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1 Solution method

We focus on the stationary equilibrium of the model. We first make a guess for the the
stationary distribution of agents and aggregate variables. Then, we solve for the policy
functions of the individual agents by backward induction (using the endogenous grid method,
henceforth EGM). We use these policy functions to update the distribution (using Young
(2010)’s histogram method). The updated distribution implies new aggregate variables. We
repeat this process until we achieve convergence of the distribution of agents (and hence of
the aggregate variables and policy functions).

1.1 Initialization

To initialize the algorithm one needs to construct grids for all the state variables (a, zp, κ, e, zs)

and transition matrices for the exogenous ones. It is also necessary to determine age distri-
bution and survival probabilities along with the distribution of efficiency units by age and
the replacement ratio φ for retirement.

First, consider the grids for the state variables. The exogenous states (z, κ, e) are dis-
cretized using Tauchen (1986)’s method, obtaining both the grids and the transition matrices
Pz, Pκ and Pe that imply conditional CDFs and stationary distributions denoted by Gz, Gκ

and Ge. In particular we assume that the variables follow the processes:

ln zp
′
=ρz ln zp + σzεz;

lnκ
′
=ρκ lnκ+ σκεκ;

ln e
′
=ρe ln e+ σeεe;

where εi ∼ N (0, 1) for i = {zp, κ, e}. Tauchen’s method requires the specification of the
number of nodes and the dispersion of the grid measured by number of standard deviations
around the mean. In our parametrization both κ and e are discretized using 5 nodes with
a dispersion of 3 standard deviations. zp is discretized using 11 nodes with a dispersion of
5 standard deviations. The larger dispersion for the zp grid adds nodes that characterize
agents with large (but rare) productivity levels. This comes at the cost of more grid nodes,
yet, this cost can be partially avoided by merging the lower end of the grid into a single
node. There is little cost of doing this in our model because all the agents with low values
of zp behave similarly, they are not productive enough to operate their own firm at a large
scale and prefer to lend most of their assets to more productive agents at the market rate.
Moreover, they do not care about the transition probabilities of zp because they have no
direct preferences for their offspring. In our parametrization we merge the lowest 3 nodes
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of the zp grid, leaving a grid of 9 nodes. The transition matrix is adjusted and the node
is given the value of the average of the nodes being merged (the average is taken using the
stationary distribution of the original grid Gz). The mass of agents in the merged nodes is
0.62% .

It is convenient for us to compute distribution of e by age, which is possible because all
agents are born with e = 1, which corresponds to the ne+1

2

th node of the grid (with ne an odd
number). We denote this distribution by Ge (h, ie), where h is the age and ie is the index of
e in the grid. For age equal 1 we have :

Gage
e

(
1,
ne + 1

2

)
= 1 Gh

e (1, ie) = 0 ∀ie 6=ne+1
2
.

Then we have for h ≥ 2:

Gage
e (h, ie) =

ne∑
k=1

Gh
e (h− 1, k)Pe (k, ie) .

The stochastic component of the agent’s productivity follows a three state first order
Markov process where zs ∈ {H,L, 0} and the transition matrix is given by

Πz =

 1− p1 − p2 p1 p2

0 1− p2 p2

0 0 1

 .
We assume that individuals whose permanents ability zp > zmed = 1 start life in state zs = H

and the rest starts at state zs = L. We further assume that p1 = 0.05 and p2 = 0.03.
The effective productivity of the agent depends on the permanent and stochastic com-

ponents of productivity following:

z = f(zp, zs) =


(zp)λ if zs = H where λ > 1

zp if zs = L

zmin if zs = 0

,

where we set λ = 1.5 and zmin = 0.
The grid for assets ~a has na nodes between amin and amax. The grid is constructed as

follows:
ai = amin + (i− 1)γa

amax − amin
na − 1

,
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where:
na = 201 amin = 0.0001 amax = 500000 γa = 4.

The maximum age and retirement age are H = 81 and h = 45 respectively, taking 20 as
age 1 in the model. Survival probabilities are constructed using population numbers from
Bell and Miller (2002). Let poph be the population alive at age h, then:

sh =
poph
poph−1

.

When an agent retires at age h she starts receiving social security income yR (κ, eh) that
depends on her type κ and the value of e at retirement in the following way:

yR (κ, e) = Φ (κ, eh)E,

where Φ is the agent’s replacement ratio, a function that depends on the agent’s type and
last transitory shock to labor productivity, and E corresponds to average earnings in the
economy, given by: E = WN

Ih1
, where W is the economy wide wage, Ih1 ≤ 1 is the measure of

agents in working age, and N is the total number of effective hours worked in the economy:

N =
h−1∑
i=1

∫
ŷh (κ, e)nh (s) dΓh (ds) .

The replacement ratio is progressive and satisfies:

Φ (κ, e) =



0.9y(κ,e)
y

if y(κ,e)
y
≤ 0.3

0.27 + 0.32
(
y(κ,e)
y
− 0.3

)
if 0.3 < y(κ,e)

y
≤ 2

0.91 + 0.15
(
y(κ,e)
y
− 2
)

if 2 < y(κ,e)
y
≤ 4.1

1.1 if 4.1 < y(κ,e)
y

,

where y (κ, e) is the average efficiency units that an agent of type κ gets conditional on
having a given eh = e.

y (κ, eh) =
1

h

h−1∑
h=1

∫
ŷh (κ, e) dΓh (da, dz, κ, de) ,

the integral is taken with respect to the stationary distribution of agents by age and is taken
over all possible asset holdings, types z, and histories of e such that eh is the one given in
the left hand side. Finally y is the average of y (κ, e) across κ and e.
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The value of E is determined in equilibrium, since it depends on the agent’s decisions and
the equilibrium wage, but the value of Φ can be obtained immediately since it only depends
on the efficiency units and not on the labor supply decision of the household. Moreover, even
though its definition involves the stationary distribution, only the distribution over age, κ
and e is relevant for the calculations.

The values of y (κ, e) and y are obtained through simulation using the following algorithm:

1. Choose a cohort size for the simulation. In our calibration we use 10 million agents.

2. For each agent draw a permanent labor productivity type κ from the stationary dis-
tribution Gκ.

3. Start each agent with e1 = 1 and iterate forward in life from ages 2 to h − 1 drawing
the realizations of e from the transition matrix Pe.

4. For each agent and at each age (h) compute the efficiency units of labor given by κ
and e:

ŷh (κ, e) = κhκe κh = e
60(h−1)−(h−1)2

1800 .

5. Compute the average efficiency for each combination of
(
κ, eh−1

)
, with that y

(
κ, eh−1

)
is obtained, and for all the agents, which yields y.

6. Use the definition of Φ and the values of y
(
κ, eh−1

)
and y to complete the procedure.

See subroutine “LIFETIME_Y_ESTIMATE” for more details.

1.2 Policy functions

We obtain the policy functions using the endogenous grid method and backward induction,
given prices (r, w) and the evolution of exogenous variables. Let s = (a, zp, κ, e, zs) be the
state vector of an agent of age h. The utility function is

U (c, n) =

(
cγ (1− n)1−γ

)1−σ
1− σ

,

which implies:

Uc (c, n) = γc(1−σ)γ−1 (1− n)(1−σ)(1−γ) Un (c, n) = − (1− γ) c(1−σ)γ (1− n)(1−σ)(1−γ)−1 .

There is also a utility gain from leaving bequests:

v (b) = χ
(b+ b0)

γ(1−σ)

1− σ
with v

′
(b) = χγ (b+ b0)

(1−σ)γ−1
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Capital demand and profits

The production problem of each agent is static in nature and can be solved in isolation
of the other decisions the agent takes. The agent maximizes the profits coming from the
entrepreneurial activity by choosing an optimal capital demand:

π (a, z) = max
k≤ϑa
R (zk)µ − (r + δ) k

in this expression we are already substituting by the optimal demand for intermediate goods
from the final good producer and z = f (zp, zs). The optimal capital demand and corre-
sponding profits are

k (a, z) = max

{(
µRzµ

r + δ

) 1
1−µ

, ϑa

}
π (a, z) =

R (zϑa)µ − (r + δ)ϑa if k (a, z) = ϑa(
1−µ
µ

)
(r + δ)

−µ
1−µ (µRzµ)

1
1−µ otw

.

Non-Labor income

For future reference it will be useful to define the agent’s after tax non-labor income:

Y (a, z) = (1− τa) a+ (ra+ π (a, z)) (1− τk) ,

along with the marginal income generated by an increase in assets:

Ya (a, z) = (1− τa) + (r + πa (a, z)) (1− τk) ,

where:

πa (a, z) =

µp (zϑ)µ aµ−1 − (δ + r)ϑ if ϑa ≤
(
µpzµ

r+δ

) 1
1−µ

0 otw
.

Last period of life

The problem of an agent in its last period of life is:

VH (s) = max
c,a′ ,n,b

U (c, n) + v
(
a
′
)

s.t. (1 + τc) c+ a
′
= Y (a, z) + yR (κ, e)
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The solution is to set:

cH (s) =


Y (a,z)+yR(κ,e)+b0

(1+χb)(1+τc)
if Y (a, z) + yR (κ, e) > b0

χb

Y (a,z)+yR(κ,e)
1+τc

if Y (a, z) + yR (κ, e) ≤ b0
χb

a
′

H (s) =


χb

1+χb

(
Y (a, z) + yR (κ, e)

)
− 1

1+χb
b0 if Y (a, z) + yR (κ, e) > b0

χb

0 if Y (a, z) + yR (κ, e) ≤ b0
χb

nH (s) = 0

where χb = ((1+τc)χ)
1

1−γ(1−σ)

1+τc
.

Retirement period

The problem of an agent during retirement is:

Vh (s) = max
c,a′ ,n

U (c, n) + βsh
∑
zs

Πz

(
zs, zs

′
)
Vh+1

(
a
′
, zp, κ, e, zs

′
)

+ (1− sh) v
(
a
′
)

s.t. (1 + τc) c+ a
′
= Y (a, z) + yR (κ, e) .

The solution for the labor supply decision is to set nh (s) = 0 while the solution for the
consumption saving decision is characterized by the Euler equation:

1

1 + τc
Uc (ch, 0) ≥ βsh

∑
zs

Πz

(
zs, zs

′
)(Ya (a′ , z′)

1 + τc
Uc (ch+1, 0)

)
+ (1− sh) v

′
(
a
′
)

;

a
′

h (s) = Y (a, z) + yR (κ, e)− (1 + τc) ch (s) .

Given the functional form this results in:

ch (s) ≤

[
βsh

∑
zs

Πz

(
zs, zs

′
)(

Ya

(
a
′
, z
′
)(

ch+1

(
a
′
, zp, κ, e, zs

′
))(1−σ)γ−1)

+ (1− sh) (1 + τc) v
′
(
a
′
)] 1

(1−σ)γ−1
;

a
′

h (s) = Y (a, z) + yR (κ, e)− (1 + τc) ch (s) ,

with equality if a′h (s) > amin.
We solve this equation using EGM:
For ages h ∈

{
H − 1, H − 2, . . . , h

}
:

1. Set an a′ ∈ ~a .
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2. Define c̃h
(
a
′
, zp, κ, e, zs

)
as the endogenous consumption implied by a′ :

c̃h

(
a
′
, zp, κ, e, zs

)
=

[
βsh

∑
zs

Πz

(
zs, zs

′
)(

Ya

(
a
′
, z
′
)(

ch+1

(
a
′
, zp, κ, e, zs

′
))(1−σ)γ−1)

+ (1− sh) (1 + τc) v
′
(
a
′
)] 1

(1−σ)γ−1
.

Because of backward induction the policy function ch+1 is already known.

3. This implies an endogenous value of current non-labor income Ỹ
(
a
′) given by:

Ỹ
(
a
′
, zp, κ, e, zs

)
= a

′
+ (1 + τc) c̃h

(
a
′
, zp, κ, e, zs

)
− yR (κ, e)

(a) Obtain the the policy function for consumption by using linear interpolation with
the values of c̃h, at known values of Ỹ , for the values of Y (a, z) implied by the
grid ~a.

(b) The value of a′h (s) is:

a
′

h (s) = Y (a, z) + yR (κ, e)− (1 + τc) ch (s)

where ch is obtained through interpolation.

Two things can go wrong in the process above:

1. This process can induce values of a′ that lie below the minimum value of the grid amin.

(a) In that case set a′h (s) = amin and ch (s) = Y (a,z)+yR(κ,e)−amin
1+τc

.

2. The process above can induce extrapolation if there is an ~ai for which Y (~ai, z) <

Ỹ (amin, z).

(a) In this case the Euler equation we solve numerically for a′h (~ai, z
p, κ, e, zs).

(b) To evaluate the equation, we obtain the value of ch+1

(
a
′
, zp, κ, e, zs

′) through
interpolation because the values of ch+1 are known at the values of the grid ~a.

(c) We use Brent’s minimization method (Numerical Recipes, Ch. 10.2) to minimize
the following objective function:

f
(
a
′
)

=


Y (~ai, z) + yR (κ, e)− a′

−

[
βsh

∑
zs Πz

(
zs, zs

′) (
Ya
(
a
′
, z
) (
ch+1

(
a
′
, zp, κ, e, zs

′))(1−σ)γ−1)
+ (1− sh) (1 + τc) v

′ (
a
′)

] 1
(1−σ)γ−1


2
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(d) Once a′h (s) is obtained consumption is computed as ch (s) =
Y (a,z)+yR(κ,e)−a′h(s)

1+τc
.

It is also possible that a′ is above amax or Y (a, z) > Ỹ (amax, z). This is unlikely to be a
problem because the policy functions imply a′ < a for large enough a.

Working period

The problem of an agent before retirement is:

Vh (s) = max
c,a′ ,n

U (c, n) + βsh
∑
zs′ ,e′

Πz

(
zs, zs

′
)

Πe

(
e, e

′
)
Vh+1

(
a
′
, zp, κ, e

′
, zs

′
)

+ (1− sh) v
(
a
′
)

s.t. (1 + τc) c+ a
′
= Y (a, z) + (1− τl)wŷh (κ, e)n

The solution for this problem is characterized by:

(1− τl)wŷh (κ, e) ≥ −Un (ch, nh)

Uc (ch, nh)
(1 + τc)

Uc (ch, n)

1 + τc
≥ βsh

∑
zs′ ,e′

Πz

(
zs, zs

′
)

Πe

(
e, e

′
)
Ya

(
a
′
, z
) Uc (ch+1, nh+1)

1 + τc
+ (1− sh) v

′
(
a
′
)

a
′

h (s) = Y (a, z) + (1− τl)wŷh (κ, e)nh (s)− (1 + τc) ch (s)

Given the functional form this results in:

ch (s) ≤ γ (1− τl)wŷh (κ, e)

(1 + τc) (1− γ)
(1− nh)

c(1−σ)γ−1 (1− n)(1−σ)(1−γ) ≥ βsh
∑
zs′ ,e′

Πz

(
zs, zs

′
)

Πe

(
e, e

′
)(

Ya

(
a
′
, z
′
)

(ch+1)
(1−σ)γ−1 (1− nh+1)

(1−σ)(1−γ)
)

+ (1− sh) (1 + τc) v
′
(
a
′
)

a
′

h (s) = Y (a, z) + (1− τl)wŷh (κ, e)nh (s)− (1 + τc) ch (s)

with equality if nh (s) > 0 and a′h (s) > amin respectively.
This system is solved using EGM:
For ages h < h:

1. Set an a′ ∈ ~a .

2. Define c̃h
(
a
′
, zp, κ, e, zs

)
as the endogenous consumption implied by a

′ if the labor
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supply is strictly positive:

c̃h

(
a
′
, zp, κ, e, zs

)
=

(
γ (1− τl)wŷh (κ, e)

(1 + τc) (1− γ)

)−(1−σ)(1−γ)
σ

βsh ∑
zs′ ,e′

Πz

(
zs, zs

′
)

Πe

(
e, e

′
)
Ya

(
a
′
, z
′
)
c
(1−σ)γ−1
h+1 (1− nh+1)

(1−σ)(1−γ)

+ (1− sh) (1 + τc) v
′
(
a
′
)]−1

σ
.

Because of backward induction the policy functions ch+1 and nh+1 are already known.

3. This consumption implies a labor supply given by:

ñh

(
a
′
, zp, κ, e, zs

)
= 1− (1 + τc) (1− γ)

γ (1− τl)wŷh (κ, e)
c̃h

(
a
′
, zp, κ, e, zs

)
4. Check if ñh

(
a
′
, zp, κ, e, zs

)
> 0. If not then:

(a) Set ñh
(
a
′
, zp, κ, e, zs

)
= 0.

(b) Set c̃h
(
a
′
, zp, κ, e, zs

)
from the Euler equation as:

c̃h

(
a
′
, zp, κ, e, zs

) βsh ∑
zs′ ,e′

Πz

(
zs, zs

′
)

Πe

(
e, e

′
)(

Ya

(
a
′
, z
′
)
c
(1−σ)γ−1
h+1 (1− nh+1)

(1−σ)(1−γ)
)

+ (1− sh) (1 + τc) v
′
(
a
′
)] 1

(1−σ)γ−1

5. This implies an endogenous value of current non-labor income

Ỹ
(
a
′
, zp, κ, e, zs

)
= a

′
+(1 + τc) c̃h

(
a
′
, zp, κ, e, zs

)
−(1− τl)wŷh (κ, e) ñh

(
a
′
, zp, κ, e, zs

)
(a) Obtain the the policy function for consumption by interpolating the values of c̃h,

at known values of Ỹ , for the values of Y (a, z) implied by the grid ~a. (We use
linear interpolation).

(b) Obtain the policy function for labor from the first order condition as:

nh (s) = max

{
0 , 1− (1 + τc) (1− γ)

γ (1− τl)wŷh (κ, e)
ch (s)

}
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(c) The value of a′h (s) is:

a
′

h (s) = Y (a, z) + (1− τl)wŷh (κ, e)nh (s)− (1 + τc) ch (s)

Two things can go wrong in the process above:

1. This process can induce values of a′ that lie below the minimum value of the grid amin.

(a) Set a′h (s) = amin.

(b) This implies a labor supply given by:

nh (s) = max

{
0 , γ − (1− γ)

(
Y (a, z)− amin

(1− τl)wŷh (κ, e)

)}
(c) This implies a consumption level of:

ch (s) =
Y (a, z) + (1− τl)wŷh (κ, e)nh (s)− a′h (s)

(1 + τc)

2. The process above can induce extrapolation if there is an ~ai for which Y (~ai, z) <

Ỹ (amin, z). We then solve the Euler equation numerically for a′h (~ai, z
p, κ, e, zs).

(a) We interpolate to obtain the values of ch+1

(
a
′
, zp, κ, e

′
, zs

′) and nh+1

(
a
′
, zp, κ, e

′
, zs

′)
and evaluate the first order condition.

(b) We use Brent’s minimization method (Numerical Recipes, Ch. 10.2) for solving
the problem. The objective functions is:

f
(
a
′
)

=


c(1−σ)γ−1 (1− n)(1−σ)(1−γ)

−βsh
∑

zs
′
,e
′ Πz

(
zs, zs

′)
Πe

(
e, e

′) (
Ya
(
a
′
, z
′)

(ch+1)
(1−σ)γ−1 (1− nh+1)

(1−σ)(1−γ)
)

− (1− sh) (1 + τc) v
′ (
a
′)


2

where:

n = max

{
0 , γ − (1− γ)

(
Y (a, z)− a′

(1− τl)wŷh (κ, e)

)}
,

and

c =
Y (a, z) + (1− τl)wŷh (κ, e)n− a′

(1 + τc)
,

(c) Once we obtain a′h (s), we compute consumption and labor supply as in the pre-
vious step.
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As before, a′ can also be above amax or Y (a, z) > Ỹ (amax, z). This is unlikely to be a
problem because the policy functions imply a′ < a for large enough a.

1.3 Production

The final good is produced by a public corporate sector and by an aggregator that uses as
inputs the output of individual producers. We also consider an extension where the output
of the public and private sectors is combined through a Cobb-Douglas technology. See the
paper for details.

The Public Corporate Sector

Final good, Y , is produced using a Cobb-Douglas technology with constant returns to scale
that combines capital and labor,

YC = ACK
αC
C L1−αC

C

The firms in the corporate sector are price takers and their optimal choices are characterized
by:

r + δ = αCAC

(
KC

LC

)−(1−αC)
w = (1− αC)AC

(
KC

LC

)αC
In our baseline we set AC = 0.

The Private Corporate Sector

The final good, Y , is produced according to a Cobb-Douglas technology,

YP = QαL1−α
P , (1)

where L is effective labor, and Q is the CES composite of intermediate inputs, xi:

Q =

(∫
xµihdidh

)1/µ

. (2)

The final goods producing sector is competitive, so the profit maximization problem is

max
{{xih},LP }

(∫
xµihdidh

)α/µ
L1−α
P −

∫
pihxihdidh− wLP ,

where pi is the price of the intermediate good i. The first-order optimality conditions yield
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the inverse demand (price) function for each intermediate input and the wage rate:

p (xih) = αxµ−1ih Qα−µL1−α
P w = (1− α)QαL−αP . (3)

Intermediate Goods Producers

There is a continuum of intermediate goods, each produced by a different individual according
to a linear technology,

xih = zihkih, (4)

where kih is the final good (consumption/capital) used in production by entrepreneur i, and
zih is her stochastic and idiosyncratic entrepreneurial productivity at age h. For clarity, we
suppress the subscripts i and h when possible.

Every period, the individual/entrepreneur chooses the optimal capital level to maximize
profit:

π (a, z) = max
k≤ϑ(z)a

{p (zk)× zk − (r + δ) k} , (5)

where δ is the depreciation rate. The price of the differentiated good in (3) can be written
as: p (zk) = R× (zk)µ−1 , where R ≡ αQα−µL1−α

P , yielding the solution

k (a, z) = min

{(
µRzµ

r + δ

) 1
1−µ

, ϑ(z)a

}
, (6)

with the associated maximized profit function

π (a, z) ≡

R (zϑ(z)a)µ − (r + δ)ϑ(z)a if k (a, z) = ϑ(z)a

(1− µ)Rzµ
(
µRzµ
r+δ

) µ
1−µ if k (a, z) < ϑ(z)a

. (7)

1.4 Prices

Given a distribution Γ and policy functions for consumption, labor, saving and capital de-
mand one can update the aggregate prices of the economy.

1. Guess a level of Q and a level of wage w.

2. From the optimality condition of the private corporate sector obtain the demand for
labor: LP =

(
1−α
w

) 1
α Q.

3. Using Q and LP obtain R = αQα−µL1−α
P .
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4. From the optimality conditions of the public corporate sector obtain that sector’s ratio

of capital to labor: KC
LC

=
(

w
(1−αC)AC

) 1
αC .

5. From the optimality conditions of the public corporate sector obtain the interest rate:

r = αCAC

(
KC
LC

)−(1−αC)
− δ.

6. Given r and R solve the problem of the intermediate goods producers. Use the distri-
bution Γ to aggregate the demand for capital in the private corporate sector:

KP =
H∑
h=1

∑
a,zp,κ,e,zs

k (a, z) Γ (h, a, zp, κ, e, zs)

7. Given the solution to the intermediate goods producers problem and w, solve the
dynamic programming problem of the consumers. Use the distribution Γ to aggregate
the supply of assets (capital) and labor:

A =
H∑
h=1

∑
a,zp,κ,e,zs

aΓ (h, a, zp, κ, e, zs)

LS =
h−1∑
h=1

∑
a,zp,κ,e,zs

(ŷh (κ, e)nh (a, zp, κ, e, zs)) Γ (h, a, zp, κ, e, zs)

(a) Given the solution to the dynamic programming problem the distribution can be
updated by forward iteration following Young (2010)’s histogram method.

8. Capital Market Clearing

(a) If KP < A then KC = A−KP .

(b) if KP > A then see below.

9. Labor demand

(a) If the capital market cleared then obtain labor demand in the public corporate

sector as: LC =
(

w
(1−αC)AC

) −1
αC KC . Then Total labor demand is:

LD = LP + LC =

(
1− α
w

) 1
α

Q+

(
(1− αC)AC

w

) 1
αC

KC

(b) If the capital market did not clear then see below.
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10. Update Prices and Quantities

(a) If capital market cleared.

i. Given the solution to the intermediate goods producers problem and the
distribution Γ obtain the new value of Q:

Q
′
=

(
H∑
h=1

∑
a,zp,κ,e,zs

(zk (a, z))µ Γ (h, a, zp, κ, e, zs)

) 1
µ

ii. Given the current distribution Γ, the current labor supply LS, the current
public corporate sector capital and the new value for Q′ choose w′ to clear
the labor market:

LS =

(
1− α
w
′

) 1
α

Q
′
+

(
(1− αC)AC

w
′

) 1
αC

KC

If αC = α then:

w
′
=

[
(1− α)

1
α Q

′
+ ((1− αC)AC)

1
αC KC

LS

]α

(b) If capital market did not clear the initial Q was too high. Set Q′ = Q/2 and leave
w
′
= w.

Without a public corporate sector (AC = 0) the prices are updated

differently

1. The wage is obtained by directly evaluating the first order condition of the final good
firm:

w = (1− α)

(
Q

N

)α
where:

Q =

(
H∑
h=1

∑
a,zp,κ,e,zs

(zk (a, z))µ Γ (h, a, zp, κ, e, zs)

) 1
µ

N =
h−1∑
h=1

∑
a,zp,κ,e,zs

(ŷh (κ, e)nh (a, zp, κ, e, zs)) Γ (h, a, zp, κ, e, zs)
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2. The average labor income (needed for computing retirement income) is given by:

E =
wN∑h−1

h=1

∑
a,zp,κ,e,zs Γ (h, a, zp, κ, e, zs)

3. The parameter R in the agent’s profit maximization problem is given by:

R = αQα−µN1−α

(a) In the process of converging to the stationary distribution R can explode to
infinity so in practice the formula above is capped by 1. This constraint does not
bind as we achieve convergence.

4. The interest rate has no closed form solution and has to be found numerically.

(a) The interest rate must be such that the demand and supply of capital are equal-
ized.

(b) The supply of capital is given by the total assets in the economy:

A =
H∑
h=1

∑
a,zp,κ,e,zs

aΓ (h, a, zp, κ, e, zs)

(c) The demand for capital is given by:

K (r) =
H∑
h=1

∑
a,zp,κ,e,zs

k (a, z|r) Γ (h, a, zp, κ, e, zs)

where the individual capital demand depends also on the value of the interest
rate.

(d) We use Brent’s minimization method (Numerical Recipes, Ch. 10.2) for solving
the problem. The objective functions is:

f (r) =

(
K (r)

A
− 1

)2

We hold all policy functions and other aggregates constant when finding the prices. In
particular, when finding the interest rate that clears the market the value ofR is not changed,
although the capital demand also depends on R.
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1.5 Distribution

The algorithm to find the stationary distribution is as follows:

1. Guess an initial distribution and initial prices:

In practice we use set the initial distribution to have full support on amin with uniform
weights and assume that both z and κ are drawn from their stationary distribution, e
behaves like in Gh

e , and population by age is like in Bell and Miller (2002):

Γ0 (h, amin, z, κ, e) =
poph∑
poph

Gz (z)Gκ (κ)Gh
e (h, e)

2. Solve for policy functions given current prices.

3. Use Young (2010) histogram method to iterate forward the distribution to get Γi+1.
Repeat this n times.

In practice we use n = 5.

(a) Discretization of policy function: It is necessary to map the continuous policy
function of assets to the discrete grid ~a on which the distribution is defined.

i. For each age h and state s = (a, zp, κ, e, zs) define:

aloh (s) = max
{
ai ∈ ~a|ai ≤ a

′

h (s)
}

that is the element of the grid to the left of a′h (s).

ii. If a′h (s) < amin then set aloh (s) = amin.

iii. If a′h (s) > amax then set aloh (s) = ~ana−1.

iv. Define ahih (s) as the element of the grid to the right of a′h (s) (obtained by
summing one to the index of aloh (s)).

v. Define the weight (probability) on aloh (s) as the relative distance between the
optimal action and the grid node.:

Pr
(
aloh (s)

)
=
ahih (s)− a′h (s)

ahih (s)− aloh (s)

This probability must be adjusted to be between 0 and 1 if necessary.

vi. Define the weight on ahih (s) as Pr
(
ahih (s)

)
= 1− Pr

(
aloh (s)

)
.

(b) Update the distribution.
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i. Agents of age H die and are replaced by agents of age 1 with no assets, e = 1,
zs = H, and z and κ that evolve according to Pz and Pκ. a = amin.

ii. Agents with age h ≥ h have two options:

A. If they don’t die, they become agents of age h+ 1 and they don’t change
their states (zp, κ, e). Their a is updated according to the discretization
described above. zs evolves according to the transition matrix Πz.

B. If they die they, they become agents of age 1 and e = 1, zs = H, z and κ
that evolve according to Pz and Pκ. Their a is updated according to the
discretization described above. (saving occurs before death).

iii. Agents in working age are updated in the same way, but their e state has to
be updated if they continue living.

4. Use the new distribution to update prices.

5. Repeat steps 2–4 until convergence in the distribution is achieved.

max
(∣∣Γi+1 (h, a, zp, κ, e, zs)− Γi (h, a, zp, κ, e, zs)

∣∣) < 10−8

1.6 Value function

The value function can be computed in a straight-forward manner from the policy func-
tions of the agents. The value function is solved by backward induction, and we use linear
interpolation to compute the future value function at the optimal a′ .

1.7 Tax reform

1. Solve the model setting τk = 0.25 and τa = 0.

2. Compute the value function and store it.
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3. Compute government revenue net of social security transfers and store it:

G+ SSP = τk

∫
h,a,S

(ra+ π (a, z)) dΓ (h, a,S)

+ τa

∫
h,a,S

(a) dΓ (h, a,S)

+ τ`

∫
h<R,a,S

(wwh (κ, e) `h (a,S)) dΓ (h, a,S)

+ τc

∫
h,a,S

ch (a,S) dΓ (h, a,S) ,

+ τb

∫
h,a,S

(1− sh+1) ah+1 (a,S) dΓ (h, a,S) , (8)

4. Set τk = 0 and τa = 0.01, solve the model and compute government revenue again.

5. While Gw < G set τa = 0.005 + τa solve the model and compute government revenue.

(a) This is bracketing the level of wealth taxes for which Gw = G.

(b) Let τw be the first wealth for which Gw > G, and τw = τw − 0.005.

(c) Make a guess for the wealth tax for which Gw = G as:

τa = τw +
G−Gw (τw)

Gw (τw)−Gw (τw)
τw

6. Use bisection to find the wealth tax τa such that Gw = G.

(a) If Gw > G then: τw = τa.

(b) If Gw ≤ G then τw = τa.

(c) Let τa =
τw+τw

2
, solve the model and compute Gw

(d) Repeat while
∣∣∣Gw
G
− 1
∣∣∣ > 0.00001.

7. Compute the value function and perform welfare analysis.

1.8 Optimal taxes

Optimal taxes are found by maximizing the average value of a newborn. I first describe how
the objective function is evaluated in the case of capital income taxes. Let f (τk) be the
objective function.

1. Solve the model setting τk = 0.25 and τa = 0.
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2. Compute government revenue net of social security transfers and store it.

3. Fix a value for τk to evaluate the objective function at.

4. Guess a value for τl.

5. Solve for the model and compute G (τk) as in step 2.

6. While
∣∣∣G(τk)

G
− 1
∣∣∣ > 0.00001.

(a) Update τl as:

τ
′

l = τl −
G (τk)−G∑H

h=1

∑
s=(a,zp,κ,e,zs) [wŷh (κ, e)nh (s)] Γ (h, s)

This corresponds to the value of τl that would guarantee G (τk) = G given the
current policy functions.

i. In practice we dampen the adjustment and set:

τl =
τl + τ

′

l

2

(b) Solve for the model and compute G (τk) as in step 2.

7. Evaluate the value function and compute the objective function as:

f (τk) =
∑

s=(a,zp,κ,e,zs)

V1 (s)
Γ (1, s)∑
s Γ (1, s)

2 Simulation

The simulation is not needed to solve the model as well as most statistics we report that
are computed directly from the stationary distribution of agents as described in Ocampo &
Robinson (2022). However, we implement a simulation to compute additional statistics from
the solution. We simulate and track a cohort of N = 20, 000, 000 dynasties for T = 2000

periods. Because of memory requirements the results are not stored as a panel, but as a
cross-section. Only the final simulation period is used to compute statistics. Some statistics
are supplemented by using repeated cross-sections 50 years apart at the end of the sample.

1. Initialize the cohort. For each agent in the cohort (i = 1, . . . , N):
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(a) Draw an age (h), and exogenous states (zp, κ, e) from their stationary distribu-
tions.

(b) Set zp = H and a = amin (for all agents).

2. For t = 1, . . . , T update the states as follows:

(a) Set a = a
′

h (s), where the savings policy function is evaluated at the current states
using linear interpolation (a need not be on the grid).

(b) Draw survival shock from survival probabilities.

i. If the agent survives set h = h+ 1 and update zs using Πz. If h+ 1 < h then
also update e using Pe.

ii. If the agent does not survive set h = 1 and update z and κ using Pz and Pκ.
Set zs = H and e = 1.

3. Policy and value functions can be evaluated for each agent in the cohort once the
simulation ends.

3 Progressive labor income taxes

Consider now labor taxes such that the after tax labor income is given by:(1− τl) (wŷh (κ, e)nh (s))ψ.
The following parts of the above procedures need to be modified.

Policy Functions - Working period

The first order condition for labor is now:

ψ (1− τl) (wŷh (κ, e))ψ nψ−1h

Uc (ch, nh)

1 + τc
≥ −Un (ch, nh)

Given the functional form this results in:

ch (s) ≤ γψ (1− τl) (wŷh (κ, e))ψ nψ−1

(1 + τc) (1− γ)
(1− nh)

with equality if nh (s) > 0. This condition can no longer be solved directly for labor as a
function of consumption so a different approach is taken.

This system is solved using EGM:
For ages h < h:

1. Set an a′ ∈ ~a .
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2. Let n > 0 be a lower bound on the interior solution for hours and define two alternative
consumption levels:

c̃1 =

βsh ∑
zs′ ,e′

Πz

(
zs, zs

′
)

Πe

(
e, e

′
)(

Ya

(
a
′
, z
′
)

(ch+1)
(1−σ)γ−1 (1− nh+1)

(1−σ)(1−γ)
)

+β (1− sh) v
′
(
a
′
)] 1

(1−σ)γ−1

c̃2 =
γψ (1− τl) (wŷh (κ, e))ψ nψ−1

(1 + τc) (1− γ)
(1− n)

note that the first consumption level follows from the Euler equation if n = 0.

3. If c̃1 ≥ c̃2 then set c̃h
(
a
′
, zp, κ, e, zs

)
= c̃1 and and ñh

(
a
′
, zp, κ, e, zs

)
= 0.

4. If c̃1 < c̃2 then there is an interior solution for the labor supply ñh
(
a
′
, zp, κ, e, zs

)
.

The solution must be obtained numerically. This is done using Brent’s method (Nu-
merical Recipes, Ch. 10.2). The objective function is the Euler equation where the
consumption is given by the labor supply condition:

f (n) =


(
γψ(1−τl)(wŷh(κ,e))ψnψ−1

(1+τc)(1−γ)

)(1−σ)γ−1
(1− n)−σ

−

[
βsh

∑
zs′ ,e′ Πz

(
zs, zs

′)
Πe

(
e, e

′)
Ya
(
a
′
, z
′)
c
(1−σ)γ−1
h+1 (1− nh+1)

(1−σ)(1−γ)

+β (1− sh) v
′ (
a
′)

]


2

5. Define c̃h
(
a
′
, zp, κ, e, zs

)
as the endogenous consumption implied by a′ and ñh

(
a
′
, zp, κ, e, zs

)
:

c̃h

(
a
′
, zp, κ, e, zs

)
=
γψ (1− τl) (wŷh (κ, e))ψ ñh

(
a
′
, zp, κ, e, zs

)ψ−1
(1 + τc) (1− γ)

(
1− ñh

(
a
′
, zp, κ, e, zs

))

6. This implies an endogenous value of current non-labor income Ỹ
(
a
′) given by:

Ỹ
(
a
′
, zp, κ, e, zs

)
= a

′
+(1 + τc) c̃h

(
a
′
, zp, κ, e, zs

)
−(1− τl)

(
wŷh (κ, e) ñh

(
a
′
, zp, κ, e, zs

))ψ
(a) Obtain the the policy function for consumption by interpolating the values of c̃h,

at known values of Ỹ , for the values of Y (a, z) implied by the grid ~a.

i. We use linear interpolation.

(b) Obtain the policy function for labor from the first order condition numerically by
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minimizing the following function:

f (n) =

(
ch (s)− γψ (1− τl) (wŷh (κ, e))ψ nψ−1

(1 + τc) (1− γ)
(1− n)

)2

(c) The value of a′h (s) is obtained as:

a
′

h (s) = Y (a, z) + (1− τl) (wŷh (κ, e)nh (s))ψ − (1 + τc) ch (s)

Two things can go wrong in the process above:

1. This process can induce values of a′ that lie below the minimum value of the grid amin.

(a) Set a′h (s) = amin.

(b) Labor supply is found by numerically solving the first order condition. For this
we use Brent (as in all cases) on the following objective function:

f (n) =

 (
Y (a, z) + (1− τl) (wŷh (κ, e)nh (s))ψ − amin

)
−γψ(1−τl)(wŷh(κ,e))ψnψ−1

(1+τc)(1−γ) (1− n)

2

(c) This implies a consumption level of:

ch (s) =
Y (a, z) + (1− τl) (wŷh (κ, e)nh (s))ψ − a′h (s)

(1 + τc)

2. The process above can induce extrapolation if there is an ~ai for which Y (~ai, z) <

Ỹ (amin, z).

(a) In this case the Euler equation is solved numerically for a′h (~ai, z
p, κ, e, zs).

(b) To evaluate the equation the value of ch+1

(
a
′
, zp, κ, e, zs

′) and nh+1

(
a
′
, zp, κ, e, zs

′)
are obtained through interpolation.

(c) Brent’s minimization method (Numerical Recipes, Ch. 10.2) is used for solving
the problem the objective functions is:

f
(
a
′
)

=

 c(1−σ)γ−1 (1− n)(1−σ)(1−γ)

−βsh
∑

zs′ ,e′ Πz

(
zs, zs

′)
Πe

(
e, e

′)
Ya
(
a
′
, z
′)
c
(1−σ)γ−1
h+1 (1− nh+1)

(1−σ)(1−γ)

−β (1− sh) v
′ (
a
′)


2
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where n is obtained numerically as in the previous case and:

c =
Y (a, z) + (1− τl) (wŷh (κ, e)n)ψ − a′

(1 + τc)

(d) Once a′h (s) is obtained consumption and labor supply are computed as in the
previous step.

Government revenue

The government labor tax revenue is computed as:

H∑
h=1

∑
s=(a,zp,κ,e,zs)

[
wŷh (κ, e)nh (s)− (1− τl) (wŷh (κ, e)nh (s))ψ

]
Γ (h, s)

Optimal taxes

The objective function now has two arguments.

1. Solve the model setting τk = 0.25 and τa = 0.

2. Compute government revenue net of social security transfers and store it.

3. Fix a value for τk and ψ to evaluate the objective function at.

4. Guess a value for τl.

5. Solve for the model and compute G (τk) as in step 2.

6. While
∣∣∣G(τk)

G
− 1
∣∣∣ > 0.00001.

(a) Update τl as:

τ
′

l = τl −
G (τk)−G∑H

h=1

∑
s=(a,zp,κ,e,zs) [wŷh (κ, e)nh (s)]ψ Γ (h, s)

This corresponds to the value of τl that would guarantee G (τk) = G given the
current policy functions.

i. In practice we dampen the adjustment and set:

τl =
τl + τ

′

l

2
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(b) Solve for the model and compute G (τk) as in step 2.

7. Evaluate the value function and compute the objective function as:

f (τk, ψ) =
∑

s=(a,zp,κ,e,zs)

V1 (s)
Γ (1, s)∑
s Γ (1, s)

4 Wealth tax threshold

Consider now a case where wealth taxes are progressive and take the form of a piecewise
linear function on assets The after tax non-labor income is defined as:

Y (a, z) =

a+ (ra+ π (a, z)) (1− τk) if a ≤ a

a− τa (a− a) + (ra+ π (a, z)) (1− τk) if a > a

where a is the threshold level for the tax, and τa is the tax rate above the threshold.
This tax schedule introduces a non-convexity into the agent’s problem, since the marginal

benefit of an extra unit of assets is not differentiable for a = a. Otherwise the problem is just
as before. In general the threshold can depend on total before tax non-labor income Y (a, z).
We write the problem below in that way. To deal with this non-convexity we modify the
algorithm for finding the policy functions as follows:

1. For each z find az such that Y (a, z) = Y .

2. Let ~az = ~a ∪ {az}nzz=1 be the expanded grid that contains the original grid nodes and
the grid nodes for which Y (a, z) = Y .

3. Set a′ ∈ ~az.

4. If Y
(
a
′
, z
′) 6= Y for all z′ reached with positive probability then apply the EGM as

described above.

5. If Y
(
a
′
, z
′)

= Y for any z
′ reached with positive probability then apply the EGM

twice.

(a) For z′ such that Y
(
a
′
, z
′)

= Y we solve for the policy functions given no wealth
tax .

(b) For z′ such that Y
(
a
′
, z
′)

= Y we solve the for the policy functions given a tax
τa.
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(c) These policy functions describe an inaction region for which the agent chooses to
stay just at the threshold.

6. The rest of the EGM procedure follows as before by interpolating to get policy functions
on the exogenous grid.

5 Transition

We now consider the problem of a transitioning economy that starts in steady state and
reacts to a tax reform. We first describe the transition when moving from the benchmark
tax policy (τk, τa, τl), to a new one with taxes τ∞k , τ∞a , τ∞` . The change is unexpected and
permanent. The government can borrow and save along the transition to finance any budget
surplus or deficit. After describing this transition we discuss how to choose the value of new
taxes to ensure that the government budget is balanced in the limit.

To make the explanation of the transition clearer we slightly change the notation used
above. Let V i

t (s) be the value function of an agent in state s = (h, a, zp, κ, e, zs) in period
t of the transition during iteration i of the algorithm. Note that the state vector s includes
the age of the agent. We let t = 0 be the initial steady state and t = T the final period of the
transition (for which all variables have reached the steady state under the new tax policy).
The same goes for policy functions

(
e.g. a′it (s)

)
and the distribution of agents (Γit (s)).

5.1 Initialization of algorithm

To initialize the algorithm we first solve it assuming that the government can borrow from
third party sources that lend at the same interest rate as the spot bond market in the
economy.

1. Compute the steady state solution of the model under the initial tax policy (τk, τa, τl)

and the final tax policy (τ∞k , τ
∞
a , τ

∞
` )

2. Guess a path for the aggregate variables {Q0
t , L

0
t , r

0
t }
T
t=0 that are consistent with the

initial and final steady states.

(a) The first time we perform this step we use a linear transition path between steady
state values for each variable.

(b) Otherwise, use the path from the previous iteration.
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3. Define paths for
{
Y i
t ,Ri

t, w̄
i
t, y

i
t

}T
t=0

consistent with the equilibrium:

Y i
t =

(
Qi
t

)α (
Lit
)1−α Ri

t = α
(
Qi
t

)α−µ (
Lit
)1−α

wit = (1− α)
(
Qi
t

)α (
Lit
)−α

yit =
witL

i
t

IR

where IR is the fraction of the population below retirement age (R).

4. Solve the dynamic programming problem of the household for all states (s) and periods
of the transition (t = 1, . . . , T ). The problem is solved by backwards induction and
provides a sequence of value and policy functions

{
V i
t (s) , a

′i
t (s) , . . .

}T
t=1

.

The problem takes as given the path for
{
Qi−1
t , Li−1t , ri−1t , Y i−1

t ,Ri−1
t , w̄i−1t , yi−1t

}T
t=0

.

This is the lengthiest step in the procedure.

5. Solve forward the transition path of the distribution {Γit (s)}Tt=1 given the policy func-
tion for savings

{
a
′i
t (s)

}T
t=0

taking as initial condition the initial steady state distribu-
tion.

6. Compute government debt at the end of the periods. Debt is initialized at zero (Db = 0)

and is updated recursively for t = 1, . . . , T as:

Dbt = (1 + rt)Dbt−1 +

G0 −Gt︸ ︷︷ ︸
Deficit

 ,

where G0 is the government’s revenue (and expenditure) in the initial steady state,
and Gt is the government revenue in period t. The interest rate on debt is taken from
the current period. Government operates at the end of the period and this debt is
taken out of the savings of the agents in the economy to pay the deficit and roll-over
old debt.

7. Compute path for aggregate variables {Qi
t, L

i
t}
T
t=1 implied by policy functions and dis-

tribution.

Qi
t =

(∫ (
xit (s)

)µ
dΓit (s)

)1/µ

Lit =

∫
w (s) `it (s) dΓit (s)

8. Re-do Step (3) to update
{
Y i
t ,Ri

t, w̄
i
t, y

i
t

}T
t=0

.

9. Compute path for interest rate {rit}
T
t=0 that clears the intra-period bond market. For
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every t choose rit that solves:∫ (
a− kd

(
a, zp, zs; rit,Ri

t

))
dΓit (s) = 0,

where kd (a, zp, zs; rit,Ri
t) is the optimal demand of capital of a firm with assets a and

productivity
(
zP , zs

)
at the (already updated prices) {Ri

t} and the new interest rate
rit.

(a) The supply of assets is kept constant with respect to rit, and that the problem is
solved statically, without taking into account the effects of future and past interest
rates on asset accumulation. The demand of assets depends on the updated prices
(w,R) for the current period.

10. Repeat (4)-(9) until convergence in terms of the change in the distribution or the
aggregate variables Q and L.

11. Compute the government’s steady state deficit:

GT −G0 − rDb

Adjust taxes (say labor income taxes) to close the steady state deficit. Repeat algo-
rithm under new taxes.

The output of this algorithm provides a starting point for the next step. The solution is
approximate because it is ignoring the effect of the government in the capital market.

5.2 Transition algorithm with closed financial markets

The algorithm works just as before but it replaces step (9) with:

9′. Compute path for interest rate {rit}
T
t=0 that clears the intra-period bond market taking

into account the government’s demand for assets.∫ (
a− kd

(
a, zp, zs; rit,Ri

t

))
dΓ̃it

(
s; rit

)
− ωDbt−1 = 0,

where ω is a dampening factor that we progressively increase from 0 to 1.

(a) The demand for capital does not depend on the inter-temporal choices of the
agents. It is completely determined by the current period prices (Ri

t, r
i
t).
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(b) The choice of rit affects the consumption-saving problem of agents and through
it the current supply of assets. To capture this we solve the following auxiliary
problem for each state s = (h, a, zp, κ, e, zs)

max
c̃t−1,ñt−1,ã

′
t−1

U (c̃t−1, ñt−1) + βshEe′ ,zs′
[
Ṽ
(
h+ 1, ã

′

t−1, z
p, κ, e

′
, zs

′
;Ri

t, r
i
t, c

i
t, n

i
t

)]
s.t. (1 + τc) c̃t−1 + ã

′

t−1 = Ỹ
(
a, z;Ri

t−1, r
i
t−1
)

+ Y n
(
ñt−1, s;w

i
t−1
)

Note: The state s includes age.

Note: We are using the updated prices including {wit}
T
t=1.

Note: We are holding fixed all future consumption and labor choices
{
ciq, n

i
q

}T
q=t

at the optimal value found in step (4), before having updated prices.

Because we don’t let future consumption or labor react we are capturing only the
change in savings due to the change in the returns to assets. Without taking into
account the effect on resources in future periods.

(c) The problem above can be solved with the same EGM method used in our main
algorithm:

i. Set an a′ ∈ ~a .

ii. If the labor choice is positive: ñ > 0, then current consumption solves:

c̃ =

(
γ (1− τl)wit−1ŷh (κ, e)

(1 + τc) (1− γ)

)−(1−σ)(1−γ)
σ

[
βshEe′ ,zs′

(
Ỹa

(
a
′
, z
′
;Ri

t, r
i
t

)(
cit

(
s
′
))(1−σ)γ−1 (

1− nit
(
s
′
))(1−σ)(1−γ))]−1

σ

where s
′

=
(
h+ 1, a

′
, zp, κ, e

′
, zs

′). This consumption implies a labor supply
given by:

ñ = 1− (1 + τc) (1− γ)

γ (1− τl)wit−1ŷh (κ, e)
c̃

check that labor satisfies non-negative if so jump to (iv), if not go to (iii).

iii. If the labor choice is zero: ñ = 0, then current consumption solves:

c̃ =

[
βshEe′ ,zs′

(
Ỹa

(
a
′
, z
′
;Ri

t, r
i
t

)(
cit

(
s
′
))(1−σ)γ−1 (

1− nit
(
s
′
))(1−σ)(1−γ))] 1

(1−σ)γ−1

where s
′
=
(
h+ 1, a

′
, zp, κ, e

′
, zs

′).
iv. This implies an endogenous value of current non-labor income Ỹ

(
a
′) given
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by:
Ỹ
(
a
′
, zp, κ, e, zs

)
= a

′
+ (1 + τc) c̃− Y n

(
ñ, s;wit−1

)
A. Obtain the the policy function for consumption by interpolating the values

of c̃t−1 (s), at known values of Ỹ , for the values of Y (a, z) implied by the
grid ~a. We use linear interpolation.

B. Obtain the policy function for labor from the first order condition as:

ñt−1 (s) = max

{
0 , 1− (1 + τc) (1− γ)

γ (1− τl)wit−1ŷh (κ, e)
c̃t−1 (s)

}
C. The value of a′h (s) is:

ã
′

t−1 (s) = Ỹ
(
a, z;Ri

t−1, r
i
t−1
)

+ Y n
(
ñt−1 (s) , s;wit−1

)
− (1 + τc) ch (s)

v. Use the new auxiliary savings function a
′

h (s) for updating the distribution
of assets in period t

(
Γ̃it

)
taking as given the distribution in t − 1

(
Γit−1

)
.

This step is only relevant for periods t = 2, . . . , T because the distribution in
period t = 1 is fixed. The change in the distribution is not used for future
dates.

We solve this until ω = 1 and all the debt is absorbed by the local market.
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