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Abstract

This paper develops a framework that integrates macroeconomic analysis

and consumption-oriented agset valuation. All behavioral relations and

valuation formulae are derived as results of optimal decisions
or firms. Using the endogeneity of consumption and returns in
macroeconomic context, it is shown how the valuaticn premia on
nominal bonds relative to riskfree indexed bonds depend on the

stochastic shocks to technology and preferences.
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1. Introduction

The objective of the paper is to develop a macroeconomic model of asset
valuation. From a macroeconomic perspective, most determinants of capital
asset pricing such as consumption and interest rates are endogenous
yariables. We derive the valuation of stocks, nominal bonds, and indexed
bonds (as examples of interesting assets) in terms of the fundamental shocks

to preferences and technology and show how the covariance matrix of the

valuation-relevant variables depend on the structure of the macroeconomy.1

The valuation of nominal and real bonds has been analyzed extensively by
Fischer (1975), Landskroner and Liviatan (1981), Levhari and Liviatan (1976),
Liviatan and Levhari (1977), and Svensson {1985)}. Fischer (1975) also
considers the covariances of stock and bond returns in this context, but uses
exogenous diffusion processes on prices. Landskroner and Liviatan impose the
quantity theory of money as a macroeconomic restriction relating output and
inflation, but they do not derive it within the model. Svensson derives a
more general monetary model and analyzes asset prices as functions of
exogenous processes of output and money supply. Our analysis differs from
these papers in that we simultaneously derive asset valuation equations and a
macroeconomic model with endogenous output, prices, and interest rates. The
use of macroeconomic relations also distinguishes this approach from
equilibrium models in financial economics, e.g. Abel (1986}, Cox, Ingersoll,
Ross {1985}, Lucas {(1978).

The essay draws heavily upon the literature in both macroeconomics and
finance. For asset valuation, we follow the usual CAPM approach, see Sharpe
{1964), Lintner {1965), Merton (1973), Rubinstein (1976}, Breeden (1979).‘ We
derive the macroeconomic model from basic assumptions about preferences and

technology, but we write it in two versions which are designed to have



features close to the conventional classical and Keynesian system, see e.g.
Sargent (1979). In both fields we concentrate on "standard" models with well
known properties. The focus is on the combination of these approaches.

The basic model of a monetary economy is derived by making assumptions on
the behavior of utility maximizing individuals, who supply labor and demand

goods, money, and nonmonetary assets. The transactions demand for money is

introduced by assuming that one of the goods can only be purchased at times

Jhen oredit markers have closed for the period, Under this condivion, the

only means of payment is money, similar to Lucas (19814).2 Qverlapping
generations of individuals live for two generations and therefore have a one-
period horizon for investments, which leads to the usual CAPM formulation.
The model also contains a competitive firm sector that produces output from
labor inputs and a government that issues money and bonds. With competitive
spot markets for labor, this generates a model with classical features, €.g.
neutrality of money. To model real effects of monetary disturbances, we also
derive a "Keynesian" version, which may be motivated by nominal wage
contracts. Economic fluctuations occur because of shocks to productivity and
to individual demand for goods and money.

The results on asset valuation are developed in three steps. First, we
derive a consumption CAPM formula, which expresses valuation premia in terms
of the covariance of returns and consumption. Since individuals consume alil
wealth in their second period, this is close to the Sharpe/Lintner market-
CAPM, where the market includes bonds in addition to shoeks. Second, we
analyze the determinants of consumption in the macroeconomic context and

«

conclude that a major factor is aggregate output. Third, the covariance of

output (as a determinant of consumption) with returns depends on the



inflation. Returns to stocks vary due to stochastic dividends and stochastic
prices of shares, which are a function of output and the level of (indexed)
interest rates, respectively. Hence, we have to analyze the covariance matrix
of output, inflation, and interest or discount rates. This matrix is

generated by the fundamental shocks to technology and preferences.

In the classical version of the model, the main findings are that shocks
to productivity induce a negative relation of output and inflation and of
output and interest rates. In contrast, real demand shoecks induce a positive

relation between both pairs of variables. In the Keynesian version, shocks to
money demand also induce a positive correlation of output and inflation, but
now the relation of output and interest rates is negative. Quite
surprisingly, the qualitative implications for real demand and supply shocks
are the same in the classical version. As a result, an economy subject to
frequent supply shocks should have low values (nigh interest rates) for
nominal bonds relative to indexed bonds when compared to an economy subject
mainly to demand shocks of either type. Premia on stocks are presumably
negative in either economy due to the pro-cyclical nature of their returns.
Their value may be somewhat higher, however, in an economy subject to real
demand shocks (due to the negative relation of output and discount rates).

The paper is organized as follows. In Section 2, we develop the basic
model of the economy in its classical version. Subsequently, in Section 3, we
present the valuation of asset in terms of consumption and in terms of
shocks. In Section 4, we extend the model to include real effects of monetary
shocks and real balance effects of nominal assets. The conclusions are

summarized in Section 5.



2, A Macroeconomic Model

In this section we derive the main model. It consists of three sectors--
consumers, firms, and the government. In the consumer sector we have
overlapping generations of individuals who live for two periods. They work
and consume part of their income when they are "young" and save the rest for
consumption for their second period. The assumption of overlapping

generations naturally regenerates the macroeconomic setting every period while

keeping each individual decision problem simple. Firms produce output, using

labor and fixed capital. The government issues bonds and money and levies
lump-sum taxes to finance the interest payments on debt.

To generate money demand, we assume that credit markets open only at the
beginning of the period. The young generation consumes two goods. One of
these goods can only be purchased after markets have closed for the period.
Money is the only medium of exchange to buy this good. All other activity

takes place when markets are open.

2.1. Consumers

First, we have to introduce some notation. Assume that individuais of

generation t live in periods t and t + 1. They consume a good c in real
amounts cE and CE+1. In period t, they also supply labor 1, at real wage wy

and demand a good c?, which is only available after credit markets have
closed.3 It can be purchased with money at the relative price pf, which

implies that consumers demand real money Mt = p? . cg. In the terminolegy of

Lucas (1984), ¢ is a "credit-good" and c™ a "money-good."u Consumers also
receive transfers Tpo which will be determined later. s
Individuals may save by holding three types of securities. A riskfree,

one-period discount bond B_ pays one unit of consumption In t + 1 and is sold



payoff 1 - L9RE The rate of inflation LI between ¢ and t + 1 1s defined
Prer ~ P¢ . 5
as m o o= ——E—————-, where Py is the price level of ¢, In terms of money.” We
b+
assume n. < 1 so that bonds are preferred to money as a store of value (in

t

order to exclude tedious distinctions of different cases). We only consider
one period bonds, i.e. exclude an analysis of the term structure. This is
just for expositional convenience; the issue is analyzed in Bohn {1986,
chapter 3). Finally, we have shares of firms F., which are traded at prices
f, and represent a right to dividends from period t + 1 on. They also define

the ownership of the firm sector. Let ft be the value of a share in t (ex

dividend) and denote dividends by d

d

is ft+1 = dt+1 + ft+1' For simplicity, we concentrate on these two risky

bel Then the total payoff of stocks
assets, although one could value any kind of asset using the same
principles. The price of the nominal bond and the price of a share can also
be expressed relative to the price of the indexed bond, n_ = ¢ -+ b

t nt £’
ft = ¢ft . bt’ respectively.

Consumers have preferences over goods and leisure, which are additively
separable. To generate interesting macroeconomic fluctuations, we need some
noise in aggregate demand. In reality, this noise may be due to factors such
as government poliey, changes in investment opportunities, or shifts in
individual behavior. As a simple device to generate economic fluctuations, we
assume that preferences for first period consumption vary for each generation
(hence over time) in two dimensions. Formally, let x. and v, be i.i.d. random
variables with mean zero that affect marginal utility. x. is a shock that
increases demand for ct and vy is a shock that increases demand for c? but

£

reduces demand for CE' They will be used later to motivate shocks to

aggregate goods and money demand. Then individuals of generation t maximize



. m, m, _ . t
V(ct, X vt) + ¥ (ct, X s vt) W(lt, Xes vt) + EtU(Ct+1) \ (M
subject Lo ¢ g
Cpoq @ Byt (V- m N (2)
wl + 1 = ct + pmcm +bB +¢ bN +o¢,bF (3)
£t L £ tt tt nt vt fttt

We assume that U, VM, and U are concave in the respective consumption good and

that W is convex in 1, (the disutility of labor increases).

In period t + 1, generation t consumes all of its wealth, i.e. the

returns from assets.6 In period t, individuals choose actions
(ct, c?, lt’ Bt’ Nt’ Ft) as functions of prices, transfers, and shocks
m . . . .
(bt, ¢nt’ ¢ft’ wt, pt, Ter Xt’ Vt)' The optimal choice is characterized by

the constraint (3) and first order conditions (subscripts indicate partial

derivatives)
by Lt
tic(ct) = EtU (ct+1) (4)
b o V (ct) =E {1 - ) - U'(ct ) (%)
t'nt e L £ t+1 £+
£, o o oot
bpae V(o) = Efe g (eg,y) (6)
m £y _ m, m
ptvc(ct) = Vc(ct) (7)
WV (cf) = W (1) (8)
te 't 1"t

Equations (7) and (8) implicitly describe the relation of consumption, money
demand, and labor supply within a period and imply optimal decisions

CE’ c?, lt’ Bt’ Nt’ Ft as functions of wages, interest rates, tax rates,
inflation, and the values of the shocks. To obtain definite signs on the‘

derivatives of the individual demand and supply functions, we make 3 sets of

assumptions. Our main assumption is that substitution effects caused by



changes in relative prices are always larger than income effects.7 Second, we
assume that money goods are only a "small" part of the economy so that direct
effects of price changes on ¢, lt, ar Bt dominate possible indirect effects
through changes in the demand for money goods c?. Third, we simplify by

assuming constant absolute risk aversion, Ra, in second period

consumption U(ez+1). Then the demand for risky assets, stocks Ft and nominal

8

bonds Ny, depends only on the relative values, ¢ and LA

ft’
The derivatives of the supply and demand functions then have the

e N ™ < 0, 1L > 0y
pm W

, . m
following signs: Cor Cs Copy Co > O3 Cpr Cpr C

pm
and 1., 1 ].T < 0. This is shown in Appendix 1. Essentially, an increase

b’ “pm’
in the discount rate b, has an intertemporal substitution effect that
inereases current goods demand and discourages labor supply. An increase in
the relative price of money goods shifts consumption away from money goods and
also discourages labor suppiy. Higher wages w. increase the incentives to
work and allow higher consumption of all goods. Finally, transfers have a
positive income effect that raises consumption and labor supply. Thus, none
of the signs of the derivatives are really surprising. The main point is that
the functions can be used to characterize the macroeconomy in the same model

that also determines asset pricing. We will return to these behavioral

relation in more detail after describing the macroeconomic setting.

2.2. Firms

Firms produce output Yt using labor Lt and fixed capital K as inputs. We
assume that all firms are identical and competitive, so that we can
concentrate on one representative, price-taking firm. Suppose further that
production is affected by a productivity shocks u, i.i.d. with mean zero, and

assume that we have a Cobb-Douglas production function



8-

1-a ot
Yt = f(K, Lt’ ut) = K . Lt g (3)
where 0 ¢ a < 1. The fixed factor capital here only motivates decreasing
returns to labor.
Produced goods can be used for any type of consumption, 1.e.
{ozebe et (10)

Firmg pay real wages w, per unit labor and (by definition) get a real price of

one for consumption gosds cz and 02'1. Reoall that pgood af ig purchased with

money after markets close in t. Thus, revenues from sales of c? are only
available to pay wages or dividends in periods t + 1. Since nominal claims

Nt are valued at ng in period t, we deduce that competitive firms set a

relative price pm 1 to be indifferent between selling "ecredit" and "money"
t " n y

t
goods. For simplicity, we assume that firms just issue nominal bonds of face
value Ni = %—CT = Mt' so that all t-revenues are distributed in t, and the
£

bonds can be retired in t + 1 with the money earned later in the period.
Thereby we exclude considerations of nominal values from the firm problem.
The current profit of the firm, paid out as dividend to shareholders, is

then
d =c¢ +c +0, =wl, =1(1=-0a) - -%Y

Ownership of the firm represents a right to the profit-share of each
period's output (or equivalently, aggregative income). The value f, of the
firm is the present value of these dividends, where we can normalize the

number of shares to Ft = F = 1. For every combination of wage W, and shock

U, the firm maximizes its value, which leads to supply and labor demand ~

. _ - . )
functions Yt = Y(wt, ut) and Lt = L (wt, ut), where derivatives are

3

y  L® S

¢ QOQand Y , LT > 0.



2.3. Government

We are mainly interested in the behavior and interaction of private
agents in the economy. Therefore, we model the government as relatively
"passive" and make simplifying assumptions that are convenient in the rest of
the model.

It is important for asset valuation that prices and the rate of inflation
can fluctuate in response to shocks. To have the most simple setting, we

assume that the real money supply follows the process Mt =M. (- 1), where

t
M ig constant. This may be motivated by assuming that the stock of nominal

money is set one period in advance.? The government issues money by executing
open market operations and by distributing the seignorage from issuing money
to individuals. Specifically, the government purchases an amount of nominal

bonds, Ng, at a pricen b_, that is sufficient to offset its monetar
£ y

£ = ®nt " O

i & _ . N8 -
liabilities, Nt = Mt‘ The cost of these bonds is ny Nt = ntMt < Mt'

the seignorage (1 - nt)Mt = T, can be distributed as a lump sum transfer to

hence

individuals. Thus, the government has always a balanced budget and zero net
liabilities. This specific policy serves as a useful benchmark; modifications

will be considered later (see Section 4).

2.4. Equilibrium

The complete model consists of six markets, namely those for goods,
money, labor, stocks, indexed bonds, and nominal bonds. To obtain aggregate
supply of labor and aggregate demand for goods and money, we can substitute
the equations for transfers and the price of money goods into the decision
rules for each generation's representative individual. In Appendix 2, we show

that these are functions of wages, inflation and discount rates and can be

i b Fan Tn FhRa fAarm



LM
Ct TeltC = Ct(bt’ Wi IR P Xt) , Cb > 0, Cw > 0, e >0,  (11)
5 S s
lt = L (bt, ey O ¢ft)’ Lb ¢ 0, LN >0, (12}
1 m d d d d
Mt - ;t:ct - M (bt; wt! ¢nt9 ¢f\t! Vt)’ Mb ) 0’ MW > 0’ MV > O ' (}3)

The signs of these functions are not surprising in general and follow from the
individual optimizing decision. We assume that the shocks to preferences Xy

and v, are defined so that x, just summarizes all variations in preferences

that affect real goods demand, and that v, reflects the changes in preferences

that affect money demand (for details, see Appendix 2). We also assume that
the different shocks Xps Vi and u, are jeintly independent with variances

2 z2
v'! 0u)'

denoted by (ai, a
Consumption of generations t - 1 1s given by equation (2). After
inserting the equations for profits, the tax rule, and the stocks of bonds and

money, we obtain

t-1 _ 5. .
ey = (1 = a)Yt + F ¢ft bt . {(14)

Thus, second period consumption is equal to the market value of stocks.

Given these assumptions, the macroeconomic equilibrium conditions are

£-1

Y= Cplbyy Wy 000 gy XD v e (Y, by 0p ), (15)
Moo (1 =m) =M(b , W, ¢ ., 6., v.) (16)
£ g\Opr ey Oppr Cppr Vil o
LSb., w., 6., 6.0 = LS., u) (17)
£\Prr Yoo g Peg giWer Ugd s
Yt = Yt(wt, ut) ’ 2 (18)
g _ uf
N, o+ N =N (19)



By Walras' law, we can omit the market for indexed debt. Equations (15),
(16), and (17) are conventional equilibrium conditions for the goods, money,
and labor market, respectively. Equation (18) is the supply function, and
(19) and (20) are necessary for equilibrium on asset markets. Since all
assets are held by consumers, the last two equations are satisfied if and only
if the first order conditions (5) and {6} hold.

Substituting equation (4) into (5) and (6}, we get the relative values of
"risky" nominal bonds and stocks in terms of the price of the riskfree indexed

honds (the disssunt faater)

t
n, E(1-nw_ ) Ue )
STt R £l £+ ) ) U
bt b, TG = E (1 - )+ cov(1 - m, EzﬁT] , (2n
g7 ‘S
d t
f E_f - U'(e, )
_b e E+17 d d U
et T b, C oy = Egfi,, v covlf, g7 (22)
v EUeg,q) ¢

The value of a risky asset depends on its expected value and the covariance of
the payoff with marginai utility of future consumption. We have a system of
six equations, (15) to (18) and (21) to {(22), in six endogenous variables,
namely inflation, wages, output, the discount factor, and the relative values
of stocks and nominal bonds. To find eguilibrium levels of the endogenous
variables we will exploit some special properties of the medel. Given a fixzed
shock of capital and zero net liabilities of the government, the state of the
economy is completely characterized by the three i.i.d shocks Kpyp Vg Upe
There are no relevant dynamic links between periods. This has two
implications: All variables in the model are uncorrelated over time, and-sthe
right-hand sides of equations (21) and (22) are constants. Hence, the
relative values of nominal bonds, ¢

= by and of stocks, are

nt Opp = Ops



other four variables are determined by (15) - (18) as functions of the

contemporaneous shocks., 'Y

We agsume that an equilibrium of this economy exists and is unique. OQur
main interest is to analyze the properties of the equilibrium mapping of the

fundamental shocks (u vt) to prices (b 7 ), output Y, and (via

gr Xpo g Yoo Ty

equation (14)) consumption. This analysis allows us to make an endogenous
determination of the covariance structure of all these variables directly in
terms of the fundamental exogenous shocks. In turn, the covariance structure
determines the values of ¢n and ¢f.

The model works essentially as follows. The market clearing wage is
found in the labor market. Through the firms' supply curve, this determines
income and the supply of goods. Then, one obtains a real rate of interest (a
discount factor bt) in the goods market, which feeds back to labor supply
because of an intertemporal substitution effect. Finally, money market
equilibrium gives the rate of inflation.

We can direectly verify that the reduced form effects have signs as given

in Table 1 (the formulae are given in Appendix 3).

Table 1:

Effect of Xy Vi Uup

on

Yt + O +

T + - -

bt - 0 +

h ]

Wy - 0 +

Intuitively, if an increase in productivity up occurs, firms increase



requires intertemporal substitution, which must be induced by a fall in
interest rates, i.e. higher St - This fall in interest rates also reduces
labor supply and partially offsets the raise in income and wages. Finally,
higher wages and discount rates increase money demand and therefore reduce the
rate of inflation. The direct effect of an increase in real consumer demand

%y 1s an increase in interest rates, a fall in St which restores the goods
market equilibrium. Second, this intertemporal substitution effect increases

labor supply, which lowers wages and raises supply. Higher interest rates
also decrease the demand for money, which leads to higher inflation. Higher

demand for money v, clearly reduces the rate of inflation. As expected in a
classical setting, we have no real effects generated by the money market.
Overall, the model behaves like the textbook model of a classical
economy, but with two important modifications. First, we include the
valuation of risky assets as an integral part of the model. This makes
consumption and returns, the conventional determinants of asset prices,
endogenous. This fact will be used to relate the values of assets to
macroeconomic variables. Ultimately, all economic fluctuaticns (including
those that affect the covariances of returns with consumption} must depend on
the fundamental shocks to preferences and technology. This model allows us to
formulate this dependency explicitly (see below). Second, our model is
derived from microeconomic optimization. In the context of multipie assets,
this shows how different interest rates enter in specific macroeconomic
equations. Hence, changes in risk (variances of shocks) may affect
macroeconomic performance through changes in relative values. This phencmenon

N
is analyzed in more detail in Bohn (1986, chapter 2).



3. Asset Valuation

We can use the macroeconomic model to interpret the asset valuation
equations (21) and (22). Equilibrium consumption is a function of
macroeconomic variables. Therefore, we can express the relation between
consumption and returns in terms of the variances and covariances of
macroeconomic variables, namely output, inflation, and interest rates. These
variables are endogenous in the macromodel {15) to (18). Hence risk premia

are functions of the variances of the fundamental shocks to the macroeconomy.

3.1. Asset Valuation in Terms of Macroeconomic Variables
To simplify, suppose ali three fundamental shocks are normally

distributed, Then equations (21) and (22) can be approximately written as!]

£

¢nt 3 Et(l - ﬁt+1) - Ra - cov(l ~ LISRT ct+1) , (23)
o d _ d £

dep = Epfip,q = Ry - cov(Ep v el y) (24)

The premium of nominal bonds or stocks depends on the covariance of returns

with consumption.12

In particular, this covariance is with the consumption of
the old generation which holds assets.

One could price any arbitrary asset in this way. If its net supply were
zero, it would not affect any of the macroeconomic relations and could be
easily included in the model. If its net supply were not zero, it would cause
obvious wealth effects. For notational simplicity only, we restrict our model
to nominal bonds and stocks, which are economically interesting assets. The
results on valuation derived in this essay hold analogously for assets in
hi

general., (In Bohn (1986, chapter 3) this analysis is applied to the term

structure of interest rates.)
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The crucial, next step is to observe that asset values as well as
equilibrium consumption are endogenous variables in a macroeconomic context.
It would not be correct to postulate exogenous stochastic processes for these
variables. Here, the relevant consumption is given by equation (14). By

substituting this equation into (23) and (24) we obtain

¢n - Et(1 - ) + Ra . [(1 -a) - UY,n + ¢f ‘ cb’ﬂ] ' (25)
d 2 2 2 2
= E R v - - . - 2 ¢ ' - ‘ 2
ér tf R [- (1 -a) % ¢f(1 Y UY,D ¢f db] (26)
where . denotes the covariance of (a, b).

Equations (25) and (26) use two observations on consumption. First,

notice that a major component of stock returns, dividends, are proportional to
aggregate output. Hence, consumption is related to ocutput, which is in line
with macroeconomic tradition. Second, consumption is equal to the stock
market value, i.e. we obtain a CAPM valuation formula. This result is due to
the simple assumptions on firm and government behavior and will be generalized
in Sectien 4.2. In contrast, the first observation is very general:
Aggregate income or output must be somehow distributed. This is independent
of whether or not we have a stock market and dividends, and whether aggregate
income is distributed through stock returns or in some other way. Here, the
share of the old generation is (1 - a).

In summary, risk premia on assets depend mainly on the covariance of its
returns with aggregate output and to some extent on the covariance with
interest rates. However, these covariances are endogenous. Ultimately, we
want to express them in terms of the variances of the fundamental stochastic

shocks affecting production and preferences.



3.2. Asset Valuation in Terms of Fundamental Shocks
To determine the covariances between the endogenous variables, we have to

study the covariances between output, inflation and the diseount rate, because

they influence the valuation of assets. From the macroeconomic model (15) to
(18), we see that any covariance between endogenous variables is a weighted
sum of the variances of the fundamental shocks. The values of these
covariances depend on what types of stochastic fluctuations are dominant in a

given economy. For example, for the covariances of output with inflation and

with the discount rate we have

' (27)

where the weights on variances are the reduced form derivatives of the
endogenous variables with respect to a shock, which have signs as indicated in

Table 1 {for exact formulae, see Appendix 3). We can see that fluctuations in
dy dn
real demand make a positive contribution to o , Since —t >0 and — > 0,
Y,m dxt dxt

and that supply shocks tend to generate a negative sign of the covariance,

Y am
because e > 0 and Y < 0. Monetary shocks have no effect in the "eclassical

t £
setting," because they do not affect output (%%— = (); this will be modified
t

in Section 4,

Using this kind of argument, we now look separately at the covariance
patterns induced by each type of shock.
In an economy with relatively stable supply sector, where most economic

fluctuations are caused by changes in real demand, the important covariances
A

in (25) and (26) are ¢ >0, o 0. The variances are clearly positive.

Y, ¥, ¢

Then the premium on nominal bonds is influenced by two factors. First,

mrmiral bhearmdes armas a boardes amadmoat PliaariiabEriAarna S o ~AiFERIE fFT s manamshe ]
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income). Nominal bonds have this property because of the positive covariance
of output and inflation, which implies a negative relation of output and
nominal returns. This property increases the value of bonds. Second, the
value of bonds and the (ex dividend) value of stocks are positively related,

which lowers the value of nominal bonds. Notice that this effect is
proportional to the value of stocks held. The effect is small, if the market

capitalization is small. In contrast, the first effect, through aggregate

output, should be fairly robust with respect to the exact structure of the

economy: independent of the type of assets traded or whether or not income is
paid via dividends, aggregate output must be distributed to individuals as
aggregate income. This effect is likely to dominate the others, and nominal
bonds will probably be valued higher than indexed bonds in an eccnomy with
real demand shocks,

The valuation of stocks is determined by the variance of its return. The
variance of stock returns is determined by the variances of output (via
dividends) and discount rates and by their covariance. The risk created by
the variance of the output in t + 1 clearly lowers stock values. Intuitively,
we know that stock returns vary with the business cycle, and therefore stocks

demand higher average rates of returns than riskfree bonds. 1In addition, we

2 2
,d)f. * Ub’

A positive

have to consider the variance of the sales price of stock in t + 1

as well as the covariance of output and the discount factor, Oy b*
]

variance of the price of stocks further reduces stock values. The covariance
Y b Is negative, which implies that future profits are discounted at a lower
’

interest rate, i.e. f is high, in situations when dividends are low. This

-

t+1

correlation stabilizes total stock returns and therefore increases stock

values.



A different pattern of covariances is induced in an economy with major

supply shocks. There the signs of the covariances are ¢ . ¢0and o > 0.

Y, Y,b

Valuation has the same determinants as in the previous case. The premium on
stocks will again be negative because of the procyelical variation of

returns., The premium is reduced even further because of the positive
covariance of output and the discount factor, Concerning the valuation of

nominal bonds, bonds no longer function as hedges against output variations.

[f output falls due to a pFOdUCtiVity shock, inflation 1s increased and

nominal bonds have a low payoff, Hence, for an individual the nholding of

bonds inereases fluctuations in income. For comparison, when inflation is
high and nominal bonds have low payoffs in an economy with demand shocks,
output is probably high and individuals have large incomes. Therefore, the
value of nominal bonds is lower in an economy with supply shocks than in one
with demand shocks.

In summary, depending on the types of shocks occurring in the economy, we
get different relative values of nominal bonds, stocks, and indexed bonds.
Stocks are almost always traded at a discount relative to indexed bonds
because of their proeyelical returns. The size of the discount is influenced
by several factors that depend on the source of shocks to the economy. The
valuation of nominal bonds depends crucially on the relative magnitude of the
demand and supply shocks. If supply shocks are more significant, nominal
bonds are valued lower than indexed bonds. In an economy with many large
demand shocks, however, the value of nominal bonds may even be higher than

that of indexed bonds.

4, Extensions

Raal affanka Af Fhe marnatary assostar ares saammanly acenrniatrsd with
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such a modification of the model. We also allow for real balance effects

induced by redistributive government policies.

4.1. A Model with Phillips-Curve

Suppose individuals and firms sign wage contracts before the start of
period t. The contract specifies a fized nominal wage and allows firms to
choose the amount of labor input later, after observing the period-t shocks.
An exact model (similar to Fischer (1977), Hall (1983)) is derived in Appendix

4, Aﬁﬁreﬁate SUFPlY of firms then dePends on the innovation in inflation and

real and money demand depends on income instead of the wage rate, In

equilibrium, we require four markets to clear, namely the markets for goods,
money, nominal bonds, and si:ocks.‘|3 We can replace the capital market
equilibrium conditions by the conditions for relative discount rates, (21) and
(22), which are still valid. Equilibrium is characterized by the following

equations (in addition to (21) and (22)):

Y, = Clby, Y, 8, bps X)) 5 Gy Cyy €00, Cp <1, (28)
. d 4 .4 .d
Moo (1= m) = MOb, Y, 6, b, V) 5 Mo, Mo, M0 > 0 (29)
S ) . uS oS
Yt = Y ('rrt Et—?“t’ ut) ; Y“, Yu > 0. (30)

These equations determine the macrovariables (Yt, b ) as functions of the

g Tt
shocks (xt, Vir ut) with derivatives as indicated in Table o
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Table 2:
Effect of Ky, Vi Uy
on
Y, + - +
T + - -
bt - - +

Increases in real demand, represented by x, again allow a fall in the

riskfree discount rate. Now this has no effect on labor supply. Instead,

higher demand tends to increase prices, which increases output via the supply
curve. A3 in the version with spot markets, the real wage rate falls, but
this is due to inflation at constant nominal wages.

Increases in goods supply induced by higher u, also have effects in the
same direction as before, but now they work through a decrease in the rate of
inflation, which increases the real supply of money. This increase reduces
the rate of interest, i.e. increases bt' Thus, although the way in which some
of the effects arise is completely different, the classical and the Keynesian
version have very similar qualitative behavior in reaction to these stochastic
shocks.

The main difference between the classical and the Keynesian version of
the model is in the effect of monetary disturbances. Here, a decrease in the
demand for money v, not only increases the rate of inflation, but it also
raises real output through the supply curve and lowers interest rates to
restore equilibrium in the goods market. This version gives us a model whth

rational individual behavior that has all the familiar properties of the

eoatrrmoaciarm 19 M auockam with a [Ti1tpaae crimmly Alirus



The existence of real effects of monetary shocks complicates asset
valuation. While the reactions to real demand and supply shocks are similar
in both versions of the model, significant differences in the covariance

structure of the key variables Yt, bt and T arise if monetary shocks are the

dominant source of economic fluctuations, Then Table 2 implies that all three

covariances o , and ¢ are positive. For the valuation of nominal
%

.+ %Yb b

bonds, it follows that bonds are hedges against cyclical fluctuation, as in

the case of variations in goods demand. The premium on stocks is again

negative, due to the proeyclical nature of stock returns, which is increased

by the positive covariance between the output and the discount factor.

In comparison to the results of the classical version, real effects of
monetary shocks lead td a higher valuation of nominal bonds. Otherwise
valuation is similar, which we can take as an indication of the robustness of
our results with respect to specification issues.

8 model with real effects of monetary shocks may be empirically
important, if changes in the monetary system cause changes in the covariance
structure of macrovariables. For example, consider the October 1979 shift in
the Federal Reserve operating procedures. Suppose we interpret the change in
operating procedures as a shift towards targeting money stocks rather than
interest rates. This change modifies the stochastic properties of the
macroeconomic process.

We maintain that a money stock oriented policy must be set one period in
advance, for example, due to lags in observing and controlling money stocks.
This requirement prevents a precise fixing of price level and inflation.

‘
Therefore, we consider monetary rules of the form

Mo=M - (1-n)-m- (b -8),
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where the constant m indicates the degree of interest rate targeting. The
case of m = 0 corresponds to the "monetarist" policy of fixing the supply of
nominal money ex ante that we have analyzed so far, whereas m + = is
equivalent to pegging the discount factor at 8. A positive value of m implies

that the money market equilibrium (equation (28)) is more sensitive to changes

in bt than before.15

As one should expect, interest rate targeting reduces fluctuations in

interest rats] and it automatically offsets disturbances caused by money

Genang Sh00kS (v, With excnen Interest rate CangeCing, L.e, In the Linit

as m - =, only real demand shocks have positive effects on output and
inflation, Supply shocks still decrease inflation, but their positive effect
on output vanishes. Intuitively, we know that supply shocks affect demand and
interest rates through their effect on inflation and on the real money

supply. With interest rate targeting however, upward pressure on interest
rates automatically increases money supply and therefore dampens the negative
effect on output. On the other hand, if we have a contracticnary shocks from
the goods market that also decreases interest rates, an interest rate-oriented
monetary policy responds with a contraction of nominal money supply and
thereby increases the effect on output and inflation.

Qverall, interest rate targeting seems to magnify effects of real demand
shocks but to dampen or offset those from supply or monetary sources. This
finding is completely in line with textbook analysis. Here, this result
becomes important because of the implications for risk and asset valuation.
With interest targeting, the covariance of output and inflation is likely to

Al
be positive for almost any combination of shocks because only real demand
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reduced interest rate targeting likely reduced the value of numerical bonds by
more than what one would expeet just from the change in money supply growth.

This example demonstrates another important point: Variances and
covariances of macroeconomic variables are not only influenced by changes in
the variance of shocks, but also by shifts in systematic poliey or other

shifts in economic structure that change the reduced form of the model.

4.2. Policy Effects

[h bhe baNin nAAAL of Caationg J nd 1, oongumption of the old generation

ia agual to the atool maniet value (equation (14)), S0 that the consumption

asset pricing model {equations (23) - (24)) reduces to the market model
{equations (25) - (26)). The valuation of risky assets must be modified, if
individuals hold net amounts of other risky assets besides stocks. In
particular, if the government debt policy differs from the simple benchmark
policy described in Section 2.3, individuals hold net amounts of bonds.
Suppose the government has constant (potentially nonzero) real net
liabilities B in real bonds and N in nominal bonds. Then its nominal assets
are N® = M_ - N, real assets are BE - -B, and transfers are {seignorage minus

t t t
interest on the debt)

T, T (1 » nt) . Mt - {1 - bt) - B - (1~ - nt) <N . (31}

A generalized debt policy with net nominal government debt, N > O, has
two implications for the macroeconomie structure. First, there is a real
balance effect., Transfers to the young increase with inflation. The

consumption of the old generation is h

CE-1=(1-G)'YL+F'¢p;'bL+B+N.(1-"")’ (32)
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and falls with inflation. Since the marginal propensity to consume out of
first period income is less than 1, the net effect of inflation on demand is
negative.

As a result, monetary shocks have some effect on output even in the
classical model. A monetary shock v, that inereases money demand reduces the
rate of inflation (equation (16)), inereases goods demand through the real
palance effect and therefore increases output. Thus, if real balance effects

are large, menetary shocks may induce a negative correlatlon hetween output

and inflation (or reduce the positive eorrelation induced by a Phiilips-

curve).

The second effect of net nominal debt concerns asset valuation,
Consumption of the old generation depends on the value of nominal bonds, i.e.
the relevant portfolic of risky assets includes nominal bonds in addition to

stocks. Then the relative values of nominal bonds and stocks are

2
¢n = Et(1 - ) + RA . [(1 + G)GY,TT + ¢f‘cb,17 - Nc“] {33)
. _ 2 o 2 22
bp = E £ + Ry [-(1 - a)oy - 26.(1 a)cy,b opo + (34)

N - [(1 - a)cY <t ¢f . Ub,ﬁJ]

1

Compared to {25} and (26}, both equations contain an additional term
(proportional to N) representing the covariance of the respective return with
inflation. If nominal bonds are part of the portfolio, the value of nominal
honds is clearly reduced. The effect on stock values depends on the
covariance of inflation with ocutput and the discount factor.

In an economy with real demand shocks, output and inflation are

positively correlated, i.e. returns of stocks and nominal bonds are negatively



correlated. This increases the value of stocks (and, as discussed before,
nominal bonds), because the risk of the total portfolio is reduced.

In an economy with supply shoeks, the correlation of output and inflation
and of stock values and nominal bonds is likely negative. Then total
portfolio risk is high. Stocks are not a hedge against inflation and
therefore valued lower than in an economy with demand shocks.

Redistributive effects could also be induced by other government

policies, e.g. by direct transfers/tayes to the old generation. Then the

correlasion properuics of thg trandfera/vancs are iRpertant [or aouch

valuation. Issuing nominal government debt is an example of such a policy

that has potentially powerful effects on the valuation of assets.16

5. Summary
The main objective of the essay has been to integrate capital asset
pricing and macroeconomic modeling. Analyzing the CAPM in a macroeconomic
context allows us to determine stochastic processes of consumption and asset
returns endogenously. Ultimate determinants are shocks to preferences and
production technology. “
The valuation of assets has been derived in three steps. First, we show
how individual optimization implies that the value of assets depends
negatively on the covariance of their returns with consumption. Second, from
the macroeconomic model, we can identify factors that influence consumption.
4 key component of consumption seems to be aggregate output or income. In
addition, there may be effects of intertemporal redistribution which depend on

the precise assumptions about the taxes and debt policy. Thus, the covariance

of aggregate output with returns should be a main determinants of valuation.
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move parallel to output, we get the conventional result that stocks have a
higher rate of return than bonds.

Third, variances and covariances of output, inflation, and other returns
can be reduced to linear combinations of the variances of fundamental shocks
that generate the economic fluctuations. Shocks to production and to
individual preferences generate important economic fluctuations that affect
the real demand for goods. Negative shocks to production reduce output and

real wages, which implies lower demand for soods and money and hisher interest

rates and inflation. Thereforer an economy influenced by supply shocks has a

negative covariance of output and inflation, hence a low value of nominal
bonds relative to indexed bonds. In contrast, an increase in goods demand,
which raises interest rates, increases both inflation (via reduced demand for
money) and output (via intertemporal substitution in laber supply). If
economic fluctuations are mainly due to this type of shocks, the covariance of
output and inflation is positive, and therefore the relative value of nominal
bonds is higher than in a situation with supply shocks.

In a version with Phillips-Curve, shocks to the monetary sector have real
effects. Quite surprisingly, the effects of real demand and supply shocks are
qualitatively the same as in the classical version, In addition, monetary
shocks also induce a positive relation of cutput and inflation and therefore
tend to increase the value of nominal bonds.

We also demonstrated that a monetary policy of interest rate targeting
reduces the effect of supply disturbances, makes the correlation of output and
inflation positive, and generates a high value of nominal bonds. Thus, a
switch to less interest rate targeting, as e.g. in October 1979, may redu;e

the value of nominal bonds (increase interest rates) even without any change
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Finally, asset valuation may be modified, if government policy
redistributes between generations. An important case may be the issue of
nominal debt that is financed by taxes on the young generation. Then net
nominal debt is held by the old generation, the value of nominal bonds lower

because of a rigk premium and stocks are valued according to whether or not
they are hedges against inflation. In particular, if supply shocks are

freguent, stocks do not hedge against inflation and are valued relatively low.
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Footnotes

#Department of Finance, The Wharton School, University of Pennsylvania,
Philadelphia, PA 19104. The paper is based on chapter 2 of my doctoral
dissertation. I am grateful to my advisors Ben Bernanke, John Taylor and Paul
Pfleiderer.

'We also show that private demand for goods and money is affected by the
interest rates on different assets and hence their relative valuation. This
implies that changes in variances of shocks influence the mean level of key
variables such as output, inflation, and interest rates. This issue is
analyzed in Bohn (1986, chapter 2).

“in alternative formulation has been used by Svensson (1985), who adds

precautionary demand for meney by assuming that goqu maykets onerate before
oredit markebs open 1n the negt pertod. [Doth spesificabions gamarate an

interest-elastic demand for money, but Lucas' assumption that credit markets
open first is more convenient for our purposes.

3Alternatively, one could assume that market for ¢™ is spatially
separated from the other markets. This arrangement would have the same
implications for money demand.

uUnlike Lucas we assume that ct is paid in period t, not later. This
assumption does not affect any resufts.

5This definition seems most to be convenient here instead of the more
p - P
conventional —Eila———E . However, both definitions are monotonically related
t

and very similar for small rates of inflation.

6None of our results depends on the fact that individuals must hold and
trade assets to have any nonzero consumption in their second period. If
individuals had other income in period t + 1, e.g. inherit the ownership of
firms rather than huying shares in t, all important results could be
maintained. Also, our setting differs from many other overiapping generation
models in that money is held because it has a real role in facilitating real
consumption. As a store of value, money is clearly dominated by nominal
bonds,

TThis assumption can always be satisfied by %ssuming that the relevant
second derivatives of the utility functions 4V, V', W, U) are sufficiently
small.

8To be exact, this is true in a neighborhood of the equilibrium price
{see appendix 1). ~

s an example, suppose monetary policy works only with a lag so that the
nominal stock of monevy M. to be supplied in neriod t must be fixed in £ - 1.



M* . p
2 L] L] v - t
(1 - Et-1“t)’ hence policy will set nominal supply Mt 7T

. Since
T.)

-1t
all variables are i.i.d. {and there is no reason to introduce autocorrelation
into the model by making money supply a function of past variable), expected
inflation is constant and therefore nominal supply proportional to prices

M
. M*
Pyt Hence, real supply is Mt = e (1 - nt) O Et_1“t) (1 - nt),
which means that the real stock of money must fluctuate with the rate of
M*

inflation between t and t - 1 and that M =
(- & ym)
10This arrangement simplifies the analysis considerably, although it is
probably one of the least desirable properties of the medel., As motivation,

suppose one period represents a rather long interval, say a decade or the
duration of one business cycle. Then, one shock represents the realization of

a boom or a recession, which cannot be anticipated years in advanee in
magnitude or timing.

11As a linear approximation, the endogenous variables in the macroeconomy
(described by equations (15) to (18)) and the consumption of the old
generation (equatian (14)) are normal. For the covariance of any return x
(where x = 1- =, f°) with marginal utility, we have cov{x, U'(c)) =
(EtU") - cov(x, ¢), see Rubinstein (1976). In addition, we use that absolute
E (-—U")
risk aversion is constant, Ra = _EE_ﬁT_' Alternatively, one could take a
t
Taylor series of marginal utility (i.e. assume guadratic utility) to derive
the same valuation formula without assuming normality.

"2Notice that the word "premium" is sometimes used differently in
financial economics (CAPM) and in the macroeconomic literature (on the term
strueture). For our study, as in financial economies, a positive premium on
long bonds means a high initial value, i.e. (given the payoff} a low rate of
interest. In the context of the term structure this positive premium would
correspond to a negative "liquidity” premium on interest rates.

13The market for indexed bonds is also in balance by Walras' law.
Wrable 2 is obtained by taking the total differential of (28) - (30).

15Notice that in the classical version interest rate targeting is not a
sensible policy, because monetary policy has essentially no influence on real
interest rates. Such a policy could only magnify the effect of real
fluetuations on inflation (see Friedman (1968)). Hence, we restrict the
discussion to the Keynesian case.

16Note that the Ricardian neutrality proposition (Barro (1974)) is ndt
applicable in our model because of finite lives and no bequests.
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Appendizx

A.1. Individual Behavior
Individual behavior is determined by the first order conditions (4) to

(8) and the constraints (2) and (3). Substituting (4) into (5) and (6), we

get the differential

EUM1-1-p )  EUM(1-m)(1-1-6 .)  EU"%(1-7-s ) B¢
nt nt nt ] _( N ]
" d " d n d d t
EU™(f -¢ft) EU"(1-w)}{f -¢ft) Eg"E(f -¢ft) dFt
ifi
= EUt - [d¢nt)
ft

From equations (21) and (22) we see that the "dB." terms are zero, hence N,

dNt

d¢nt

. : T .
and F, are determined by ¢nt and ¢ft' Define L. EU"(1 m) +

dF dN dF

and £, = EU"{1-n) - & + EU"fd _t for reference below.

d¢nt f d¢ft d¢ft

gyned .

Taking the total differentcial, we get four equations for CE, c?, lt’

. . . m
and Bt as implicit functions of (bt' Py ¢nt’ ¢ft’ Wiy Ter Xio vt). The

differential is

-s <V, ) 0 0 (-EU") (-EU"(1-7)) (-gured)
-p?(-vcc) (_V:c) 0 0 0 0
- (=) 0 W) 0 0 0
1 p? -Wy by ng £
T
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-VC 0 0 L Xp 0 -btvcX -ticv
. 0 W, 00 0 0 Pl plv T
0 0o U, 0 0 0 Vo U
m
B-doeNp0pefy G lp BNy Defe ] | °
(db. dp® dw. do_. de. dx. dv.)
g Py QW Qo dbp OX AV
. . . m
The determinant of this system is 7 = t(-Ucc)[( V.. 11 t]+ pt cc)

o (o)) o (o0 o | ¢ (SR W, 0, and e et the

following comparative static effects.

A raise in transfers raises dispcosable income; hence, it ing¢reases

consumption and asset demand and increases labor supply:

-7
(]
ot

My 5o

- - " -
A (-EU )Wll( Vcc

Q
A
cr

o 3

1]

" m
& - (-EU"WNp, pp(-V ) > 0

ar
2l
o

L‘f <T
n

1 m
-& - (-EU )(-Vcc)wt(—vcc) <0

@
-l
T

[+5
=]
ot
1

m
A - wllbt(-vcc)(-vcc) > 0

%)
-
or

Tax changes represent a typical income or wealth effect. Wealth effects

for changes in any other variable are proportional to this one. Also, note

m 1
act m m
that 37 - S < Py -
t A

An increase in wages W, increases the incentive to work and raises



£ £
s . s,
™. - (] - —
ol A VC( EU™){ Vcc)wt + lt - > 0
£ £
ac? : acﬁ
— 2 p - V (-EU")(-V )—W,, +1 — >0
awt ce'ny 11 t Brt
31 3l
_t . _yfl _EMY(_y™m _1_ _rumy (g _t
= b U LS (Y DV Dsy + (BUM (V)5 + (BT )]+ Ly
t nt t
aBt o 3B
g, o0 Ve ey + 5 O

An increase in the discount rate b, induces an intertemporal substitution

effect that raises current consumption and lowers labor supply and asset

demand:
el ] y
b, " B V(U by = (By + o) N+ 0 F) it >0
m
ac ac
t m,2 t
ap. = A VBN (V) - ()T - A
t t
al al
| m £
TR Vcbt(-vcc)(-vcc)wt -Ag <0
t t
3B 3B
£ m m, 2 2 m t
ab, b Vc[(_Vcc)wll+wll(-vcc)(pt) * wt(-vcc)('vcc) - A Bt <0

An increase in the price of money goods causes substitution towards the

money-good c? and reduces the demand for Nt relative to other assets.

t t
Bct " m Bct
_ - . - " - Y
ol A Vc( EU )pt . 37 wll > 0
apt t 1

m
ac, o~ -~y ac
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£ m m m t
—--r-n— = =4 - cht(-EU")(-VCC)Wt - Ot . ﬁ- > 0
Bpt t
3B 3B

t m m_t

= b Vb, (V) by - e
apt t

Also,

Te effects theb shocks 1, nd 1, e on cennd depend on She signs of

thair effeots on marginal utility (as ean be seen in the differential in

Appendix 1). We want X to represent a disturbance in the goods market and Vi
to be disturbance term in the money market. Hence, we assume that V.

(hence ci) increases in L In addition, X must change Vi and wl enough so
that labor supply and money demand stay constant, 1.e. so that the
substitution effeect towards ct is offset. Similarly, we assume Vg increases

t

in v, and raises cm, and other marginal utility terms are affected in a way

that offsets all side effects on labor supply and total goods demand c? + ct.
To get a zero effect on total demand, this calculation implies that CE must

actually decrease somewhat. The effects of L and LN turn out to be
irrelevant; therefore they are not computed. Then, individual behavior can be

summarized in Table A.T.

Table A.1:
m
Effect of by Pe W T Xy Ve
an
-
t
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A.2. Aggregate Behavior

1

+ b

First, p? =
¢nt t

depends on ¢nt and bt‘ The total effects of b, on

aggregate ct, c?, 1., and B, are therefore the sums of the direct effects

t’

derived in Appendix 1 and [- __l_i) times the effect of p?. Using the results
¢ b
nt't

of Appendix 1, these total effects are acfz'/abt > 0, aMi/abt » 0, 8B,/3b_ € 0

(directly from Table &.1) and aci/ab =a-V _- - - [o2(-v" )-(pl¥(eum)]
1
W
t 2 m m, 2 1] 3
a1y/aby = -t - ¥ - gt (=) [0y )-(pp (-0 | . The sign of the

£
last tus dapivativas is ambigusus, but if lUZc] {8 suffioiently lange (as

implied by the assumption of a "small" monetary sector), then ac::/abt > 0,
alt/abt < 0, hence 3Ct/abt > 0.
Second, to get aggregate consumer behavior as a function of prices alone,

we include the effects of equilibrium variations in transfers, which are

1 -=¢_.b
ntt m
Tt = (1 - nt)Mt - ¢ b * Ct(bt, ¢ntp ¢ft’ wty Tt, xt! vt)
nt t
We get
cm cm 1 - n
t t t
dr, = o b2 dby + = A déne + n dey
nt°t *ntPt

where c? itself depends on Tes but (as noted above) with a derivative

m

e < 1/p? < 1. By assumption, the parameters of the model are such that e

t
small and that indireet effects through c? on cE, lt’ and By are smaller than

is

the direct effects. Therefore, the aggregate behavioral functions have the

. - - L] I ‘
same sign of derivatives as indicated above.
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A.3. Reduced Form of the Classical Version

The reduced form of the model of Section 2 gives the value of the four
key macroeconomic variables (Yt, bt’ Wes nt) for any realization of shocks
(x

y Vo U ). Equation (15) - (18) imply

¢ t
t gy u) = Culbyy Wy Xy 8y bppy 0g) + (1= @)Yy 40, b,

S _.d
Loy Wy o0y g ) = L, up)

or (subscripts indicating derivatives)

(an - Cw 'Cb T Opy dwt '“Yu Cx](dutj
db,’ dx
S_d s t 4%
W W o} u

The determinant of the system (A) is positive (using Appendix 2}, hence
dwt/dxt < 0, dbt/dxt < 0, which implies (use (21}, (22)) dYt/dxt > 0 and

R SR A
dn /dx, > 0. Also, dw /du, = A{ af Lo+ Lo (C, + ¢ft)] > 0 and

dbt

d s d
T, - [Lu(an - Y (L - L)

W

1=

et L8 - c L« a(r 14 . L%y )]
u W W u W u W u

PN

"t Ly
L andY = —L + —, and consumer
u W a a
>

le
ct

Cobb-Douglas technology implies Yu = "

. . . : 5
optimization implies wt Lw £ .
substitution effect dominates the income effect. Therefore, YwLi - LiYu -

L
4 -t

u a

- Cw = b, - dBt/dwt -1 0 (assuming the
> 0 and af LS - ¢ 19 = 19w L5 - ¢ ) > 0, hence db,_/du, > O.
U w W u u £w W t t

Substituting into (16) and (17), \
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t t o1, s d dy d
@, ¥ +f el (1€ (-L))+(e, +0, )Y (<L )e(e +00 ) (LY LY )] > 0
d d
o R
dut M dut M dut

A.l4 Wage Contracts

As a motivation for wage contracts, suppose workers need some firm-
speeifie training before they start producing. To be precise, assume that
generation ¢ aiready lives in ¢ « 1 to get this training and is not

economically active in any relevant way. Because the training is specific to
a firm, we can no longer have spot markets for labor in period t, but workers
and firms must contract for peried t labor supply in t - 1. If contingent
contracts were possible, this requirement would not necessarily change the
allocation, However, we assume that contingencies in contracts are extremely
costly and therefore concentrate on a type of contract that seems to be wildely
used (see e.g. Fischer (1977), Hall (1983)): Workers and the firm agree ex
ante on a nominal wage rate w"! per unit labor that is paid in all
contingencies, and the firm has the right to decide later how much labor is
actually supplied,

Notice that the price level pt_1 is known when periecd t nominal wages are
negotiated. In our model, inflation and all other variables are i.i.d. and
therefore unaffected by past levels of prices. The nominal wage level must be
set proportional to Pi_1 to exclude money illusion. The labor market

1 n !

i i * - L o o—
effectively determines a value for w* = Et-1 o, W oL (1+Et_17rt

By the i.i.d. structure, no information about the state of nature in t is®

n
Y oo oW,

known, so that w* is a constant. For the stochastic properties of the model

it is important that w* is a constant, but we need not know how it is
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Given w¥, the real wage in period t is Wy = L. W a Wk (1 - Tt
£

Et 1ﬁt) and it depends on the unexpected change in the rate of inflation (cf.

Lucas {(1972)). This Phillips-curve relation provides a channel through which
monetary events can affect output. Note, however, that policy still cannot
permanently affect average output, since such an attempt would affect the
rational expectation of inflation.

The behavior of firms is the same as in the classical version with the

modification that w. is now a given function of inflation. Substituting this
. . d
funation ints lahor demand and goods supply, we get Lt « L (nt - Et M ut)

d S d > 0. Since firms have the

Et-1nt’ ut), where Lﬂ, Yﬂ, L

right to determine labor supply, labor demand determines actual labor input.

]

y X

- v _
and Yt =Y (nt U

From the Cobb-Douglas technology, we then get the income of worker as
wt . lt = a - Yt.

The only change in an individual's constraints comes from on the labor
market. Given w* and the fact that the firm chcoses how much labor is
required, individuals face a given disposable income
Yt = W lt TS uYt T Since preferences are additively separable and
1, exogenous to individuals, we can omit the w(lt; X, V) expression in the

maximization prohlem. That is, in period t individuals maximize

[ m, m t ;
V(ct, %, v) + V (ct, £, V) + EtU(ct+1) subjeet to (2) and

=
n
o
+
:Sl—-

m
c, + stt + ¢nttht + ¢fttht . (39)

The first order conditions are identical to (4) to (7) in the model with spot

labor markets; only the condition (8) for optimal labor supply is missing.
.

Constraints and first order conditions now define a mapping from

g, X vt) to (ct, cg, B, N, F

t A A t)'

(b As in the spot market

£ Patr Prer
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prices and income, and finally obtain macroeconomic demand functions for goods

and money (analogous to appendix 1},

ot .oom t-1
Ct ML C(bt’ Yt’ ¢nt’ ¢ft’ Xt) , (40)
1 m d
Mt = n_t ct = M (bt, ¢nt! ¢f\t) Yt! ﬂt«, vt) ’ (u1)

where all derivatives are positive. Here, the only important difference to

the classical model is that output (as a determinant of disposable income)

enters into demand functions instead of the wage rate,



