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householdnvestment,and householdnvestmentieading businessinvestmentover the business

cycle—nolongerareanomaliesvhentime-to-huild of threeor four quarterds added.

Keywords: homeproduction time-to-tuild, businesgycles,investment

*Affiliations: Gomme,FederalResere Bank of Clevelandand CREFE/UQAM;Kydland, Carngjie-Mellon Uni-
versity; Rupert, FederalResere Bank of Cleveland. The views statedhereinare thoseof the authorand are not

necessariljthoseof the FederalResere Bank of Clevelandor of the Board of Governorsof the FederalResere
System.



1 Introduction

Thehouseholdectoris large. Estimategeportedn BenhabibRogersonandWright (1991)sug-
gestthat its outputmay be as much as half thatin the market sector andthe labor input in its
productionis almostaslarge asthatin the market sector This laborinput competesvith valuable
time thatcanbe usedto producemarket goodsor enjoy leisure.The productionof householdap-
ital (consumerurablesandresidentialhousing)exceedsthat of businesscapital. Thus,the idea
advancedby Benhabibet al. (1991) and by Greenwod and Hercawitz (1991), that taking into
accounthouseholgroductionandits interactionwith market productionmaybeimportantfor un-
derstandingnary macroeconomiphenomenaappearplausible At the sametime, despitemary
paperspursuingthatideaandrefining the requiredmeasurementg, is probablyfair to saythatit
hasnotreally takenhold in the profession A reasomrmay bethattherearetoo mary anomaliesn
the datarelative to the main candidategor a household-productiotheory This paperattemptgo
settletheissueof theimportanceof householdgroductionfor understandinghe businessycle.
Two key anomaliego which we wereimplicitly referringabove areasfollows. (i) In postwar
U.S.data,thecorrelationcoeficient of cyclical fixed businessnvestmentvith consumedurables
expenditureds 0.55 andthat with the sumof consumerurablesandresidentialconstructionis
0.42. Thebasicmodelsin Benhabibet al. (1991)andGreenvwood andHercowitz (1991)generate
negative correlations.(ii) Evenmoreimportantly businessnvestmentiagsthe businessycle by
abouta quarterwhile both measure®f householdnvestmenieadthe cycle by a quarteror two.
Modelsof householdproductionthat have appearedn the literatureso far generatethe reverse
pattern- thathouseholdnvestmentagsbusinessnvestmentThis phaseshiftis suchaninteresting

andstriking aspecbf thebusinessycle thatany theoryof householgroductionis likely to fall flat



if it remainsananomaly While it is possibleto find combinationof parametewaluesin existing
modelsfor which the correlationis positive, andthenonly slightly so (in particular by making
thehome-andmarket-sectoshocksalmostperfectlycorrelatecandcapitalandlaborinputshighly
complementaryn householdoroduction,asshovn by Greenvood andHercawitz (1991)andby
Greenwwod, RogersonandWright (1995)),noneis consistentvith householdnvestmenteading
businessnvestmentWe regardthat phaseshift asthe main challenge.

An innovationin this paperis to introducea time-to-huild technologyfor the productionof
capital. Specifically the time neededto producebusinesscapitalis longerthanthat neededo
producehomecapital. Only somefraction of a factoryis putin placein the periodin which its
constructiorstarts.Looselyspeakingthisreduceshecost(in termsof consumptiorandleisure)of
investingin thehomesectorfor whichanincentvetypically arisesatthesameime astheincentive
to investin the businesssector inducing a positive correlationbetweenthe two investmentof
magnitudesimilar to thatin the data,without the unpalatablanodel modificationslisted above.
Moreover, the homeinvestmentieadsthe cycle and market investmentlags the cycle asin the
data. We draw the conclusionthat a time to build of several quartersappeardo be an essential
featureif a modelwith homeproductionis to be calibratedreasonablywithout beingassociated

with significantanomalies.



2 The Economic Environment

2.1 Households

Therepresentatie householdhaspreferencesver market consumptiong,,,, homeconsumption,
cyt, markethours, i, andhomehours, iy, summarizedy

EOZBtU(CMbCHtthbth)v 0 < B < 1. (1)
t=0
Themomentaryutility functionhasthefollowing form:

winClep,cn) + (1 —w)In(l — hpyy — hy) ify=1,
U(CM, cr, hM, hH) =
[Cleas,c)® A—hp—hg)t ¥ 77-1

fo<y<lory>l1,

1—
(2)
wherethe consumptioraggrejatoris
ey if £ =0,
Clemscn) = )
¢ AR
[¢CM+(1—’¢)CH if&<0orf<¢<,
Household$acea numberof constraintsFirst, its budgetconstraintis

eve + e + 2 = (1 — 7))k + (1 — 7 )wiehare + Smmrckare + 7. 4)

Here, ks is the household stock of market capital, r; is the rental price of capital, w; is the
realwagerate,andz,;; andzy, areinvestmenin market andhomecapital,respectrely. Capital
incomeis taxedattherater, while laborincomeis taxedattheratery. Thetermdy,7xkae ONthe
right-handsideof (4) is anadjustmensothatnetratherthangrosscapitalincomeis taxed. Finally,
7; is alump-sumtransferfrom the government.

Second,asin Kydland and Prescott(1982), capital projectsare subjectto a .J periodtime-
to-huild technologyconstraint. Specifically startinga project at datet¢ requiresinvestmentof

resourcestdatest, ¢t + 1, ... t + J — 1, with the capitalfinally beingreadfor useatdatet + .J.
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A project; periodsfrom completionrequiresa fraction¢; of the total resourcesequiredfor that
project. Let s;; bethe numberof projectswhich arej periodsfrom completionat datet. Then,
total marketinvestmenis
J
Tae = Y Gisit. (5)
Further the projectcommitmentsvolve accorciinlgo
Sj—1441 = Sjts J = 2,..., . (6)
Thatis, aprojectwhichis j periodsfrom completionatdatet will bej—1 periodsfrom completion
in the next period.
Third, the households capitalstocksevolve accordingto
ke = (1 — 0ng)kare + s1e )
kuivr = (1 —0g)ku + xm (8)
0ps anddy arethe depreciationratesof market and home capital, respectiely. Recallthat s;;
representshe numberof projectswhich are one periodfrom completionas of the beginning of
periodt.
Finally, homeproductionis describedy
car = H(kge, ha zm). 9)
Thehomeproductionfunctionhasthe form

e khy " if (=0
H(k’h,hH;ZH) = (10)
[ ¢ c1Me
et |nky + (1 —n)hy if (<0or0<¢<1.
Thehomeproductvity shockevolvesas

i1 = PuZHe + e, €me ~ N(O, U?{)- (11)



2.2 Firms

Goodsproducingfirms actcompetitvely andseekto maximizeprofits,
F(K e, Hue; 2ie) — 1K e — weH . (12)
Theproductionfunctionis Cobb-Douglas,
F(Ka, Hyry 2a) = eM K Hy (13)
andthe market productvity shockevolvesaccordingo

Zmer1 = PmAme + €me, € ~ N(O, 0]2\4). (14)

2.3 Government

In this economythe governmentaisesrevenuevia laborandcapitaltaxes,lump-sumrebatingthe
proceedgo households:

70 = T K + TeweH e — Ot K e (15)
As discussedh Greenvoodet al. (1995),thereasorfor includingtaxesis thatthey have important

implicationfor the calibrationprocedurethis issueis discussedn moredetailin Section3.

2.4 Equilibrium
A competitive equilibriumis givenby a setof pricesandquantitiessuchthat:

1. {caes e, Paes B, Karer1, Kaer, T, e k52 Solve thehouseholds problemof maximiz-

ing (1) subjectto (2)—(9),takingasgivenprices,{w;, :}.
2. { K, Hp} solvethefirm’s problemof maximizing(12), takingasgivenprices.

3. Thegovernmentsbudgetconstraint(15), is satisfied.



4. Marketsclear:

kae = K (16)
hare = Hap 17)
emt + e + e = F(K e, Hue; 201t (18)

3 Calibration

Themodelis calibratedusingthe proceduresetout by KydlandandPrescot{1982).In particular
asmary parametergaspossiblearesetin advancebasedn eithera priori informationconcerning
theirmagnitudepr soasto matchcertainlong runaverage®bsenedin thepostwar U.S.economy

The setof parametersvhich needto beassignedraluesaresummarizedn Tablel. A number
of parametersare assignedvalueswhich are standardin the dynamic, stochasticgeneralequi-
librium literature. To start, one periodin the model correspondgo one quarter The discount
factor 3, is setto 0.99. The coeficient of relative risk aversion,~, is setto onewhich implies
log preferences.The homeproductionfunction and consumptioraggreator are assumedo be
Cobb-Douglasthus,¢ = ¢ = 0. Evidenceon U.S. Solow residualsmotivatessettingpy,, = 0.95
andoj, = 0.00763; seePrescot(1986).

Thereis little hardevidenceto guidethe choiceof the stochastiqrocesslescribingthe home
technologyshock.As in Greenwwpodet al. (1995),it is assumedhatthehomeshockresembleshe
marketshock.Thus,py = 0.95 andoy = 0.00763. Thecorrelationbetweertheinnovationsto the
market andhomeshocks(i.e., betweer,, andey) is setto 2/. In the homeproductionliterature

to date,the valueof this correlationhasimportantimplicationsfor the cyclical behaior of home



andmarketinvestmentln particular Greenvoodet al. (1995)shaw thatthis correlationhasto be
quite closeto unity for their homeproductionmodelto predicta positive correlationbetweernthe
two investmenseries.

Theparameters), ¢, «, n, dy anddy, arechosersuchthatin steadystate:

1. Market hours, hy, is 13 and homehours, hy, is /4. Thesevaluesare consistentwith

evidencefrom time usesureys.
2. Market capital,k,, is four timesoutputwhile homecapital,ky, is five timesoutput.
3. Marketinvestmentz,,, is 11.8%o0f outputwhile homeinvestment; y, is 13.5%o0f output.

Thetaxratesaresetto 7 = 0.70 andry = 0.25 whicharethesamevaluesusedby Greenvood
et al. (1995). Along with the restrictionabove, thesetax ratesimply valuesfor w, ¥, «, 1, dy
and oy, givenin Tablel. As in Greenwod et al. (1995), the tax rate on capitalincomeis an
importantparametem generatingareasonableapitalshareparametem the market sector(given
the restrictionsabove). Models without home productiondo not seemto have sucha problem
(relatedto incometaxation)sincethey calibrateto a much higher capital-outputratio because

marketandhomecapitalarelumpedtogether

4 Findings

The benchmarkeconomyis chosento highlight several key featuresof the model (both limita-
tionsandsuccessesgndto be consistentvith severalotherpaperghathave includedahousehold
productionsector Oneof thesefeaturespamelythe correlationbetweerhomeandmarketinvest-
ment,hasplayedalargerolein motivatingGreenvwwodandHercovitz (1991)andGreenvoodet al.
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(1995). In short,the datafor the U.S. economyreveal a positive correlationbetweernmarket and
homeinvestmentwhile “standard’householgroductionmodelsdeliver a negative correlation.In
addition,the investmenpatternsareout of phasen relationto outputcomparedo the U.S. data.
In thedata,homeinvestmenteadsthecycle somavhat,while marketinvestments coincidentwith
thecycle (with someindicationthatit mayevenlagthecycle).

The stratgiesusedto correctthis weaknesshowever, arethemselessomeavhat problematic.
Whatis necessaryo produceapositive correlationinvolvesassumptionaboutparametersr func-
tional formsthatarenot palatable For example,both Benhabibet al. (1991)and Greenvoodand
Hercawitz (1991)overturnthe negative correlationby makingthe shocksto the marketandhome
sectorqearly(Benhabibet al. (1991)case) or perfectly(GreenwodandHercowitz (1991)case)
correlated.While thereis little directevidenceon the magnitudeof this correlation,indirect ev-
idencesuggestghatthe correlationis lessthanperfect. Technologyshocksregulatorychanges,
etc. will nothave the sameeffect onthehomeandmarket. In addition,the aforementionegapers
alsoneedto assumecomplementaritypetweendurablegoodsand householdabor in the home
productionfunction,ratherthanCobb-Douglas.

To obtainthe businesscycle momentsthe relevant datawasloggedand detrendedusingthe
Hodrick-Prescotfilter. Table4 shows the correlationbetweenmarket andhomeinvestmentand
the two capitalstocksfor the benchmarlkeconomy Table5 presentselectednomentsand Table
6 cross-correlationwith outputfrom the benchmarkeconomy Note thatthe correlationbetween
marketandhomeinvestment;,, andiy is slightly positive,at0.11. Benhabibet al. (1991)report
a slightly negative correlationof —0.09. Thedifferenceis attributableto the factthattheir model

incorporategrowth andhencea discountfactorof 0.9898, while the modelheresetss = 0.99.



Settingthediscountfactorto 0.9898 in thebenchmarkmodeldrivesthe correlationcloseto thatof
Benhabibet al. (1991).Otherwise theresultsarevery closeto thoseof Greenvwoodet al. (1995)s
Model 1. Obsenre in Table4 thatmarketinvestmenteadsthe cycle andhomeinvestmentagsthe
cycle, justthe oppositeof whatis in thedata.

Many of the successeandfailuresof this structurearewell known andhave beendocumented
by Greenwod et al. (1995), Greenvood andHercawitz (1991),and Benhabibet al. (1991). As
mentionedabove, however, themodeldoesquite poorly matchingup with akey featureof theU.S.
data, specifically the correlationbetweenmarket and homeinvestment. The home production
modelwasintroducedpreciselyto allow anadditionalmagin of substitution betweerthe market
and homesectorsto increasethe volatility of hoursof work in the market sector Thatis, high
relative productvity in themarket sectorinducesareallocationof hoursfrom nonmarletto market
labor, not just out of leisure. Obviously, the questionthat arisesis how to getmarket andhome
investmentgo move in the same directionwhenhoursin the two sectorsare moving in opposite
directions?

GreenwodandHercawitz (1991)overcomeshis problemby assumingperfectcorrelationbe-
tweenthe shocks.Whena positive shockarrives, hoursof work move from the hometo market
sector;but, becausef labor augmentingechnologicaladwance,the effective labor hoursin the
homesectorrise. This in conjunctionwith the complementarityassumptiorbetweenhomecap-
ital andhomehoursinducesanincreasan investmenin homecapital. Evidently, thesearetwo

unattractve featureso imposeonthe model.



4.1 Reintroducing Time-to-build

An innovationin this paperis to adda time-to-huild structureto capitalformation. Assume for
example,thatit takesfour periodsbeforeaninvestmenin market capitalcomeson-line, but only
oneperiodfor homecapital. The basicintuition is thatin responseo a positive market shockonly
1/, of theresourcesvill bemovedinto themarket sectorthis periodto build morecapital. The cost
in termsof consumptiorof investingin homecapitalis now lower, giving rise to anincreasen
investmenin homecapital.

Table 8 presentsselectedmomentsfor the 4-periodtime-to-tuild economywhereall other
parametersirethe sameasin the benchmarkeconomy Table 7 shawvs the investmentandcapital
correlationsandTable9 providesthe cross-correlationwith output.

Two striking resultsemege from this model. First, the correlationbetweemmarket andhome
investmenis now 0.49. Secondthetwo investmentsarenow in phasewith the U.S. data,home
investmentnow leadsthe cycle and market investmentslightly lagsthe cycle. Moreover, recall
this is donewithout having to resortto modificationsof otherparametershatwereoriginally set

accordingto a priori informationor to matchkey featuresof theU.S.time series.

5 Conclusion

Ourmainfindingis thatthetwo anomaliesnentionedn theintroduction—positve correlationbe-
tweenbusinessandhouseholdnvestmentandhouseholdnvestmenteadingbusinessnvestment
over the businesscycle—nolongerareanomaliesvhentime-to-tuild of threeor four quarterss

addedo amodelin whichall productionandutility functionsareof the Cobb-Douglasype. While
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empiricalwork may eventuallyfind someelasticityto be not exactly one,the magnitudeof thede-
viation from oneis likely to be so small that onewould not want to let the appropriatenessf a
modelspecificatiorhingeon a large deviation asprevious literature. Thus,householdroduction
still is in therunningasa potentiallyimportantfactorbothin termsof accountingor a portion of
thebusinesgycle andin understandinghe businesscycle moregenerally Basically the presence
of theseimportantanomaliedbasedon pastmodelsof householgroductionis areflectionof how
naive they areotherwiseasmodelsof the businessycle.

This finding would not be very interestingif it cameat the costof introducingnev anoma-
lies. Benhabibet al. (1991),for example,emphasizéhe hoursworkedin producingconsumption
goods. As mostsectorsexperienceprogyclical hours,someresearcherbave inferredthat hours
workedin producingconsumptiorgoodsmustalsobeprogyclical. Benhabibet al. (1991)find, for
their model,thatit canbe madeto be slightly progyclical (correlationwith real GDP of 0.10) but
thenonly for a specificatiorfor which householdandbusinessnvestmentarestrongly negatively
correlated.For our benchmarkcase this correlationis 0.40 for total consumptioralthoughit is
negative for nondurableconsumption.In future work, we intendto addresghis issuefrom two
angles.Empirically, it is an openquestionhow muchof the contritution to a positive correlation
comedrom sectorghatproduceprimarily nondurablesFromamodelingstandpointyve intendto
investigatenow closeto beingprogyclical suchexpenditurecanbe madewith reasonablenodel
features.Oneideais to devote attentionto the inventorystock. This variablehasbeenprogyclical
(with a lead of a coupleof quarters). Someof this cyclical movementpresumablycomesfrom
changesn inventoriesof nondurableconsumptiongoods. Our conjectureis that, by modeling

inventoriesalongthe lines of Kydlandand Prescott(1982), nondurablesvould becomeslightly
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progyclical and,thereforetotal consumptiorevenmoreprocyclical thanin our reportedfindings.
It must be said, also, that the extent to which householdinvestmentleadsthe cycle in the
modelis not quite aslarge asin the data. Residentiakconstructiorleadsby at leasttwo quarters
and purchase®of motor vehiclesand partsleadsby almostas much. Furnitureand household
equipmenteadsby aboutonequarter We intendto extendour modelto accountfor thelong lead
in the first two of thosethreeseries(with furnishingsbeingsomeavhatcomplementaryvith new
residences)Our first approach(baclked by preliminaryempiricalregularities)is thatwe first need
to clarify the connectiorbetweenthesemostdurable(andlarge) purchasesndinterestrates,for

examplefixedmortgagerates.
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Tablel: BaselineParameters

Preferences
15} 0.99
w 0.66
¥ 1.0
0 0.55
¢ 0.0
Home Production
n 0.31
¢ 0.0
Oy 0.027
Time-to-build
J 4
®; 0.25
Market Production
o 0.26
Onr 0.0295
Shocks
oM 0.95
OH 0.95
oM 0.00763
oH 0.00763

corf(cass, €ge) 0.0

discountfactor
consumption-leisureveight

coeficient of relative risk aversion
market-homeconsumptiorweight
CESparametem consumptioraggreator

capital-labomweight
CESparameter
depreciatiorrate

numberof projectperiods
fractionof resourcesisedat stagej

capitalshare
depreciatiorrate

market shockautocorrelation
homeshockautocorrelation
standardleviation of market shockinnovation
standarddeviation of homeshockinnovation
correlationof theinnovations
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Table4: BenchmarkEconomy:SelectedCorrelations

corr@ias,ip)
correas,k)

0.11
0.80

Table5: BenchmarkEconomy:SelectedMoments

Percentage Autocorrelation| Correlation| Correlation

Standard with with

Deviation Output Hours
Output 1.50 0.73 1.00 0.99
Market Consumption 0.58 0.74 0.97 0.93
HomeConsumption 0.40 0.72 0.26 0.21
AggregatedConsumption 0.41 0.74 0.86 0.80
Market Investment 7.44 0.28 0.83 0.86
Homelnvestment 4.27 0.57 0.63 0.60
Total Investment 4.34 0.73 0.99 1.00
Market Hours 0.64 0.73 0.99 1.00
HomeHours 0.31 0.73 —0.99 —1.00
Total Hours 0.23 0.73 0.99 1.00
Market Capital 0.55 0.91 0.59 0.46
HomeCapital 0.37 0.94 —0.02 —0.16
Total Capital 0.43 0.95 0.04 —0.10
Productvity 0.87 0.73 0.99 0.97
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Table7: Time-to-huild Economy:SelectedCorrelations

corr@ias,ip)
correas,k)

0.50
0.77

Table8: Time-to-kuild Economy:Selectedloments

Percentage Autocorrelation| Correlation| Correlation

Standard with with

Deviation Output Hours
Output 1.38 0.67 1.00 0.99
Market Consumption 0.55 0.74 0.97 0.92
HomeConsumption 0.41 0.73 0.35 0.30
AggregatedConsumption 0.42 0.76 0.86 0.80
Market Investment 5.12 0.66 0.89 0.87
Homelnvestment 4.02 0.30 0.83 0.86
Total Investment 3.93 0.64 0.99 1.00
Market Hours 0.57 0.63 0.99 1.00
HomeHours 0.28 0.63 —0.99 —1.00
Total Hours 0.20 0.63 0.99 1.00
Market Capital 0.55 0.77 —0.07 —0.20
HomeCapital 0.30 0.93 0.28 0.15
Total Capital 0.39 0.91 —0.12 —0.24
Productvity 0.82 0.70 0.99 0.96
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