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1. Introduction 

In this paper, we estimate the parameters of a dynamic general equi l ibr ium model 

of the U.S. economy that includes an explicit household product ion sector. We use the 

estimates to investigate two issues. F i rs t , we analyze how well the model accounts for 

business cycles. Second, we use the model to analyze the effects of tax changes. 

The inclusion of an explicit household product ion sector is important for both of these 

issues, since a key common element concerns indiv iduals ' will ingness to substitute in and 

out of market activity. For example, Benhabib, Rogerson, and Wright (1991) and Green­

wood and Hercowitz (1991) show that once home product ion is included, the performance 

of simple real business cycle models can improve along several dimensions. Unfortunately, 

the extent to which home product ion matters in these models depends cri t ical ly on some 

parameters about which we have l i t t le independent information, including elasticities of 

subst i tut ion between household and market variables in ut i l i ty and product ion functions. 

These same parameters are likely to be important for the effects of tax changes. In the 

endogenous growth l i terature, for example, it is well known that the results of tax pol icy 

hinge crucial ly on simi lar parameters (see Stokey and Rebelo (1993)). These parameters 

are difficult to calibrate based on long-run growth observations. 

Therefore, following McGra t t an (1992), we obtain max imum l ikel ihood estimates. Our 

findings are as follows. There is a large and statistically significant elasticity of substi tut ion 

between the market and home produced consumption goods. The estimated elasticity is 

lower than that used in Benhabib, Rogerson, and Wright (1991), and so agents are less 

wi l l ing to substitute between the home and market than assumed in that paper; however, 

our estimates imply that stochastic shocks to the product ion functions in the two sectors 

are not highly correlated, and so there is a greater incentive to substitute between the 

home and market than assumed in that paper. Overal l , the estimated model does a 

good job of accounting for the standard set of moments on which business cycle theorists 

typical ly concentrate. Perhaps surprisingly, key parameter estimates are not sensitive to 

transforming the data by removing a " t rend" before est imat ion. 1 

1 T h e mode l inc ludes exogenous geometr ic g rowth . G i ven the nature of the da ta , i nc lud ing our con ­
s t ruc ted tax series, it seemed essential to incorporate measurement error into the spec i f ica t ion. W e 
also t r ied Hodr i ck -P resco t t filtering the t ime series before es t imat ion . T h i s affects the est imate of the 
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To i l lustrate the significance of home product ion for evaluating changes i n tax policy, 

we carry out several fiscal experiments using our estimated parameters. We contrast these 

predictions wi th those impl ied by the estimates of M c G r a t t a n (1992), who analyzed a model 

without home product ion. We find significant differences for both changes in allocations 

and welfare. For example, reducing the capital income tax rate from 57 percent to zero 

and keeping the budget balanced requires increasing the labor income tax from 23 percent 

to 31 percent. Th is policy change increases output 13.7 percent and increases welfare by 

an amount equivalent to 10.6 percent of market consumption. B y comparison, the model 

without home product ion predicts that the labor income tax would have to increase to 

about 36.5 percent for budget balance, with output increasing by 21.3 percent and welfare 

increasing by 14.7 percent. 

2. The Model 

The model is a stochastic growth model with an explicit household sector and govern­

ment expenditures financed by distort ing taxes on market labor and market capital . The 

details of the specification follow. 

There is a continuum of identical agents wi th preferences defined over stochastic pro­

cesses for consumption and leisure given by: 

t=o 

where ct is an aggregate of three types of consumption at t ime t: private market consump­

t ion (cmt), private nonmarket consumption (c „ t ) , and publ ic consumption (cgt). There are 

two steps involved in going from the three consumptions to the aggregator cj . F i rs t , the 

two private consumptions are combined using a C E S aggregator: 

cpt = {a2cb^t + (I - a2)cb

n\}^. 

The private consumption aggregate is then combined with publ ic consumption once again 

using a C E S aggregator: 

ct = {alC

b

p\ + (1 - ai)cb

g\}t. 

growth process, of course, and also the measurement error processes, but i t does not subs tan t ia l l y 
al ter the est imates of the economic parameters , i nc lud ing the key elast ic i t ies of subs t i tu t i on . 
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Leisure at t ime t is defined by 

£t = h - h m t - h n t 

where hmt and hnt are market and nonmarket hours respectively. 

There are two technologies, one each for the market and home sector, each of which 

improves at a geometric rate over t ime and is subject to a stationary shock. The market 

technology is specified by: 

Vi = {a4kb^t + (1 - a 4 ) ( ^ e s " " ^ m ( ) 6 4 } ^ , 

where kmt is the market capital stock in period t, fi is the (trend) growth rate, and smt is 

the market technology shock. Feasibil i ty requires that 

•-ml + it + cgt < yt 

in each per iod, where it is period t investment. We assume that government consumption 

in period t is given by a stochastic process given by: 

Cgt = atyt, 

where at is a random variable. A n important dist inction between the market and non-

market (or home) sectors is that capital can only be produced in the market, although it 

is used as an input in both sectors. Hence, the home technology is specified as 

Cnt = {a3k* + (1 - a s X / i V - ' M 6 3 } 5 ^ 

where knt is home sector capi ta l , \i is as above, and snt is the home sector shock. It is 

assumed that total capital at t ime t can be allocated arbi trar i ly between the two sectors, 

hence the constraint: 2 

kmt + knt < kt. 

Tota l capital evolves according to 

kt+1 = ( l - 6 ) k t + it 

2 T h i s speci f icat ion assumes that cap i ta l in place can be moved in the next per iod to a different sector. 
B u t , in equ i l i b r i um, cap i ta l is not often real located between sectors. 
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where 6 is the depreciation rate, impl ic i t ly assumed to be independent of the sector in 

which the capital is used. 

We wi l l compute the competitive equi l ibr ium for the above economy in the presence 

of distort ing taxes, and hence it is necessary to specify the nature of the tax system, in 

part icular the budget constraints of indiv idual agents and the government. Let Tkt and 

Tfit denote the (stochastic) tax rates on income from market capital and market labor 

respectively, rj be the rental rate for market capital , and wt be the market wage rate. In 

each period there is also be a lump sum transfer Tt f rom the government to private agents 

to ensure that the government budget constraint is satisfied in a period by period sense. 

Hence, the government budget constraint i s : 3 

Tt + atyt - T k t r t k m t + Thtwthmt - STktkmt 

whereas the budget constraint for the private indiv idual is: 

c m t + it < (1 - Tkt)rtkmt + (1 - Tht)wthmt + STktkmt + Tt. 

The transfer payments Tt are treated entirely as a residual, i.e. they are assumed to take 

on whatever value is dictated by the government budget constraint, given the realization of 

spending and tax rate shocks and the private choices of capital and hours. Note also that 

we have not included a tax on household capital . Thus , we are impl ic i t ly assuming that 

residential property taxes are offset by tax savings from deducting property tax payments 

and interest payments for home mortgages. 4 

The f inal aspect of the economy to be specified is the stochastic environment. A t 

this point we present a general specification that is restricted in a later section. Let 

zt = (at,smt,snt,Tkt,Tht) be the vector of exogenous stochastic variables at t ime t. We 

write: 

7(L)zt = 7o + l<et (2.1) 

as a V A R representation of this process, wi th j(L) = I—*)\L — .. .jqLq, Eet = 0, Eet€t = I. 

3 T h i s speci f icat ion assumes that the government balances i ts budget each per iod and never issues 
debt . A l t h o u g h unreal is t ic , this great ly s impl i f ies the analys is . 

4 In Sect ion 4 we consider the effects of i nc lud ing a tax on kn. 
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As mentioned earlier, we compute the competitive equi l ibr ium for the above economy. 

W i t h fj, > 1 the competit ive equi l ibr ium entails many variables wi th a component that 

grows at the rate /x, and hence that are not stationary. In what follows it is important that 

the series be stationary, and a simple transformation of the above economy produces this 

result. The transformed economy is identical to that described above wi th three exceptions. 

F i rs t // takes on the value of 1 in both product ion functions. Second, the discount rate 

is written as /? with ftfxb^~"\ and th i rd, the law of motion for capital accumulat ion is 

wri t ten as 

h+i = (1 - 8)kt + it/fi, 

where the depreciation rate 8 is now given by 8 = 1 — (1 — 8)/fi. In what follows we treat 

the transformed economy as the prime unit of analysis. The equi l ibr ium for the original 

economy is easily obtained from the equi l ibr ium for the transformed economy. For yt, kmt, 

it, Cnt, cmt, Cgt, one simply adds a geometric trend with growth rate /z. The other series 

(i.e. t ime allocations) are unaffected. 

3. Estimation 

3.1. Est imation Procedure 

We use the same procedure as McGra t tan (1992), and refer the reader there for more 

details. Here we provide a brief overview. Following Kyd land and Prescott (1982), the 

decision functions are computed using a linear quadratic approximation in the neighbor­

hood of the deterministic steady state, although the presence of distort ing taxes makes the 

procedure somewhat more compl icated. 5 This results in the mapping 

xt+i = Axt +rit. (3.1) 

where Xt = (kt,zt,zt-i, • •. ,Zt-q,kmt,hmt,it)- The elements of A in (3.1) are nonlinear 

functions of the preference and technology parameters, F = (/?, b, a, a\, b\, a2, b2, 03, 63, 

04, 64, 8, /x), and the parameters of the matrices in ~y(L). The elements of rj are linear 

functions of e. We allow for the possibi l i ty that al l variables are measured wi th error, 

y ielding on measurement equation 

5 See the A p p e n d i x for the der ivat ion of the approx imate decis ion funct ions. 
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Ct = Cxt+u>t (3.2) 

where ( = [k, kn, i, cg, y, Tk, r/,] and u is a vector of measurement errors. 6 Note that c m 

and km are redundant and hence not included in £• Addi t ional ly we assume 

ut = Dut-i + vu Evt = 0, Evtv[ = ft. (3.3) 

Fol lowing Harvey (1981), we formulate our empir ical model in state space form using (3.1), 

(3.2), and (3.3), 
X t + 1 = Axt + t]t 

_ _ (3.4) 
0 = Cxt + vt. 

System (3.4) is obtained by differencing (3.2) so that Q = Ct+i — D(t> C = CA — DC, 

and ut= Crjt + ft- If the disturbances, t]t and ut, are normal , then est imation involves 

maximiz ing the following Gaussian l ikelihood funct ion 

T 
L ( 9 ) = - T l n 2 7 r - . 5 T l n | F | - .dJ^^V^ut 

(=i 

where ut = Ct — E[Ct\Ct-i,...] is the innovation process for £ and V — Eutu't and 0 are the 

parameters of preferences and technologies ( r ) , the autoregressive process for z (-f(L), E ) , 

and the measurement process (D,Q). Harvey (1981) shows how one can construct the 

innovations by applying a Ka lman filter to system (3.4). 

3.2. Da ta 

A l l data are for the years 1947-1987. The data for investment, government purchases, 

and market output are taken from the National Income and Product Accounts. Investment 

is defined to be fixed investment and consumer durables. Market output is the sum of 

investment, government consumption, and private market consumption. Pr ivate market 

consumption consists of consumption of nondurables and services excluding the service 

flow from the housing stock. We exclude the product from the housing stock because we 

interpret this as nonmarket product ion. 

6 G i v e n large differences in tax rates across s tud ies , the poss ib i l i ty of measure error is pa r t i cu la r l y 
impor tan t . 
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The market capital stock is the net stock of private nonresidential structures and 

equipment. The nonmarket capital stock is the net stock of private residential capital and 

consumer durables. The capital series are obtained from the Survey of Current Business. 

The market hours series is total manhours for all industries and al l employees taken 

from the Bureau of Labor Statist ics' household survey. The seasonally adjusted monthly 

series is aggregated to obtain a quarterly measure. The total hours h is set equal to 1134 

which is the measure of discretionary t ime used by H i l l (1985). 

Annua l tax rates on labor and capital are constructed using the definition of Joines 

(1981). (See Append ix B for the actual series.) The two data sources for these measures 

are the National Income and Product Accounts and the Statistics of Income series of the 

Internal Revenue Service. The constructed tax rate on labor corresponds to Joines' defi­

ni t ion of M T R L 1 . The constructed tax rate on labor corresponds to Joines' definition of 

M T R K l wi th property tax payments excluded. 

A l l variables are in per-capita, real terms. Cap i ta l stocks and tax rates, which are 

annual series, are interpolated to obtain a quarterly series. 

3.3. Empir ica l Results 

Table l a 7 reports estimates and standard errors for the parameters of the ut i l i ty and 

product ion functions. The estimates for a i , &i, a, 6, ft, and /x are simi lar to those found 

in M c G r a t t a n (1992). The parameter that weights private and publ ic consumption in 

household's uti l i ty, a%, hits its upper bound of 1 and was therefore constrained during 

estimation. Th is estimate is consistent wi th ut i l i ty functions that are separable in publ ic 

and private consumption. W i t h a\ = 1, b\ is not identified and can therefore be set 

arbitrari ly. The value of the risk aversion parameter, a, is 5.27 but has a large standard 

error. The estimate for depreciation given in Table l a is 0.022 wi th a smal l standard error. 

Th is value is pinned down by observations on total capital and investment and is consistent 

wi th most estimates of quarterly depreciation [3],[10],[11]. The value of ft is estimated to 

be 0.991 which is less than 1 but not significantly. The estimate of the growth rate, fi, is 

1.0054 wi th a smal l standard error. Th is value is in the range of the sample growth rates 

7 Resu l ts are repor ted for two da ta sets. We label the tables or f igures w i t h a number and the let ter " a " 
for the d a t a detrended by geometr ic growth case and " b " for the case that the da ta was pre- f i l tered. 
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for the capital stocks, output, and investment. 

A s mentioned earlier, a key parameter governing the interaction between household 

product ion and market activity is 621 which determines the elasticity of subst i tut ion be­

tween market and nonmarket consumption (1/(1 — ^2))- Th is elasticity measures the 

willingness of agents to substitute between market and nonmarket goods. If b2 = 1, then 

c m and cn are perfect substitutes. If b2 = 0, the function is Cobb-Douglas and the goods 

are complements. Benhabib, Rogerson, and Wright (1991) show that i f kn is relatively 

smal l , b2 = 0 implies that distinguishing between leisure and home product ion has no 

implicat ions for market variables. As shown in Table l a , the estimate of b2 is 0.385 with 

standard deviation 0.145. Th is estimate is significantly different f rom zero and indicates 

that there is significant will ingness on the part of households to substitute between market 

and nonmarket goods. 

Suppose that we parameterize the model as follows: a — 1, h\ — 0, 63 = 0 and 

all of the coefficients on snt or its innovation are set equal to zero in the equations for 

government consumption, market technology, and tax rates. There are 15 restrictions for 

this new parameterization. These restrictions imply that market variables are not affected 

by changes in the home sector. We test the hypothesis that this set of constraints holds 

against the alternative unconstrained specification. We find that we can easily reject the 

hypothesis when applying the l ikel ihood ratio test. The probabi l i ty that a x 2 (15) falls 

below the computed l ikel ihood ratio test statistic is approximately 1. 

The weight on market consumption in the ut i l i ty funct ion, b is 0.448 wi th standard 

error 0.121. Benhabib, Rogerson, and Wright (1991) back this parameter out f rom esti­

mates of the means of hm and h„. Thei r estimates are derived from the time-use survey 

[6] and imply that hn/hm « 0.85. Here we did not put any direct restrictions on the mean 

of hn. Our estimate implies a mean value of hn equal to be 140, which is about half of the 

mean for market hours. 

Next we consider estimates of the market product ion funct ion. F i rs t note that 64 

is not significantly different f rom zero, indicating that the market product ion function 

is approximately Cobb-Douglas. The weight on capital in market product ion, 04, has a 

value of 0.234 with standard error 0.120. Al though this estimate is consistent wi th others 
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[3],[11], the addit ion of taxes and home production could imply an estimate different from 

the model without taxes or the home sector. Th is result is due to the fact that with taxes 

on capital , the value of 0 4 must be increased to generate a given stock of capital . In a 

model without home product ion, McGra t tan (1992) finds an estimate of 0.4. O n the other 

hand, the addit ion of the home sector should decrease 0 4 because a large fraction of total 

capital is assumed to be allocated to the nonmarket sector. These two factors imply an 

estimate of 0 4 in the range of estimates found with taxes and home product ion excluded. 

Now we turn to a discussion of the estimates of the technology shocks. The estimates 

and standard errors for the parameters of the vector autoregression are given in Figure 

l a . If the autoregressive process is completely unrestricted, the estimates of coefficients 

on government consumption, market technology, and tax rates in the home technology 

equation are t iny and insignificantly different from zero. Therefore, we restricted these 

coefficients to be zero and let next period's shock to the home technology depend only on 

its own lags. These restrictions help to identify the parameters of the home technology 

process. Because we do not have time series for home consumption and hours worked, 

the home technology process cannot be completely identified. For example, since the 

consumption of the home good and the labor input in home product ion are latent, the mean 

of snt is not identif iable. 8 Therefore, to avoid singularities of the information matr ix , the 

th i rd element of 70 of equation (2.1) is set equal to zero when searching over the parameter 

space for an opt imum. In report ing the standard errors, the variance of the error of the 

home technology equation, var(t3t), is also restricted. Exc lud ing the (3,3) element of 7 £ 

before computing the standard errors significantly affects the the standard errors for a2, 

0 3 , and several covariances between the error term in the home technology shock equation 

and other error terms. For example, if 7 ( ( 3 ,3 ) is included in the parameter vector when 

standard errors are computed, then the standard errors for a2 and 0 3 are 0.299 and 0.190, 

8 T h i s can be argued as fol lows. S tar t w i th a parameter iza t ion 0 . Fo l low ing the procedure of A p p e n d i x 
A , the choice of 0 determines the steady state values for to ta l cap i ta l , market cap i t a l , market hours , 
hours in home produc t ion (by equat ion (A3) ) . S teady states for al l other var iables fol low f rom these 
four. Cons ide r next a parameter iza t ion © , which is assumed to be different f rom © in the choice of 
b, 02, and the parameters governing the autoregressive process for z (7). T h e " " " parameters are 
chosen in a way that the mean of sn is changed but the means of al l observable series are unal tered. 
In par t i cu la r , 7o(3) is per tu rbed w i th the rema in ing elements in 7 a l tered to leave a, sm, f*, and_ f^ 
as before. T h e parameters 02 and b are per tu rbed in such a way that the so lu t ion of (A3) for km, 
/ i „ ; . and k is una l tered. 
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respectively, while the standard errors for the remaining ut i l i ty and product ion parameters 

are similar in magnitude to those reported in Table l a . We suspect that these differences 

indicate that not al l of second moments can be identified without observations on cn or hn. 

Since the standard errors do not change significantly if we eliminate any other covariances 

before computing standard errors, we report the case with only the (3,3) element of jf 

restricted. 

The correlation between market and home shocks can be computed using the estimates 

from Figure 1. Th is correlation is of interest because it indicates the frequency wi th 

which individuals are presented an incentive to substitute between market and nonmarket 

product ion. The estimated correlation is -0.186. Note that this correlation is much smaller 

than the number used in Benhabib, Rogerson, and Wright (1991), indicat ing significantly 

more incentive for substi tut ion between the two sectors. 

The results f rom Figure l a indicate that the process z is highly persistent. The 

estimation procedure attempts to capture the low-order frequencies evident in aggregate 

t ime series either through ~f(L) or through the measurement error processes. Th is is 

especially true for the labor tax rate series which has a significant upward trend. The 

upward trend in labor tax rates causes a near unit root estimate of the tax rate process 

or a near unit root estimate of its measurement error. The estimates of the measurement 

error process are reported in Figure 2b. The measurement errors on output and government 

consumption are assumed to be zero. On ly hours of work and the two tax rates are assumed 

to have serially correlated measurement errors. Because there are trends in the labor tax 

rates and hours of work over the sample, the coefficients of D are high. 

3 .4. Alternative Procedure 

In this section we present estimates derived from using data which have been filtered 

and assume that /z = 1. In order to make our results comparable to much of the current 

business cycle l iterature, we use the filter described in Hodrick and Prescott (1980) and 

Prescott (1986). Thei r filter fits a smooth curve through the data and , thus, eliminates 

low frequencies. 

We include the results for the filtered cases because there are several problems wi th 

the model specification of Section 2. We assumed that all variables that grow do so at the 
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same geometric rate. Whi le this may be a correct assumption, we have a short sample and 

growth rates do not match exactly. We have assumed that tax rates are stationary but 

over our part icular sample, the constructed series have trends. The tax rate on labor has 

increased over the post-war sample and the tax rate on capital has decreased. Therefore, 

the filtered case gives us a check on the robustness of our structural parameters (e.g. those 

of ut i l i ty and product ion). We can check to see if the key parameters are sensitive to our 

assumptions about the low frequencies in the data. 

Table l b and Figures l b and 2b report the parameter estimates assuming that the 

true series are those that have been Hodrick-Prescott filtered. The estimates of preferences 

and technology are simi lar to those of Table l a . In fact, the changes in point estimates 

are less than one standard deviation. The major difference between the two cases are the 

estimates of the autoregressive process and the measurement equations (Figures 1 and 2). 

Because we have filtered out the low-frequencies of the data in the second case, we do not 

have the same difficulties wi th near unit-root processes. 

In the case of filtered data, the correlation between the technology shocks, sn and sm, 

is -0.926. The negative correlation implies that agents have an opportuni ty to substitute 

between home and market. Given the incentives to substitute between the market and 

nonmarket sectors, home product ion can have a big effect even if agents' wil l ingness to 

substitute between market and nonmarket goods is small (62 much less than 1). 

3.5. Discussion 

Table 2a and Table 2b report the standard deviations and correlations w i th output of 

the series predicted by the model and their analogues from the data. Bo th the model and 

data series are logged for computat ion of standard deviations. The column heading ' C x ' 

implies that CE[xt\(t-i, C t - 2 , - - - 5 Ci>^i] 1S used to obtain the statistics, where X i is an 

estimate of the in i t ia l state. The first eight variables under the column V are the observed 

series. Market capital is derived from total capital and capital in the home. The series 

for consumption is output less investment and government consumption. The series im 

is investment in nonresidential structures and durable equipment for the U.S. The series 

in is investment in residential structures and consumer durables. Bo th investment series 

were obtained from the National Income and Product Accounts. The series for the model 
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are constructed from kmt+i — (1 — 6)kmt and knt+i — (1 — 6)knt, respectively. 

A comparison of the columns for the model and the data in Table 2a, indicates a good 

match for the capital stocks, output, investment, consumption, and government purchases. 

A l though it is not reported, the first moments match up well wi th the exception of the tax 

on capital . The sample mean in the data is around 0.5 while the model predicts a rate 

near 0.7. In the case of investment and hours, the model predicts too much variat ion. One 

factor may be that these series are st i l l highly persistent when geometrically detrended. 

The estimation procedure attempts to fit these features of the data but may miss the 

higher frequencies in investment and hours. Also reported are correlations of the various 

series wi th output. Note that investment in consumer durables and residential structures 

is procycl ical for both the data and the model. 

In Table 2b, standard deviations and correlations are reported for data that has been 

filtered first. A comparison of Table 2a and Table 2b indicates substantial differences in the 

magnitudes of the variances. In fact, the model now underpredicts the variat ion in hours 

of work in the market. Another important difference is the correlation of home investment 

and output; this correlation is now negative. 

4 . Fiscal Policy Experiments 

We analyze the effects of three tax experiments: reducing both labor and capital tax 

rates to zero, reducing the capital income tax rate to zero while increasing the labor income 

tax rate in order to maintain a balanced budget, and increasing the tax on residential 

capital . We do not argue that these are especially relevant, or imminent, pol icy changes. 

Rather, the results serve to il lustrate the different predictions of models wi th and without 

household product ion. 

Table 3 reports percent changes for output, consumption, investment, hours worked, 

and capital in both the home and market sectors, plus a variable A that measures the 

welfare consequences of the policy change in terms of market consumption. For example, 

i f A = 0.01 then the agents would be equally well off after the indicated policy change i f 

their market consumption were reduced by 1 percent of its new steady state value, all else 

being the same. There are three columns, corresponding to a base case wi th r* = 0.57 and 
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r/, = 0.23, a case with zero taxes, and a case wi th = 0 and r/, set at the indicated level 

in order to keep revenue constant. In the base case, government spending is set to balance 

the budget. 

Based on our parameter estimates, the effect of el iminating distort ing taxat ion a l ­

together is quite sizable: output increases by 43 percent, consumption of market goods 

increases by 47 percent, investment increases by 83 percent, market hours increase by 22 

percent, the stock of market capital more than doubles, and the ratio of market to house­

hold capital increases from 1.3 to 2.2. In the home sector, consumption of goods decreases 

by 1.4 percent, hours of work decreases by 20 percent, and the capital stock increases by 

34 percent. Thus , there is a significant shift of labor from home to market product ion but 

an increase in capital in both sectors. In terms of welfare, the policy change is worth 22.1 

percent of market consumption. 

A model that ignores the household sector has very different predictions. For example, 

consider the model and parameter values of McGra t t an (1992), who does not include 

a household sector. Experiment 1 now yields an increase in both output and market 

consumption of 58 percent, an increase in both investment and market capital (i.e., total 

capital) of 133 percent, and an increase in market hours of 22 percent. Thus , we find a 

much larger response of market consumption, investment, and output when we exclude the 

household sector. The increase in market hours is the same for the two models, but because 

home hours change when household product ion is explicit ly modeled, the impl icat ion for 

leisure is not the same. In terms of welfare, we find that the policy change is worth 27.8 

percent of market consumption. 

Now consider the effect of el iminating the capital tax and raising the labor tax to 

keep revenue constant. Given our parameter estimates, the labor tax rate would have to 

increase from 0.23 to 0.31 in order to maintain a balanced budget. Th is is accompanied 

by a 13.7 percent increase in output, a 6 percent increase in market consumption, a 45 

percent increase in investment, a 77 percent increase in the market capital stock, and a 3 

percent decrease in market hours. The welfare gain is 10.6 percent of market consumption. 

In contrast, the model without home product ion predicts that reducing to 0 requires 

increasing 77, to 0.36 to keep revenue constant. Output increases by 21 percent, market 
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consumption increases by 8.6 percent, investment and the capital stock both increase by 

79 percent, and market hours fall by 6.2 percent. The welfare gain is 14.7 percent of 

consumption. Wha t is str ik ing about this experiment is that even though there is l itt le 

substi tut ion between market and home activity in the home product ion economy, we st i l l 

f ind very different implicat ions for market variables. 

For the final fiscal experiment, we consider adding a tax on household capi ta l , an ex­

periment that cannot be conducted with McGra t tan 's (1992) model. We consider replacing 

the ind iv idual budget constraint with 

Cm + * < (1 - Tk)rkm + (1 - Th)whm + 6rkkm + T - Tpkn 

where TP is the residential property tax. Table 4 reports percent changes for output, 

consumption, investment, hours worked, and capital in both the home and market sectors, 

plus a variable A that measures the welfare consequences of the policy change in terms of 

market consumption. For the base case, the residential property tax is set equal to zero 

and the other fiscal variables are set equal to the sample averages in the U.S. data, e.g., 

Tk = 0.57, t / , = 0.23 and g = 584. 9 Steady state values are then calculated for economies 

with Tp = 0.01, 0.02, and 0.03. 1 0 In Table 4, the percent changes are changes in the 

variables relative to the base case. Note that, with the exception of nonmarket hours of 

work, all variables have lower steady state values in the cases wi th r p > 0 than in the base 

case. Thus , individuals are substi tut ing labor for capital in household product ion. But 

there is no increase in market product ion in response to the increased tax on the home 

capital . For example, market output in the economy with rp = 0.01 is 13 percent below 

that in the economy without a property tax. Market consumption and investment are 

12.4 and 25.5 percent below their base case levels. Market capital falls 39.3 percent while 

market hours fall 1.6 percent. These results are due in part to the fact that home capital 

is produced in the market. In fact, there is a larger decline in market product ion and 

consumption than home product ion and consumption. For higher tax rates, we see simi lar 

patterns but larger changes. Note, however, that the differences between allocations for 

9 T h e spend ing process is det rended wi th a geometr ic t rend \i — 1.0054 before a sample average is 
compu ted . 

1 0 Jorgenson and Y u n (1991) use a rate equal to 0.01. 
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TP = 0 and TP = 0.01 are larger than those for the economies wi th r p = 0.02 and 0.03. O n 

the other hand, the welfare costs increase almost l inearly for the three examples (e.g., A 

= .147,.279, and .400). 

5. Conclusions 

The objective of this paper was to evaluate the importance of home product ion in 

models of aggregate economic activity, by obtaining max imum l ikel ihood estimates of a 

stochastic growth model with an explicit household sector. The parameters that are most 

important for the hypothesis that home product ion affects predictions of market act ivi ty 

are the elasticity of substi tut ion between output of the two sectors, the correlation between 

stochastic shocks to home and market technologies, and parameters of the home product ion 

function. For these parameters, there is l itt le microeconomic or long-run evidence. 

Ou r parameter estimates suggest that there is a significant elasticity of substi tut ion 

between home and market goods. Est imated correlations of the home and market technol­

ogy shocks also suggest that there is an opportunity for such subst i tut ion. Furthermore, 

when we reestimate the model wi th restrictions that imply market act ivi ty is not affected 

by changes in the home sector, we find a significant difference in the l ikel ihood values for 

the constrained and unconstrained specifications. 

We compare the predictions of the model estimated here to that of M c G r a t t a n (1992), 

who does not include a household sector. We show that including home product ion sig­

nif icantly affects the model's predictions for certain fiscal experiments. The movement of 

resources between different activities in response to changes in tax rates depends cri t i ­

cally on the opportunit ies for substi tut ing between taxed and nontaxed activit ies and on 

indiv iduals ' will ingness to substitute. 

One fiscal experiment that cannot be analyzed in a model without a household sector 

is an increase in the residential property tax rate. The model predicts significant differences 

between economies wi th a 0 percent rate and a 1 percent rate. For example, the differences 

in market output and market consumption are around 13 percent. The difference in home 

capital is around 10 percent. 

The fiscal experiments that we conduct are intended to i l lustrate the potential biases 
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due to abstract ing from home product ion. However, there may be other experiments for 

which home product ion can play an important role. In such cases, the estimates reported 

in this paper may prove to be useful. 

16 



Appendix A 

In th is append ix , the approx imate l inear decis ion rules are der ived ana ly t i ca l l y for the model of 
Sect ion 2 w i t h general funct ions for aggregate consumpt i on , pr ivate consumpt i on , and p roduc t i on . T h e 
op t im iza t ion p rob lem to be solved in this case is 

max E 
T - l 

^ l i m y ^ / 9 ' « ( c t , £ - hmt - hnt)\k0,zo,kmo,hmo,hno^ 

1=0 

( A l ) 

subject to 

yt 

Cpl 

Cmt 

Cnt 

~kt+\ 

zt+i 

i i+ i 

Zf = 

c(cpt,atyt) 

y(kmt,hmt,amt) 

Cp(cmt,Cnt) 

(kmt - Tktkmt + Tk(kmt)dy(kmt, h m t , Smt)/dkmt 

+ (hmt - Ththmt + Ththmt)dy(kmt,hmt,8mt)/dhmt 

+ 6Tkt(kmt — feint) — cnty(kmt, h m t , s m t ) — it 

Cn(kt — kmt,hnt,Snt) 

(l-S)kt + 'it/n 
7o + 7 i 2 i + - • • *tqZt-q + Eet — 0,Eete't = E 

tzl, + et+i, Eet = 0, Eete't = E £ 

[zt> zt-\ i • • • i zt-q > 1] 

[at,Smt,8nt,Tkt)Tht] 

(A2) 

w i th per -cap i ta levels of home cap i ta l and labor , {kmt, hmt }fZo assumed g iven. S ide cond i t ions for th is 

p rob lem are given by kmt = L i , hmt = hmt and lim<_oo 2 kt = 0 and are imposed on the so lu t ion to 
the household 's op t im iza t ion p rob lem. 

T o ob ta in approx imate l inear decis ion funct ions for the househo ld , the ut i l i ty funct ion is first replaced 
by a quadra t ic expans ion . Fo l low ing K y d l a n d and Prescot t (1982), a second order Tay lo r expans ion a round 
the vector X = [k,z',km,hm,km,hm,hn,nf>k]' is used where z satisfies 7(1)2 = 70 and km, hm, hn, k 
satisfy 

aJ>i K 1 - fk)5i + &fk] ~ c P 2 c „ , = 0 

U1ClCp2Cn2 - U2 = 0 

PcPicni + p(l - 0(1 - 6))cPl = 0 

(A3) 

where subscr ip ts ind ica te par t ia l der ivat ives and " - " i m p l i e s the funct ion is evaluated at steady state 
values (e.g. c P l - dcp(cm,c„)/dcm, c m = (1 — a)y(km, h m , §m) — f*Sk, and c n = cn(k — km,hn,sn))-
T h e elements of the vector X are the steady state values for Xt = [kt, z\, kmt, hmt ,kmt, hmt, hnt, it]' when 
E = 0. T h e equat ions (A3) are therefore der ived f rom the first order cond i t ions in the nonstochast ic case. 

G i v e n the steady state values X, the second order expansion of the ut i l i ty funct ion is der ived as 
fol lows: 

u(c , h — hm — hn) = U(X) (for c as defined above) 

(X-X) 

= x' e(U(X) - du 
ax 

X)e' 
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- x ' ( Q w \ x (A4) 

where e is a 1 3 x 1 vector w i t h e(7) = 1, e(j) = 0, jf j4 7, Q is 9 x 9 , R is 4 x 4 , and W is 9 x 4 . 
W i t h the quadra t ic funct ion (A4) used in place of the re turn funct ion of ( A l ) , the op t im iza t i on 

p rob lem can be restated as: choose st reams of cap i ta l in the market sector, hours in the market sector, 
hours in the home sector, and investment ({kmt, hmt, hnt, It } J ^ 0 ) t o m a x i m i z e l i m 0*U(Xt) sub ject 
to restr ic t ions (A2 ) and sequences for per -cap i ta hours and cap i ta l . T o solve th is const ra ined op t im iza t i on 
p rob lem in the finite-horizon case, form the Lagrang ian 

T - i 

1 = 0 

- (1 - 6)ict - it In 
y(L)zt+i - 70 

where the sequence {pi} are Lagrange mul t ip l ie rs . Di f ferent iat ing the Lagrang ian w i t h respect to decis ion 
var iables dt — (kmt, hmt, hnt, it)', t = 0,... ,T — 1, cap i ta l kt, t = 1 , . . . , T , and the first element of the 
mul t ip l ie r vector pit, t= 1 , . . . , T , and impos ing kt = kt, kmt = fcroli hmt = hmt, hnt = hnt, and it = it 
gives 

dt = -(R + W 2 ' 
1 0 0 0 
0 1 0 0 + [0 0 0 pu+l/fi]' 

kt = (1 -S)kt-i + [ 0 0 0 l / / i ] « f « _ , ( / t 5 ) 

P , , = 0(1 -6)pit + l +/3[<7ll,Ol2.0l3,Ol4,9l5,9l6,9l7] + P[<118 + 1 , 9 i 9 + U>i2 , Wi3, Wu]dt 

PIT = 0 

where dt = (kmt,hmt,hnt,it)', r,j is the (i,j) element of R, is the («, j) element of Q, and Wjj is the 
(i,j) element of W = [ W j , V f j ] ' . These matr ices are funct ions of par t ia l der ivat ives o f u and / evaluated 
at the steady state values. 

If the decis ion var iables are subst i tu ted into the difference equat ion for kt and pit, then these equa­
t ions can be wr i t ten in the fo l lowing form 

Pit 
V"ll V"12 
t/>2i t/>22 

k, 
l P l f + 1 + *1 

*2 I -« 

which is so lved jo in t ly for (kt,pit+\,t = 0 , . . . T — l.Jfcr) sub ject to the given value for ko, the sequence 
{zt}J=0 (w i th zt+i = 7o + j(L)zt, zo g iven), and p i x = 0. A solut ion for th is dif ference equat ion takes 
the form 

Pit = a0lkt + a'tzt, ( s i T (A6) 

w i th a0T = 0, a x = 0 and 

OtQt = V-21 + 
V 'n ' feaoi+i 
1 - V"12«0«+l 

V"22(a{+17* + « 0 i + l * l ) 

1 - i/>i2aoi+i 

(A7) 

wh ich by cons t ruc t ion satisf ies the difference equat ion and boundary cond i t ions . T h e inf in i te t ime so lu t ion 
is found by tak ing l im i t s of the first order condi t ions as T approaches inf in i ty. T h i s amounts to finding 
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l i rr i(_oo «o i and l im (_oo <*<• These l im i t s can be found d i rec t ly by c o m p u t i n g the roots of the two equat ions 
in (A7 ) . Note that there are two roots for c?o that satisfy the quadra t ic equat ion 

t/>12<*0 + (t/>m/'22 - l)<*o + V>21 = 0. 

To ensure that lim<_oo 0 * kt = 0, i t must be the case that the root chosen imp l ies t/>i i /( l —4>\2aq) < 1. 
However , s ince there are tax d is tor t ions, the two values for t />n/( l — V>i2<*o) a r e n o t necessari ly rec ip roca l 
pa i rs . The re may be more than one stable root or no stable roots. 

Us ing the so lut ion for p n in (A6 ) , the decis ion ru le for next per iod cap i ta l is 

fc,+i = 
^11 , , $1 +t/>12<*'7z 

fc, H • z,. 
1 - aoV>i2 1 - <*oVi2 

For the decis ion func t ions , subst i tu te 

P l«+ l = kt H : — z. 
l - a o V ' 1 2 l - a o ' / , i 2 

into the equat ion for dt in (A5 ) . 

Example. Cons ide r the speci f icat ion w i th a\ = 1, p = 1, q = 1, f\ d iagona l , and 

u(c,l) = ln(c)+bl 

cP = {a2c^+(l-a2)cb^}^ 

cn = {a3kb

n>+(l-a3)(e>»hn)b3}% 

y = { a 4 * * J + (1 - a 4 ) ( e " » hm)b*}£. 

In th is case, the matr ices * and <!> of the difference equat ion (A6 ) are given by 

0 u = 1 - £ + (1 - a)y/km 

V"22 =1+0(1- Tk)y2hm/km 

021 = 0 

V>i2 = ( i + - - v t n r r W - (i - - - {(i - rk)y/km + 6fk} 

[ c P l c m ( l - 6 2 ) J oy22 

{(1 - a ) y / f c m C i + - b2cmkn/(l - 6 2 ) (1 - a)y/km 

1 — 09 

*1 

*2 
-y —6K3 

0 
*m( l - f f c ) 

0 

2 > . * - f A ) 
6K 3 

^ m ( l - f t ) 0 

where 

"1 = (1 - 0)7— <i + - : T— 

km I-62 
/. -\ 8 , b2hncm 

« 2 = (1 - « ) 1 ^ C 2 - 7— 
K m 1 - 02 

« 3 = 
(1 - fk)hm 

~= T 
(1 - « ) y 2 

Cj = 

(1 - Th)km " * ' oy 2 2 

H ^ + ^ n F - ' i - ^ ) 3 - ' ) ! + _ f P ' C m . J , j = 1 ,2 ,3 
6 c „ 2 2 C £ C p 2 C „ ( l - 0 2 J 
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Note also that i f the root of the quadra t ic equat ion (A9) is chosen to ensure l i m , _ o o / ? H « = 0, then 
ato = (1 — 0nip2l)li>\2- T h i s value of QQ is used to determine a ( f rom (A8)) and the op t ima l investment 
rule (A10) . 

Subs t i t u t i on of the shadow pr ices into the decis ion funct ions gives the decis ion funct ion (dt — d) = 
(A - BC)(xt - x) where dt = [kmt,hmt,hnt,it]', xt = [*«,*{]', 

A = 

(i-a)y 
™ m 

o 

0 

0 

-y 

*mK2(l-»*) 

— 6«3 

-6<2 
Ki(y, -*) &mtCl(l-'-t) 

*m(i-r f c )* 

- £ » - * C s 

—6K2 

H2(g! -«) RmtC2(l-'-t) 

» 2 ( i - * c ) 
6K 3 

and B and C are 4 x 1 and 1 x 6 vectors, respectively, w i th elements 

Bi = T ^ f t O O - r f e ) + » 2 ( 1 - f B ) « 2 - kn/b) 

B3 = T ^ f t f r O - f f c ) + M l - *»)(Cs + An/6) 

#4 = -012 

C, =*n{1>n - 0 i i ) 

1 - 011 022 
C j + l — * l j + 

012032(011 - 71 ,H ) 022(011 ~ 71J j ) 
*2>, i = i , . . . 5 . 

These rules can be used to determine the effect of our key parameters . For examp le , i f 02 = 1, pr ivate 
consumpt ion is compr ised only of market c o n s u m p t i o n . 1 1 S ince £y = 0, j = 1,2,3 in th is case, a l l 
coefficients in the equat ion for market cap i ta l are 0 w i th the except ion of the first wh ich is 1 (e.g. kmt = kt). 
Simi la r l y , the coefficients in the equat ion for hours of work at home are 0 s ince no hours w i l l be a l located. If 
d2 > 0 but 62 = 0, then the market and home goods are complements and pr ivate consumpt ion is g iven by 

. If, in add i t i on , home consumpt ion is g iven by a C o b b - D o u g l a s f o rm , c „ = kn

3(e'n hn) ) l - « a 

then £2 = 0, C3 = —hn/b, and hnt = hn for al l t. W i t h £2 = 0 and 62 = 0, the shock to home technology 
does not affect any market decis ions. | 

T h i s is the case ana lyzed by M c G r a t t a n (1992). 
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Appendix B 

T h e effective tax rates for labor and cap i ta l used to est imate the mode l are given in Tab le B . T h e 
da ta sources for these series are Statistics of Income, Individual Income Tax Returns (Sources of Income 
and Taxab le Income, al l returns) and Social Security Bulletin (Tables 2a,4b). T h e rates are const ruc ted 
us ing the def in i t ions of Jo ines (1981), series M T R K 1 , M T R L 1 . One impor tan t dif ference between T fc t < o f 
Tab le B and M T R K 1 in Jo ines is the t reatment of property taxes. M T R K 1 is the s u m of a p ropor t iona l tax 
on income that is not speci f ic to cap i ta l or labor , a p ropor t iona l tax on income that is speci f ic to cap i ta l , 
and a nonpropor t iona l tax on income that is specif ic to cap i ta l . T h e propor t iona l tax on income that is 
speci f ic to cap i ta l is s imp l y tax receipts f rom cap i ta l d i v i ded by income f rom cap i ta l . W e exc lude proper ty 
taxes f rom both tax receipts and Jo ines ' measure of income wh ich inc ludes ind i rect business taxes. 

t Tkt Tht t nt Tht t nt Tht 

1947 62.8 20.0 1961 61.6 21.9 1975 55.8 24.9 
1948 54.8 17.2 1962 57.3 22.0 1976 56.9 25.0 
1949 52.4 17.2 1963 57.3 22.4 1977 54.3 25.6 
1950 64.2 18.3 1964 55.2 21.2 1978 53.4 25.6 
1951 66.9 19.8 1965 53.4 20.5 1979 53.3 26.3 
1952 63.9 20.8 1966 53.4 21.1 1980 54.5 27.9 
1953 64.4 21.0 1967 54.4 21.4 1981 50.2 28.4 
1954 61.1 19.4 1968 59.8 23.0 1982 49.6 27.4 
1955 59.8 19.6 1969 60.4 24.1 1983 47.5 26.6 
1956 61.5 20.2 1970 55.4 24.6 1984 46.6 26.1 
1957 60.4 20.9 1971 57.7 23.3 1985 47.8 26.1 
1958 60.7 20.7 1972 57.3 23.5 1986 52.9 25.9 
1959 60.4 21.3 1973 57.0 24.0 1987 53.8 25.7 
1960 60.6 21.6 1974 59.3 25.1 

T a b l e B . Effect ive Tax Rates for C a p i t a l and L a b o r 
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Funct ion Parameter Est imates 

u(cj) = ^ — b = .448, a = 5.27 
(.121) (6.84) 

c = {a,cj» + ( l - a i ) c } » } ^ a , = 1.0, 6i = 0 

cP = {a2Cm- + (l-a2)cb

n'}t a 2 = .485, 6 2 = .385 cP = {a2Cm- + (l-a2)cb

n'}t 
(.0591) ( 145) 

cn = { a 3 ^ 3 + ( l - a 3 ) ( e s " / i N ) 6 3 } ^ a 3 = .210, 6 3 = -200 cn = { a 3 ^ 3 + ( l - a 3 ) ( e s " / i N ) 6 3 } ^ 
(.0810) (.165) 

y ={aAk>*+(l-a4)(e'»hm)b*}£ a 4 = .234, 64 = .0525 y ={aAk>*+(l-a4)(e'»hm)b*}£ 
(.120) (.381) 

k = (1 - 6)k + i/ft 6 = .0223, ft = 1.0054 
(.000311) (.000433) 

0 /? = .991, 
(.0150) 

Table la. Parameters of Preferences and Technology (Geometr ic Trend) 

Funct ion Parameter Est imates 
( fit — b\l — tr 

« M ) = <C \ J b = .427, 0 = 5.29 
( fit — b\l — tr 

« M ) = <C \ J 
(.158) (7.62) 

c = {a,cj> + ( 1 - 0 ! ) ^ } ^ " Q l = 1.0, 61 = 0 

cP = { a 2 c 6

n | + ( l - a 2 ) 4 ' } ^ a 2 = .477, b2 = .285 cP = { a 2 c 6

n | + ( l - a 2 ) 4 ' } ^ 
(.118) (.184) 

c„ = { a 3 ^ 3 - r ( l - a 3 ) ( e S " / L N ) 6 3 } ^ a 3 = .158, 63 = -247 c„ = { a 3 ^ 3 - r ( l - a 3 ) ( e S " / L N ) 6 3 } ^ 
(.0704) (.196) 

y = { a 4 ^ + ( 1 - a 4 ) ( e s " ' / i m ) ^ } ^ a 4 = .228, W = .106 y = { a 4 ^ + ( 1 - a 4 ) ( e s " ' / i m ) ^ } ^ 
(.114) (.200) 

£ = (1 - 6)k + i/n 6 = .0224, n = 1.0 
(.000114) 

0 = .989 
(.00435) 

Tabie lb. Parameters of Preferences and Technology (Data Fi l tered) 

23 



zt+i= (a Tk 
- .000542 .108 0 .0455 .0193 

(.0358) (.0895) (.0145) (.0157) 

+ 

+ 

/ 1.56 .0151 - .00336 - .0917 .514 \ 
(.115) (.0512) (.00642) (.307) (.311) 

.356 .880 - .0146 .159 • - .0817 
(.186) (.0952) (.0163) (.596) (.605) 

0 0 .954 0 0 
(.0787) 

.0182 - . 0505 .0108 1.68 .106 
(.0584) (.0526) (.00605) (.129) (.116) 

- .0754 - .0252 .00338 .0432 1.70 
\ (.0347) (.0201) (.00253) (.109) (.104) / 

/ - . 5 9 8 - .00890 .00431 .0975 - . 5 4 0 \ 
(.113) (.0514) (.00674) (.284) (.324) 

- . 2 0 2 .0560 - .000639 - . 1 3 6 -0.101 
(.170) (.102) (.0168) (.573) (.635) 

0 0 .00558 0 0 
(.0700) 

.00663 .0435 - .0105 - . 7 1 4 - . 1 6 6 
(.0570) (.0516) (.00621) (.126) (.124) 

.0889 .0173 - .00538 - .0388 - . 740 
\ (.0305) (.0211) (.00246) (.104) (.112) / 

/ .00407 0 0 0 0 
(.000591) 

.00210 
(.00120) 

.0396 
(.0100) 

- .000150 
(.000407) 

- .0000204 
(.000206) 

.0113 
(.00222) 

- .0422 
(.0188) 

.00125 
(.000711) 

.000446 
(.000261) 

0 

.0763 

- .00101 
(.000474) 

- .000367 
(.000160) 

0 

0 

.000877 
(.000286) 

.000303 
(.000358) 

Zt-l 

0 

0 

0 

.00119 
.000217) / 

Figure la. Vector Autoregression for z (Geometric Trend) 

0 = C* + u u ujt = Dut-i + rjt 

Dn = ( 0 , 0, .991, 0, 0, 0, .990, .986) 

(.0144) (.0123) (.0146) 

n « = (21.4, 39.1, 6.75, 3253, 0, 0, 4 . 2 6 e - 5 , l e - 7 ) 

(9.15) (26.8) (.691) (511) (4.49X10 - 6) (2.29xl0~ 7) 

Figure 2a. Measured (() and Ac tua l Da ta (£*) (Geometr ic Trend) 
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zt+i = (<* Sn Tk Th = 
- . 0243 .347 0 .107 .0603 
(.0497) (.174) (.0754) (.0371) 

1.35 .0245 - .00770 - . 0563 .557 > 
(.0834) (.0599) (.0459) (.122) (.399) 

.366 .729 - .0304 .0545 .180 
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\ (.0625) (.0372) (.0190) (.0948) (.220) / 

Zt-1 
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(.000322) 

- .000121 .00824 0 0 0 
(.000952) (.00285) 

.00184 - .00535 .0177 0 0 
(.00375) (.00953) 
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(.000564) (.000493) (.000936) (.000670) 
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Figure lb. Vector Autoregression for z (Data Fi l tered) 

6 = Ci +ut, ujt = Dut-i + r)t 

Da = (.938, .901, .648, .782, .790, .773, .832 .501) 

(.0747)(.0929) (.0478) (.104) (.203) (.292) (.303) (.187) 

a - , = ( H 0 6 , 674, 4.36, 19.7, 11.9, 30.1, 1.63 x 1 0 ~ 5 , 1.13 x l O " 7 ) 

(183) (206) (.434) (8.32) (6.87) (23.9) (2.69X10 - 6) (1.98X10 - 7) 

Figure 2b. Measured (() and Ac tua l D a t a ((*) (Data Fi l tered) 
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z 
Data (C) Mode l (Cx) 

z std(ln(z)) corr(z,y) std(ln(z)) corr(z,y) 
k 4.08 0.67 4.07 0.66 

kn 4.94 0.62 4.94 0.61 
3.09 0.32 4.04 0.98 

i 7.18 0.44 9.04 0.74 
c9 20.23 0.62 20.17 0.61 

y 9.24 1.00 9.21 1.00 
tk 

8.24 0.76 3.85 0.71 
h 12.76 -0.72 5.69 -0.70 
km 3.38 0.69 3.34 0.68 
Cm 8.23 0.91 6.89 0.82 
im 7.92 0.40 13.23 0.62 
in 9.57 0.31 14.01 0.52 

Table 2a. Means and Standard Deviations for Da ta and Mode l (Geometric Growth) 

z 
Data (C) Mode l (Cx) 

z std(ln(z)) corr(z, y) std(ln(z)) corr(z, y) 
k 0.37 0.64 0.34 0.26 

K 0.53 0.63 0.53 0.34 

h-m 1.52 0.69 0.94 0.99 
Cg 5.62 0.52 5.34 0.55 
i 5.06 0.62 4.84 0.57 

y 1.94 1.00 1.94 1.00 
tk 

3.11 0.12 1.82 0.49 
th 

2.53 0.25 2.40 0.26 
km 0.35 0.45 0.34 -0.01 
Cm 1.21 0.85 1.29 0.93 

im 5.26 0.63 9.95 0.47 

in 5.75 0.63 8.52 0.00 

Tabie 2b. Means and Standard Deviations for Da ta and Mode l (Data Fi l tered) 
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Series 

(a) Lump-Sum Tax (b) No Cap i ta l Tax 

Series Wi th 
Household Sector 

Without 
Household Sector 

W i t h 
Household Sector 

Wi thout 
Household Sector 

y 42.7 57.8 13.7 21.3 
Cm 46.6 56.7 6.0 8.6 
i 82.9 133.0 44.6 79.1 

km 123.7 133.0 77.4 79.1 
h m 

22.2 22.1 -3.0 -6.2 
Cn -1.4 2.2 
fc„ 33.7 5.1 
fen -19.7 0.4 
A 0.221 0.278 0.106 0.147 

Table 3. Percent changes between case (a) = 0, r „ = 0 or case (b) = 0, r „ = 0.31 
(with household production) T „ = 0.365 (without household production) and the base case 
(rk = 0.57, rh = 0.23). 

Tax on Residential Cap i ta l ( r p ) 

Series 0.01 0.02 0.03 

y -12.8 -20.5 -25.8 
r-m -12.4 -20.8 -26.9 
i -25.5 -38.5 -46.5 

km -39.3 -57.7 -68.1 
h m 

-1.6 -2.0 -1.9 
Cn -1.8 -3.4 -4.7 
fc„ -10.1 -17.1 -22.3 
h n 3.8 6.3 8.1 
A 0.147 0.279 0.400 

Table 4. Percent changes between cases wi th r p > 0 and base case (TP = 0). 
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