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1 Introduction

Almost all macroeconomic models until the 1990s focused mainly on production in the
market and neglected production in a home. This changed with the papers by Greenwood
and Hercowitz (1991) and Greenwood et al. (1993) whose authors argue that neglecting
production in the home is a missed opportunity in then modern macroeconomic models.
A special emphasis lays on the circumstance that it’s relatively easy to include house
production in a macro-model. Furthermore, data from the 1990s underline their argument
that house production must be an essential part of an economic model.

Greenwood et al. (1993) refer to data from the Michigan Time use survey which
measured how a household allocates its time between working in the market, working at
home and leisure. Whilst a household spends 33 percent working in the market, working
at home follows with 25 percent of their remaining day time. Another economic aspect
that shows the effect of house production on the gross national product can be found in the
amount spent on business capital versus the amount spent on household capital. Where
the second exceeds the first by nearly 15 percent (Greenwood et al. 1993). Overall the
estimates for the household’s sector output of the GDP range between 20 and 50 percent,
depending on the survey.

Overall, the figures above illustrate that leaving out house production in a macroe-
conomic model seems like a missed opportunity. The model by Greenwood et al. (1993)
includes a household production function into a standard real business cycle model (RBC).
Following that households in this enriched model now face decisions on how to allocate
their time not only between market work and leisure but between market work, leisure,
and work at home. At the same time, a household must decide how to use the output of an
economy by either consuming, investing in business capital, or investing in home capital.
One example given by Greenwood and Hercowitz (1991) shows how home production may
look like. For this, they take the example of preparing a meal at home. This process
includes food produced in the market by hours spent working in the market as well as
business capital, combined with home cooking services that use capital and time at home.
A household then creates the end good: utility.

In the following sections 2-9, we derive the model by Greenwood et al. (1993) by
presenting the integral parts of the models such as agents, the law of motion of capital
and technology followed by a summary of the variables and parameters and finishing this

part with an overview of the first-order conditions. Afterwards, we show in section 10



the deflating of the model, in section 11, we derive the deterministic steady state and in
section 12 the log-transformation. In section 13, we comment on the use of the impulse
response functions generated by Dynare. Section 14 provides an overview of the relevant
equations of the model. Finally, in section 15, we add two extensions in form of minimal

home production and a more general home production function.

2 Representative Household

In this model, there are three key agents, one of them being households. Greenwood et al.
(1993) assume one representative household which maximizes its utility. The household
faces decisions about how to allocate its time as well as how to allocate the economy’s out-
put along with consumption, investment in business capital, and investment in household

capital. The household maximizes the following utility function:
U =Y _B'blog(Cy) + (1 —b)log(l)] (1)
t=0

A household gains utility from consumption (C}) at period t as well as leisure time in said
period (I;). Where leisure time is given by the difference of all available time (equal to 1)

minus hours worked in the market, has, and hours worked in the home, hpy:
iy =1—hye — hpe (2)

A household’s consumption comes from two sources, firstly from consuming goods that are
produced in the market, cps¢, and secondly from consuming goods and services produced
in a home cpg;, where e measures the willingness of a household to substitute between cpy

and cg¢, the larger e the greater is the willingness to substitute:

Cy = [acisy + (1 — a)csy ]

(3)

The two last constraints concern the allocation of output produced in the market and the
home production function. Equation (4) is referred to as the market budget constraint.
As the names suggest the constraint shows the decision faced by the household on how to
allocate over its uses. The after-tax income given by the right-hand side can be used for
consumption of market goods (cpst), investment in business capital (zps¢) and/or invest-

ment in household capital (z ).

ent + oare + oie = we(1 — ) hare + (1 — i) ke + Snmikare + Th (4)



Equation (5), which is the home production function, shows the constraint that a household
faces whilst being active in home production. The household production function combines
labor hours spent working at home (hg) together with a technology variable (zpy) and

household capital (kg) to produce household output cpy.
CHt = g(th7 kHta ZHt) = k?_lt(thth)lfn (5)

Bear in mind that the output of house production can only be consumed in a household
and not be invested in any kind of capital, referring back to the case of preparing a meal
at home shows for example that a meal could not be invested back, neither in business

capital nor in household capital.

3 Representative Firm

There is one representative firm in the model that features a constant return-to-scale
Cobb-Douglas technology. The output of the firm is given by its production function
which depends on hours worked in the market (hps), the business capital stock (kps) as

well as on the available technology (zps).

v = K (zaaehan) ™ (6)

The firm then maximizes profits by choosing the input factors kas and hpyy.

mazx Ty =y — rekare — wihag (7)
kare hoare
_ 1.0 1-0
st. oyt = kyp(2aehore) (8)

4 Government

The model by Greenwood et al. (1993) also features a government component. The govern-
ment receives income from taxing market wages (w;mphpe) and return on market capital
(r¢Tikare) minus a depreciation allowance (dp;7xkase). For simplicity, Greenwood et al.
(1993) assume that the income of the government is redistributed entirely via a lump-
sum transfer T3 back to the households, resulting in Gy = 0. Combining all the derived

assumptions, we arrive at the government spending equation:

Gy = wetnhaee + remkave — vk — Ty = 0 9)



5 Capital

Investment augments the capital stock according to the following law of motion:
keyr = (1= dn)knre + (1 — 6m)kne + a4 (10)

where z; = xp;r + x gy is total investment. The aggregate capital stock can be divided
between business (or market) and household capital at a point in time according to
ki = kyre + k. We assume that capital can be freely transformed between the home
and market, although it may depreciate at different rates in the two sectors. Therefore,

investments in the two capital goods are defined by

are = kareer — (1 — 0ar) ke (11)

rre = kg1 — (1= 6m)kmy (12)

6 Technology

The evolution of technology in the model by Greenwood et al. (1993) consists of two
parts split up between the "market” world and the "home production” world. First,
zye and zpy are shocks representing technological changes in the market and the home
respectively. Both variables grow at the same rate, such that we end up with zp;; = N2y
and zp; = A Zp. The second part of technology evolution is given by so-called innovations
enrt+1 and epye1; the first concerns market technology whilst the second affects home
technology. Summing up, we arrive at the following evolution of technology, where pjs

and pp are parameters that measure the persistence of the respective shocks.

log(Znri41) = pa log(Zan) + €nser1,  €nne ~ N(0,0%;) (13)

log(Z141) = pr log(Zme) + emy1, et ~ N(0,0%) (14)

Note: In equations (13) and (14), we used the deflated values of the technology shocks, denoted by tildes
above the variables.

The variance of the technology shock is defined such that log(,%}/fto) and log(Z}ft@) have a
standard deviation of 0.007. By taking the log of Z; and plugging in the LHS of (14), we

obtain the following expression:

log(215;7) = (1 — 0) log(Zmt) = (1 — O)plog(Zms—1) + (1 — O)emy (15)



=0.0072
—~
This implies (1 — 0)egy ~ N(0, (1 —0)*0F), we can then derive o = %297, The same

arguments remain valid for the standard deviation oyy.

7 Variables and Parameters

In this section, we present endogenous variables for the non-deflated general equilibrium
in Table 1, the exogenous variables in Table 2, and the parameters in Table 3. We will
update the reader during the text if the variables are denoted in levels or logs or if the

variables are deflated or not.



Table 1: Endogenous Variables

Meaning

a’ Total consumption

cyg  Goods and services produced in the home

cy Goods and services purchased in the market

Phy Labour hours spent working in the household

Phar Labour hours spent working in the market

Leisure time (1 — hg — has)

°k Total capital

°krr Household capital

°kpr  Market capital

r Price at which business capital can be rented to firms

b Lump-sum transfer payment from the government

b Real wage rate in the market
by Total investment
b

xgy Investment in household capital

xy  Investment in business capital

Y Market output

zg  Technology level in the home

zp Technology level in the market

Zy  Shock resulting from technological changes in the home

Zy o Shock resulting from technological changes in the market

Note: In the deflated model the technology level equals the shock resulting
from technology changes.

# denotes forward-looking variables (jumpers)

P denotes static variables

¢ denotes state variables

The innovations € and epy are independent and identically distributed over time (see

section 6) and feature a simultaneous correlation of ~.



Table 2: Exogenous Variables

Meaning Standard deviation
eg Innovations in the home oH
ey Innovations in the market oM

Note: See section 6 for the derivation of oy and op.

The last table contains all parameters of this model. Note, that the parameter e < 1
controls the household’s willingness to substitute between cp;; and cg; the larger is e, the
greater this willingness to substitute market consumption for home consumption. Similar
for ¥ < 1, which describes the willingness to substitute between capital and labor in the

general home production function stated in section 15.2.



Table 3: Parameters

Meaning Parameter value
a Share of cps; of total consumption see footnote
b Weight factor of consumption vis-a-vis leisure see footnote
e Willingness of a household to substitute between market a(), b/ d%,COA

consumption ¢y and home consumption cgy

I3 Discount factor 0.9898
6y Depreciation rate on household capital 0.0235
dym  Depreciation rate on business capital (tax-deductible) 0.0235
n Capital share in the home production function 0.3245
0% Measures the household’s incentive, to move economic a/ b%, °0, 40.99

activity between the home and the market

pr  Persistence of market technology shock 0.95
pym Persistence of home technology shock 0.95
oy Standard deviation of innovations in the household %
oy Standard deviation of innovations in the market %
T~ Tax rate on capital income 0.70
7, Tax rate on labour income 0.25

0 Capital share in the market production function 0.2944
A Growth rate of all endogenous variables besides 1.004674

harey b, I and ry
U Willingness of a household to substitute between 4.0.5017

capital kg and time hgy in the home production

Note: We will determine a and b in dependence of the steady state values. A is determined such
that it matches the quarterly growth rate of output in the U.S. Data.

& Model with home production minimized

> Model with increased willingness to substitute between home and market

¢ Model with increased incentive to substitute between home and market

4 Model with a more general home production function and highly correlated technology shocks

10



8 Maximization Problems

8.1 Household

The household chooses hast, hie, ke, and kase to maximize lifetime utility, subject to the

constraints given below.

mazx U= Zﬁt log (CF) + (1 —b)log(ly))

hat,harekae ke

w(Crde)=u(eare.carehare-hire)
s.t. C = (acy; + (1 — a)c%t)%
lt =1—hpge — ha
ey = wi(1 — ) hare + 7 (1 — ) kare + Opr ek
+ Ty —zye — e

CHt = ant(ZchHt)lfn

=g(hut.kne,zmt)
e = knerr — (1= 0n) ks
it = ke — (1= 6m)kmt
Tt = TMt + THt
ki = ke + kn

ki1 = (1 —0nr)kare + (1 — 05 ke +

Plugging in all constraints in the household’s maximization problem yields the following

unconstrained maximization problem:

= b
max U= Zﬁt(glog[a(wt(l — )Rt + (1 — ) kae + OmTikare + Ty — ks

hethare,kme ke =0

+(1=6m)kense—kmes1+(1=06) k) +(1—a) (KT, (zrehere) ' ™))+ (1-b)log(1—h g —hare))
(16)

11



8.1.1 First order conditions of the household

Taking the derivatives with respect to the choice variables of the household hp, hast, K,

and ks result in the first order conditions of the household evaluated at date ¢.

s (1—a)b(l = mC; “chhyy = (1-b)l (17)
=uz(t)g1(t) =us(t)
P ab(1 — 73,)Cy ¢St we (1-b); ! (18)
=uy (8) (=73 )wy =u4(t)
kg s a(l —0p)Cy st + (1 — anCy ey ki = aB~ 045 (19)
=1 (6)(1-6) —u2(£)g2(1) —5tus(1-1)
ke a(ry(1—75) + 0y + 1 — 5M)C';ec§vft11 aﬁ_lc;elcﬁztl_l (20)
= (re(1 =)+ 01 T+ 1—Sar Jus (1) — Ly (t—1)

Note: All terms below each equation equal the first-order condition expressions in Greenwood et al. (1993).
Equations (17) and (18) are the efficiency conditions concerning the allocation of labor
between the market sector and the home sector. Take equation (18) as an example for
said efficiency conditions. The RHS of the equation gives you the experienced disutility
of a household by allocating one extra unit of labor to market production. Whilst the
LHS represents the gain in a household’s utility from allocating one extra unit of labor to
market production. Intuitively, the benefit comes from a higher market production which
will increase a household’s utility via higher consumption through higher labor income.
On the other hand equations (19) and (20) are the efficiency conditions for the allo-
cation of capital. Take here equation (19) as an example. Let’s assume the household
decides at period t — 1 to purchase one extra unit of household capital at the expense of
consuming goods from market production. The disutility of the assumed action is given
by the RHS. Whilst the LHS shows the increase in utility in period ¢. The increase results
from higher production in period t thanks to the extra capital unit purchased in period
t — 1 (corresponds to ua(t)ga(t)) as well as a wealth increase of the household from the
extra capital unit purchased in ¢t — 1 (corresponds to u(t)(1 — dp)). Additionally, both

the market and home production budget constraints hold with equality.

12



8.2 Firm

The firm in this model maximizes its profits by choosing the input factors k¢ and hpgy.

max Iy =y — rikpe — wihag
kareshare

s.t. Yt = k?]e\/[t(ZMthMt)l_e

8.2.1 First order conditions of the firm
The first-order conditions for the firm’s problem are stated below.

kMt : Hytk]&lt =Tt (21)

hoare : (1 — G)ythﬁt = Wy (22)

The firm hires labor for w; and rents capital for r; up to the point where marginal products

equal factor prices.

8.3 Government

Government expenditures are assumed to be equal to zero, thus the government redis-

tributes all income back to the households via a lump-sum transfer.

Gy = wetphare + remiekare — Stk — Ty = 0

9 General Equilibrium without Deflating

The competitive equilibrium of this model consists of the utility-maximizing household and
profit-maximizing firm. Both agents act on markets such that all markets clear, according
to the feasibility condition. In equilibrium, the economy converges to a balanced growth
path, where all endogenous variables grow at a constant rate A. Additionally, feasibility
implies that market output is allocated across market consumption, total investment, and
government spending, but in our case, government spending equals to zero (see section 4),

this results in the resource constraint.

Yt = Cpmt + Ty (23)

13



The remaining equilibrium conditions consist of the FOCs derived in the previous section

of the utility-maximizing household and profit-maximizing firm.

(1= a)b(1 = n)Cy “cipyhygy = (1 - bl !
ab(1 —73,)(1 — 0)Cy ety = (1= b)I;
BCy “la(l — 5H)Cez\2t1 +(1— a)m%tkﬁﬂ = aCt_—elci\Ztlfl
Blre(1 = 7%) + o + 1 = Sm]Cy ¢y = O ¢y
Gytkjjt =7y

(1 = 0)yshyg, = wy
And the remaining constraints of the household, the firm and the government are

Y = kjewt(thhMt)l—e

o=

Cr = (achyy + (1 — a)chyy)
le=1—hgt— hare
crt = Ky, (zaehe) "
e = ke — (1= 6n) kst
gt = ki1 — (1 — 0m)km
Ty = Tpt + TH
ki = ke + ki

Ty = werphart + retekare — Okt
The following equations restate the technology shock for the home and market.

ZMt = )\tZMt
ZHt = )\tgHt
log(Znri+1) = palog(Zare) + €nreqt

log(Zai+1) = prlog(ZHt) + €mt41

10 General Equilibrium with Deflating

Since this model assumes a balanced growth path, all endogenous variables grow at the

same constant rate X\. Only the time allocations hgy and hyy (therefore [y as well) remain

constant. From equation (28), we know, that r; has to remain constant as well. The

14



deflated endogenous variables are defined below (where ¥y denotes the deflated value of

variable vy).

- C,
Ct — ﬁ
~_ CMmt
CMt = Tt
5 — CHL
CHt = N
- ks
kt = ﬁ
= ke
fare =30
= ke
i =
LTt
Ty = ﬁ
~ TMt
M=
~ _ THt
N
~ U
Yt = ﬁ
~ Tt
Tt = ﬁ
- Wy
Wt = ﬁ
- ZMt
=N
- _ RHt
N

The deflated general equilibrium conditions from the households and firms’ maximization
problem are stated below. We replace the non-deflated value with the deflated value times

the growth rate until time ¢ (e.g., :\' = v;). At first, we deflate the resource constraint

15



and the FOCs of the household and firm:

G = G N + BN = G = e + 3 (41)

= BC a(l — 8)& + (1 — a)népkgt] = aXCq &, (44)

= ,B[T‘t(l — Tk) + oy +1— (5M]ét_eée]\2tl = )\C’t__elé?\/;tlil (45)
OGN (kape N ™ = 1y = Ok} = 1y (46)

(1= 0)GeN Bty = WA = (1= O)Gehyyy, = @ (47)

And then the remaining constraints:

A = (];?Mt)\t)a(thAthMt)lfe =y = k%t(thhMt)lfe (48)
oM = (a(Ean At + (1 — a)(EgA)®) e = Cy = (ady, + (1 — a)&%y) ¢ (49)
ly=1—hy — han (50)
e = (kN G\ b)) ™" = ey = ki, o) ™" (51)
Fan N = Eppea N — (1= 0pp) kA = Zape = Meagesr — (1 — 0ar)eas (52)
FrN = kg N — (1= 0 kN = Fpy = MNeprer — (1 — 05k (53)
TN = TN+ TN = T = T + T (54)
EE = kap AN + kN = ky = kg + ke (55)

TNt = @\ hage + remekan At — Sarmekan AL
= Ty = Wyphan + remikare — Ok (56)
log(Znri+1) = pulog(Zare) + €nreqt (57)
log(Zri+1) = pulog(ZHt) + €Ht+1 (58)

The previously stated equations constitute the deflated general equilibrium of the model,

where the variables are denoted in levels.

16



11 Steady State

For the steady state calculation, we assume hp, hys, and r to be fixed. On the contrary,

the parameter values a, b, and 3 are calculated based on the resulting steady state values of

specific variables. Below are the equations from the deflated general equilibrium without

the time indices.
y=cuy+2
(1 —a)b(1 —n)C & h, = (1 -b)!
ab(1 —73,)(1 — 0)C~¢& ' ghy} = (1= b)I7!
BC~la(l — 6m) & + (1 — a)nég k'] = axC &, !
= (1 —a)néky' = ads, "N — 14 0p)
Blr(1 — 1) + dnmp + 1 — SO = MO~

:>T(1—Tk)+5MTk+1—5M :)\B_l

T = wrpha + rrcky — Spmeka

log(Zn) = pulog(Znr)

log(Zn) = pulog(Zm)

(59)
(60)

(61)

From the last two equations, we can derive 2}, = Zj; = 1 (note, that eyy = eg = 0 in

steady state). In the next step, we determine the 7* based on the FOC of the household

w.r.t. kys

*_)\571—1+(5M—(5M7’k
N 1—7

r

17
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Use the firms’s FOC w.r.t. kas to get

%—MzzM (lgi”)”) (79)

I%M/gj and l;:M/hM are already defined, hence from the firm’s FOC w.r.t. hys

~ -1 ~
~ % g kM kM
Wt=(1-0)"—=01-0)—= — 80
(1-0)7 = ( >(y> o (50)
har and kpr/hys are defined already, hence from the production function
];: (%
J = <M> haz)” (81)
hat

Combine the household’s FOC w.r.t. hp; and hy

(1—a)(1 —n)é5hy 1o G _a(l—m)ithy (2)
a(l — 7,)é, o &t (1—a)(1—n)

Rearrange the FOC of the household w.r.t. £y and plug in the previous expression

o A—a)y  _ n—7)0"hy
e taAB = 1+0n)  (1—-n)(AB~'—1+6n)

(83)

The remaining steady states of the endogenous variables can be obtained by plugging in

the previous results.

- :]\Ath (84)

k= ki + ki (85)

By =\ —1+0n)kiy (86)

=\ =140k} (87)

=Ty + Ty (88)

ey =9 +Ty+Ty (89)

&y = ki (Zighu) ' (90)

T* = W*mphy + ekl — STk (91)

To determine the parameter a, we solve the household FOC w.r.t. kg for a

a=[nta G k(AT — 14+ 6m) +1]7! (92)

18



After determining the value of a, we can derive the steady state of the total consumption.

o=

C* = (a(ey)" + (1 —a)(cy)) (93)
Similar to the parameter a, we solve the household FOC w.r.t. hy for b
b=[1—a)(1l—n)C Eshgl+ 1] (94)

12 Log-Transformation

In this section, we apply the log-transformation to every variable in the deflated model
for a more intuitive interpretation of the results. Hence, we make use of the fact that
0y = log(v:) = exp(0;) = ¥, and exchange in our model every variable o, with exp(?;).

Firstly, we apply the transformation to the resource constraint.

exp(§t) = exp(éart) + exp(&:) (95)

Secondly, to the FOCs of the household and the firm

(1= a)b(1 —n) exp(Cy) = exp(émy) exp(har) ™" = (1 — b) exp(ly) "
= (1 —a)b(1 — n) exp(—Cye) exp(épe) exp(—hpe) = (1 — b) exp(—1;)
= (1 —a)b(1 — 1) exp(—=Cye + émre — hi)
= (1 —b)exp(—1) (96)
ab(1 — 7,)(1 — ) exp(Cy) € exp(énre)® ™ exp(3e) exp(hare) L = (1 — b) exp(ly) !
= ab(1 — 73,)(1 — 0) exp(—Cye) exp(épre(e — 1)) exp(9r) exp(—hare) = (1 — b) exp(—Iy)
= ab(1 — 73,)(1 — 0) exp(—Cre + énre(e — 1) + G — harr)
= (1= b)exp(ly) (97)
Bexp(Ch)“la(l = 6r) exp(énre)* " + (1 — a)nexp(énr)® exp(kme) '] = aXexp(Cr1)“ exp(éar—1)"
= Bexp(—Cye)[a(l — 8g) exp(éar(e — 1)) + (1 — a)nexp(émre — k)]
— alexp(—Ci_1e + éyr1(e — 1)) (98)
Blexp(7)(1 — 1) + 6 + 1 — dar] exp(Cr) " exp(énre) ™" = Aexp(Cy—1) " exp(éare—1)¢ "
= Blexp(f)(1 — ) + dar7i + 1 — dar] exp(—Cie + éap(e — 1))

= Xexp(—Cy_1e + éppp—1(e — 1)) (99)

19



And thirdly, to the remaining constraints in the model.

0 exp (i) exp(kar ) ™! = exp(#) = O exp(§r — kare) = exp(ry) (100)

(1—0) exp(ir) exp(hare) ™" = exp(iy) = (1 = 0) exp(f; — hart) = exp(y) (101)
exp(§i) = exp(kre)’ (exp(Zart) exp(hare))'

= exp(:) = exp(Okare + (1 — 0) (Zare + hase)) (102)
exp<At>::<aexp<qwo + (1= a) exp(m)®)*

= exp(Cy) = (aexp(éare) + (1 — a) exp(éme))e  (103)

exp(ly) = 1 — exp(hu) — exp(h) (104)

exp(épe) = exp(ka)" (exp(Zae) exp (b)) "

= exp(Cme) = exp(nkme + (1 — n)(Zme + hae)) (105)

exp(@nre) = Aexp(kases1) — (1 — dar) exp(kase) (106)

exp(im) = Aexp(kpis1) — (1 — 0m) exp(k) (107)

exp(d) = exp(dast) + exp(E ) (108)

exp(ki) = exp(kare) + exp(kp) (109)

exp(Ty) = exp(y) T, exp(hare) + exp(7e) 7y exp (k)
— 5M7'k exp(/;:Mt)

= exp(f}) = exp(w; + fLMt)Th + exp(7 + ]%Mt)Tk

— Oarr exp(kar) (110)
EMi+1 = PMEME + €EMi+1 (111)
ZHt+1 = PHZHt + €Ht41 (112)

13 Impulse Response Functions

Dynare provides us with the Impulse Response Functions (IRF) of log(g:). However, only
the IRF of log(y;) is of interest. The IRFs are with respect to €ps and eg, but to simplify

the next derivation, we use e.

Olog(yr) _ Olog(§iA') _ Olog(ge) | Olog(A') _ Olog(gh) _ Od

Oeq Oey Oeq de, g Oey

Based on the assumption, that the growth rate X\ is constant, we can directly use the

Dynare output of the IRFs for g, = log(g:).
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14 Summary

In this section, we list all the equations as used in the Dynare code for the deflated log-

transformed model. The variables and parameters remain as listed in section 7.

exp(¢art) + exp(Zy xp(Jt)
(1 —a)b(1 —n)exp(— Cte + Ccuie — th

)=
)
=(1-0) exp( )
Mt)
le)

ab(1 — 7)(1 — 0) exp(—Cie + éapele — 1) + G — hare
= (1 —b)exp(-
Bexp(—Cie)a(l — i) exp(éar(e — 1)) + (1 — a)nexp(Cmre — k)]
= alexp(—Ci_1e + éap1(e — 1))
Blexp(#e)(1 — k) + Snr7i + 1 — Sns] exp(—Cie + eary(e — 1))
= Xexp(—=Ci_1e + énpr—1(e — 1))
0 exp (Gt — kare) = exp(iy)
(1= 0) exp(f — hare) = exp(y)
exp(Okare + (1 — 0)(Bare + b)) = exp(i)
(aexp(éaree) + (1 — a) exp(éree)) s = exp(Ch)
1 —exp(hp) — exp(hary) = exp(ly)
exp(nkut + (1 — 1) (Zae + hue)) = exp(ég
Nexp(karig1) — (1 — 0ar) exp(kare) = exp(@are)
Xexp(kgip1) — (1 — 6p) exp(ky) = exp(Z
exp(art) + exp(ZTpt) = exp(Z)
exp(kare) + exp(kt) = exp(ky)
exp(w; + hMt)Th + exp(7 + ]CMt)Tk — ML exp(/;: +) = exp( At)

PMEME + EMi+1 = ZMit1

PHZHt + €Ht+1 = ZHi41
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15 Extensions

15.1 Minimal Role of Home Production

In the first extension to their model, Greenwood et al. (1993) set the parameter e = 0,
which implies the elasticity between ¢+ and cg¢ to be unity. This model aims to minimize
the role of home production and according to Greenwood et al. (1993) produces results
similar to a model without home production. This model configuration is also used in
Greenwood and Hercowitz (1991) or Greenwood et al. (2020).

By setting e = 0, the function for total consumption (3) reduces to a Cobb-Douglas

function (i.e. Cy = c§;,ch,"), this yields a simplified instantaneous utility function V:
V = ablog(cae) + (1 — a)blog(cmt) + (1 —b) log(1 — hare — he) (131)

By plugging the market budget and home production constraint into the objective function

V', we derive the FOCs of the lifetime utility of the household.

ha (- ab( - mhgh = (1Bl (132)
P ab(1 — )eyfwr = (1 =b)l;* (133)
ke : a(l = dp)cyf, + (1 —ankyr =aB ey (134)
ke s a(re(1 —7g) + Sy + 1 — 6M)cg/llt = aﬁflcg/[ltfl (135)

Since the firm’s profit maximization problem is not changed, the FOCs of the firm are as
stated in the previous sections. In the next step, we deflate the updated FOCs and the

Cobb-Douglas function for the total consumption as in section 10:

(1 —a)b(L —nhy, = (L= b)i; ! (136)
ab(1 — 1) (ANéns) "M\ = (1 — b)I;?
= ab(1 — 7)cip ty = (1 = b)l;? (137)
a(l = 0m)(N'enr) ™ + (1= a)n(Nkae) ™" = 87 AN ear—1) ™!
= a(l = 6p)éyy, + (1 — a)nkpr = aB ' Ney4 (138)
(re(L = 7%) + S + 1= Sar) (Néar) ™ = B (AN ep—1) ™
= (re(1 — %) + Spm + 1 — Sr)nfy = BN (139)

NCy = (M) " (Némp) ™ = Oy = &6, (140)
In the final step, we log-transform the updated FOCs the new expression for the total
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consumption as in section 12.

(1= a)b(1 —n) exp(hp) ™" = (1= b) exp(ly) "
= (1= a)b(1 — ) exp(—hu) = (1 — b) exp(—Iy) (141)
ab(1 — 1,) exp(énr) " exp(ivy) = (1 — b) exp(ly) "
= ab(1 — 73,) exp(—énge + 0y) = (1 — b) exp(—Iy) (142)

a(l = dg)exp(éae) ™ + (1 — a)nexp(kp:) ™t = af~ Nexp(éare_1) "
= a(1 - 0) exp(—éare) + (1 — a)nexp(—kue) = aB Nexp(—énr—1) (143)
[exp(7¢)(1 — 73) 4+ Sarmi + 1 — Sar) exp(éars) ' = B Nexp(énr—1)
= [exp(7)(1 — 7) + On7i + 1 — Sar) exp(—énse) = B~ Aexp(—énr—1) (144)

exp(Cy) = exp(énr)® exp(éHt)lfa

~

= exp(Cy) = exp(acpr + (1 — a)émy) (145)

15.1.1 Steady State

We can recover the steady state, as we did in section 11, by simply setting e = 0. Just

the calculation of the steady state total consumption in equation (93) changes to
C* = (i)™ (ci) ™" (146)

15.1.2 Summary

We just have to exchange equation (121) with (145), therefore we refrain from listing all
equations again. The other equations are recovered by setting e = 0.

15.2 General Home Production Function

In an earlier paper Greenwood and Hercowitz (1991) assume a more general home produc-
tion function, which has not been used up to this point of the model. The more general

home production function is given by:

&=

cire = g(hae, ks zime) = ki + (1 =) (zarch) V) (147)

It’s also assumed that the technology shocks zy and zj; are highly correlated such that
once a shock hits the market it highly influences the home as well. This allows for the

case when a positive shock arrives to shift out hours from home production to market
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production whilst at home the working hours increase in efficiency as well. The FOCs of
the household w.r.t. hg; and kg are updated as follows:

by : (1 —a)b(l— U)Ct_ecgtqul\gthgt_l =(1- b)lt_l (148)
=uz(t)g1(t) —us(t)
kg a(l —0p)Cy e, + (1 — a)nC[eczlpk}g;l =aB'C; Sy (149)
=u1(t)(1-0m) =us(t)g2(t)

:ﬂ71u1 (t—l)
The remaining FOCs of the household and the firm do not change with this general home

production function. In the next step, we deflate the updated FOCs and general home
production as in section 10:

(1= a@)b(1 —m)(N'Cy) " (N em) ™ (N Zme) "hip ' = (1= b)1; !
= (1= a)b(l = n)Cy ey, Zphy; ' = (1 =b)l7H (150)
BN'Cy) " la(l — 5m)(N'ear) " + (1= a)n(Nem) ™ (Nhie) ¥ ™' = a(N ' Croy) (N Henn )"

= BCTla(l — 6)Et + (1 — a)nes; YR = aAC eer )

ey (151)
Negy = [\ k)” + (1= n) (N Zgehm) "]

&l

= e = ki + (1 —0) Zrrhi)”]

&l

(152)
In the final step, we log-transform the updated FOCs as in section 12.
(1 —a)b(1—mn) exp(é’,gY6 exp(éHt)eflp exp(éHt)‘I' exp(iuqt)q’*1
= (1 —b)exp(ly)*
= (1 — a)b(1 — 1) explémi(e — ©) + 2V + hpg (U — 1) — Cye]
= (1 —b) exp(—1t) (153)

Bexp(Cr)~“[a(l = 61) exp(éar) ™" + (1 — a)nexp(é)" exp(ke)” ™)
= arexp(Cy_1) ¢ exp(énri—_1)¢ "
= Bexp(—Cre){a(l — o) exp(énre(e — 1)) + (1 — a)nexplémi(e — ¥) + ke (¥ — 1)]}
= alexp(—Ci_1e + éap1(e — 1)) (154)
exp(ém) = [nexp(kui)” + (1= n)(exp(Zar) exp(hr)) ]

= exp(érr) = [nexp(kp®) + (1 — 1) exp((Zrre + hyre)¥)]¥

&l

(155)
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15.2.1 Steady State

To calculate the steady state, we can simplify equations (150) - (152) as stated below:

(1—a)b(1 —n)C & Y aphy =1 — bt (156)
BC~la(l — 6p) &M + (1 — a)nésy Vkp 1] = adC—e&s !
= (1 —a)nd Yk = ads; " (A8 — 1+ 6p) (157)

kG + (1 —n)Gaha)¥]¥ = e (158)

To determine the steady state, we need to replace equation (82) with the following expres-

sion:
(=) —mey “hy 20 & a(l — )" (159)
a(l = 7)o Grt (—a)—nhy ' Z

Additionally, we have to update equation (83) as follows:

~e—WU 1-9 ~ % 1—1w
- [ %H (1 —a)n . n(l — )W
e (M (T — 1+5H>> ) ((1 — (AT - 1+6H>h%‘12§’> o

Further, we have to replace equation (90) with the new definition of the general home

production function.

~% % Sk L
Gy = ki’ + (L —n)(Zhm) "] v (161)
Finally, we have to adjust the expressions (92) and (94) for the parameters a and b.
a=ntestey kg Y8 =14 6p) + 17! (162)
b=[1—a)1—nC & 1+ 1] (163)

The remaining calculations of the steady state remain unchanged compared with the

standard model.
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15.2.2 Summary

Compared with section 14, we replace equations (114), (116) and (123) with the updated

expressions (153), (154) and (155).

exp(éart) + exp(dt) = exp(i)
(1 —a)b(1 — n) explémi(e — ©) + 20 + by (U — 1) — Che]
= (1 —b)exp(—t)
ab(1 — 7,)(1 — 0) exp(—Che + épre(e — 1) + G — hast)

)

= (1 —b)exp(—l

(164)

(165)

(166)

Bexp(—Cre){a(l — dx) exp(érri(e — 1)) + (1 — a)nexpléar(e — ¥) + k(¥ —1)]}

= a\ exp(—é’t,le + épp—1(e — 1))
Blexp()(1 — 73) 4 Onrmie + 1 — dar] exp(—Che + éppe(e — 1))
= Xexp(—Ci_1e + énr—1(e — 1))

0 exp(fj; — k) = exp(y)

(1 —0) exp(§r — hare) = exp(iy)

eXP(WAfMt + (1= 0)(Zne + BMt)) = exp(Yt)
(aexp(épree) + (1 —a) exp(éHte))é = exp At)
1-— exp(ﬁHt) — exp(ﬁMt) = exp At)

1

mexp(kp¥) + (1 —n) exp((Zge + hyp) )] v

Nexp(kares1) — (1 — 6ar) exp(kare

(
: (

exp(kart) + exp

Il
@
4
ko]

I
D
£
—~~ —~ —~ —~ —~ /6\ —~ —~ —~~ —~ —~
>
T
o~
~—

exp(w; + iLMt)Th + exp(7 + I%Mt)Tlc — OMT eXP(AMt
PMEME + €EMt+1 = ZMt+1

PHZHt + €Ht+1 = ZHt+1
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