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AbstractWe estimate a dynamic general equilibrium model of the U.S. economy thatincludes an explicit household production sector and stochastic �scal vari-ables. We use our estimates to investigate two issues. First, we analyze howwell the model accounts for aggregate uctuations. We �nd that householdproduction has a signi�cant impact and reject a nested speci�cation in whichchanges in the home production technology do not matter for market vari-ables. Second, we study the e�ects of some simple �scal policy experimentsand show that the model generates di�erent predictions for the e�ects of taxchanges than similar models without home production.



1 IntroductionIn this paper, we construct a dynamic general equilibrium model that in-tegrates several formulations in the recent literature, and obtain maximumlikelihood estimates of the parameter values using aggregate time series. Wethen use the model to study business cycles and to analyze the e�ects of �scalpolicy changes. Key features of the speci�cation are that it includes house-hold production, government spending, and distortionary taxation. While allof these features have been shown to be important in isolation, there is goodreason to expect that there may be interesting interactions between homeproduction and the �scal variables. This is the �rst attempt to analyze, andcertainly the �rst attempt to estimate, a model that combines these features.In terms of related literature, Benhabib, Rogerson, and Wright (1991)and Greenwood and Hercowitz (1991) show that real business cycle modelswith explicit household production sectors perform better than the standardreal business cycle model (e.g., the base model in Hansen 1985) along sev-eral dimensions. Christiano and Eichenbaum (1992) show that introducinggovernment spending also improves the ability of the base model to matchcertain key observations. Braun (1994) and McGrattan (1994) show how dis-tortionary taxation a�ects the basic real business cycle model. We think it isimportant to include taxation and household production in the same modelfor the following reason. The extent to which either shocks to or perma-nent changes in �scal variables matter depends on the extent of individuals'opportunities and willingness to substitute in and out of market (taxed) ac-tivities. Explicit modeling of a household or nonmarket sector is an attemptto provide details concerning the nature of this substitution.Moreover, although previous work has shown that adding home produc-tion can improve the performance of business cycle models, the extent of theimprovement depends critically on several parameters, including the elastic-ities of substitution between household and market variables in utility andproduction functions, as well as the stochastic properties of the householdand market technologies. As emphasized by Kydland (1995), there is lit-tle independent information regarding these parameters, and when existingstudies calibrate their models they are forced to set some crucial parameters1



more or less arbitrarily (although recently Rupert, Rogerson, and Wright1995 have attempted to measure some of the elasticity parameters using mi-cro data; see below). This is what leads us to estimate the model.1 Whenwe do so, we �nd that the overall �t is very good and that the estimatesare robust to di�erent ways of detrending the data. Also, our speci�cationnests a model without home production that is very similar to the one inMcGrattan (1994), and we �nd that the nested model is rejected.We then ask of our estimated model the same question that economistswho calibrate business cycle models typically ask: how well does it accountfor a set of statistics that are meant to capture the basic business cycle facts?It is by no means a foregone conclusion that our estimated model will do wellalong this dimension, since the estimation procedure is designed to �t thetime series at all frequencies and not just business cycle frequencies. It turnsout that the estimated model performs well, capturing most of the standardbusiness cycle statistics at least as well as other models in the literature,and capturing some of them better. Based on these �ndings, we would arguethat a model with home production should be the benchmark by which othermodels in this class are compared.We then use the model to predict the e�ects of tax changes. We considerseveral policy experiments to illustrate how our model di�ers from stan-dard models, including eliminating the capital income tax, eliminating dis-tortionary taxation entirely, and changing the tax treatment of residentialcapital. We compute changes in steady state levels of consumption, output,capital, labor hours, and welfare that result from these policy changes. Itturns out that, for our estimated parameter values, the model predicts thatthese experiments have very di�erent e�ects from those predicted by similarmodels without home production.The inclusion of home production a�ects the response of individuals totax changes to the extent that they are willing to substitute between marketand nonmarket activity. Similarly, the business cycle implications of eithertechnology or �scal policy shocks depend on this same willingness. The1Previous attempts to estimate similar models using maximum likelihood methodsinclude Christiano (1988), Altug (1989), McGrattan (1994), and Leeper and Sims (1994);but none of these studies use models that include household production.2



reason for the above results|that the model accounts for the business cyclebetter than a model without home production and that it predicts di�erenttax e�ects than a model without home production|is that our estimatesimply individuals have a fairly high elasticity of substitution between marketand household consumption goods.The rest of the paper is organized as follows. In Section 2 we presentthe model and de�ne equilibrium. In Section 3 we describe the estimationprocedure and data. In Section 4 we discuss the empirical results. In Section5 we focus on business cycle implications, and in Section 6 we analyze the�scal policy experiments. Section 7 contains some brief summary remarks.2 The ModelThe framework is a discrete-time stochastic growth model with a [0,1] con-tinuum of identical in�nitely-lived individuals. Preferences of individualsare de�ned over stochastic processes for consumption ct and leisure `t, asdescribed by the utility functionE0 1Xt=0 ~�tu(ct; `t); (1)where E0 is the expectation operator conditional on information available atdate 0 and ~� is the discount factor. Momentary utility is assumed to be aconstant relative risk aversion transformation of a Cobb-Douglas function,u(ct; `t) = (cbt`1�bt )1�� � 11 � � : (2)Leisure is given by `t = �h� hmt � hnt; (3)where �h is total discretionary time, hmt is hours of market work, and hntis hours of nonmarket work (home work). Consumption is an aggregate ofprivate consumption cpt and government consumption cgt:ct = fa1cb1pt + (1� a1)cb1gtg1=b1: (4)Private consumption itself is an aggregate of market consumption cmt andnonmarket consumption cnt:cpt = fa2cb2mt + (1� a2)cb2ntg1=b2: (5)3



For notational convenience, we combine (2){(5) to write the momentary util-ity function as u(ct; `t) = U(cmt; cnt; cgt; hmt; hnt): (6)The household maximizes utility subject to several constraints. First, itowns capital kt that it can divide at a point in time between market capitalkmt and nonmarket capital knt,kt = kmt + knt: (7)The household combines nonmarket capital with hours to produce the non-market good according to the home production functioncnt = g(knt; �tesnthnt) = fa3kb3nt + (1 � a3)(�tesnthnt)b3g1=b3; (8)where � is a trend growth rate and snt is a stochastic shock, both of whichare labor augmenting. Constraint (8) says that home consumption must beproduced in the home (that is, cnt must be consumed by the household, andcannot be bought or sold on the market).The household's capital stock evolves according to the law of motionkt+1 = (1� ~�)kt + it; (9)where it denotes investment and ~� is the depreciation rate. Capital that isnot used in home production is rented to �rms in the market. The marketvariables are constrained according to a standard budget equationcmt + it = (1� �ht)wthmt + (1 � �kt)rtkmt + ~��ktkmt + Tt; (10)where wt and rt are the real wage rate and rental rate on capital, �ht and�kt are (stochastic) taxes on labor and capital income, and Tt is a lump-sumtransfer. Note that depreciation of market capital is tax deductible, whichis why ~��ktkmt appears on the right-hand side, and that the household hasno dividend income since pro�ts will be zero in equilibrium. Also note thatwe can always decompose it into market plus nonmarket investment, it =imt + int, where ijt = kjt+1 � kjt(1 � ~�) for each sector j.22This decomposition is simply an accounting identity; in one period, the householdchooses investment in total capital, and next period it allocates total capital to eithermarket or nonmarket uses. Although we allow capital to move freely across sectors, it israre that much capital is actually moved in equilibrium, since households typically wantto add to both stocks to at least keep pace with depreciation and growth.4



Taxes in the model are determined by a �scal authority that faces thebudget constraintcgt = Hmtwt�ht +Kmtrt�kt � ~�Kmt�kt � Tt; (11)where the upper case variables Hmt and Kmt denote aggregate (or, equiv-alently, per capita) values of the corresponding lower case variables. Weassume that government consumption is a stochastic process given bycgt = �tYt; (12)where �t is a random variable and Yt is aggregate market output. We treatthe transfer Tt as a residual that takes on whatever value that is necessary tosatisfy the government budget constraint at each point in time, given �t, �ht,and �kt.3 Notice that there is no tax on nonmarket capital. In the UnitedStates, residential capital is subject to a property tax, but this tax as well asinterest payments on home mortgages are deductible against income taxes.We assume here that the net e�ect is approximately zero, although taxes onhome capital are considered explicitly in Section 6.Next we describe the technology in the market sector. All �rms are as-sumed to have a constant returns to scale production function. With constantreturns, the number of �rms is not determinate, and so we normalize thisnumber to unity. The production function is given byYt = f(Kmt; �tesmtHmt) = fa4Kb4mt + (1� a4)(�tesmtHmt)b4g1=b4; (13)where � is the trend growth rate (which is the same as in the householdproduction function) and smt is a technology shock. At each date, the �rmhires labor and capital in the market (taking wt and rt as given) to maximizeinstantaneous pro�t, �t = Yt �wtHmt � rtKmt: (14)Note that �t = 0 in equilibrium, because of constant returns.The �nal aspect of the environment to consider is the stochastic struc-ture. At this point we present a general speci�cation that will be restricted3We assume that the government balances the budget each period. Although unrealis-tic, this greatly simpli�es the analysis. 5



later. The vector of exogenous stochastic variables at t is given by st =(�t; smt; snt; �kt; �ht). We assume(L)st+1 = 0 + ��t (15)where L denotes the lag operator, (L) = I�1L : : :�qLq, and �t is a vectorwith E�t = 0 and E�t�0t = I. Let St = (st; st�1; : : : ; st�q). Then St containsall of the information that is both available and relevant for forecasting futurevalues of st. We write the law of motion for St as St+1 = S(St; �t).If we were to de�ne and analyze equilibrium for this economy directly,it would entail paths for capital, output, consumption, and investment ineach sector that uctuate around a trend with growth rate � while leisureand hours worked in each sector uctuate around a constant level. It isimportant for our computational and econometric methods to work withseries that are stationary. Hence, we transform the economy by replacing �with 1 in (8) and (13), replacing the discount factor ~� with � = ~��b(1��),and replacing the law of motion for capital in (9) with kt+1 = (1� �)kt+ it=�where � = 1� (1� ~�)=�. In what follows, we treat the transformed economyas the fundamental unit of analysis, since it generates stationary outcomes.The behavior of capital, output, consumption, and investment in the originalmodel can be obtained from the same series for the transformed economysimply by adding geometric growth at rate �.We now describe a recursive competitive equilibrium for the transformedeconomy. There are two aggregate state variables, Kt and St, and one in-dividual state variable, kt. The individual household chooses a decisionvector dt = (hmt; hnt; kmt; knt; it), taking as given the aggregate decisionvector as a function of the aggregate state, Dt = D(Kt; St), where Dt =(Hmt;Hnt;Kmt;Knt; It). The individual also takes as given the laws of mo-tion St+1 = S(St; �t), Kt+1 = Kt(1 � �) + It=�, and kt+1 = kt(1 � �) + it=�,and the initial condition (k0;K0; S0). Finally, it takes as given the marketwage, rental rate, government consumption, and lump sum transfer as func-tions of the aggregate state: wt = w(Kt; St), rt = r(Kt; St), cgt = cg(Kt; St),and Tt = T (Kt; St). Then the household's problem is a well-posed dynamic6



program. Bellman's equation isV (kt;Kt; St) = maxdt fU(cmt; cnt; cgt; hmt; hnt) + �EtV (kt+1;Kt+1; St+1)g;(16)where the maximization is subject to the capital constraint (7), the homeproduction constraint (8), and the budget constraint (10).The solution to the maximization problem in (16) yields a stationarydecision rule for the household, dt = d(kt;Kt; St). This determines an aggre-gate decision rule, Dt = D(Kt; St), which in equilibrium must be consistentwith what the individual takes as given. Also, we can use the necessary andsu�cient conditions for the �rm's problem,rt = fk(Kmt;Hmtesmt); (17)wt = fh(Kmt;Hmtesmt); (18)to determine wage and rental rates as functions of (Kt; St), which must beconsistent with what the individual takes as given. Finally, we can usecgt = �tYt; (19)Tt = Hmtwt�ht +Kmtrt�kt � ~�Kmt�kt � cgt; (20)to determine �scal policy as functions of (Kt; St), which must be consistentwith what the individual takes as given.These considerations lead us to formally de�ne an equilibrium for oureconomy as follows:De�nition: A recursive competitive equilibrium is given by a householdvalue function V (k;K; S) and decision rule d(k;K; S), an aggregate decisionrule D(K;S), wage and rental rate functions w = w(K;S) and r = r(K;S),and policy functions cg(K;S) and T (K;S), satisfying:(a) the dynamic programming problem (16);(b) the pro�t maximization conditions (17) and (18);(c) the �scal policy equations (19) and (20);(d) the consistency requirement D(K;S) = d(K;K;S).7



3 Estimation Procedure and DataWe use a procedure motivated by Sargent (1989), and described in detail inHansen, McGrattan, and Sargent (1994), to solve and estimate the model.The reader is referred to those papers for details, and we provide only a briefoverview here.First, we use a deterministic version of the model, in which �t � 0, to �ndthe nonstochastic steady state. Then we substitute the individual house-hold's home production function and budget constraint into its objectivefunction, and replace wages, rental rates, and �scal variables using condi-tions (17){(20), in order to write the household's objective function as afunction of (k;K; S; d;Km;Hm).4 Following Kydland and Prescott (1982),we then approximate this function using a second order Taylor series aroundthe nonstochastic steady state values of the arguments. This yields a linear-quadratic version of the dynamic programming problem in (16), which gen-erates linear Euler equations and linear decision rules. To �nd equilibria, wehave to equate individual and aggregate variables in the Euler equations andsolve for time paths of the variables of interest.5This procedure generates the mappingxt+1 = Aoxt + Cwt+1; (21)where xt = (kt; St); Ewt = 0, and Ewtw0t = I for all t. From (21) and thedecision rules we can derive the paths for all of the endogenous variables.The elements of Ao are nonlinear functions of the preference and technologyparameter vector� = (�; b; �; a1; b1; a2; b2; a3; b3; a4; b4; �; �); (22)as well as the parameters in the law of motion (15). The elements of C arelinear functions of the elements of �. We allow variables to be measured4Note that we replace wage, rental rate, and �scal policy variables with functions ofaggregate (not individual) values of Km and Hm.5Because equilibria in our model do not solve a social planning problem, we cannotguarantee ex ante either existence or uniqueness. However, our estimated parameter valuessatisfy the relevant stability conditions for the existence of a unique equilibrium.8



with error.6 This yields a measurement equationzt = Gxt + �t; (23)where zt = [kt; hmt; it; cgt; yt; knt; �kt; �ht] is a vector of observables and �t is avector of measurement errors. We assume that�t = D�t�1 + �t; (24)where E�t = 0 and E�t�0t = R.As in Hansen, McGrattan, and Sargent (1994), we specify our empiricalmodel in state space form:xt+1 = Aoxt + C!t+1 (25)�zt = �Gxt +GC!t+1 + �t+1:System (25) is obtained by di�erencing (23) so that �zt = zt+1 � Dzt, and�G = GAo �DG. If the disturbances, !t and �t, are normal, then estimationinvolves maximizing the log-likelihood function (ignoring the constant term)L(�) = �12T ln j
j � 12 TXt=1 u0t
�1ut; (26)where ut = zt+1 � Ê[zt+1jzt; zt�1; : : : ; z0; x̂0] is the innovation in zt+1, 
 =Eutu0t, x̂0 is an initial condition for x (assumed here to be the steady stateof the vector of state variables), and � includes � plus the parameters of theprocesses in (15) and (24). Hansen, McGrattan, and Sargent (1994) showhow to construct the sequence of innovations by applying a Kalman �lter tosystem (25). They also provide derivatives of the log-likelihood function.Issues that arose during the course of estimation lead us to place someadditional restrictions on parameters. The �rst concerns the magnitude ofmeasurement errors. Since there are many di�erent estimates for e�ectivemarginal tax rates, we anticipated that our tax series were likely to be mea-sured with the greatest error. Initial estimation, however, suggested thatthe tax rates were measured very precisely whereas quantities (e.g., hours,investment, and capital) were measured with a lot of error.6Given the large di�erences in marginal tax rates across studies, the possibility ofmeasurement error seems particularly important for the tax series.9



In order to allow our priors about measurement error to inuence theestimation procedure, we impose that the variance of the measurement errorfor all quantities is at most 5 percent of the total variance of each series.At least for the case of market hours, the data provides some guidance forthis magnitude, since there are two series gathered for market hours (theHousehold and the Establishment series). Assuming that these two seriesare each equal to the true hours plus measurement error that is independentacross the two series, the covariance of the two series provides an measure ofthe true variance and hence an estimate of measurement error variance. The�ve percent �gure is based on this calculation. In contrast, we do not imposeany bounds on the magnitude of measurement error in the tax series. Whilethis procedure is obviously somewhat informal, it is a simple way to let theestimation procedure make use of the fact that the marginal tax rate seriesare very noisy.A second issue concerns the fact that there are some near unit rootsin the data for certain variables. We deal with this in two ways. First,we put restrictions on the eigenvalues of the system of exogenous states in(15) and on the eigenvalues of the matrix governing serial correlation in themeasurement errors. The eigenvalues of  were restricted to be less than0.998 in absolute value. For the matrix D we restricted its eigenvalues tobe less than 0.8. If we allowed the eigenvalues of D to be close to 1, thenwe would essentially be �rst-di�erencing the data and putting very littleweight on sample means. The second way in which we address the unit rootproblem is to estimate the model using �ltered data. Using �ltered datagreatly reduces the unit-root problem, and additionally provides a check onthe robustness of our key parameter estimates.A �nal issue concerns the speci�cation of the shock to the home pro-duction function. We have estimated the model imposing several di�erentrestrictions. The results reported in the next section are for the case inwhich the home technology shock is assumed to be uncorrelated with allother shocks. We have also studied two other cases: one in which the processfor the home shock is allowed to be correlated with all other shocks, andone in which there are assumed to be no shocks to the home technology. Aswe describe below, our major conclusions are not a�ected by the choice of10



speci�cation for the home technology shock.7We now turn to a description of the data. All series are quarterly, for theperiod 1947{1992, and are in real per capita terms. The series for investment,government consumption, private market consumption, and market outputare taken from the National Income and Product Accounts. Investment isde�ned as �xed investment plus purchases of consumer durables. Privatemarket consumption is de�ned as the consumption of nondurables and ser-vices, excluding the service ow attributed to the housing stock (since weinterpret the latter component as nonmarket rather than market consump-tion). Government consumption is de�ned to be government purchases ofgoods and services less purchases of nonmilitary durables and structures.Market output is de�ned as the sum of investment, government consump-tion, and private market consumption (hence, it excludes net exports).Market capital is the net stock of private nonresidential structures andequipment. Nonmarket capital is the net stock of private residential capitaland consumer durables. These series are obtained from the Survey of CurrentBusiness, and are annual data interpolated to quarterly data. The markethours series is de�ned as total manhours for all industries and all employeestaken from the Bureau of Labor Statistics' Household Survey. This is sea-sonally adjusted monthly data aggregated to quarterly data. The total hoursparameter �h is set to 1,134 hours per quarter (a little over 12 hours per day),which is the measure of discretionary time we took from Hill (1985).The tax rates on labor and capital income are constructed using the de�-nitions in Joines (1981); they are annual data interpolated to quarterly data.The Appendix contains the actual series. Sources for these measures are theNational Income and Product Accounts and the Statistics of Income series of7It is important to emphasize that, even if the home technology is nonstochastic, intro-ducing a home production sector into an otherwise standard model leads to very di�erentpropagation mechanisms for other shocks. Hence, home production models do not needshocks to the home production function in order to generate di�erent predictions frommodels without home production. One result in Benhabib, Rogerson, and Wright (1991)does require a shock to the home sector: the ability of that particular home productionmodel to account for the low correlation between hours worked and productivity found inthe data. It is well known that to account for this fact a model needs to have more thanone shock; but the model in this paper already has shocks to government spending andtax rates, so a stochastic home technology is not crucial in this regard.11



the Internal Revenue Service. The tax rate on labor corresponds to Joines'de�nition of MTRL1, and the tax rate on capital to Joines' de�nition ofMTRK1 (excluding property tax revenue). We do not have data on non-market hours or nonmarket output. Nonetheless, it is still possible to drawinferences about the parameters of the preferences and technology for homeproduction, because other observable variables depend on these parameters.4 Empirical ResultsIn this section we describe the empirical results and discuss some of their im-plications. We begin with preference and technology parameters. Estimatesand standard errors for these are found in Table 1a.8The estimates for a1, b1, �, ~�, ~�, and � are similar to estimates for themodel without home production found in McGrattan (1994), and so we dis-cuss these only briey. The parameter a1, which measures the weight onprivate (versus public) consumption in the household utility function, hit anupper bound of 1 and was therefore constrained during estimation; this meansthat b1 is not identi�ed and can be set arbitrarily. When a1 = 1, governmentconsumption does not a�ect the marginal utility of private consumption,as has been simply assumed in some related models (e.g., Christiano andEichenbaum 1992). The risk aversion parameter, �, has a point estimateof 6.78, but a large standard error; a log-linear speci�cation for momentaryutility is not inconsistent with the estimates. The estimate for deprecia-tion, ~�, is 0.021 with a small standard error, which is consistent with resultsfound elsewhere. The table reports an estimate for � (from the transformedeconomy) of 0.985; the implied estimate of ~� is 1.0018. The estimate of thegrowth rate, �, is 1.0063, with a small standard error; this is in the range ofsample growth rates for our capital stock, output, and investment series.As mentioned earlier, a key parameter governing the interaction betweenhousehold and market activity is b2, since the elasticity of substitution be-tween the market and nonmarket consumption goods is 1=(1 � b2). Thus,8In what follows, tables and �gures labeled \a" are derived from estimation of themodel assuming geometric growth in the raw data; tables and �gures labeled \b" arederived from estimation after �ltering the data as described below.12



b2 measures the willingness of agents to substitute between the two goods.For example, if b2 is equal to 1 then cm and cn are perfect substitutes, andif b2 is equal to 0 then cp is a Cobb-Douglas function of cm and cn so theyare complements. Benhabib, Rogerson, and Wright (1991) show that, undercertain assumptions, adding home production to their model has no e�ect onmarket variables when b2 is equal to 0. Our point estimate of b2 is 0.429, andit is signi�cantly di�erent from zero. It is also in the range of values foundby Rupert, Rogerson, and Wright (1995) looking at microeconomic data ondi�erent demographic groups (single men, single women, and married cou-ples). A value for b2 of 0.429 implies a fairly high willingness to substitutebetween home and market goods, although less than assumed by Benhabib,Rogerson, and Wright (1991), who set b2 to 0.8 in their preferred model.We can conduct a formal test of the hypothesis that home productiondoes not matter for market activity as follows. Consider a version of themodel in which b2 = 0, b3 = 0, and � = 1 (that is, cp is a Cobb-Douglasfunction of cm and cn, cn is a Cobb-Douglas function of kn and hnesn, and uis a log-linear function of c and `). In this case, innovations in snt do not a�ectany of the variables in equilibrium except cnt.9 We test the hypothesis thatthese restrictions hold against the unconstrained alternative. The hypothesisis easily rejected using a likelihood ratio test: the probability that �2(3)falls below the computed likelihood ratio test statistic is essentially 1. Weconclude that changes in relative productivity between the home and markethave a signi�cant impact on market variables.The remaining preference parameters in Table 1a are a2 and b, whichmeasure the weight on market (versus home) consumption and the weight on9This can be veri�ed as follows. First, we substitute the equilibrium conditions for w,r, etc. into the �rst order conditions from (16). We then seek restrictions under which sndoes not a�ect d = (hm; hn; km; kn; i), but only a�ects cn. If b2 = 0, sn drops out of theequation for hm (because when cp is a Cobb-Douglas function of cm and cn, cn does nota�ect the marginal rate of substitution between cm and hm). If b3 = 0, sn drops out ofthe equations for hn, kn, and km (because when the home production function is Cobb-Douglas, the desired capital-labor ratios do not depend on sn). If � = 1, sn drops out ofthe Euler equations for i (because when the utility function is log-linear, cn does not a�ectthe marginal utility of cm), at least as long as sn does not matter for the expectation ofthe future values of sm or the �scal variables, as we are assuming here. These are exactlythe conditions described in the text. 13



consumption (versus leisure) in momentary utility. These parameters haveimplications for the allocation of time between the home and market; in fact,previous studies have used microeconomicdata on time use to draw inferenceson a2 and b. For example, based on cross-section data described in Justerand Sta�ord (1991), Greenwood, Rogerson, and Wright (1995) report thatmarket work and home work constitute 33 and 25 percent of discretionarytime for a typical U.S. household, and use this to calibrate a2 and b. Themean of our market hours series is 27 percent of �h. We do not have data onhome hours, but the model predicts hn is about 15 percent of �h on average.We next consider estimates of the production functions. First, note thatb4 is not signi�cantly di�erent from zero, so that a Cobb-Douglas markettechnology is consistent with the estimates. On the other hand, the estimateof b3 is at least 1 standard deviation di�erent from 0, indicating that thehome production function is not Cobb-Douglas. The weight on capital in themarket technology, a4, is 0.220. This is similar to estimates found by others(Christiano and Eichenbaum 1992, for example) who ignore both householdproduction and taxation. These two features tend to have o�setting e�ects onthe estimated value of a4. On the one hand, adding capital income taxationto a model causes the estimate of a4 to rise, since capital has to be moreproductive in order to generate the observed stock when it is subject totaxation (McGrattan 1994, for example, estimates a4 to be 0.4). On theother hand, incorporating home production causes the estimate of a4 to fall,because a large fraction of observed capital is assumed to be allocated tohome production. The net e�ect of these two considerations is an estimateclose to that found by authors who neglect both taxation and householdproduction.We now turn to the stochastic process for the exogenous state variables,which was assumed to have two lags (q = 2) in the estimation exercise. Es-timates and standard errors are reported in Figure 1a. The results indicatethat the vector autoregressive process for the exogenous states is highly per-sistent. The estimation procedure attempts to capture low frequency move-ments in the data either through (L) or through the measurement errorprocess. Estimates of the measurement error process are shown in Figure 2a(note that the measurement errors on output and government consumption14



are assumed to be zero, and that only hours of work and the tax rates areassumed to have serially correlated measurement errors). Trends are partic-ularly evident in the tax rate series, where �ht increases while �kt decreasesover our sample. This causes a near unit root estimate in the labor tax rateprocess. There is also a trend in the series for hmt. The result is that theeigenvalues of D are at their upper bound.Because of these considerations, we have also estimated the model usingdata that was �rst transformed using the Hodrick-Prescott (HP) �lter (seePrescott 1986), thereby eliminating low frequencies. We tried this not onlybecause of trends in the market hours and tax rate series, but also becausethe theoretical model implies that all series that grow must grow at thesame geometric rate. Although this may be correct from some very long runperspective, the growth rates do not match perfectly in our relatively shortsample. The �ltered case provides a check on the robustness of our utilityand production function parameter estimates, in the sense that we can see ifthey are sensitive to the low frequency properties of the data. Note that inthis estimation exercise we do use information about sample means, i.e., thedata are the �ltered series added to their sample means.Table 1b and Figures 1b and 2b report the results for this case. Noticethat the utility and production function parameters are very similar to thosein Table 1a: the di�erences in point estimates are less than one standard de-viation for all parameters except �. The main di�erences between the �lteredand un�ltered cases are the estimates of the autoregressive process and themeasurement error equations. In particular, after �ltering low frequencies inthe data we do not have di�culties with near unit roots, with the exceptionof the process for the home shock, which has an eigenvalue at the upper limitof 0.998.10Lastly, we make a few remarks concerning the role of household produc-tivity shocks. The above results show that if we estimate a model with astochastic home production sector, then it is found that home production\matters." Two natural questions arise. The �rst is how important quan-10With respect to measurement error variance, we note that in the un�ltered case, the�ve percent limits were binding for both investment and market hours, whereas in the�ltered case the limit was binding for both capital and investment. For parameters attheir bounds, we do not report standard errors.15



titatively are the home technology shocks, and the second is whether thebasic �nding that home production matters is sensitive to the presence ofhome technology shocks. Although we do not report the results here in anydetail, note that home shocks are relatively insigni�cant, accounting for onlya small fraction of uctuations in output for any ordering of the elements of�t. Regarding the second question, the result that home production mattersdoes not depend critically on the presence of home technology shocks. Thereason is simple: what matters in the model is relative productivity di�eren-tials across the two sectors, and even if the home sector is deterministic, aslong as the market sector is stochastic there will be uctuations in relativeproductivity.Allowing home shocks to be correlated with other shocks also does nota�ect our main �ndings, although for details of this case the reader is referredto McGrattan, Rogerson, and Wright (1993). An additional piece of informa-tion that is generated with that speci�cation is the correlation between homeand market technology shocks, a parameter that Benhabib, Rogerson, andWright (1991) emphasized in their analysis. Our estimate of this correlationwas basically zero, and hence this speci�cation does not di�er a lot from thecase discussed above, where the correlation was assumed to be zero.5 Cyclical ImplicationsIt is standard in the real business cycle literature to focus on a small setof summary statistics describing relative volatilities of a few series and theircorrelations with output. A common question that arises in that context isto what extent those particular features are being matched at the expense ofothers that are not being reported. The formal estimation procedure usedin the last section obviously does not place all of the weight on this smallset of summary statistics, and it is of interest to see what the resultingparameter estimates imply for these commonly studied statistics. Table 2auses estimates obtained for the model with geometric growth estimated on theraw data, and Table 2b uses the estimates obtained for the Hodrick - Prescott�ltered data. Both the model and data series are logged before computingthe standard deviations, so these statistics are in percentage terms. The16



column headed `Model Forecast' indicates that GÊ[xtj�zt�1; �zt�2; : : : ; �z0; x̂0] isused to obtain the model's predictions, where x̂0 is an estimate of the initialstate.11Consider Table 2a, which compares the model and the data for the caseof geometric growth. Overall, the match is quite good. There are two dis-crepancies worth noting. One is that the statistics related to the tax ratesare o� by a fair margin. This is perhaps not surprising since our assumptionslead to relatively large estimates for measurement error in these series. Theother major discrepancy is the correlation between market hours and output.In the data this number is basically zero, whereas in the model it is 0.75.The trend in market hours causes this correlation in the data. This trend inhours is absent from the model, and hence it cannot match this correlation.Note that the two investments are both positively correlated with output inthe model, as they are in the data, a feature stressed by Greenwood andHercowitz (1991).Now consider Table 2b, which compares the model and data in the casewhere estimation uses Hodrick - Prescott �ltered data. Again, the �t seemsto be quite good, although in the model total investment is somewhat toosmooth and, therefore, market consumption is somewhat too volatile. Over-all, we would say that the model does at least as well as a typical real businesscycle model in matching the set of second moments on which real businesscycle theorists tend to concentrate.6 Fiscal Policy ExperimentsIn this section we analyze the e�ects of three �scal experiments: eliminatingall tax distortions by setting both the labor and capital tax rates to zero;reducing the capital income tax rate to zero while increasing the labor in-come tax rate to keep revenue constant; and introducing a tax on nonmarketcapital. We would not argue that these experiments are the only ones ofinterest; our point is simply to show how the predictions for a given policyexperiment will di�er in our model and a similar model without household11Although the tables only report standard deviations and correlations with output,note that the �rst moments all match very well.17



production.For the �rst two policy experiments, Table 3 reports percent changesin output, consumption, investment, hours worked, and capital in both thehome and market sectors, plus a variable � that measures the welfare con-sequences in terms of market consumption. It is interpreted as follows: if,for example, � = 1, then agents would be equally well o� after the policychange if their market consumption were reduced by 1 percent of its newsteady state value, all else being the same. Percentage changes are relativeto a base case with �k = 0.55 and �h = 0.24 (the sample averages in thedata). The �rst experiment sets �k = �h = 0, and the second sets �k = 0 andsets �h at the indicated level in order to keep revenue constant. Governmentconsumption is the same in each case, and is set to balance the budget inthe base case; in the experiment with �k = �h =0, cg is �nanced exclusivelyvia lump sum taxation.Based on our parameter estimates, the e�ect of eliminating distortingtaxation altogether is quite sizable: output increases by 46 percent, mar-ket consumption increases by 55 percent, market investment increases by 82percent, market hours increase by 25 percent, and the stock of market cap-ital more than doubles. In the home sector, consumption decreases by 2.1percent, hours decrease by 20 percent, and capital increases by 35 percent.Hence, there is a shift of labor from home to market production, but anincrease in capital in both sectors. In terms of welfare, the policy change isworth 30 percent of market consumption. A model that ignores the homesector has very di�erent predictions. For example, as shown in the secondcolumn of the table, the model in McGrattan (1994) predicts for the samepolicy change an increase in both output and market consumption of 55 per-cent and an increase in total capital of 124 percent, much larger than in ourmodel. The response of market hours is roughly the same for the two models;but, because home hours change in our model, the implications for leisureare di�erent. In terms of welfare, the policy is worth 27.1 percent of marketconsumption in the model without home production.1212We emphasize that the above calculation is only illustrative in nature, meant to indi-cate that the same calculation in the two frameworks can lead to very di�erent answers.Steady state comparisons measure how much one would be willing to pay to move to acountry with a di�erent policy, but not how much one would pay to change an existing18



Now consider the e�ect of eliminating the capital tax and raising thelabor tax to keep revenue constant. Given our estimates, the labor tax ratewould have to increase from 0.24 to 0.32 percent. This is accompanied by a12 percent increase in output, a 7 percent increase in market consumption,a 41 percent increase in investment, an 85 percent increase in the marketcapital stock, and a 4 percent decrease in market hours. The welfare gain is13.5 percent of market consumption. In contrast, the model without homeproduction predicts that eliminating capital taxation requires increasing �hto 0.37 to keep revenue constant, that output increases by 19 percent, marketconsumption increases by 7 percent, investment and the capital stock bothincrease by 72 percent, and market hours fall by 6 percent. The welfare gainis 13.1 percent of consumption. Once again, there are big di�erences betweenthe models with and without home production.For the �nal experiment, we consider adding a tax on household capital(an experiment that cannot be conducted in a model without home produc-tion, of course). We replace the individual budget constraint withcm + i = (1 � �h)whm + (1� �k)rkm + ~��kkm + T � �pknwhere �p is a \property" tax. Jorgenson and Yun (1991) argue that a valueof �p = 0.01 is realistic when it is interpreted as a residential property tax.13Table 4 reports percent changes for output, consumption, investment, hoursworked, and capital in both the home and market sectors, plus our welfaremeasure for economies with �p = 0.01, 0.02, and 0.03 relative to a base casewith �p = 0. In all cases, we set �h = 0.24 and �k = 0.55.With the exception of market consumption, all variables are lower when�p is positive than in the base case. Output produced at home falls 9 percentwhen �p is increased to 0.01. At �p = 0:03, home production falls 22 percent.Not surprisingly, there is a signi�cant decrease in home capital, which is thefactor being taxed. Hours in home production fall but only slightly. Becausepolicy. Obviously, if one were enacting changes in tax laws starting from an intial steadystate, the relevant welfare comparison needs to take into account the transition path. Ourpoint here is merely to show in a simple setting that the answer to a given question issigni�cantly altered by the presence of a home sector.13Assuming an interest rate of 4 percent annually, a tax of 0.01 on the value of capitalcorresponds to a 25 percent tax rate on the ow of services.19



home capital is produced in the market, market production also falls when �pis increased. Notice that inputs and outputs in the market fall by the samepercentages. This follows from the fact that the property tax does not a�ectthe market capital/labor ratio. The tax leads to a large fall in investment,and households increase their market consumption. The subsidy to marketconsumption needed to leave households indi�erent between having �p > 0and �p = 0 is given in the last row of Table 4. For �p = 0:01, the subsidyrequired is 4.3 percent of market consumption. At �p = 0:03, the subsidyrequired is 11.5 percent.To summarize, the model can be used to analyze a wide variety of �scalpolicy issues. Some, like the e�ects of a change in the tax treatment ofhousing, can only be analyzed seriously in a model with an explicit householdsector. Others, like the e�ects of changes in capital taxation, can be analyzedin models without home production, but the predictions change once thehousehold sector is incorporated.7 ConclusionIn this paper, we evaluate the importance of home production in models ofaggregate economic activity by obtaining maximum likelihood estimates ofa stochastic growth model with an explicit household sector. The param-eter that is most important for the hypothesis that household productiona�ects market activity is the elasticity of substitution between output ofthe two sectors. Our estimates suggest that there is a signi�cant elasticityof substitution between home and market goods. Furthermore, we can re-ject restrictions on the model that imply market activity is not a�ected bychanges in relative productivity across the two sectors. We also examine howwell the estimated model accounts for the standard set of moments on whichreal business cycle theorists focus, and use the model to study the e�ects of�scal policy changes. We �nd that including home production signi�cantlya�ects the model's predictions for these issues. There are a variety of otherissues for which the addition of an explicit home production sector may makea di�erence. In such cases, the model and the parameter estimates in thispaper may prove useful. 20



AppendixThe e�ective tax rates for labor and capital used to estimate the model aregiven in Table A. The data sources for these series are Statistics of Income,Individual Income Tax Returns (Sources of Income and Taxable Income, allreturns) and Social Security Bulletin (Tables 2a, 4b). The rates are con-structed using the de�nitions of Joines (1981), series MTRK1, MTRL1. Oneimportant di�erence between �k;t of Table A and MTRK1 in Joines is thetreatment of property taxes. MTRK1 is the sum of a proportional tax onincome that is not speci�c to capital or labor, a proportional tax on incomethat is speci�c to capital, and a nonproportional tax on income that is spe-ci�c to capital. The proportional tax on income that is speci�c to capital issimply tax receipts from capital divided by income from capital. We excludeproperty taxes from both tax receipts and Joines' measure of income whichincludes indirect business taxes.t �kt �ht t �kt �ht t �kt � ht1947 62.0 20.0 1963 56.2 22.6 1979 53.4 27.31948 54.3 17.2 1964 54.2 21.4 1980 54.3 29.01949 51.7 17.2 1965 52.2 20.6 1981 51.5 29.51950 63.1 18.3 1966 52.3 21.4 1982 49.3 28.91951 66.2 19.8 1967 53.0 21.7 1983 46.9 28.21952 62.9 20.9 1968 58.4 23.3 1984 45.2 27.51953 63.7 21.0 1969 59.7 24.4 1985 46.2 27.41954 59.8 19.5 1970 54.4 24.9 1986 51.7 27.21955 58.7 19.6 1971 56.4 23.6 1987 50.5 26.91956 60.4 20.2 1972 56.8 24.0 1988 49.4 26.11957 59.5 21.0 1973 56.8 24.6 1989 48.6 25.81958 59.2 20.8 1974 59.4 25.9 1990 47.3 26.01959 59.4 21.4 1975 54.6 25.8 1991 46.7 26.21960 59.6 21.7 1976 56.7 25.8 1992 48.2 26.01961 59.9 22.0 1977 54.4 26.61962 56.1 22.2 1978 53.3 26.5Table A. E�ective Tax Rates for Capital and Labor21
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Function Parameter Estimatesu(c; l) = (cbl1�b)1��1�� b = 0:466(0:233) � = 6:783(5:985)c = fa1cb1p + (1� a1)cb1g g1=b1 a1 = 1:0 b1 = 0cp = fa2cb2m + (1� a2)cb2n g1=b2 a2 = 0:414(0:250) b2 = 0:429(0:116)cn = fa3kb3n + (1� a3)(esnhn)b3g1=b3 a3 = 0:206(0:166) b3 = 0:189(0:123)y = fa4kb4m + (1� a4)(esmhm)b4g1=b4 a4 = 0:220(0:173) b4 = 0:053(0:270)k0 = (1� ~�)k=� + i=� ~� = 0:0214(0:00003) � = 1:0063(0:0001)� � = 0:985(0:017)Table 1a. Parameters of Preferences and Technology(Geometric detrending)Function Parameter Estimatesu(c; l) = (cbl1�b)1��1�� b = 0:489(0:173) � = 5:799(4:037)c = fa1cb1p + (1 � a1)cb1g g1=b1 a1 = 1:0 b1 = 0cp = fa2cb2m + (1� a2)cb2n g1=b2 a2 = 0:412(0:185) b2 = 0:326(0:082)cn = fa3kb3n + (1 � a3)(esnhn)b3g1=b3 a3 = 0:140(0:114) b3 = 0:269(0:066)y = fa4kb4m + (1 � a4)(esmhm)b4g1=b4 a4 = 0:206(0:041) b4 = 0:054(0:083)k0 = (1 � ~�)k=� + i=� ~� = 0:0295(0:00003) � = 1:0� � = 0:987(0:004)Table 1b. Parameters of Preferences and Technology(HP detrending)
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Data Model ForecastSeries (z) std(ln(z)) corr(z; y) std(ln(z)) corr(z; y)Output 14.27 1.00 14.17 1.00Market consumption 12.99 0.97 12.76 0.98Total investment 10.25 0.80 10.37 0.80Market investment 18.59 0.78 22.42 0.67Home investment 19.27 0.78 19.03 0.77Government consumption 26.06 0.93 26.03 0.93Market hours 3.54 -0.01 3.17 0.75Total capital 6.89 0.91 6.59 0.90Market capital 6.61 0.91 6.08 0.86Home capital 7.38 0.89 7.30 0.88Capital tax rate 9.21 0.85 12.66 0.90Labor tax rate 14.07 -0.85 17.69 0.69Table 2a. Standard Deviations and Correlations for Data and Model(Geometric detrending)Data Model ForecastSeries (z) std(ln(z)) corr(z; y) std(ln(z)) corr(z; y)Output 1.87 1.00 1.88 1.00Market consumption 1.26 0.90 1.56 0.91Total investment 5.08 0.69 4.63 0.66Market investment 5.35 0.45 7.73 0.72Home investment 5.84 0.03 5.84 0.03Government consumption 4.46 0.46 4.34 0.40Market hours 1.49 0.69 1.40 0.70Total capital 0.45 0.67 0.49 0.57Market capital 0.48 0.44 0.71 0.23Home capital 0.56 0.67 0.56 0.68Capital tax rate 3.13 0.23 1.95 0.67Labor tax rate 2.48 0.26 1.98 0.69Table 2b. Standard Deviations and Correlations for Data and Model(HP detrending)



(a) Lump-Sum Tax (b) No Capital Taxwith without with withoutHousehold Household Household HouseholdSeries Sector Sector Sector SectorOutput 45.7 55.3 12.1 19.4Market consumption 54.5 54.8 6.6 7.3Total Investment 82.2 123.5 41.0 71.9Market capital 140.3 123.5 85.0 71.9Market hours 24.6 22.2 -4.1 -6.0Home consumption -2.1 0.0 2.3 0.0Home capital 34.9 0.0 5.3 0.0Home hours -19.5 0.0 0.7 0.0� 30.1 27.1 13.5 13.1Table 3. Percent changes between case (a) �k = 0; �h = 0;or case (b) �k = 0; �h = 0:32 (with household production), and �h = 0:37(without household production) and the base case (�k = 0:55; �h = 0:24 )Tax on Residential CapitalSeries .01 .02 .03Output -1.04 -1.49 -1.64Market consumption 3.47 6.13 8.26Total investment -13.34 -21.94 -27.86Market capital -1.04 -1.49 -1.64Market hours -1.04 -1.49 -1.64Home consumption -9.44 -16.52 -22.08Home capital -23.33 -38.54 -49.14Home hours -0.53 -1.16 -1.79� 4.30 8.12 11.49Table 4. Percent changes between cases with�p > 0 and base case (�p = 0)


