AP/P) > 0;
hence in (4'") BRRF/BE(AP/P) > 0. Thus, the RRFRRF curve shifts to the right,
v/y falls and RRF rises. Intuitively, the rise in E(AP/P) reduces m/y, raises
the correlation of RF and RMKT’ and hence rgises RRF and reduces v/y.

(b)- An increase in Opp affects (4') directly and through its effect of

reducing m/y, as (32) shows. Assuming that m/y is inelastic with respect to

O,p» an increase in o,  causes (m/y) o,, to rise. (2') is unaffected. Thus,

AP AP
the VV curve does not shift, but the RRFRRF curve shifts to the left. That

is, a rise in Opp increases the attractiveness of holding equity, so RRF falls

and v/y rises.

(c) An increase in r does not affect (2'). However, it directly and

indirectly affects (4'); for any v/y, an increase in r raises RRF’ and also

reduces m/y, and thus indirectly also serves to increase RRF‘ Hence, the
RRF curve shifts to the right, and RRF rises while v/y falls.

(d) An increase in o, In (4'), BRRFlaou > 0, and BRRF/B(m/y) <0,

but from (32) a(m/y)/aou > 0; the net effect is thus ambiguous. However,
assuming m/y is not highly elastic, the net effect is an increase in RRF’ or
at any v/y the RRFRRF curve shifts to the right. Since the VV curve shifts down,

the increase in oi makes equity less attractive, so RRF rises and v/y falls.




5. Long Run Effects

The reduced forms (32) can be used to find the effects on r and y of
changes in E(AP/P), G,p» and 9, and G/y. For this purpose, divide (1') by

Yy to give
(1") 1 = (1-t/y)c(1,r) + Gly .

Figure 3 shows (1") as the IS curve, whose slope

=C(-)d(t/y)/dy + d(G/y)/dy
(1—t/y)Cr ’ ’

dr/dy = - <0,

depends on how G/y and t/y vary with y: if G/y and t/y are constant, the
IS curve is horizontal; if G and t are constant, the IS curve has a negative

11/

slope.==" (6') is shown as the long run aggregate supply curve AS in Figure 3;

AS is steeper than IS if the system is stable. Using (32), rewrite (6') as

(6") y = Y* (R[E(AP/P), r, OAP’ UU]’ Uu)'

(1") and (6") show that shifts in G/y and/or t/y affect the position only of

the IS curve, while changes in E(AP/P), Opp and o, affect only the AS curve.

In this (validly) dichotomized model, the IS and AS curves determine
long run r and y. The price level adjusts to run the LM curve (not shown)
through the IS-AS intersection.

Table 1 summarizes some results discussed below.

An Tncrease in the Expected Rate of Inflation (8§ Rises) Suppose E(AP/P)

rises, because 6§ rises. This reduces the demand for money and in response

actual m/y will fall (from (32)). This reduction in m/y raises BF and

causes RRF to rise, or the AS curve to shift down as in Figure 3, to show
that a lower r is required to maintain production at Yi+ Since IS1 doesn't
shift (from (1")), long-run y unambiguously falls; hence, it is clear from
(6") that RR; rises, and K falls. The new LM curve (not shown) goes through

the ISl-AS7 ihtersection*in Figure 3.




These results directly contradict those of Tobin [1965], Lucas [1975],
Fischer [1979] and others who find that an increase in inflation causes the
capital stock and also real income to rise. They assume that E(AP/P) is a separate
argument in the demand for capital, with a positive partial derivative; with
only two assets, K and m, an increase in E(AP/P) that reduces EF must increase
K4, However, the present model has a third asset, risk-free governﬁent bonds;
an increase in E(AP/P) reduces EF here, causes an equal increase in demand
for these bonds, and no change in K4, 1In particular, the stochastic structure
of this model implies K and m are not gross substitutes, the assumption Tobin
[1969] uses to derive a negative effect of E(AP/P) on K9 in multi-asset models.
One way of viewing this result is that it calls into question Tobin's pervasive
assumption that all assets are gross substitutes.

The present model assumes that the capital stock does not depend on E(AP/P)
but on RRF' E(AP/P) does not enter RRF directly (equation (4')), but affects RRF
through m/y. When E(AP/P) rises and m/y falls, the share of equity in the
economy's portfolio rises, and thus the return on equity becomes more highly
correlated with the market. This higher BF raises RRF_for any given r and

thus reduces the steady state levels of y and the capital stock.

An Increase in Opp (UE and/or Oy Rise) A rise in Opp initially reduces RR .

in (32) since it makes equity returns less correlated with those of the overall
market. Hence, the AS curve shifts up (dr/chP = -R1/R3 from (6') and (32)),

showing that r would have to rise to reduce RRF to its previous value. y

unambiguously rises, showing that RRF falls and K rises. (Again, the new LM

curve goes through the new IS-AS intersection.)

An Increase in I (og,oe and/or o Rise) An increase in % reduces the

real return on equity for any given discount rate RRF; thus, through this




alone, AS would shift down (see (6')). However, an increase in o, raises RR, (see

(32)), so the AS curve unambiguously shifts down, as in Figure 3. (From (6') and
(32), the vertical shift in AS is dr/dcu = - (le4 + yz)/le2 < 0, since

Y5 ¥y < 0, RZ’ R4 > 0.) Thus y unambiguously falls, as do RRF and K.

An Increase in G/y (t/y Rises Equally) G is raised to make government's

share of the economy (G/y) larger, and t rises equally. The IS curve shifts
up to show a higher r is required to discourage C in order for G/y to rise.

The AS curve is unchanged, SO r rises, and y and K fall.

6. Short Run Analysis

This section uses the ad hoc procedure of examining the impact effects
of parametric changes 4n lieu of attempting an analysis in terms of a dynamic
CAPM. N

For this analysis, use (2'), (3'), and (4'), and (5") with y evaluated
at its initial value y. 1In addition, modify the IS curve (1') to include
investment, or y = (y - tjC(l,r) + G + g(Kd - K). (Kd - K) is the difference
between the desired and actual stocks of capital, with'l > g > 0 a fractional

d

adjustment coefficient, so that I° = g(Kd - K).

An Increase in the Expected Rate of Inflation As before, a rise in E(AP/P)

reduces m/y and thus raises RRF’ so the AS curve shifts down in Figure 4 as

dr/dE(AP/P) = - RI/RZ < 0 (where Rl’ R2 > 0). The rise in RRF reduces Kd

and thus Id, so there is a downward shift of the IS curve of dr/dE(AP/P) =
- Rl/[R2 + Cr(y-t)/gKl] < 0, where Cr’ Kl < 0. The new intersection of the IS
and (vertical) ; curves determines r in the short run. Clearly r must fall.

(The LM curve, not shown, rums through the intersection of 152 and the given




y 1line.) Since IS does not fall as far as the AS curve, r does not fall

enough to make firms satisfied with their current levels of production and

capital stock. Hence, Kd < K, and Id = g(Kd - K) < 0. Over time, K and y

fall, and r rises. Note that there is no reason r may not fall to a negative

12/

level.='" This fits with the long run analysis where the steady state K is

lower and r may be lower and even negative.

Increases in %sp2 Oy and G/y The above methods can be used to show that an

. . d . . .
increase in 0,, causes r and I to rise. An increase in 6, causes both r

and 19 to fall. A rise in G/y causes r to rise and 1¢ o fall. Thus, all

three give results consistent with the long run predictions derived above.

7. Some Empirical Evidence The preceding sections provide a large number

of testable implications. Discussed and tested here is the demand for money.
Equations

(4) U'[M/P, y] = RR_+ E(AP/P)

and

Cov(Rm, RMKT)
o3

Ry

(10) RRm= r+a

give

(33) U'[M/P, v] = r + E(AP/P) + a govc-)

RgT

= r + E(AP/P) + ap © dU'/aM/P < 0, 3U'/3y > O

AP’
where Cov(*) = p o,. G =pg. O .
AP “Rygr Rn Rgr

Supposing

(34) u'M/P, y] = b0 - bl 1n(M/P) + b, 1lny;

2




then (33) and (34) give

b, 1
- r) + — 1lny - — E(AP/P) -%e-c

1 0 bl bl 1 AP.

(35) 1a(M/P) = 2= (b

If a lagged engogenous variable, 1n(M/P)

_l,nig_iﬁciddéd in (35), then

(36) In(M/P) = d, + d.1ny + d2 E(AP/P) + d3 ln(M/P)_l + + error,

0" % ds 9p

L - - R - _ap
dy = % (bo r), d, = bzlbl’ d, = - 5, d, = _.EI ,

has a commonly used form (for example, Goldfeld [1973, 1975], E;Friedman [1978]),
save for inclusion of the risk variablfaOAP and E(AP/P) in place of an interest
rate variable. Estimation of (36) presumes a, r and p are constant. Likely this
is not so over time, but it is interesting to estimate (36) anyway, since bias

is likely to be towards insignificance of estimated slope coefficiency.

Key issues are measurement of G,_. and E(AP/P), which are of ccurse

AP
unobservable. Cuickerman and Wachtel [1979] used both Livingston and University
of Michigan survey data to estimate E(AP/P) and Cpp* Klein [1976] used a

moving average of variance of past inflation around a moving average of inflation
to form an estimate of future variability; Blejer [1978] uses a moving average

of absolute differences of past inflation to estimate future inflation variability.
Klein mentions unsatisfactory results from using residuals from an estimated

ARIMA process for inflation to proxy variability of inflation. Engle [1980]
estimates a model of inflation that models errors as ARCH (autoregressive

conditional heterosckedastic) to estimate movements in the variance of the un-

forecastable component of inflation.

Results reported here use University of Michigan survey data. The

average of survey responses is used to estimate E(AP/P), and the cross-sectional

variance of response at t is used tc form the variable RISKt. Because of




timing of data collection, it is unclear whether RISKt or RISKt-l should be
used (and RISK, = [(RISKt - RISK ) ¢ 2] was also used). Table 2 shows
estimates of (36) for M1 with RISK excluded, with RISKt, RISKt_1 and RISKA.
Sweeney [1981] shows that when Cochrane-Orcutt or Hildreth-Lu technique§ are
used to adjust for first-order serial correlation in residuals in (36), there

are multiple estimated values of p' in the (assumed first-order) error process

that lead to minima in the standard error of the regression (SER). Empirically,

minima with a high p' are associated with lower 33. Since the estimated speed

of adjustment is (1 - 53), these lower 33 are more reasonable under the presump-

tion of rapid adjustment in the U.S.

It is common to find in equations without RISK that with a high p' and
thus lower 33, the 33 is often insignificant, and coefficients for variables
other than lny are often unstable and sometimes insignificant. The same
pattern is found here. It seems that RISKt-l and RISKA work better than
RISK . Even so, with the former risk definitions, ?14 is not always significant,
and it is somewhat unstable. However, experience shows that behavior of 34
compares rather well to any other parameter estimate in such equations, beyond
perhaps that for lny.

This section presents an empirical test of only one of the many
relationships discussed. Further, the test is dependent on strong assumptions
about constancy of P, a and_g.‘ There are likely preferable proxies for

E(AP/P) and %) Nevertheless, the empirical results are both promising and

P‘
consistent with theory.

8. Summary and Conclusions

In the earliest rational expectations macro models (e.g., Lucas [1972],

Sargent [1973], Sargent and Wallace [1975]), changes in the variances of




disturbances had no effect on unédndiﬁional means-of realAvariables, essen-—
tially because a Lucas supply function was used where deviations of output -
from the given trend rate are due only to ex post mistaken price expectationms.
Similarly, the mean inflation rate héd no real effects — the "super neutrality"

assumption criticized by Tobin [1973] and others.

Later rational expectations models (e.g., Lucas [1975], Fischer [1979])

assumed the capital stock demand funcfion had as positive arguments both the real
rate of return on capital and the inflation rate. Thus, an increase in the mean
inflafion rate caused an increase in y and K, as Tobin [1965] (and others)
had argued earlier. Increases in the variances of shocks to aggregate demand
and inflation, however, still had no effect on the unconditional means of real
variables.

In the model developed here,‘an increase in the mean inflation rate
leads to a fall in y and K, rather than the rise found by Lucas, Fischer,

Tobin and others. , Increases in the variances of shocks to aggregate demand

2

4 reduces y and

(dﬁ) and inflation (oiP) have systematic effects; a rise in o

K, while an increase in o2 by itself raises y and K. However, changes in

AP
cﬁ and ciP are likely highly correlated. Indeed, Logue and Sweeney [1981]
find on a cross-country basis that the mean inflation rate, the variance of
measured inflation and the variance of real growth rates are all significantly
positively correlated. This evidence suggests, in the context of the present
model, that high &nflation as well as uqanticipated variability in monetary

and fiscal policy, will lead systematically to reductions in (trend) y and

K, as well as in productivity, real wages and employment.




FOOTNOTES

1/ See, for example, Sharpe [1970].

The assumption of a risk-free real one-period interest rate
greatly facilitates exposition but is not crucial. In particular, the B
relationships in (1) and (2) hold with E(r) substituted, where r is now
the real yield on the minimum-variance zero-beta portfolio that is ortho-
gonal to the market portfolio.

2/ This linear relationship of return to risk is for convenience

only.—'The same qualitative results hold if increases in risk cause
accelerating increases in ERMKT’ as in (following Merton [1980])

ER]MI =r + a, o2 R > 0.
1 Rgr
Thus, paralell to (9) below,

Cov( )
Mt & 'L PR

RRF =r

"RMKT | 1 Rygr

r+ alCov(RFRMKT).

An increase in shocks to the business sector unambiguously raises COV(RFRMKT);
the text's results are reinforced. See the discussion in Sections 4
and 6 below.

3/ This assumption simplifies the analysis but is not important for
any of the macro results developed below.

4/ Assume u is normally distributed, Eu=0. Then, even if the covariance of
AP/P and u is non-zero, the covariance of AP/P and u? is zero, since covariance
is a linear relationship. Assume the true linear relationship is (AP/P) =
but + e where b > 0 and e(ue) = 0. If AP/P is estimated as a linear

function of u?, (AP/P)t = b'ug + e't,

;oo (bu + e)u? _ bE(ud) -
plim b plim oF = “E(u?)

since E(ud) = 0 for normal variates.
The text's results also use the fact that E(u") = 3c§o§ is u is normal.

\

0

Both the assumptions that u is normal and affects m symmetrically can
be relaxed but the resulting complications are tedious and not very interesting.




The net shock to excess real money supply in period t is (e - m)y-
The necessary inflation, between t and t+l, to reduce this to zero is

Fet-wis=(-wlay.
To this is added the trend money supply growth rate, §. Note that this
explicitly assumes € and w are permanent, not transitory, shocks. Further,
the effects on price are also ignored of changes in output, income and
employment due to reducing or rebuilding stocks altered by aggregate demand
disturbances; this is solely for convenience and alters no important results.

6/ This demand function is the basis of the AS function in equation
(6'). If the production function suppresses the labor market and makes y
depend only on K, y = £(K), £' > 0 and f" < 0 in the relevant range, then

= f[K(RRFs cu)]s and }’1, y2 <0

as in the text. -

7/  Thus,

dRRF dr + dRRF + K

Kl dr do dcu} 2

dr dR

I:_='K1[W TRl 2k <0,

= 1 from (4').

8/ In the short run with y constant, either m or y-can be analyzed. In
the long run with y variable, the analysis holds strictly if U'(:) is homo-
geneous of degree zero in m and y. However, in the general case where only
U’ <0 3U’
om > dy

> 0 is assumed, the same qualitative results hold.

9/ _In the short run analysis of Section 6, full-employment y is fixed
at y and T cannot alter. Thus, from (2')

In the long run, K can vary and thus so will y. K will vary inversely with
changes in RRE (but also will vary inversely with c even if RRF is constant).
Thus, in the long run,




_ , an/y
d(v/y) _ (n/y) - ccu 3RRF _ 1 [_ v/y + 3E/V]

e T TR TRy | TRy TR
_ 1 vy [_1+3_ﬁzﬂ]<o,
R R Ry ]y

on the presumption that E/y is inelastic relative to RRF'

10/ Consider a dynamic system where for any v/y, RRF is determined by
the curve (Figure 2). Then with the curves V.V, and an
Ry © 1Yy and RRp RRp ,
arbitrary displacement of the market value from (v/y), to (v/y)., wiIl induce

RRF > RRF . RRF will cause v/y to start to rise, and thus RRF; the system
3 1 3

moves up RRF RRF to the equilibrium.
1 "1

However, if the VV curve through the point (v/y)l, RRF were steeper
than RRF RRF s v/y would begin to fall at RRF and the syst%m would move away
1 3

from equilibrium.

Further, if the VV is steeper than RRFRRF curve, some counterintuitive
results arise. For example, an increase in n/y, due say to technical
progress causes the ratio v/y to fall in Figure 2 in the short and long run.
Further, if the increase in W/y led to no change in the expected marginal
physical product of capital, VV steeper than RRF would lead to a fall in K

as RRF rose.

11/ The steady state r might be a constant. This possibility is
suggested by perfect foresight models (Sidrauski [1966], Brock [1974],
Sweeney [1980]) where each individual maximizes a welfare function

® t
L[1/(1+8)] U(ct, mt),
where U(-) is the given instantaneous utility function, c, is current con-
sumption and m_ current real balances, and & the parametric discount rate.
In the long rumn, whatever is E(AP/P) or G/y, r = 6. In the following
experiments, such a constant long run r changes no important result.
12/ This, of.course, requires a positive nominal interest rate and hence

E(aP/P) > 0.

Note that r < 0 does not imply < 0. Indeed, starting from
an RRy < 0, the fall in r perhaps to below zero might be necessary to main-

tain RRF'
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Table 1

Variable

Parameter Short Run

Increased T

E(AP/P)

9ap

g
u

G/y (=t/y)

real discount rate used in business capital expenditure decisions
short-run, full-employment real GNP
long-run, full-employment real GNP

capital stock

one-period, risk-free real rate of interest

investment demand

real value of equity in firms, per unit of real output
expected rate of inflation

variance of inflation rate

variance of real disturbances

share of government expenditures in y
taxes as a fraction of y

shock to government expenditures

shock to consumption function

shock to taxation

shock to real money supply

trend rate of growth of money supply
shock to real money demand

beta for equity

beta for real balances

expected real rate of return on the market
real price of risk

real balances

real sales

actual real return on equity

actual real return on real balances




RISK excluded

Table 2

RISKt

RISKt

Period N

SER

A
|}

P

dj

SER

d
3

4,

SER

-1
A' A
p' . .d3

d
3

QIII52-QIv79 110

.5851

1.0

.5408

.5927

.973
(46.47)

.516
(6.11)

-.216
(5.80)

-.0585
(1.04)

.5267

.5834

.25  .964
45.93)

1.0 .519
(6.24)

. 964
(46.43)

.501
(6.03)

QIII55-QIV79 98

.5098

.5413

.991
(41.3)

.517
(5.91)

-.249
(5.39)

784
(.011)

.976
(42.31)

.989
(42.99)

QII55-QII76 82

4770

.5050

.934%
(29.24)

~.558

(5.82)

L4696

.5053

.962
(30.2)

.604
(6.46)

-.267
(1.9)

-.152
(.99)

4708

.4955

.956
(29.75)

.513
(5.30)

-.242
(1.77)

~.304
(2.03)

.968
(28.90)

©.555

(5.90)

QI65-QIII76 47

.5488

437
(3.75)

.5536

445
(3.76)

-.0376
(.51)

.4563

4707

.983
(25.87)
548
(5.24)

-.310
(5.69)
~.245
(4.09)

.989
(24.85)
.559
(5.18)

QI65-QIV72 32

4767

.65

.498
(2.90)

.551
(3.18)

-.142
(1.15)

4427

443
(2.70)

-.363
(2.36)

.535
(3.48)

QI70-QII76 26

7171

. 7234

.11

.97

.977
(14.80)

179
(.88)

.998
(20.11)

.170
(.82)

-.233
(2.05)

.0595
(.66)

.6878

.7330

.959
(16.17)

214
(1.02)

-.160
(1.77)

-.0553 ;

(.67)

.965
(19.05)

.203
(.99)

QI73-QII76 14

In m. = d. -+ d

0 1

.5568

In y, + d, E(AP/P)

.91

. 146
(.597)

# t - statlstics are in parentheses.

+ d3 1n mt_

Figures in the SER column are the SER x 100.

.139
(.538)

+ d, RISK

4

Estimates in the d4 columns have been multiplied by 1,000.

Data:

NBER Databqse.

m is the deflated Ml.

.0322
(.25)

-3954

.4220

.612
(3.61)

1.08
(8.97)

-.302
(4.08)

-.378
(3.71)

<957
(11.83)

<425
(1.68)
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