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A Deriving the Competitive Equilibrium

A.1 Firms

Taking wages {wif , wim}i=n,e and prices pj as given, the representative firm in sector j =

1, 2, 3 chooses {Lifj, Limj}i=n,e to maximize profit

πj = pjYj −
∑
i=n,e

(wifLifj + wimLimj)

subject to the production functions for j = 1, 2, 3:

Yj = AjLj; Lj =

[
λjL

ρ−1
ρ

ej + (1− λj)L
ρ−1
ρ

nj

] ρ
ρ−1

; Lij =

[
ξijL

η−1
η

ifj + (1− ξij)L
η−1
η

imj

] η
η−1

.

(OA.1)

First order conditions for j = 1, 2, 3:

wig = pjAj
∂Lj
∂Lij

∂Lij
∂Ligj

, i = n, e; g = m, f. (OA.2)

Define gender wage ratios for both high- and low-skilled; and college premium for both
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genders as:

xi ≡
wif
wim

; i = n, e; πg ≡
weg
wng

; g = m, f. (OA.3)

By definition, the following identity holds:

πm
πf

=
xn
xe
. (OA.4)

Let the vector of relative wages be:

X = (xe, xn, πf ) (OA.5)

Substitution across female and male Using (OA.2), free mobility of labour implies

equal marginal rates of technical substitution across male and female labour inputs in sectors

j = 1, 2, 3:
Limj
Lifj

= α−ηij x
η
i ; αij ≡

ξij
1− ξij

(OA.6)

Denotes Iij (xi) as the female wage bill share out of type i = n, e in sector j = 1, 2, 3:

Iij (xi) ≡
wifLifj

wimLimj + wifLifj
=

1

1 + α−ηij x
η−1
i

. (OA.7)

Using the production function (OA.1), for i = n, e in j = 1, 2, 3 :

Lij
Lifj

= ξ
η
η−1

ij

(
1 + α−ηij x

η−1
i

) η
η−1 =

(
ξij

Iij (xi)

) η
η−1

. (OA.8)

Substitution across high-skilled and low-skilled Using (OA.2), free mobility of labour

implies equal marginal rates of technical substitution across high- and low-skilled labor inputs

in sectors j = 1, 2, 3, for female:

πf =

(
λj

1− λj

)(
Lnj
Lej

) 1
ρ
(
ξej
ξnj

)(
Lej/Lefj
Lnj/Lnfj

) 1
η

,

which can be rewritten as

πf =

(
λj

1− λj

)(
Lnfj
Lefj

) 1
ρ
(
ξej
ξnj

)(
Lej/Lefj
Lnj/Lnfj

) 1
η
− 1
ρ

,
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substituting (OA.8) to obtain:

(
Lefj
Lnfj

) 1
ρ

= π−1
f

(
λj

1− λj

)(
ξej
ξnj

)(
ξej

Iej (xe)

) ρ−η
(η−1)ρ

(
ξnj

Inj (xn)

) η−ρ
(η−1)ρ

,

simplify to obatin:

Lefj
Lnfj

=

(
λj

1− λj

)ρ(
ξej
ξnj

) η(ρ−1)
η−1

(
Iej (xe)

Inj (xn)

) η−ρ
η−1

π−ρf . (OA.9)

Denotes Nj (X) as the low-skilled (non-college) wage bill share in sector j = 1, 2, 3:

Nj (X) ≡ wnfLnfj + wnmLnmj∑
i,g wigLigj

. (OA.10)

Rewrite it as

Nj (X) =

(
1 +

wemLemj + wefLefj
wnfLnfj + wnmLnmj

)−1

=

(
1 +

wefLefj
wnfLnfj

(
Inj (xn)

Iej (xe)

))−1

,

finally substituting (OA.9) to obtain

Nj (X) =

(
1 +

(
λj

1− λj

)ρ [(
ξej
ξnj

)η (
Inj (xn)

Iej (xe)

)] ρ−1
η−1

π1−ρ
f

)−1

(OA.11)

Using the production function (OA.1),

Lj
Lnj

= (1− λj)
ρ
ρ−1

[
1 +

(
λj

1− λj

)(
Lej
Lnj

) ρ−1
ρ

] ρ
ρ−1

,

where from (OA.8) and (OA.9)

Lej
Lnj

=

(
λj

1− λj

)ρ [(
ξej
ξnj

)η (
Inj (xn)

Iej (xe)

)] ρ
η−1

π−ρf , (OA.12)

thus:

Lj
Lej

= (1− λj)
ρ
ρ−1

[
1 +

(
λj

1− λj

)ρ [(
ξej
ξnj

)η (
Inj (xn)

Iej (xe)

)] ρ−1
η−1

π1−ρ
f

] ρ
ρ−1

,
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thus it follows from (OA.11) that

Lj
Lnj

=

(
1− λj
Nj (X)

) ρ
ρ−1

. (OA.13)

Relative prices The relative prices can be solved from equating wage for particular input

across sector. Take low-skilled female labor input, (OA.2) implies:

wnf = pjAjλj

(
Lj
Lnj

) 1
ρ

ξnj

(
Lnj
Lnfj

) 1
η

,

using (OA.8) and (OA.13) to obtain

wnf = pjAj (1− λj)
(

1− λj
Nj (X)

) 1
ρ−1

ξnj

(
ξnj

Inj (xn)

) 1
η−1

,

which simplifies to:

wnf = pjAj

(
(1− λj)ρ

Nj (X)

) 1
ρ−1
(

ξηnj
Inj (xn)

) 1
η−1

, (OA.14)

free mobility across sectors implies:

pj
pk

=
Ak
Aj
Gjk (X) , j, k = 1, 2, 3 (OA.15)

and the function Gjk (X) is defined as:

Gjk (X) ≡
[(

ξnk
ξnj

)η (
Inj (xn)

Ink (xn)

)] 1
η−1
[(

λk
λj

)ρ(
Nj (X)

Nk (X)

)] 1
ρ−1

(OA.16)

It states that relative prices depend on the relative productivity and the relative wages

X ≡ (xe, xn, πf ).

A.2 The Representative household

The representative household chooses
{
c1, c2, c3, {Ligh, Ligl}i=n,e;g=m,f

}
to maximize

U (c1, c2, c3, ch, Ll) = ln c+ ϕ lnLl, (OA.17)

subject to

c ≡

[ ∑
j=1,2,s

ωjc
ε−1
ε

j

] ε
ε−1

; cs =
[
ψc

σ−1
σ

3 + (1− ψ) c
σ−1
σ

h

] σ
σ−1

(OA.18)
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ch = Ah

[
λhL

ρ−1
ρ

eh + (1− λh)L
ρ−1
ρ

nh

] ρ
ρ−1

; Lih =

[
ξihL

η−1
η

ifh + (1− ξih)L
η−1
η

imh

] η
η−1

, i = n, e,

(OA.19)

Ll =

[
λlL

ρl−1

ρl
el + (1− λl)L

ρl−1

ρl
nl

] ρl
ρl−1

, Lil =

[
ξilL

ηl−1

ηl
ifl + (1− ξil)L

ηl−1

ηl
iml

] ηl
ηl−1

, i = n, e,

(OA.20)∑
j=1,2,3

(1 + tj)pjcj = T + (1− τ)
∑
i,g

wig(Lig − Ligh − Ligl). (OA.21)

Let χ be the Lagrangian multiplier on the budget constraint, the first order conditions

of the household maximization problems are

(cj) :
∂U

∂cj
= χ (1 + tj) pj; j = 1, 2, 3 (OA.22)

(Lifh) :
∂U

∂ch

∂ch
∂Lifh

= χ (1− τ)wif ; i = n, e (OA.23)

(Limh) :
∂U

∂ch

∂ch
∂Limh

= χ (1− τ)wim; i = n, e (OA.24)

(Lifl) :
∂U

∂Ll

∂Ll
∂Lifl

= χ (1− τ)wif ; i = n, e (OA.25)

(Liml) :
∂U

∂Ll

∂Ll
∂Liml

= χ (1− τ)wim; i = n, e. (OA.26)

Home production First order conditions for {Lifh, Limh}i=n,e implies that marginal rate

of technical substitution across male and female labor inputs must equal the gender wage

ratio:
Limh
Lifh

= α−ηih x
η
i ; αih ≡

ξih
1− ξih

. (OA.27)

Define the implicit female wage bill share out of type i = n, e, in the home sector:

Iih (xi) ≡
wifLifh

wimLimh + wifLifh
=

1

1 + α−ηih x
η−1
i

. (OA.28)

Using production function (OA.19):

Lih
Lifh

= ξ
η
η−1

ih

(
1 + α−ηih x

η−1
i

) η
η−1 =

(
ξih

Iih (xi)

) η
η−1

. (OA.29)

Equating marginal rate of technical substitution across high- and low-skilled labour inputs
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implies

Lefh
Lnfh

=

(
λh

1− λh

)ρ(
ξeh
ξnh

) η(ρ−1)
η−1

(
Ieh (xe)

Inh (xn)

) η−ρ
η−1

π−ρf . (OA.30)

Define the implicit wage bill share of high-skilled labor in the home sector:

Nh (X) ≡
∑

g wngLngh∑
i,g wigLigj

=
1

1 +
(

λh
1−λh

)ρ [(
ξeh
ξnh

)η (
Inh(xn)
Ieh(xe)

)] ρ−1
η−1

π1−ρ
f

. (OA.31)

Using the production function (OA.19), results in (OA.29), (OA.30) and (OA.31) to obtain:

Lh
Lnh

=

(
1− λh
Nh (X)

) ρ
ρ−1

. (OA.32)

The implicit price index for home output ph is defined following first order conditions for

{Lifh, Limh} :

ph ≡
wig

∂ch/∂Ligh
; i = n, e; g = m, f, (OA.33)

which is the implicit producer price similar to pj in the market.

Using (OA.2), (OA.19), (OA.29) and (OA.32) to obtain:

ph
p3

=
A3

Ah
Gh3 (X) , (OA.34)

where the function Gh3 (X) is defined as:

Gh3 (X) ≡
[(

ξn3

ξnh

)η (
Inh (xe)

In3 (xe)

)] 1
η−1
[(

1− λ3

1− λh

)ρ(
Nh (X)

N3 (X)

)] 1
ρ−1

. (OA.35)

Substitution across home and market substitutable services Equating marginal

rate of substitution across market services and home services to their relative prices, i.e.

using first order conditions (OA.22) and (OA.23), utility functions (OA.18) and the definition

of ph, implies the relative demand:

c3

ch
=

(
ψ

1− ψ

)σ (
(1− τ) ph
(1 + t3) p3

)σ
, (OA.36)

rearranging to obtain the relative expenditure E3h (defined in terms of consumer price):

E3h (X) ≡ (1 + t3) p3c3

(1− τ) phch
=

(
(1− τ) ph
(1 + t3) ps

)σ−1(
ψ

1− ψ

)σ
. (OA.37)
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Using the relative prices in (OA.34), the relative expenditure can be expressed as function

of relative wages X ≡ (xe, xn, πf ):

E3h (X) = Âσ−1
3h

[(
1− τ
1 + t3

)
Gh3 (X)

]σ−1

, (OA.38)

where relative productivity Â3h is defined as:

Â3h ≡
(
A3

Ah

)(
ψ

1− ψ

) σ
σ−1

. (OA.39)

It is convenient to derive an expression for cs
c3

for the rest of the model. From (OA.18),

cs
c3

= ψ
σ
σ−1

(
1 +

(
1− ψ
ψ

)(
ch
c3

)σ−1
σ

) σ
σ−1

= ψ
σ
σ−1

(
1 +

(
1− ψ
ψ

)σ (
(1− τ) ph
(1 + t3) p3

)1−σ
) σ

σ−1

,

where the last equality follows from substituting (OA.36). Thus, using (OA.37)

cs
c3

= ψ
σ
σ−1

(
1 +

1

E3h (X)

) σ
σ−1

. (OA.40)

Substitution across non-substitutable and substitutable services Equating marginal

rate of substitution across goods and market services to their relative prices, i.e. using first

order conditions (OA.22) for j = 2, 3, and utility functions (OA.18), implies that, for non-

substitutable and substitutable services:

ω2

ψωs

(
cs
c2

) 1
ε
(
c3

cs

) 1
σ

=
(1 + t2) p2

(1 + t3) p3

,

rearranging

c2

c3

=

[
ω2

ψωs

(
(1 + t3) p3

(1 + t2) p2

)]ε(
cs
c3

)σ−ε
σ

,

substituting the result for cs/c3 in (OA.40)

c2

c3

=

[
ω2

ψωs

(
(1 + t3) p3

(1 + t2) p2

)]ε [
ψ

σ
σ−1

(
1 +

1

E3h (X)

) σ
σ−1

]σ−ε
σ

,

simplify to

c2

c3

=

[
ω2

ωs

(
(1 + t3) p3

(1 + t2) p2

)]ε
ψ
σ(1−ε)
σ−1

(
1 +

1

E3h (X)

)σ−ε
σ−1

, (OA.41)
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thus the relative expenditure E23:

E23 (X) ≡ (1 + t2) p2c2

(1 + t3) p3c3

(OA.42)

=

(
(1 + t3) p3

(1 + t2) p2

)ε−1(
ω2

ωs

)ε
ψ
σ(1−ε)
σ−1

(
1 +

1

E3h (X)

)σ−ε
σ−1

.

Using the relative prices in (OA.15), the relative expenditure can be expressed as function

of relative wages:

E23 (X) = Âε−1
23

[(
1 + t3
1 + t2

)
G32 (X)

]ε−1(
1 +

1

E3h (X)

)σ−ε
σ−1

, (OA.43)

where relative productivity Â23 is defined as:

Â23 ≡
A2

A3

(
ωs
ω2

) ε
1−ε

ψ
σ

1−σ . (OA.44)

Expenditure on market goods and non-substitutable services Equating marginal

rate of substitution across goods and market services to their relative prices, i.e. using

first order conditions (OA.22) for j = 1, 2, and utility functions (OA.18), implies that, for

non-substitutable and substitutable services:

ω1

ω2

(
c2

c1

)1/ε

=
(1 + t1) p1

(1 + t2) p2

,

rearranging
c1

c2

=

[
ω1

ω2

(
(1 + t2) p2

(1 + t1) p1

)]ε
, (OA.45)

thus the relative expenditure E12:

E12 ≡
(1 + t1) p1c1

(1 + t2) p2c2

=

(
ω1

ω2

)ε(
(1 + t2) p2

(1 + t1) p1

)ε−1

. (OA.46)

Using the relative prices in (OA.15), the relative expenditure can be expressed as function

of relative wages:

E12 = Âε−1
12

((
1 + t2
1 + t1

)
G21 (X)

)ε−1

, (OA.47)
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where relative productivity Â12 is defined as:

Â12 ≡
A1

A2

(
ω2

ω1

) ε
1−ε

. (OA.48)

Leisure First order condition for {Lifl, Liml}i=n,e implies that the marginal technical rate

of substitution must equal the gender wage ratio:

Liml
Lifl

= α−ηlil xηl ; αil ≡
ξl

1− ξl
; i = n, e (OA.49)

Define the implicit female wage bill share out of type i for leisure:

Iil (xi) ≡
wifLifl

wimLiml + wifLifl
=

1

1 + α−ηlil xηl−1
i

. (OA.50)

Using the leisure aggregator (OA.20):

Lil
Lifl

= ξ
ηl
ηl−1

il

(
1 + α−ηlil xηl−1

i

) ηl
ηl−1 =

(
ξil

Iil (xi)

) ηl
ηl−1

. (OA.51)

Equating marginal rate of technical substitution across high- and low-skilled leisure time

implies

Lefl
Lnfl

=

(
λl

1− λl

)ρl ( ξel
ξnl

) ηl(ρl−1)
ηl−1

(
Iel (xe)

Inl (xn)

) ηl−ρl
ηl−1

π−ρlf . (OA.52)

Define the implicit wage bill share of high-skilled labor for leisure:

Nl (X) ≡
∑

g wngLngl∑
i,g wigLigl

=
1

1 +
(

λl
1−λl

)ρl [( ξel
ξnl

)ηl ( Inl(xn)
Iel(xe)

)] ρl−1

ηl−1

π1−ρl
f

. (OA.53)

Using the leisure aggregator (OA.20) and results in (OA.51), (OA.52) and (OA.53) to obatin:

Ll
Lnl

=

(
1− λl
Nl (X)

) ρl
ρl−1

. (OA.54)

The implicit price index for leisure pl is defined following the first order conditions for

{Lifl, Liml}i=n,e :

pl ≡
wig

∂Ll/∂Ligl
; g = m, f, (OA.55)

which is the implicit producer price similar to pj in the market. Using (OA.2), (OA.20),
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(OA.51) and (OA.54) to obtain:
pl
p1

= A1Gl1 (X) , (OA.56)

where the function Gl1 (X) is defined as:

Gl1(X) ≡
(

(1− λ1)ρ

N1(X)

) 1
ρ−1
(

Nl(X)

(1− λl)ρl

) 1
ρl−1

(
ξηn1

In1 (xn)

) 1
η−1
(
Inl(xn)

ξηlnl

) 1
ηl−1

. (OA.57)

Equating marginal rate of substitution across goods and leisure to their relative prices, i.e.

using first order conditions (OA.22) and (OA.25), and utility functions (OA.18) and (OA.20),

implies that
ϕL−1

l

ω1

c

(
c
c1

) 1
ε

=
(1− τ) pl
(1 + t1) p1

, (OA.58)

which implies relative expenditure

El1 (X) ≡ (1− τ) plLl
(1 + t1) p1c1

=
ϕ

ω1

(
c

c1

) ε−1
ε

(OA.59)

Using (OA.45) and (OA.46),

ω2

ω1

(
c1

c2

) 1−ε
ε

=
ω2

ω1

[
ω1

ω2

(
(1 + t2) p2

(1 + t1) p1

)]1−ε

=
1

E12 (X)
. (OA.60)

Using (OA.41) and (OA.45)

c1

c3

=

[
ω2

ψωs

(
(1 + t3) p3

(1 + t2) p2

)]ε(
cs
c3

)σ−ε
σ
[
ω1

ω2

(
(1 + t2) p2

(1 + t1) p1

)]ε
,

simplify to

c1

c3

=

[
ω1

ψωs

(
(1 + t3) p3

(1 + t1) p1

)]ε(
cs
c3

)σ−ε
σ

,

thus
cs
c1

=
cs
c3

(
c3

c1

)
=

(
cs
c3

) ε
σ
[
ω1

ψωs

(
(1 + t3) p3

(1 + t1) p1

)]−ε
,

substituting (OA.40),

cs
c1

= ψ
ε

σ−1

(
1 +

1

E3h (X)

) ε
σ−1
[
ω1

ψωs

(
(1 + t3) p3

(1 + t1) p1

)]−ε
,
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substituting relative prices (OA.15)

cs
c1

= ψ
ε

σ−1

(
1 +

1

E3h (X)

) ε
σ−1
[
ω1

ψωs

(
(1 + t3)A1

(1 + t1)A3

G31 (X)

)]−ε
,

finally,

ωs
ω1

(
cs
c1

) ε−1
ε

=
ωs
ω1

ψ
ε−1
σ−1

(
1 +

1

E3h (X)

) ε−1
σ−1
[
ω1

ψωs

(1 + t3)A1

(1 + t1)A3

G31 (X)

]1−ε

,

simplify to

ωs
ω1

(
cs
c1

) ε−1
ε

=

(
1 +

1

E3h (X)

) ε−1
σ−1
[
Â12Â23

(
1 + t3
1 + t1

)
G31 (X)

]1−ε

(OA.61)

Substituting (OA.60) and (OA.61) into (OA.59)

El1 (X) = ϕ

1 +
1

E12 (X)
+

[
Â12Â23

(
1 + t3
1 + t1

)
G31 (X)

(
1 +

1

E3h (X)

) 1
1−σ
]1−ε

 .

(OA.62)

Given the definition of implicit prices ph and pl, the budget constraint (OA.21) can be

rewritten as ∑
j

(1 + tj)pjcj = T + (1− τ)
∑
i,g

wigLig, (OA.63)

where the implicit indirect taxes on home and leisure are

th = tl = −τ, (OA.64)

which implies income tax acts like a subsidy to home production and leisure.

Household’s choice of leisure hours Lump-sum transfer is equal to the net tax revenue

from the government budget constraint:

T = τ
∑
i,g

wig(Lig − Ligh − Ligl) +
∑
j=1,2,3

tjpjcj. (OA.65)

Using the definiton of implicit indirect taxes (OA.65)

T = τ
∑
i,g

wigLig +
∑
j

tjpjcj. (OA.66)
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Thus the household’s budget constraint(OA.63) becomes∑
j

pjcj =
∑
i,g

wigLig, (OA.67)

Dividing it through by plcl and rearranging:

plcl∑
i,g wigLig

=
plcl∑
∀j pjcj

Note that:

plcl∑
i,g wigLig

=

(
Lnfl
Lnf

)(
plcl∑

g wngLngl

)(∑
g wngLngl

wnfLnfl

)(
wnfLnf∑
g wngLng

)(∑
g wngLng∑
i,g wigLig

)

=

(
Lnfl
Lnf

)
In (xn)N (X)

Inl (xn)Nl (X)

where In (xn) is the implicit female wage bill share in total low-skilled wage income and

N (X) is the implicit wage bill share of low-skill in total wage income :

In (xn) ≡ wnfLnf∑
g wngLng

; N (X) ≡
∑

g wngLng∑
i,g wigLig

. (OA.68)

Thus, the share of female leisure time for low-skilled type satisfies an implicit function in

terms of the relative expenditures:

Lnfl
Lnf

=
Inl (xn)Nl (X)

In (x)N (X)
∑
j

(
1−τ
1+tj

)
Ejl (X)

. (OA.69)

A.3 Market clearing

The goods market clearing conditions and the labour market clearing conditions are:

cj = Yj j = 1, 2, 3 (OA.70)∑
j=1,2,3

Ligj = Lig − Ligh − Ligl i = n, e; g = f,m. (OA.71)

Labor market clearing for low-skilled female Using the goods market clearing con-

dition and the production functions, by the definition, the relative expenditure in (OA.37),
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(OA.42), (OA.46), and (OA.62) can be written as:

Ekj (X) =
(1 + tk) pkck
(1 + tj) pjcj

=
(1 + tk) pkAkLk
(1 + tj) pjAjLj

.

Using relative prices (OA.15), (OA.34) and (OA.56):

Ekj (X) =

(
1 + tk
1 + tj

)
Gkj (X)

(
Lk/Lnk
Lj/Lnj

)(
Lnk/Lnfk
Lnj/Lnfj

)(
Lnfk
Lnfj

)
.

Using
Lnj
Lfj

derived in (OA.8), (OA.29) and (OA.51), and
Lj
Lnj

derived in (OA.13), (OA.32)

and (OA.54) to obtain

Ekj (X) =

(
1 + tk
1 + tj

)(
Inj (xn)

Ink (xn)

)(
Nj (X)

Nk (X)

)(
Lnfk
Lnfj

)
.

Rearrange to obtain the low-skilled female’s time allocation across sectors:

Lnfk
Lnfj

= Ekj (X)

(
1 + tj
1 + tk

)(
Ink (xn)

Inj (xn)

)(
Nk (X)

Nj (X)

)
, k, j = 1, 2, 3, h, l, (OA.72)

which is the key equation of the model. Substituting it into the low-skilled female time

constraint (OA.71), a second condition for the share of female leisure time for low-skilled is

given by
Lnfl
Lnf

=
1∑

j

(
1−τ
1+tj

)
Ejl (X)

Inj(xn)

Inl(xn)

(
Nj(X)

Nl(X)

) . (OA.73)

Equating this with the condition in (OA.69), the relative expenditure El1 (X) can be explic-

itly solved out:

In (xn)N (X)
∑
j

(
1− τ
1 + tj

)
Ejl (X) =

∑
j

(
1− τ
1 + tj

)
Inj (xn)Nj (X)Ejl (X) ,

In (xn)N (X) + In (xn)N (X)
∑
j 6=l

(
1− τ
1 + tj

)
Ejl (X)

= Inl (x)Nl (X) +
∑
j 6=l

(
1− τ
1 + tj

)
Inj (xn)Nj (X)Ejl (X) .

13



Given Ej1 (X) = Ejl (X)El1 (X) , this implies

In (xn)N (X) + In (xn)N (X)
∑
j 6=l

(
1− τ
1 + tj

)
Ej1 (X)

El1 (X)

= Inl (x)Nl (X) +
∑
j 6=l

(
1− τ
1 + tj

)
Inj (xn)Nj (X)

Ej1 (X)

El1 (X)
,

which implies that the relative expenditure El1 (X) must satisfy

El1 (X) =

∑
j 6=l

(
1−τ
1+tj

)
Inj (xn)Nj (X)Ej1 (X)− In (xn)N (X)

∑
j 6=l

(
1−τ
1+tj

)
Ej1 (X)

In (xn)N (X)− Inl (xn)Nl (X)
, (OA.74)

which is the equilibrium relative expenditure El1 (X) as a function of X only. Together

with E3h (X) in (OA.38), E23 (X) in (OA.43), E12 (X) in (OA.47), the first two equilibrium

conditions (OA.69) and (OA.73) are function of
(
πf , xe, xn, ,

Lnfl
Lnf

)
. We derive two more

equations using time constraints for low-skilled male and high-skilled female.

Labor market clearing for low-skilled male Using (OA.6), (OA.27) and (OA.49) for

low-skilled,

Lnmj = α−ηnhx
η
nLnfj j = 1, 2, 3, h, l

Substitute into the labor market clearing condition for low-skilled male:∑
j

α−ηnj x
η
nLnfj = Lnm,

together with (OA.72) to obatin:

Lnfl
Lnf

∑
j

α−ηnhx
η
nEjl (X)

(
1 + tl
1 + tj

)(
Inj (xn)

Inl (xn)

)(
Nj (X)

Nl (X)

)
=
Lnm
Lnf

. (OA.75)

This is the third equation for solving
(
πf , xe, xn,

Lnfl
Lnf

)
.

Labor market clearing for high-skilled female Using (OA.9), (OA.30) and (OA.52),

Lefj = Lnfj

(
λj

1− λj

)ρ(
ξej
ξnj

) η(ρ−1)
η−1

(
Iej (xe)

Inj (xn)

) η−ρ
η−1

π
−ρj
f ,

14



where ρj = ρl for j = l and ρj = ρ otherwise. Subsitutiting into the labor market clearing

condition (OA.71) for high-skilled female:

∑
j

Lnfj

(
λj

1− λj

)ρ(
ξej
ξnj

) η(ρ−1)
η−1

(
Iej (xe)

Inj (xn)

) η−ρ
η−1

π
−ρj
f = Lef ,

together with (OA.72) to obtain:

Lef
Lnf

(OA.76)

=
Lnfl
Lnf

∑
j

1 + tl
1 + tj

Ejl (X)
Inj (xn)

Inl (xn)

Nj (X)

N (X)

(
λj

1− λj

)ρj ( ξej
ξnj

) ηj(ρj−1)
ηj−1

(
Iej (xe)

Inj (xn)

) ηj−ρj
ηj−1

π
−ρj
f .

This is the fourth equation for solving
(
πf , xe, xn,

Lnfl
Lnf

)
.

To sum up, given the relative expenditure E3h (X) in (OA.38), E23 (X) in (OA.43),

E12 (X) in (OA.47), and El1 (X) in (OA.74), equilibrium
(
πf , xe, xn,

Lnfl
Lnf

)
are determined

by (OA.69), (OA.73), (OA.75) and (OA.76).

Time allocation for high-skilled female are obtained from (OA.72). Time allocation for

low-skilled female are obtained from (OA.9), (OA.30) and (OA.52). Finally, Time alloca-

tion for high- and low-skilled male are obtained from (OA.6), (OA.27) and (OA.49). This

concludes the derivation for the competitive equilibrium.

A.4 Allocation of time

Time allocation across market and home substitutable services Substituting the

relative expenditure in (OA.38) into (OA.72),

Lnf3

Lnfh
= Âσ−1

3h

[(
1− τ
1 + t3

)
Gh3 (X)

]σ−1(
1− τ
1 + t3

)(
In3 (xn)

Inh (xn)

)(
N3 (X)

Nh (X)

)
,

Using the expression Gh3 (X) from (OA.35),

Lnf3

Lnfh
= Âσ−1

3h

(
1− τ
1 + t3

)σ
R3h (X) (OA.77)

R3h (X) ≡
(
ξn3

ξnh

) η(σ−1)
η−1

(
1− λ3

1− λh

) ρ(σ−1)
ρ−1

(
Inh (xn)

In3 (xn)

)σ−η
η−1
(
Nh (X)

N3 (X)

)σ−ρ
ρ−1

. (OA.78)
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Time allocation across non-substitutable and substitutable market services Sub-

stituting the relative expenditure in (OA.43) into (OA.72),

Lnf2

Lnf3

= Âε−1
23

[(
1 + t3
1 + t2

)
G32 (xe, xn, πf )

]ε−1(
1 +

1

E3h (X)

)σ−ε
σ−1
(

1 + t3
1 + t2

)(
In2 (xn)

In3 (xn)

)(
N2 (X)

N3 (X)

)
.

Using the expression G32 (X) from (OA.16) and Esh (x) from (OA.38),

Lnf2

Lnf3

= Âε−1
23

(
1 + t3
1 + t2

)ε
R23

(
X;

1− τ
1 + t3

)
(OA.79)

R23

(
X;

1− τ
1 + t3

)
(OA.80)

≡
(
ξn2

ξn3

) η(ε−1)
η−1

(
1− λ2

1− λ3

) ρ(ε−1)
ρ−1

(
In3 (xn)

In2 (xn)

) ε−η
η−1
(
N3 (X)

N2 (X)

) ε−ρ
ρ−1
(

1 +
1

E3h (X)

)σ−ε
σ−1

,

where recall from (OA.38) and (OA.35):

E3h (X) = Âσ−1
3h

[(
1− τ
1 + t3

)
Gh3 (X)

]σ−1

Gh3 (X) ≡
[(

ξn3

ξnh

)η (
Inh (xn)

In3 (xn)

)] 1
η−1
[(

1− λ3

1− λh

)ρ(
Nh (X)

N3 (X)

)] 1
ρ−1

.

Time allocation across goods and non-substitutable services Substituting the rel-

ative expenditure from (OA.47) into (OA.72),

Lnf1

Lnf2

= Âε−1
12

((
1 + t2
1 + t1

)
G21 (X)

)ε−1(
1 + t2
1 + t1

)(
In1 (xn)

In2 (xn)

)(
N1 (X)

N2 (X)

)
.

Using the expression G21 (X) from (OA.16),

Lnf1

Lnf2

= Âε−1
12

(
1 + t2
1 + t1

)ε
R12 (X) (OA.81)

R12 (X) ≡
(
ξn1

ξn2

) η(ε−1)
η−1

(
1− λ1

1− λ2

) ρ(ε−1)
ρ−1

(
In2 (xn)

In1 (xn)

) ε−η
η−1
(
N2 (X)

N1 (X)

) ε−ρ
ρ−1

(OA.82)
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B Calibration

Given the policy parameters {τ, t1, t2, t3}, the relative time endowments
{
Lem
Lef

, Lnm
Lnf

,
Lef
Lnf

}
and the elasticity parameters {σ, ε, η, ηl, ρ, ρl}, the parameters needed to determine time

allocation and wage ratios include the preference parameter on leisure {ϕ} ; the sector-specific

parameters
{
Â12, Â23, Â3h

}
; the gender-specific parameters {ξij}∀i,j ; and the skill-specific

parameters {λj}∀j.
The 19 parameters are chosen to match 19 data targets in the U.S. during the 2011-2015.

The targets are the time allocation for each of the four labor inputs in the five sectors (16

independent targets) and their relative wages (3 independent targets). The data targets are

reported in the paper. The calibration procedure delivers the targets exact.

B.1 Setting the data targets on time allocation

The time use data and the CPS data on the distribution of hours across goods and services

for each of the four labor inputs are combined to obtain the data targets
{
Lifj
Lif

;
Limj
Lim

}
∀i,j

.

Let

Mig ≡
∑
j=1,2,3

Ligj i = n, e; g = m, f (OA.83)

be the total market hours by each of the four types of labor inputs.

From the CPS data, the share of hours in the non-substitutable and substitutable services

are computed for each of the four labor inputs, {sig2, sig3}∀i,g:

sigj ≡
Ligj
Mig

; i = n, e; g = m, f ; j = 2, 3. (OA.84)

From the time use data, the fraction of market hours and the fraction of total work out

of total time use for each of the four labor inputs,
{
Mig

Lig
, hig

}
∀i,g

are obtained, where:

hig ≡ 1− Ligl
Lig

; i = n, e; g = m, f. (OA.85)

Given
{
sig2, sig3,

Mig

Lig
, hig

}
∀i,g

, the data targets for time allocation by gender and by skill,
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{
Ligj
Lig

}
∀i,j

, are derived as:

Ligj
Lig

=



Mig

Lig
(1− sig2 − sig3) for j = 1

Mig

Lig
sigj for j = 2, 3

hig − Mig

Lig
for j = h

1− hig for j = l

 i = n, e; g = m, f. (OA.86)

The implied hours ratio The gender hours ratio in each of the five sectors can be

rewritten as, j = 1, 2, 3, h, l,

Limj
Lifj

=
Limj
Lim

Lim
Lif

Lif
Lifj

; i = n, e

Using (OA.86) to obtain gender hours ratio:

Limj
Lifj

=



(Mim/Lim)(1−sim2−sim3)

(Mif/Lif)(1−sif2−sif3)

(
Lim
Lif

)
for j = 1

(Mim/Lim)simj

(Mif/Lif)sifj

(
Lim
Lif

)
for j = 2, 3

him−Mim/Lim
hif−Mif/Lif

(
Lim
Lif

)
for j = h

1−him
1−hif

(
Lim
Lif

)
for j = l


. (OA.87)

Finally, the skill hours ratio for each gender is

Legj
Lngj

=
Legj
Leg

(
Lng
Lngj

)(
Leg
Lng

)
,

using (OA.86) to obtain hours ratio across skill groups:

Legj
Lngj

=



(Meg/Leg)(1−seg2−seg3)

(Mng/Lng)(1−sng2−sng3)

(
Leg
Lng

)
for j = 1

(Meg/Leg)segj
(Mng/Lng)sngj

(
Leg
Lng

)
for j = 2, 3

heg−Meg/Leg
hng−Mng/Lng

(
Leg
Lng

)
for j = h

1−heg
1−hng

(
Leg
Lng

)
for j = l


g = m, f. (OA.88)

B.2 The implied income share {Iij, Nj}

By the definition of Iij (xi) in (OA.7), (OA.28) and (OA.50) and the definition of Nj (x) in

(OA.10), (OA.31) and (OA.53), the income shares are implied by data on relative wages
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{xe, xn, π} and hours ratio
{
Lifj
Limj

,
Lefj
Lnfj

}
as:

Iij (xi) =
wifLifj∑
g

wigLigj
=

xi

(
Lifj
Limj

)
1 + xi

(
Lifj
Limj

) , (OA.89)

Nj (X) =

∑
g

wngLngj∑
i,g

wigLigj
=

1

1 + πf

(
Lefj
Lnfj

)(
Inj(xn)

Iej(xe)

) . (OA.90)

B.3 Obtaining gender-specific parameter {ξij}

Given wage ratio {xe, xn} and gender hours ratio
{
Limj
Lifj

}
∀j

from (OA.87), the gender-specific

variables {αij} are obtain from equilibrium conditions (OA.6), (OA.27) and (OA.49) as:

αij = xi

(
Limj
Lifj

)−1
ηj

; i = n, e; j = 1, 2, 3, h, l (OA.91)

thus the gender-specific parameters {ξij} are derived from the definition:

ξij =
αij

1 + αij
; i = n, e; j = 1, 2, 3, h, l (OA.92)

Obtaining the skill-specific parameters {λj} Given the relative wages (xe, xn, πf ) and

the skill hour ratio
{
Lefj
Lnfj

}
from (OA.88), the skill-specific parameters are obtained from

(OA.9), (OA.30) and (OA.52), for j = 1, 2, 3, h, l:

(
1− λj
λj

)ρ
=

(
Lnfj
Lefj

)(
ξej
ξnj

) η(ρ−1)
η−1

(
Iej (xe)

Inj (xn)

) η−ρ
η−1

π−ρf .

Thus λj is obtained as

λj =
1

1 + 1
πf

[(
Lnfj
Lefj

)(
ξej
ξnj

) η(ρ−1)
η−1

(
Iej(xe)

Inj(xn)

) η−ρ
η−1

] 1
ρ

. (OA.93)

Obtaining
{
Â3h, Â23, Â12, ϕ

}
From the equilibrium condition (OA.77),

Â3h =

(
Lnf3

Lnfh

) 1
σ−1
(

1 + t3
1− τ

) σ
σ−1

[R3h (X)]
1

1−σ , (OA.94)
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where R3h (X) is from (OA.78)

R3h (X) ≡
(
ξn3

ξnh

) η(σ−1)
η−1

(
1− λ3

1− λh

) ρ(σ−1)
ρ−1

(
Inh (xn)

In3 (xn)

)σ−η
η−1
(
Nh (X)

N3 (X)

)σ−ρ
ρ−1

,

which is known.

From the equilibrium condition (OA.79),

Â23 =

(
Lnf2

Lnf3

) 1
ε−1
(

1 + t2
1 + t3

) ε
ε−1
[
R23

(
X;

1− τ
1 + t3

)] 1
1−ε

, (OA.95)

where R23

(
X; 1−τ

1+t3

)
is from (OA.80)

R23

(
X;

1− τ
1 + t3

)
≡
(
ξn2

ξn3

) η(ε−1)
η−1

(
1− λ2

1− λ3

) ρ(ε−1)
ρ−1

(
In3 (xn)

In2 (xn)

) ε−η
η−1
(
N3 (X)

N2 (X)

) ε−ρ
ρ−1
(

1 +
1

E3h (X)

)σ−ε
σ−1

,

(OA.96)

and recall from (OA.38) and (OA.35):

E3h (X) = Âσ−1
3h

[(
1− τ
1 + t3

)
Gh3 (X)

]σ−1

Gh3 (X) ≡
[(

ξn3

ξnh

)η (
Inh (xn)

In3 (xn)

)] 1
η−1
[(

1− λ3

1− λh

)ρ(
Nh (X)

N3 (X)

)] 1
ρ−1

.

From the equilibrium condition (OA.81),

Â12 =

(
Lnf1

Lnf2

) 1
ε−1
(

1 + t1
1 + t2

) ε
ε−1

[R12 (X)]
1

1−ε , (OA.97)

where R12 (X) is from (OA.82)

R12 (X) ≡
(
ξn1

ξn2

) η(ε−1)
η−1

(
1− λ1

1− λ2

) ρ(ε−1)
ρ−1

(
In2 (xn)

In1 (xn)

) ε−η
η−1
(
N2 (X)

N1 (X)

) ε−ρ
ρ−1

,

which is known.

Finally, from the equilibrium condition (OA.72),

Lnfl
Lnf1

= El1 (X)

(
1 + t1
1 + tl

)(
Inl (xn)

In1 (xn)

)(
Nl (X)

N1 (X)

)
.

Given data on
(
Lnfl
Lnf1

)
and information from (OA.89) and (OA.90), the above equation implies
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a value for El1 (X). Using (OA.62), we obtain a value for ϕ :

ϕ =
El1 (x)

1 + 1
E12(X)

+

[
Â12Â23

(
1+t3
1+t1

)
G31 (X)

(
1 + 1

E3h(X)

) 1
1−σ
]1−ε . (OA.98)

C Adjustment to Hours for Demographic Composition

Across Countries

In this section we present how market hours vary depending on the adjustment made to the

demographic composition differences between countries.

Table OA.1 presents evidence on the importance of the demographic adjustment. The

first column reports the weekly market hours per person for each country before any ad-

justment for demographics.1 Following equation (A.2), we construct the adjusted hours for

the US holding constant the age and marital status composition across gender-skill groups.

For the US, the difference between the adjusted values and the raw hours is reported at the

bottom of the second column.2 The values in the second column for countries other than

the US are the differences between the raw hours in the first column and the adjusted U.S.

hours.

The third column reports the percentage of the cross-country differences accounted for

by differences in the composition of the population. This composition effect is estimated

as follows. The average hours in a country c, h̄c, can be expressed as a weighted average

of the average hours of different demographic groups, i.e. h̄c = fc(g)′h̄c(g), where fc(g) is

the vector of population group shares in country c, and h̄c(g) is the vector of group-specific

average hours. The average hours in the U.S. holding the age and marital status composition

constant across gender-skill groups is ˜̄hUS = f̃US(g)′h̄US(g), where f̃US(g) is the vector of

population group shares in equation (A.2) for the U.S. We can express the difference in

average hours relative to the adjusted U.S. value as:

˜̄hUS − h̄c = f̃US(g)′(h̄US(g)− h̄c(g)) + (f̃US(g)− fc(g))′h̄c(g). (OA.99)

The second term in the right-hand side of the equation is the contribution of demographic

differences to the overall hour gap. Column 3 shows that depending on the country, demo-

graphic differences account (in absolute value) for up to one-third of the aggregate cross-

1The weekly hours are equal to annual market hours per person divided by 52.
2The small difference, 0.07, implies that in the US the compositional differences in age and marital status

across gender-skill groups have almost no effect on the aggregate hours
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Table OA.1: Contribution of Demographics to Differences in Hours from the U.S.

Market Hours
Raw Effective Difference wrt Composition
Weekly Hours adjusted U.S. Effect (%)

(1) (2) (3)

Canada 25.5 0.5 -6.5
Nordic
Denmark 22.5 3.4 5.5
Finland 22.9 3.1 32.1
Norway 23.0 3.0 6.1
Sweden 24.6 1.3 5.1
Western
Austria 23.4 2.5 33.9
Belgium 21.5 4.5 7.3
France 21.3 4.7 19.4
Germany 22.3 3.6 20.4
Netherlands 22.1 3.8 11.7
United Kingdom 23.6 2.4 -0.9
Southern
Greece 19.0 7.0 6.0
Ireland 20.4 5.6 -8.3
Italy 19.6 6.3 16.1
Portugal 22.7 3.3 30.2
Spain 21.9 4.1 7.8

United States 25.9 0.07 100

Notes: The raw effective weekly hours are the annual market
hours per person divided by 52, without adjusting for demographic
differences between countries. Column (2) is the difference be-
tween column (1) and the hours in the US obtained after holding
constant the demographic composition of the population as de-
scribed in Appendix section A.1. The non-zero quantity reported
for the US arises because of the difference between raw hours and
the adjusted hours for the U.S. which is obtained by holding con-
stant the age-marital composition across gender-skill cells. The
composition effect in column (3) is the percentage of the value in
column (2) due to demographic differences relative to the US (see
equation (OA.99)). Data cover individuals aged 20-64 years, over
selected years between 2007-2015.

22



country difference in market hours relative to the hours in the US.

Table OA.2 reports market hours after adjusting in addition for compositional differences

due to the presence of small children (age 5 or less) in the household.3 The table shows that

the hours obtained are very similar to the ones when the presence of small children is ignored

in the demographic adjustment. There are two main reasons for the similarity in the results.

First, the share of women with small children is on average less than one-fifth of our sample.

Second, this group works less than other demographic groups in every country, including the

United States. Thus, they do not contribute much to aggregate cross-country differences in

the working hours of women.

Table OA.2: Market Hours by Population Group Adjusting for Compositional Differences in
Age, Marital Status, and Presence of Small Children

Females Males
Low-Skilled High-Skilled Low-Skilled High-Skilled

Hours abs(% Diff) Hours abs(% Diff) Hours abs(% Diff) Hours abs(% Diff)

Canada 20.7 0.08 24.5 0.36 27.9 0.26 29.8 0.12
Western
Austria 17.1 0.63 22.3 0.69 27.7 0.16 33.1 0.08
Belgium 14.2 1.18 22.3 0.25 23.4 0.14 30.3 0.13
France 16.4 0.47 21.9 0.72 24.0 0.18 29.2 0.09
Germany 16.0 0.47 22.6 0.28 25.4 0.79 31.4 0.49
Netherlands 14.2 0.76 21.3 0.20 26.9 0.00 30.1 0.45
United Kingdom 16.1 4.04 22.8 0.03 27.3 0.08 30.8 0.11
Southern
Greece 12.5 0.14 18.6 1.15 22.0 0.56 26.0 0.69
Ireland 12.4 4.89 20.5 1.16 22.1 0.20 28.1 0.16
Italy 13.2 0.26 18.1 0.74 25.5 0.33 27.6 0.21
Portugal 19.1 0.59 24.8 0.47 23.9 0.09 28.9 0.27
Spain 14.9 0.72 21.9 0.75 25.5 0.01 29.1 0.36

United States 19.1 0.39 26.3 0.46 27.4 0.09 33.7 0.04

Correlation 0.997 0.998 0.999 0.999

Notes: Columns “Hours” report weekly market hours holding constant the population composition by age, marital status,
and presence of small children (age 5 or less). Columns abs(% Diff) report the absolute percentage difference between the
Hours column and the hours obtained without the adjustment for the presence of small children. The last row reports the
concordance correlation for the hours with and without adjustment for the presence of small children.

D Intensive vs Extensive Margins in Market Hours

In this section we explore further the extent to which differences in gender ratios in market

hours between countries are due to cross-country differences in hours per employed worker

(i.e. the “intensive margin”) or due to cross-country differences in employment rates (i.e.

the “extensive margin”).

By construction we can express the market hours per person, h, as the product of the

3This adjustment is not made for Nordic countries due to the lack of data.
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hours per employee, he, and the employment rate, e. More specifically, if we denote by H

the total number of market hours worked, by P the total population, and by E the employed

population, we have that

h =
H

P
=
H

E

E

P
= he · e.

Therefore, the gender ratio in market hours between females and males can be expressed

as

rh =
hf
hm

=
hefef

hemem
= rire,

where ri = hef/h
e
m is the gender ratio on the intensive margin (i.e. on hours per employed

worker) and re = ef/em is the gender ratio on the extensive margin (i.e. on employment).

Following the above expression we can decompose the differences in the market hours

gender ratio relative to the U.S. as

rh − rUSh = re(ri − rUSi ) + rUSi (re − rUSe ).

In this expression, the term re(ri−rUSi ) is the contribution of the intensive margin, while

rUSi (re − rUSe ) is the contribution of the extensive margin to the overall difference in ratios

relative to the U.S.

In Figure OA.1 we display these contributions, separately for low and high-skilled individ-

uals. In this figure we observe that in Southern European countries most of the differences in

gender ratios relative to the U.S. are driven by the extensive margin, namely by differences

in the employment rate of females relative to males. In contrast, for Western European

countries the intensive margin is much more important.

To close this section we report the association between wage gaps and the gender ratios

along the intensive and extensive margins. In Figure OA.2 we see that the negative associ-

ations between the gender ratios in market hours per person and wages reported in Figure

1 of the paper are mainly driven by the ratios at the extensive margin, i.e. by the gender

employment ratios.
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Figure OA.1: Extensive and Intensive Margins in Gender Ratios in Market Hours Relative
to the US
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Notes: Gender Hour and Wage ratios are adjusted for age and marital status. Data cover selected years
between 2007-2015. Low-skilled individuals are those without a college degree.
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Figure OA.2: Extensive and Intensive Margins in Gender Ratios in Market Hours Relative
to the US
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Notes: All ratios are adjusted for age and marital status. Data cover selected years between 2007-2015.
Low-skilled individuals are those without a college degree.
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