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Abstract

This paper advances a simple model that emphasizes the diversity of capital types, some of
which are long lived, while others are highly specific. This modeling of capital impliesthat irreversibility
constraints may be strongly binding, thus generating sizable and undiversifiable capital losses, even with
moderate shocks and positive aggregate investment. The resulting riskiness of investing in capital has
consequences for growth, the business cycle, and asset returns. Growth is affected since the
representative consumer invests alarger portion of output as aform of self-insurance. The business
cycleis affected since consumption becomes more variable. The asset returns are affected since the
added risk raises its premium, especially in recessions. The focus of the paper isto evaluate the
guantitative importance of these effects. When evaluated, the model is capable of matching the most
prominent characteristics of U.S. output, consumption, and asset returns, including a wide equity
premium. However, thisis not aresolution to the equity premium puzzle because the paper does not
address why the representative consumer has the high risk aversion necessary to match these observed
time series.
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1. Introduction

Asst prices and asset returns provide inva uable information not only to prospectiveinvestors but
also to economists modeling economic growth and the business cycle. Investors have never disregarded
such information. However, most research on equilibrium theories of growth and thebusinesscycle have
ignored many lessonsfrom asset pricing in their modeling of investment and production. Fortunately, there
has been arecent surge of interest on learning from asset returnsto improve the production structures of
gpplied generd equilibrium models. For example, Rouwenhorst (1995) and Tallarini (1997) show that the
large variability of stock prices and the observed wide risk premium are incons stent with a homogeneous
and flexible stock of capital, even if the representative consumer is highly risk averse. Conversely,
Beaudry and Guay (1996), Boldrin, Christiano, and Fisher (1995), Chrigtiano and Fisher (1995), Coleman
(1997), and Jermann (1998) demonstrate the importance of coststo either adjusting or relocating the
capital stock to account for observed asset returns.! This paper followsthelatter strain of theliterature.
Extending the"Ak" modd in Barro (1990), asmple modd isadvanced that emphasizesthe diversity of
capital types. Some of thesetypesare highly durable, while others are highly specific. When eval uated,
thismodé is cgpable of matching the most prominent growth and business cycle characteristics of output,

consumption, and asset returns.

The features of capital, responsible for inducing realistic paths for output, consumption, and

The good performance of the investment based asset pricing model by Cochrane (1996) also
gives support to this argument as it focuses on a crucia equilibrium condition of these models.
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asset returnsin the present model are summarized asfollows. Capital isheterogeneous. Some forms of
capital, such asbas c human capita and buildings, are long-lived and versatilein regardsto the occupations
inwhich they may be employed. Theseformsof capitd arelabeled generd capitd. Other formsof capitd,
such asskills, equipment, and consumer durables, are reatively short-lived and pecific to the occupations
wherethey are useful. Theseforms of capita are labeled specific capitd. With rel ocation shocks affecting
therelaivedemand for capitd acrossthevariousactivitiesin theeconomy, aportion of the stock of specific
capital islost because units of thiscapita areless useful when employed in different occupationsthanin
those for which they were initialy created. Furthermore, this rel ocation has a negative impact on the
demand for generd capitd for two reasons. First, househol ds, seeking to smooth consumption, reduce the
aggregate demand for investing in all typesof capital astheirincomefals. Second, the marginal product
of generd capitd fallsbecause of itsreative abundance with respect to specific capitd. Consequently, even
for shockswith moderate effects on output, the demandfor genera capita is sufficiently reduced for the
irreversibility constraint of thistypeof capital to bind and itspricetofall. Dueto genera capital’'s sectora
mobility, al sectors experience these capita losses. Hence, thismodeling of capital impliesthat relocation

shocks redlistically induce simultaneous capital 1osses both across capital types and across sectors.

Intheir andysis of sectord mobility in Cdiforniaat the end of the Cold War, Ramey and Shapiro
(1988) document the redlism of the ditinction | make between generd and specific capitd. For example,
they document that some pieces of capital, previoudy used by defense contractors, had to be sold to non-
defense contractors at very low prices. Meanwhile, other pieces of capital retained most of their valuein

amilar liquidations. Thisdisparity of sell out pricesislinked to theeasein which the pieces of capital could
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be relocated. The California experience also provides an example of relocation shocks leading to
generdized capitd lossesfor versatile pieces of capital, such asbuildings, that closdy match my idedized
general capital. Indeed, the prices of most buildingsin California, even those employed in expanding

activities, were adversely affected in the aftermath of the Cold War.

Models with flexible and homogeneous capital imply that the price of capita in terms of
consumption is counter-factually constant. In principle, thisunredistic absence of capita lossesiseasily
brokenwithirrevershility congtraintsor, moregenerdly, with coststo disinvestment. However, in practice,
generating redlistic capital lossesisnot aseasy. Insngle sector economies, shocks producing redigtic paths
for output and consumption also imply that grossinvestment is dways positive.2 Thus, the representative
consumer is never faced with having to remove capital from production. Modelswith idiosyncratic or
sectoral shockspotentialy avoid thisproblem by having positiveinvestment in some sectorsand binding
congraintsin someothers. However, for these model sto beempirically successful they must incorporate
the right combination of shocks, sectors, and constraintsto relocate capital. Recent papers haveinitiated
the search for these models.® A lesson from this search is that, with a unique type of capital, large
undiversifiable capital losses are fill hard to obtain for redlistic shocks. This paper explores an dterndtive

modeling strategy by incorporating multiple types of capital with diverse durability and specificity.

See Sargent (1980), Olson (1989), and Christiano and Fisher (1994) for stochastic versions
of the neoclassical growth model with irreversibility constraints.

3See Dow and Olson (1992), Boldrin, Christiano, and Fisher (1995), Christiano and Fisher
(1995), Coleman (1997), Veracierto (1997), and Ramey and Shapiro (1997) for examples of
neoclassical growth models with multiple sectors or multiple firms and constraints to the rel ocation of

capital.



The modeling of capita in this paper impliesthat investment is much riskier than predicted ina
model with flexible and homogeneous capital. A piece of specific capital may become unnecessary inits
present occupation and face costly relocation to other uses. Thepriceof installed genera capita may also
fall because of abindingirreversibility constraint. Moreover, capital |ossestend to movetogether both
across capital types and across sectors. Hence, investing in capital isrisky, and the risk cannot be
diversfied away. Theseeffectsproveto bequantitatively important with strong complementaritiesbetween
generd and specific capital. When thishappens, themodel generatesasubstantially riskier environment

than in models with flexible capital, and as a result, generates a wider risk premium.

Theeffect of irrevergbility ontherisk premiumisnot apotential resolution to the equity premium
puzzle.* Indeed, the puzzle contends that it is curious how a representative consumer with standard
preferences requires such high risk aversion to account for observed asset returns and aggregate
consumption, whentherisk aversion of individua consumers appearsto befairly moderate. Whilethere
have been many attemptsto resolve thispuzzle, thereislittle consensuson which oneisthemost plausible.
This paper isnot anew attempt to resolve the puzzle. Thefocus of this paper ison themodeling of capitd,
which hasno bearing on thefit of Euler equationsrelating observed patterns of consumption and asset

returns.

Inthispaper, | conduct two complementary thought experimentsto demonstrate how properly

“See Mehra and Prescott (1985) for the original statement of the puzzle, and K ocherlakota
(1996) for arecent survey of the literature seeking to solveit.
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modeling capita can help to generateredistic patternsof output, consumption, and asset returns. Inthefirst
experiment, | assume arepresentative consumer with high risk aversion. A possible motivation for this
consumer isthetype of aggregation phenomenadescribed by Congtantinides and Duffie (1996), who show
that, withincompleteinsurance markets, one can reconcilethelow risk aversion of individua consumers
withthehighrisk aversion of therepresentative consumer. In thisexperiment, | show that an economy with
thistypeof consumer endogenoudly generatesarealistic pattern of output, consumption and asset returns
if thediversity of capital types, their costly relocation, and their irreversibility areincorporated into the
model. As Rouwenhorst (1995) and Tallarini (1997) have shown, such an enterprise leadsto failureif
capital ishomogeneous and flexible. In the second experiment, | assume arepresentative consumer with
thelow degree of risk averson normally associated with anindividua consumer. | show that investment
irreversibility lowersthe risk-freerate and raisestherisk premium in comparison to aflexible economy,

but as expected these effects are much too small to account for the observed asset returns.

The main conclusons of the paper are summarized asfollows. Thediversity of capita, with some
typesthat arelong lived and othersthat are highly specific, isanimportant feasture of redlity. Thisfeature
impliesthat irrevergbility congraintsmay be strongly binding, thus generating large capitd 1osses, evenwith
moderate shocksand positive aggregateinvestment. Theselossesaffect dl the sectorsin theeconomy, so
they generate undiversifiablerisk which has consequencesfor growth, the business cycle, and asset returns.
Therepresentative consumer reactsto thisrisk by investing alarger portion of output asaform of self-
insurance, so the economy growsfaster. Consumption becomes more volatile which affectsthe business

cycle. Theaddedrisk raisestherisk premium, so it modifiesthe Structure of asset returns. Thisriseinthe



risk premium isstrongest in recessions whenirreversibility constraintsare binding and capitd pricesare
most variable. The focus of this paper is to evaluate the quantitative importance of these effects. A
quditative andyss of aless structured verson of themodd isfound in Faig (1998). Therest of the paper
isorganized asfollows. Section 2 describesthemode. Section 3 evaluates the modd numerically. Section

4 concludes with a brief summary of the main results.

2. The M oddl

In reality, many different shocks induce relocations of capital across economic activities. For
example, adrop in defense spending inducesare ocation away from the armamentsindustry. A tightening
of the money supply induces arelocation away from firms dependent on bank credit. A rise of the price
of ail inducesareocation away from energy intensive sectors. Other examples are not hard to find and
include discoveries, shiftsin fashion, and demographic changes. All these shocks have direct economic
effects, inadditionto therelocations of capita they induce. Methodologicaly, | want to abstract from these
diversedirect effects toisolate the effects of therelocations of capital by themselves. For thisreason, |

advance a simple highly stylized model with pure relocation shocks.

The modd economy is characterized by arepresentative consumer who ether consumesor invests
the output obtained from a stochastic production process. While output is homogeneous, capital is
differentiated into two types. General capital, modeled to capture buildings and basic human capitdl, is

versatileand long lived. Specific capital, modeled to capture equipment, skills, and consumer durables,



isspecificand relatively short lived. Theversatility of generd capita meansthat it canbe rel ocated without

cost. In contrast, a portion of specific capital islost asit isrelocated.

The amount of output produced in each period depends on the vector of capital stocks
accumulated in  the past and the portions of these stocks that survive the relocations that might take place
at the beginning of the period:

y = F(ky,2K,,2); Q

where y = output;

k, = stock of general capital inherited from the past;

k, = stock of specific capital inherited from the past;

z = portion of specific capital that survives this period's relocation;

ZK, = stock of specific capital put into production; and

? = stochastic state of nature.
Thevariable ?adopts positive integer values. When a shock does not occur, the value of ?remainsthe
same asin the previous period. In thisinstance, the relocation of capital isunnecessary, so z=z = 1.
When ashock occurs, thevaue of ?isincreased by one unit. In thisinstance, capital must berel ocated to
be of any use, so z=z, < 1. The value of ?has no direct effect on the amount of output produced.
Moreover, the probability that ?will change next period depends only on whether ? has changed this

period. Consequently, the variable z follows a two state Markov process.



In the alocation of output, the consumer facesaset of irreversibility constraints on each one of the
capital stocks:

kgd mk,, and kg3 m,k,; 2

where |, = survival rate of general capital (1, < 1) ;

M, = survival rate of specific capital (u, < 1) ; and

aprime on avariable denotes the value of the variable next period.
The survivd rate of generd capitd isconstant. In contrast, the survivd rate of specific capitd dependson
thevaue of z Theloss of specific capital during arelocation not only hasatrangtory effect on output since
lessof thiscapita can be put into production in the current period, but o it hasa permanent effect on the
stock of thiscapital surviving to the future. Hence, in periods without rel ocation, the value of i, ishigh,
whilein periodswith relocation, thevalue of 1, islow. Theratio between thelow and the high values of 1,
isequal to z, (the portion of specific capital that survivesareocation). In additionto theirreversibility

constraints, the consumer faces the standard resource constraint:

c+ (kl¢- m1k1)+ (kﬁt- m2k2)£ y. ©))

The preferences of the consumer are recursive, homothetic, and independent across states for
atempord lotteries, but they are not necessarily time additive. Specificdly, the consumer is endowed with

the parametric version of Kreps and Porteus preferences introduced by Epstein and Zin (1989):°

SThisformulaisvalid for s O 1 and ?0 1. For s = 1, use a Cobb-Douglas aggregator. For ?=
1, use exp(E log(uN )) instead of (E uN-?)1/1-7,
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whereuis present utility; ?isthe coefficient of relative risk aversion for atemporal lotteries; and s isthe
inverse of theinter-tempord eagticity of subgtitution dong adeterministic path. Both s and ? are assumed

positive. The expectation E is conditional on present information.

Therepresentative consumer maximizes(4) subjectto (1) to(3). A solutiontothisoptimal growth
problem exists, given certain restrictions on F (see Epstein and Zin [1989]) which are assumed to be
satisfied throughout the paper. A proof amilar to Epstein and Zin (1989) showsthat thereisavauefunction
V which mapsthevector (k;, k,, z) onto the consumer's maximized utility. Standard recursive dynamic
programming argumentsimply that, with respect to (k;, k), V is continuoudy differentiable, concave, and

linearly homogeneous.

Anoptima growth path must satisfy thefollowing conditions. Aslong astheirreversibility condraint
for capita i (i = 1 and 2) isnot binding, one unit of output must bring the same utility to the representative
consumer either if it isimmediately consumed, or if itisinvested in capita i. Oncetheirreversibility
congraint for capital i ishinding, themarginal vaue of oneunit of capita i, denoted g, istheratio between
the utility that thisunit of output brings to the consumer if invested and the utility it bringsif consumed. This

ratio never exceeds one. The Euler equation that summarizes this conditionis:
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g @ b)c® =b(EVE ) e EVEOIVE g £1; and (g - (k¢ mk)=0. (5)

Moreover, the utility that aunit of capitd i yiedsto the consumer isthe margina utility of consuming the

sum of the marginal product of this capital and the value of the capital |eft after production:

TV =(1- b)c*V*(T;F + mgq). (6)

Equations (5) and (6) are easily computed using standard numerical methods.

The next section reportsanumerica evauation of themodd. Therest of this section congtructsan
asset pricing equation to be used in thisevaluation. Multiplying to both sides of (6) by k; and adding over

i,10{1, 2}, yields:

1
V= [(1- b)c's>?]1-S , WhereX = y+ qmk; + g,m,k,. 7

The variable X measures the consumer's weal th at market prices. This equation, once rearranged, can be

interpreted as aconsumption rulethat relates consumption to utility and wedlth. Using the definition of utility

(4), this equation is transformed into:

1-s
1-

(1- b)c*(X- o) =b(EVE9)ra, ®)

Using the resource constraint (3) and the last equality in (5), the allocation of X satisfies:

X - c= g,kg+ g,k$. (9
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The vaue of the market portfolio invested at the end of the period isq,k\, + kY . The grossreturn of this

market portfolio next period will be X\, so the gross rate of return of the market portfolio is:

ﬁ = i (10)
0K+ 0 kg
Using (6) and (8), the first order condition (5) can be rewritten as:
9 gs
g =b¥s|(1- b)c (X - c)|¥s EVE (T, Fe+ gon) (12)
Finally, using (7), (9), and (10), thisequation simplifiesinto the desired pricing equation:
g
é .-S S-9(-s
g = Ey (TiF ¢+ qen); wherey = @oa@% R¥ 90 . (12)
e €cC U

Thevaue of capital i isequa to the expected present value of its gross return next period. The variable
y denotesthe contingent priceof output next period intermsof output this period. Thiscontingent price
dependson therate of consumption growth and the grossreturn on the market portfolio. Simpleextensions
of (12) can aso be used to price the market portfolio aswell as arisk-free bond. By smply multiplying
both sides of (12) by kN and summing over i,i0 {1, 2}, the market portfolio can be priced. Similarly, by
setting g equa 1and (1, F (+ gdnk ) equa to thegrossinterest rate of the bond, we obtain the risk-free
bond price. Further discussion of the properties of (12) isfound in Epstein and Zin (1989) and Weil

(1989). The novelty of the present model is how consumption and asset returns are related to relocation
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costs and irreversibility constraints.

3. Numerical evaluation

This section conducts two numerical evaluaions of the modd.® Thefirst evauation cdibratesthe
model to match prominent features of the United States datafor growth, the business cycle, and asset
returns. These features include consumption and the equity premium. With the preference structure
adopted, fitting actua dataon consumption and the equity premium impliesacoefficient of relativerisk
aversion (?) in the neighborhood of 18 (see Kocherlakota[1996]). Therefore, the model can only be
successful in replicating the main festures of the historicd datafor the United States with vaues of ? around
18. Such a high coefficient of relative risk aversion isthought to be implausabily high for an average
consumer whaose behavior isnormaly modeed with values of ? around 2. This contradiction between the
risk aversion coefficientsof theaverage and the representative consumer isthe equity premium puzzle. A
maor contribution to resolving thispuzzleisthework of Congtantinides and Duffie (1996), who show that
one can reconcile the low risk aversion of individual consumers with the high risk aversion of the
representative consumer with incompl ete insurance markets. To date, despite encouraging results by
Storedetten, Telmer, and Y aron (1996) and others, Constantinides and Duffie's work has not been
successful in their empirica implementation. For thisreason, | contrast the performance of the modd with

high and low vaues of ? by conducting a second evaluation of the model where ?isequd to 2 and therisk

*The computational algorithm used is similar to the one used by Coleman (1997), and it is
described in Christiano and Fisher (1995) as "the colocation method”.
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premium is not matched to the data.

The numerica evduations of the modd are performed in two stages. Thefirst Sage setsthe basic
environment, while the second stage calibrates the remaining parameters. In the first stage, | set the
simulated length of periods, the surviva rates of the two types of capital, the frequency and duration of
recessions, and the functiond form for the production technology. The period lengthisset to 1 year. This
permits calibrating the model with along sample from the United States that dates back to 1871. The
aurviva ratefor generd capitd issetto 0.983 which isan intermediate va ue between the standard surviva
rates for basic human capital 0.98 (50 years duration) and structures 0.9875 (80 years duration). The
average survival rate for specific capital is set to 0.9 (10 years duration) which is atypical rate for
equipment, consumer durables, and skills.” Periods with relocations are set to occur every 4.9 years (on
average) and last for 1.4 years (on average) 2 This matches the frequency and duration of recessionsin the
United Stateswhen arecession is defined to be a set of consecutive years with negative annual growth.

Finally, the functional from of the production technology is CES:

y= A{aki‘f +(1- a)(Zkz)'r]_rl- (13)

"The rates of depreciation consistent with these two survival rates are 0.017 for general capital
and 0.1 for specific capital. These rates of depreciation appear low compared to the typical 0.08
assumed for aggregate physical capital in the standard neoclassical model. However, bear in mind that
in the standard neoclassica model human capital is assumed to have a 0 rate of depreciation. Extended
national accounts that include human capital accumulation find average propensities of consumption
consistent with a 0.04 aggregate rate of depreciation.

8Thisimplies that the probability of arecession next period is 0.2041 if this period is a boom
and is 0.2857 if the period is arecession.
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The second stage of the evauation calibrates the remaining parameters of themode (13, s, ?, A,
a, ?, and z,), so that moments of the invariant distribution of the model match those from the historical
recordsof the United States.® Thefirst eval uation calibrates seven parametersto match six moments. The
second evaluation calibrates Six parameters (?isfixed at 2) to match five moments. In ether case, there
isone degree of freedom which isused in the following manner. The search algorithm first attemptsto fit
the momentsimplied by the modd with those from the historical records with time separable preferences
(that is, with s =?). If thisleadsto vaues of [3 higher than 1, the value of 3is set to 0.9999 (the maximum

value considered), and the search continues with unconstrained values of s and 2.2°

The moments sought to match from the historical records are the following. The mean and the
standard deviation of the growth rate of output (0.0183, and 0.0547), the standard deviation of the growth
rate of consumption (0.0379), the average propendty to consume (0.515), the average return on capita
(0.081), and (inthefirst evaluation) the average risk premium of themarket portfolio (0.06). The means
and the standard deviations of the growth rates of output and consumption are from Cecchetti, Lam, and
Mark (1990) for the period 1871-1985. These rates of growth involve output and consumption as
conventionally measured in the nationd accounts. However, these conventiona measures present amgjor

aproblem when constructing the average propensty to consume consistent with thismodel. In thismoddl,

*The model has an invariant distribution for the rates of growth of these variables and the ratios
among them, but not for output, consumption, and capital stocksin levels.

1°The conventional practice of constraining 3 to values lower than 1 is somewhat arbitrary
because, with time separable preferences, equilibriamay exist with3>1ands > 1 aslong as3is not
too high. However, attempts at using values of 3 higher than 1 while keeping ? = s were unsuccessful in
fitting al the sought moments.
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| assumethat al formsof capital are accumulated asan act of investment. However, conventiond national
accounts assign human capita accumul ation expenses such as child rearing, hedth care, and education, to
consumption instead of investment. For thisreason, | use the comprehensive and corrected measures of
Kendrick (1976, p. 236) for the most recent year available (1973) to congtruct the average propensity to
consume. The average return on capital is set equal to the average return on equity (0.07) from
Kocherlakota (1995) for the period 1889-1978 corrected for the estimated upward bias on inflation when
using the consumer priceindex (0.011) from Boskin, Dulberger, Gordon, Griliches, and Jorgenson (1998).
Even with this correction, the resulting rate (0.081) is a the low end of the measures of the average return
for comprehensive capita in Kendrick. The average risk premium of the market portfolio is set equal to

the equity premium on the return of 3-month treasury bills, a'so from Kocherlakota

The upper part of Table 1 presentsthe benchmark evaluation of the mode with coststo relocate
specific capital and constraintsto dis-invest genera capital. As documented in thistable, these features
enabletheintended match of the model with historical momentsfrom the United Statesincluding the
average risk premium. As Rouwenhorst (1995) and Tdllarini (1997) carefully document, this endeavor
leadsto failurewhen capitd isflexible. With full flexihility, the type of shock considered in this paper would
beirrelevant, so the standard deviations of the growth rates of output and consumption would be zero.
Following Rouwenhorst and Tallarini, full flexibility could be combined with shocks to total factor
productivity. The problem with this strategy isthat for shocksthat match the variability of output at the
business cycle frequency, the market portfolio return is extremely safe as no capital losses are incurred.

Thus, both the variability of consumption and the risk premium are minute. Aslong as capita remains
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flexible, thisfact isrobust to variationsin the parameters of either the present model or the modelsby
Rouwenhorst and Tallarini. Introducing costs to relocate specific capita increasesthe riskiness of the
market portfolio, and thusincreasesthevariability of consumption and therisk premium. However, these
rel ocation cogtsby themsalvesareinsufficient to achieve theintended match. Introducing theirreversibility
congtraint on genera capita but maintaining shocksto tota factor productivity isasoinsufficient. Inthis
instance, with reasonable survival rates, theirreversibility constraint on generd capitd iseither not binding
or only weekly binding. Only when the coststo rel ocate specific capitd arecombined withtheirreverahbility

constraint on general capital, the intended match is possible.

Asthe upper part of Table 1 reports, the modd fitstheintended momentsfrom historical records
without any mgjor anomaly in other dimensions. Admittedly, the standard deviationsof therisk-freerate
and the market portfolio are lower than the standard deviations of the real returns on equity (0.165) and
treasury bills (0.055). However, thisis expected Since equity representsasmal portion of thecapita stock,
and treasury billsare not free of inflation risk. Thedmost constant risk-free rate in the model is consistent
withthelow variability of the return onindexed bonds.™ The expected return of the market portfolio and
therisk premium are both counter-cyclical. Thisisconsi stent with the mean reversion of asset prices
documented in Famaand French (1988). It isa so consistent with acounter-cyclica risk premium found
in Ferson and Harvey (1991). Inthismodel, therisk premium risesin recessions because thereturn on

capital ismore volatile when theirreversibility constraint isbinding and not because risk aversion rises

"Unfortunately, the market for indexed bondsis too small and recent for using the rates of
return on these bonds instead of the regular treasury billsin calibrating the model.
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during recessions, asisthe case in modelswith habit persistence (e.g. Campbell and Cochrane [1999)).
Findly, thevaueof thecoefficient of relativerisk aversonisamost identica tothevauethat Kocherlakota
(1996) finds to be necessary to provide an exact fit of the representative consumer's Euler equation to
actual data. Thus, the degree of risk suffered by the consumer inthemode isnot dl that different from the

risk that a single representative consumer would suffer in the United States.

Thelower part of Table 1 describesthe model with the same parameters without imposing the
irreversibility congtraint on generd capitd. Oncetheirrevershility of generd capita isrelaxed, the capitd
losses onthisform of capital disappear. Thus, the market portfolio becomeslessrisky and the variability
of consumptionfdls. This impliesariseintherisk-freerateand afdl intherisk premium. Also, without
theirreversibility constraint on genera capital, the rate of growth of the economy fallsfrom 0.0183 to
0.0172. Behind thisdrop istherise of the average propensity to consume and the associated fall inthe
average propensity to invest. Asdiscussed in Faig (1998), as long as the inter-temporal elasticity of
consumption islessthan one, irrevershbility encourages capita creetion because of the negative wedth effect

it has on consumption.

Table2 reportsthe second eval uation of themode . When the coefficient of relativerisk aversion
?isfixed a 2,themode can il fit thetargeted historica momentsexcept for therisk premium. With this
low risk aversion, theirreversibility constraint on generd capita mattersmuch lessin lowering therisk-free
rateand in magnifying therisk premium for two reasons. Firs, the direct and obviousreasonisthat alower

risk aversion coefficient impliesalower price of risk. Second, the indirect and paradoxical reasonisthat
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lower risk aversion implies alessrisky market portfolio. With lower risk aversion, the representative
consumer fedsless compelled to invest asaform of self-insurance which tends to dow down growth. For
themodel to continue reproducing the historical rate of growth of the US economy, theinter-tempord
elasticity of substitution must then be higher (s = 0.2257 for ?= 2, whereass = 0.1078 for ?=17.79).
With ahigher inter-tempord eadticity of substitution, the consumer becomes more tolerant to fluctuations
in consumption and lesseager to deplete the capita stock to avoid alarge down fall on consumptionin bad
times. Consequently, the capital |osses associated with the irreversibility constraint on general capital
becomeless pronounced with low risk aversion, and so the standard deviation of the market portfoliofals

from 0.0868 when ? = 17.79 (upper part of Table 1) to 0.0610 when ? = 2 (upper part of Table 2).

4. Conclusion

The diversity of capita with some types that are long-lived, such as basic human capital and
buildings, and othersthat are highly specific, such as skills, equipment, and consumer durables, isan
important feature of redity. Thisfestureimpliesthat irreversibility constraintsmay bestrongly binding, thus
generating sizable and undiversifiable capital losses, even in the presence of moderate shocks and positive
aggregateinvestment. Theresulting riskiness of investing in capita has consequencesfor growth, business
cycles, and asset returns. Growth is affected as the representative consumer invests alarger portion of
output asaform of self-insurance. Thebusinesscycleisaffected asconsumption becomesmorevariable.
Asset returns are affected asthe added risk raisesits premium, especially in recessions. The strength of

these consequencesincreaseswhen the consumer islesstol erant to risk and fluctuationsin consumption.
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Inthismodel, tolerancefor risk and fluctuationsin consumption are conveniently controlled with two
parameters. However, smilar results could be obtained with other preference structures, such ashabit

formation, if we were to maintain the diversity of capital as modeled in this paper.
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Tablel
Total factor productivity A =0.1914.
Production elasticity of substitution (1+?)* = 0.2687 .
Distribution parameter a = 0.9633.
Average survival rates: |, =0.983 for k; and &, = 0.9 for k.
Redlized valuesof z z, = 1linexpansionsand z, = 0.7555 in recessions.
Expected length of states: 4.9 years for expansions and 1.4 years for recessions.
Subjective pure discount factor 13 = 0.9999.
Inter-temporal elasticity of substitution s = 0.1078.
Coefficient of relativerisk aversion ?= 17.79.

Expansion Recession Mean Std.
COSTLY RELOCATION OF k, AND IRREVERSIBILITY OF k,
q 1 0.8888 0.9741 0.0543
Ein R 0.0646 0.1383 0.0810 0.0868
Inr 0.0173 0.0339 0.0210 0.0106
Eln R-Inr 0.0473 0.1044 0.0600 0.0831
cly 0.5107 0.5305 0.5150 0.0091
Kl / Kl 0.3605 0.3255 0.3527 0.0165
O 0.0196 0.0139 0.0183 0.0290
g, 0.0459 -0.0782 0.0183 0.0547
9% 0.0381 -0.0510 0.0183 0.0379
COSTLY RELOCATION OF k, AND FLEXIBILITY OF k,
q 1 1 1 0
EInR 0.0780 0.0722 0.0767 0.0287
Inr 0.0578 0.0505 0.0562 0.0031
EINR-Inr 0.0202 0.0217 0.0205 0.0286
cly 0.5214 0.5568 0.5293 0.0148
Kl / Kl 0.3289 0.3200 0.3269 0.0037
O 0.0185 0.0129 0.0172 0.0285
g, 0.0473 -0.0880 0.0172 0.0627
e 0.0339 -0.0411 00172 0.0313

Note: The ex-post growth ratesof the initial capital stock, output, and consumption (g,, g,, and g.) are
annual and continuously compounded. Theremaining variablesare: q=averagepriceof capital in units
of consumption, E In R = expected market return conditional on the present period information
(continuously compounded), Inr = risk-free interest rate (continuously compounded). c/y = average
propensity to consume, and ki, / kN, = ratio of capital stocks at the end of the period.
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Table 2
Total factor productivity A= 0.1967.
Production elasticity of substitution (1+?)* = 0.1914.
Distribution parameter a = 0.9848.

Average survival rates. |, =0.983 for k; and &, = 0.9 for k.
Redlized valuesof z z, = 1linexpansionsand z, = 0.7786 in recessions.
Expected length of states: 4.9 years for expansions and 1.4 years for recessions.

Subjective discount factor 3= 0.9999.
Inter-temporal elasticity of substitution s™ = 0.2257.

Coefficient of relativerisk aversion ? = 2.

Expansion Recession Mean Std.
COSTLY RELOCATION OF k, AND IRREVERSIBILITY OF k,
q 1 0.9332 0.9846 0.0341
EnR 0.0723 0.1116 0.0810 0.0611
Inr 0.0686 0.1009 0.0757 0.0173
EInR-Inr 0.0037 0.0107 0.0053 0.0579
cly 0.5107 0.5304 0.5150 0.0090
K, / Kily 0.4082 0.3724 0.4002 0.0172
O 0.0196 0.0139 0.0183 0.0288
g, 0.0458 -0.0780 0.0183 0.0547
oh 0.0381 -0.0510 0.0183 0.0379
COSTLY RELOCATION OF k, AND FLEXIBILITY OF k,
q 1 1 1 0
EInR 0.0802 0.0745 0.0789 0.0293
Inr 0.0785 0.0724 0.0771 0.0025
EInR-Inr 0.0017 0.0021 0.0718 0.0292
cly 0.5112 0.5380 05171 0.0112
K, / Ky 0.4006 0.3970 0.3998 0.0015
O 0.0194 0.0136 0.0181 0.0292
g, 0.0452 -0.0767 0.0181 0.0555
e 0.0347 -0.0401 0.0181 0.0312
Seenotein Table 1.
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