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1 Introduction

Thehouseholdsectoris large.Estimatesreportedin Benhabib,Rogerson,andWright (1991)sug-

gestthat its outputmay be asmuchashalf that in the market sector, and the labor input in its

productionis almostaslargeasthatin themarket sector. This laborinput competeswith valuable

time thatcanbeusedto producemarket goodsor enjoy leisure.Theproductionof householdcap-

ital (consumerdurablesandresidentialhousing)exceedsthatof businesscapital. Thus,the idea

advancedby Benhabibet al. (1991)andby Greenwood andHercowitz (1991), that taking into

accounthouseholdproductionandits interactionwith marketproductionmaybeimportantfor un-

derstandingmany macroeconomicphenomena,appearsplausible.At thesametime,despitemany

paperspursuingthat ideaandrefiningtherequiredmeasurements,it is probablyfair to saythat it

hasnot really takenhold in theprofession.A reasonmaybethattherearetoo many anomaliesin

thedatarelative to themaincandidatesfor a household-productiontheory. This paperattemptsto

settletheissueof theimportanceof householdproductionfor understandingthebusinesscycle.

Two key anomaliesto which we wereimplicitly referringabove areasfollows. (i) In postwar

U.S.data,thecorrelationcoefficientof cyclical fixedbusinessinvestmentwith consumerdurables

expendituresis
��� ���

andthat with the sumof consumerdurablesandresidentialconstructionis��� ��	
. Thebasicmodelsin Benhabibet al. (1991)andGreenwoodandHercowitz (1991)generate

negative correlations.(ii) Evenmoreimportantly, businessinvestmentlagsthebusinesscycle by

abouta quarterwhile bothmeasuresof householdinvestmentleadthecycle by a quarteror two.

Modelsof householdproductionthat have appearedin the literatureso far generatethe reverse

pattern- thathouseholdinvestmentlagsbusinessinvestment.Thisphaseshift is suchaninteresting

andstrikingaspectof thebusinesscyclethatany theoryof householdproductionis likely to fall flat
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if it remainsananomaly. While it is possibleto find combinationsof parametervaluesin existing

modelsfor which the correlationis positive, andthenonly slightly so (in particular, by making

thehome-andmarket-sectorshocksalmostperfectlycorrelatedandcapitalandlaborinputshighly

complementaryin householdproduction,asshown by Greenwood andHercowitz (1991)andby

Greenwood,Rogerson,andWright (1995)),noneis consistentwith householdinvestmentleading

businessinvestment.Weregardthatphaseshift asthemainchallenge.

An innovation in this paperis to introducea time-to-build technologyfor the productionof

capital. Specifically, the time neededto producebusinesscapital is longer than that neededto

producehomecapital. Only somefraction of a factoryis put in placein the periodin which its

constructionstarts.Looselyspeaking,thisreducesthecost(in termsof consumptionandleisure)of

investingin thehomesector, for whichanincentivetypicallyarisesatthesametimeastheincentive

to invest in the businesssector, inducinga positive correlationbetweenthe two investmentsof

magnitudesimilar to that in the data,without the unpalatablemodelmodificationslisted above.

Moreover, the homeinvestmentleadsthe cycle and market investmentlags the cycle as in the

data. We draw the conclusionthat a time to build of several quartersappearsto be an essential

featureif a modelwith homeproductionis to be calibratedreasonablywithout beingassociated

with significantanomalies.
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2 The Economic Environment

2.1 Households

Therepresentativehouseholdhaspreferencesover market consumption,
 �
� , homeconsumption,
 ��� , markethours,���
� , andhomehours,����� , summarizedby������ � � ��� � ��� 
 ���  
 ���  � �
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wheretheconsumptionaggregatoris
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Householdsfacea numberof constraints.First, its budgetconstraintis
 �
� 3XW �
� 3XW ��� * � &�5�Y Z
! [ � \��
� 3 � &�5�Y � ! ] � ���
� 3_^ � Y Z \��
� 3XY � ( (4)

Here, \��
� is the household’s stockof market capital, [ � is the rental price of capital, ] � is the

realwagerate,and W4�
� and W���� areinvestmentin market andhomecapital,respectively. Capital

incomeis taxedat therate Y Z while laborincomeis taxedat therate Y � . Theterm ^ � Y Z \��
� onthe

right-handsideof (4) is anadjustmentsothatnetratherthangrosscapitalincomeis taxed.Finally,Y � is a lump-sumtransferfrom thegovernment.

Second,as in KydlandandPrescott(1982), capital projectsaresubjectto a ` period time-

to-build technologyconstraint. Specifically, startinga project at date a requiresinvestmentof

resourcesat datesa , a 37& , ... a 3 ` 5'& , with thecapitalfinally beingreadfor useat date a 3 ` .
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A project b periodsfrom completionrequiresa fraction c�d of thetotal resourcesrequiredfor that

project. Let e d f be the numberof projectswhich are b periodsfrom completionat date g . Then,

totalmarket investmentis h�i f4jlkm d n�o c�d e d f p (5)

Further, theprojectcommitmentsevolveaccordingtoe d q�o r f s4o j7e d f t b%j'u t p p p t v p (6)

Thatis,aprojectwhichis b periodsfrom completionatdateg will be b�wMx periodsfrom completion

in thenext period.

Third, thehousehold’scapitalstocksevolveaccordingtoy i f s4o j{z x
w�| iM} y i f�~ e o f (7)y�� f s�o�j{z x�wX| � } y�� f ~ h � f (8)| i and | � are the depreciationratesof market andhomecapital, respectively. Recall that e o f
representsthe numberof projectswhich areoneperiodfrom completionasof the beginning of

period g .
Finally, homeproductionis describedby� � fTj7��z y�� f t � � f � � � f } p (9)

Thehomeproductionfunctionhastheform

��z y�� t � � � � � } j
����� ������ � � y��� � o q �� if ��jJ�
� � �
� � y��� ~ z x�w � } � ��T� o � � if �M�_� or �%�V�M�'x . (10)

Thehomeproductivity shockevolvesas� � r f s�o jJ� � � � f�~_� � f t�� � f��7� z � t �T�� } p (11)
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2.2 Firms

Goodsproducingfirms actcompetitively andseekto maximizeprofits,�M�  M¡�¢ £ ¤%¡
¢ ¥ ¦ ¡�¢ §�¨�© ¢  M¡�¢4¨�ª�¢ ¤%¡
¢ «
(12)

Theproductionfunctionis Cobb-Douglas,�M�  M¡¬£ ¤�¡¬¥ ¦ ¡M§�­'® ¯ °
 ²±¡ ¤²³ ´�±¡
(13)

andthemarket productivity shockevolvesaccordingto¦ ¡�¢ µ ³ ­J¶ ¡ ¦ ¡�¢�·_¸ ¡�¢ £ ¸ ¡
¢�¹7º � »�£ ¼T½¡ § «
(14)

2.3 Government

In this economy, thegovernmentraisesrevenuevia laborandcapitaltaxes,lump-sumrebatingthe

proceedsto households: ¾ ¢T­ ¾ ¿ © ¢  M¡�¢ · ¾ À ª�¢ ¤%¡
¢4¨XÁ ¡ ¾ ¿  ¬¡
¢ «
(15)

As discussedin Greenwoodet al. (1995),thereasonfor includingtaxesis thatthey have important

implicationfor thecalibrationprocedure;this issueis discussedin moredetail in Section3.

2.4 Equilibrium

A competitive equilibrium is givenby asetof pricesandquantitiessuchthat:

1. Â)Ã ¡
¢ £ Ã À ¢ £ Ä ¡�¢ £ Ä À ¢ £ Å ¡
¢ µ ³ £ Å À ¢ µ ³ £ Æ ¡�¢ £ Æ À ¢ Ç)È¢ É�Ê solve thehousehold’sproblemof maximiz-

ing (1) subjectto (2)–(9),takingasgivenprices,Â ª�¢ £ © ¢ Ç .
2. Â  M¡�¢ £ ¤%¡
¢ Ç solve thefirm’s problemof maximizing(12), takingasgivenprices.

3. Thegovernment’sbudgetconstraint,(15), is satisfied.
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4. Marketsclear: Ë�Ì
ÍTÎJÏ¬Ì
Í
(16)Ð Ì�ÍTÎ'Ñ%Ì
Í
(17)Ò Ì
Í�ÓXÔ4Ì
Í�ÓXÔ�Õ�ÍTÎ7Ö%× Ï¬Ì
Í Ø Ñ�Ì�Í Ù Ú Ì
Í Û Ü (18)

3 Calibration

Themodelis calibratedusingtheproceduresetoutby KydlandandPrescott(1982).In particular,

asmany parametersaspossiblearesetin advancebasedon eithera priori informationconcerning

theirmagnitude,or soasto matchcertainlongrunaveragesobservedin thepostwarU.S.economy.

Thesetof parameterswhich needto beassignedvaluesaresummarizedin Table1. A number

of parametersare assignedvalueswhich are standardin the dynamic,stochasticgeneralequi-

librium literature. To start, oneperiod in the model correspondsto one quarter. The discount

factor, Ý , is set to Þ Ü ß)ß . The coefficient of relative risk aversion, à , is set to onewhich implies

log preferences.The homeproductionfunction andconsumptionaggregatorareassumedto be

Cobb-Douglas;thus, á Î{â¬Î Þ . Evidenceon U.S.Solow residualsmotivatessetting ã ÌäÎ Þ Ü ß�å
and æ Ì Î Þ Ü Þ)Þ�ç)è�é ; seePrescott(1986).

Thereis little hardevidenceto guidethechoiceof thestochasticprocessdescribingthehome

technologyshock.As in Greenwoodet al. (1995),it is assumedthatthehomeshockresemblesthe

marketshock.Thus,ã Õ Î Þ Ü ß)å and æ Õ Î Þ Ü Þ�Þ)ç�è)é . Thecorrelationbetweentheinnovationsto the

market andhomeshocks(i.e., betweenê Ì and ê Õ ) is setto ë ì í . In thehomeproductionliterature

to date,thevalueof this correlationhasimportantimplicationsfor thecyclical behavior of home
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andmarket investment.In particular, Greenwoodet al. (1995)show thatthis correlationhasto be

quitecloseto unity for their homeproductionmodelto predicta positivecorrelationbetweenthe

two investmentseries.

Theparametersî , ï , ð , ñ , ò ó and ò ô arechosensuchthatin steadystate:

1. Market hours, õ�ô , is ö ÷ ø and homehours, õ�ó , is ö ÷ ù . Thesevaluesare consistentwith

evidencefrom timeusesurveys.

2. Market capital, ú�ô , is four timesoutputwhile homecapital, ú�ó , is five timesoutput.

3. Market investment,û4ô , is 11.8%of outputwhile homeinvestment,û�ó , is 13.5%of output.

Thetaxratesaresetto ü ýVþJÿ�� � ÿ andü óXþ'ÿ�� ��� whicharethesamevaluesusedbyGreenwood

et al. (1995). Along with the restrictionabove, thesetax ratesimply valuesfor î , ï , ð , ñ , ò ó
and ò ô given in Table1. As in Greenwood et al. (1995), the tax rate on capital incomeis an

importantparameterin generatingareasonablecapitalshareparameterin themarketsector(given

the restrictionsabove). Modelswithout homeproductiondo not seemto have sucha problem

(relatedto incometaxation)sincethey calibrateto a much higher capital-outputratio because

market andhomecapitalarelumpedtogether.

4 Findings

The benchmarkeconomyis chosento highlight several key featuresof the model (both limita-

tionsandsuccesses)andto beconsistentwith severalotherpapersthathave includedahousehold

productionsector. Oneof thesefeatures,namelythecorrelationbetweenhomeandmarket invest-

ment,hasplayedalargerolein motivatingGreenwoodandHercowitz (1991)andGreenwoodet al.

7



(1995). In short,thedatafor theU.S.economyreveala positive correlationbetweenmarket and

homeinvestment,while “standard”householdproductionmodelsdeliveranegativecorrelation.In

addition,the investmentpatternsareout of phasein relationto outputcomparedto theU.S.data.

In thedata,homeinvestmentleadsthecyclesomewhat,while market investmentis coincidentwith

thecycle (with someindicationthatit mayevenlag thecycle).

Thestrategiesusedto correctthis weakness,however, arethemselvessomewhatproblematic.

Whatis necessaryto produceapositivecorrelationinvolvesassumptionsaboutparametersor func-

tional formsthatarenot palatable.For example,bothBenhabibet al. (1991)andGreenwoodand

Hercowitz (1991)overturnthenegativecorrelationby makingtheshocksto themarket andhome

sectorsnearly(Benhabibet al. (1991)case),or perfectly(GreenwoodandHercowitz (1991)case)

correlated.While thereis little direct evidenceon the magnitudeof this correlation,indirectev-

idencesuggeststhat the correlationis lessthanperfect. Technologyshocks,regulatorychanges,

etc.will not have thesameeffecton thehomeandmarket. In addition,theaforementionedpapers

alsoneedto assumecomplementaritybetweendurablegoodsandhouseholdlabor in the home

productionfunction,ratherthanCobb-Douglas.

To obtain the businesscycle momentsthe relevant datawasloggedanddetrendedusingthe

Hodrick-Prescottfilter. Table4 shows the correlationbetweenmarket andhomeinvestmentand

thetwo capitalstocksfor thebenchmarkeconomy. Table5 presentsselectedmomentsandTable

6 cross-correlationswith outputfrom thebenchmarkeconomy. Notethat thecorrelationbetween

market andhomeinvestment,� � and � � is slightly positive,at 	�
 �
� . Benhabibet al. (1991)report

a slightly negative correlationof ��	�
 	
� . Thedifferenceis attributableto thefact that their model

incorporatesgrowth andhencea discountfactorof 	�
 �
���
� , while the modelheresets ����	�
 �
� .
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Settingthediscountfactorto ��� ���
��� in thebenchmarkmodeldrivesthecorrelationcloseto thatof

Benhabibet al. (1991).Otherwise,theresultsareverycloseto thoseof Greenwoodet al. (1995)’s

Model 1. Observe in Table4 thatmarket investmentleadsthecycleandhomeinvestmentlagsthe

cycle, just theoppositeof whatis in thedata.

Many of thesuccessesandfailuresof thisstructurearewell known andhavebeendocumented

by Greenwood et al. (1995),Greenwood andHercowitz (1991),andBenhabibet al. (1991). As

mentionedabove,however, themodeldoesquitepoorlymatchingupwith akey featureof theU.S.

data,specifically, the correlationbetweenmarket and homeinvestment. The homeproduction

modelwasintroducedpreciselyto allow anadditionalmargin of substitution,betweenthemarket

andhomesectorsto increasethe volatility of hoursof work in the market sector. That is, high

relativeproductivity in themarketsectorinducesareallocationof hoursfrom nonmarket to market

labor, not just out of leisure. Obviously, the questionthat arisesis how to get market andhome

investmentsto move in the same directionwhenhoursin the two sectorsaremoving in opposite

directions?

GreenwoodandHercowitz (1991)overcomesthisproblemby assumingperfectcorrelationbe-

tweentheshocks.Whena positive shockarrives,hoursof work move from thehometo market

sector;but, becauseof labor augmentingtechnologicaladvance,the effective labor hoursin the

homesectorrise. This in conjunctionwith the complementarityassumptionbetweenhomecap-

ital andhomehoursinducesan increasein investmentin homecapital. Evidently, thesearetwo

unattractive featuresto imposeon themodel.
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4.1 Reintroducing Time-to-build

An innovation in this paperis to adda time-to-build structureto capitalformation. Assume,for

example,that it takesfour periodsbeforeaninvestmentin market capitalcomeson-line,but only

oneperiodfor homecapital.Thebasicintuition is thatin responseto apositivemarketshockonly

� � �
of theresourceswill bemovedinto themarketsectorthisperiodto build morecapital.Thecost

in termsof consumptionof investingin homecapital is now lower, giving rise to an increasein

investmentin homecapital.

Table 8 presentsselectedmomentsfor the 4-periodtime-to-build economywhereall other

parametersarethesameasin thebenchmarkeconomy, Table7 shows the investmentandcapital

correlationsandTable9 providesthecross-correlationswith output.

Two striking resultsemergefrom this model. First, thecorrelationbetweenmarket andhome

investmentis now ��� �� . Second,the two investmentsarenow in phasewith theU.S.data,home

investmentnow leadsthe cycle andmarket investmentslightly lagsthe cycle. Moreover, recall

this is donewithout having to resortto modificationsof otherparametersthatwereoriginally set

accordingto a priori informationor to matchkey featuresof theU.S.timeseries.

5 Conclusion

Ourmainfinding is thatthetwo anomaliesmentionedin theintroduction—positivecorrelationbe-

tweenbusinessandhouseholdinvestment,andhouseholdinvestmentleadingbusinessinvestment

over thebusinesscycle—nolongerareanomalieswhentime-to-build of threeor four quartersis

addedto amodelin whichall productionandutility functionsareof theCobb-Douglastype.While
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empiricalwork mayeventuallyfind someelasticityto benotexactlyone,themagnitudeof thede-

viation from oneis likely to be so small that onewould not want to let the appropriatenessof a

modelspecificationhingeon a largedeviation aspreviousliterature.Thus,householdproduction

still is in therunningasa potentiallyimportantfactorbothin termsof accountingfor a portionof

thebusinesscycleandin understandingthebusinesscyclemoregenerally. Basically, thepresence

of theseimportantanomaliesbasedon pastmodelsof householdproductionis a reflectionof how

näıve they areotherwiseasmodelsof thebusinesscycle.

This finding would not be very interestingif it cameat the costof introducingnew anoma-

lies. Benhabibet al. (1991),for example,emphasizethehoursworkedin producingconsumption

goods. As mostsectorsexperienceprocyclical hours,someresearchershave inferredthat hours

workedin producingconsumptiongoodsmustalsobeprocyclical. Benhabibet al. (1991)find, for

their model,that it canbemadeto beslightly procyclical (correlationwith realGDPof !�" # ! ) but

thenonly for a specificationfor which householdandbusinessinvestmentarestronglynegatively

correlated.For our benchmarkcase,this correlationis !�" $�! for total consumptionalthoughit is

negative for nondurableconsumption.In future work, we intendto addressthis issuefrom two

angles.Empirically, it is anopenquestionhow muchof thecontribution to a positivecorrelation

comesfrom sectorsthatproduceprimarily nondurables.Fromamodelingstandpoint,we intendto

investigatehow closeto beingprocyclical suchexpenditurescanbemadewith reasonablemodel

features.Oneideais to devoteattentionto theinventorystock.This variablehasbeenprocyclical

(with a leadof a coupleof quarters).Someof this cyclical movementpresumablycomesfrom

changesin inventoriesof nondurableconsumptiongoods. Our conjectureis that, by modeling

inventoriesalongthe lines of KydlandandPrescott(1982),nondurableswould becomeslightly
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procyclical and,therefore,total consumptionevenmoreprocyclical thanin our reportedfindings.

It must be said, also, that the extent to which householdinvestmentleadsthe cycle in the

modelis not quite aslarge asin thedata. Residentialconstructionleadsby at leasttwo quarters

and purchasesof motor vehiclesand partsleadsby almostas much. Furnitureand household

equipmentleadsby aboutonequarter. We intendto extendour modelto accountfor thelong lead

in the first two of thosethreeseries(with furnishingsbeingsomewhatcomplementarywith new

residences).Our first approach(backedby preliminaryempiricalregularities)is thatwe first need

to clarify theconnectionbetweenthesemostdurable(andlarge)purchasesandinterestrates,for

examplefixedmortgagerates.
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Table1: BaselineParameters
Preferences% &�' (
(

discountfactor) &�' *
*
consumption-leisureweight+ , ' & coefficientof relative risk aversion- &�' .
.
market-homeconsumptionweight/ &�' &
CESparameterin consumptionaggregator

Home Production0 &�' 1 , capital-laborweight2 &�' &
CESparameter3 4 &�' &
5�6
depreciationrate

Time-to-build7 8
numberof projectperiods9�: &�' 5
.
fractionof resourcesusedat stage;

Market Production< &�' 5
*
capitalshare3 = &�' &
5�(
.
depreciationrate

Shocks> = &�' (
.
marketshockautocorrelation> 4 &�' (
.
homeshockautocorrelation? = &�' &
&�6
*�1
standarddeviationof market shockinnovation? 4 &�' &
&�6
*�1
standarddeviationof homeshockinnovation

corr@ A =CB D A 4 B E &�' &
correlationof theinnovations
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Table4: BenchmarkEconomy:SelectedCorrelations

corr(f g ,f h ) i�j k
k
corr(l�g , l�h ) i�j m
i

Table5: BenchmarkEconomy:SelectedMoments

Percentage Autocorrelation Correlation Correlation
Standard with with
Deviation Output Hours

Output k�j n�i i�j o
p k
j i�i i�j q
q
Market Consumption i�j n�m i�j o r i�j q�o i�j q
p
HomeConsumption i�j r�i i�j o
s i�j s�t i�j s�k
AggregatedConsumption i�j rHk i�j o r i�j m�t i�j m
i
Market Investment o�j r�r i�j s
m i�j m�p i�j m
t
HomeInvestment rHj s�o i�j n
o i�j t�p i�j t
i
Total Investment rHj p
r i�j o
p i�j q�q k
j i
i
Market Hours i�j t
r i�j o
p i�j q�q k
j i
i
HomeHours i�j p�k i�j o
p uCi�j q�q uvk
j i
i
TotalHours i�j s�p i�j o
p i�j q�q k
j i
i
Market Capital i�j n�n i�j q�k i�j n�q i�j r�t
HomeCapital i�j p�o i�j q r uCi�j i�s u�i�j k t
TotalCapital i�j r�p i�j q
n i�j i
r u�i�j k i
Productivity i�j m�o i�j o
p i�j q�q i�j q
o
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Table7: Time-to-build Economy:SelectedCorrelations

corr(� � ,� � ) ��� �
�
corr(��� , ��� ) ��� �
�

Table8: Time-to-build Economy:SelectedMoments

Percentage Autocorrelation Correlation Correlation
Standard with with
Deviation Output Hours

Output ��� ��� ��� �
� �
� ��� ��� �
�
Market Consumption ��� ��� ��� � � ��� ��� ��� �
�
HomeConsumption ��� �H� ��� �
� ��� ��� ��� �
�
AggregatedConsumption ��� ��� ��� �
� ��� ��� ��� �
�
Market Investment ��� � � ��� �
� ��� ��� ��� �
�
HomeInvestment �H� ��� ��� �
� ��� ��� ��� �
�
Total Investment ��� ��� ��� � � ��� ��� �
� �
�
Market Hours ��� ��� ��� �
� ��� ��� �
� �
�
HomeHours ��� ��� ��� �
� �C��� ��� �v�
� �
�
TotalHours ��� ��� ��� �
� ��� ��� �
� �
�
Market Capital ��� ��� ��� �
� �C��� ��� ����� �
�
HomeCapital ��� ��� ��� �
� ��� ��� ��� � �
TotalCapital ��� ��� ��� ��� �C��� � � ����� � �
Productivity ��� ��� ��� �
� ��� ��� ��� �
�
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