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Previous Work

OCDE: Partial and GE models.

DNPENSION. Have a microdata approach that can be

complementary.

World Bank. PROST Model.

IMF: GFM and GIMF. Candidate.(Non-Ricardian Features ;

Short Run E�ectiveness and Long Run Sustainability -> Fiscal

De�cits, Current Account De�cits, etc.)
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Population

New Generations Z0 born each period (time is indexed by t )

New generations︷︸︸︷
Z0,t

Past generations

= (1+ xt)
︷ ︸︸ ︷
Z0,t−1 ,∀t > 0

And dynamic probabilities βa,t+a determine the survival of each
cohort

Za,t =

Survival Probs︷ ︸︸ ︷
βa,t+a Z0,t
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Population

Working age population P is de�ned as

Pa,t+a = za,t+aZa,t+a, za,t+a = 1 if 0≤ a≤ 7 za,t+a = 0 instead

Working age population includes employees n, unemployees u and pensioners p

Pa,t = [na,t + ua,t + pa,t ]Pa,t

People above working age population can be pensioners with pr < 1:

Za,t = [pa,t + p̌a,t ]Za,t , for a≥ R
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Population

Retirees in the Public Scheme are all eligible candidates ϕ̂ :

pensioners stock︷︸︸︷
pPu

a,t =

affiliates︷ ︸︸ ︷
va−(a−R),t−(a−R)

previous and current candidates︷ ︸︸ ︷
a−R

∑
i=0

ϕ̂
Pu
a−i ,t−i , for a≥ R

Once maximum retirement age R is achieved:

pPu
a,t = pPu

a−1,t−1, for a≥ R
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Candidates for pension: Public Scheme

Eligible candidates are a result of non-meditated decisions
(early members a�liationsα), switchingς :

a�liates at t︷︸︸︷
va,t =

a�liates at t−a

[
︷ ︸︸ ︷
αt−a (

members out�ow

1−
︷ ︸︸ ︷
ςt−(a−(R−κ)) ) +

members in�ow

(1−αt−a)

︷ ︸︸ ︷
ς

pr
t−(a−(R−κ))

], for a≥ R

And labor histories

ϕa,t =

People with at least 1.300 work weeks︷ ︸︸ ︷
tr(Λa−1,t+a−1Ξ′a−1,t−1) if a = R

where
Ξa,t,{i ,j} =

{
1 if ϑa,i ,j ≥ γ

0 otherwise
for a = R
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Candidates for pension: Public Scheme

t = 0→ Λ1,t =

[
EE UE
EU UU

]
=

[
EE UE
EU UU

][
E 0

0 U

]

t = 1→Λ2,t+1 =

[
EEE UEE EUE UUE
EEU UEU EUU UUU

]
=

[
EE UE
EU UU

][
EE UE 0 0

0 0 EU UU

]

ϑa+1 = [1+ϑa : ϑa], with ϑ0 =

[
1

0

]
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Candidates for Pension: Private Scheme

Individual accounts balance at age R are

ιR,t = [τw ]Pr
t


RR,t−R

...

R1,t−1
1

 ,
where Ra,t+a is the cummulative compounded interest rate.

Minimum balance requirement

ka,t =
T−a

∑
i=0

(1+ εt+i )w0,t+i (1+4t+i )
i

∏
i
j=0Rt+j

βa+i ,t−i

βa,t
(1+ µt+i ),R ≤ a≤ R

Diego Zamora Fiscal Model



Motivation
The Model

Results
Summary

Model Overview
Demographics
Labor Market
Households
Firms
Government
Wages and Capital Markets
Intertemporal general equilibrium

Candidates for Pension: Private Scheme

Individual accounts balance at age R are

ιR,t = [τw ]Pr
t


RR,t−R

...

R1,t−1
1

 ,
where Ra,t+a is the cummulative compounded interest rate.

Minimum balance requirement

ka,t =
T−a

∑
i=0

(1+ εt+i )w0,t+i (1+4t+i )
i

∏
i
j=0Rt+j

βa+i ,t−i

βa,t
(1+ µt+i ),R ≤ a≤ R

Diego Zamora Fiscal Model



Motivation
The Model

Results
Summary

Model Overview
Demographics
Labor Market
Households
Firms
Government
Wages and Capital Markets
Intertemporal general equilibrium

Candidates for Pension: Private Scheme

Elegibility by capital balance in the private scheme is therefore:

ϕ
k
a,t = Pr(ιa−1,t+a−1 ≥ ka,t )

Labor histories and contributions are stored in [τw ]Pr
t

[τw ]Pr
t =



τPr
t−T w0,t−T τPr

t−T +1w1,t−T +1 · · · τPr
t wR,t

0 τPr
t−T +1w1,t−T +1 · · · τPr

t wR,t

.

.

.
.
.
.

.

.

.
.
.
.

0 0 0 τPr wR,t

0 0 0 0

 , for a = R

ϕ
lh
a,t = ϕa,t (γ

Pr |ιa,t+a < ka,t )

Diego Zamora Fiscal Model



Motivation
The Model

Results
Summary

Model Overview
Demographics
Labor Market
Households
Firms
Government
Wages and Capital Markets
Intertemporal general equilibrium

Candidates for Pension: Private Scheme

Elegibility by capital balance in the private scheme is therefore:

ϕ
k
a,t = Pr(ιa−1,t+a−1 ≥ ka,t )

Labor histories and contributions are stored in [τw ]Pr
t

[τw ]Pr
t =



τPr
t−T w0,t−T τPr

t−T +1w1,t−T +1 · · · τPr
t wR,t

0 τPr
t−T +1w1,t−T +1 · · · τPr

t wR,t

.

.

.
.
.
.

.

.

.
.
.
.

0 0 0 τPr wR,t

0 0 0 0

 , for a = R

ϕ
lh
a,t = ϕa,t (γ

Pr |ιa,t+a < ka,t )

Diego Zamora Fiscal Model



Motivation
The Model

Results
Summary

Model Overview
Demographics
Labor Market
Households
Firms
Government
Wages and Capital Markets
Intertemporal general equilibrium

Outline

1 Motivation

2 The Model

Model Overview

Demographics

Labor Market

Households

Firms

Government

Wages and Capital Markets

Intertemporal general equilibrium

3 Results

Diego Zamora Fiscal Model



Motivation
The Model

Results
Summary

Model Overview
Demographics
Labor Market
Households
Firms
Government
Wages and Capital Markets
Intertemporal general equilibrium

Job seekers and trade

At age a job seekers Ω are:

Ωa,t =

fired+unemployed︷ ︸︸ ︷
[1− (1−χt )na−1,t−1]

not retirees︷ ︸︸ ︷
(1−pa,t )Pa,t

where χ is the rate of job destruction.

The Matching function take V vacants and Ω job seekers as inputs:

Mt = M (Vt ,Ωt )

Then, the probability pt of �nd a job in period t is the ratio:

pt =
Mt

Ωt
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Employment - Unemployment Transitions

All new generations are job seekers, so employment state Ψ0,t

in the �rst period of job is

Ψ0,t =:

[
n0,t
u0,t

]
=

[
pt

1−pt

]
.

Which describes the transition between states:

Ψa,t = Φt+aΨa−1,t−1,

with transition matrix

Φt+a =

[
(1−χt) + χtpt+a pt

χt (1−pt+a) 1−pt+a

]
for 0≤ a≤ R−1.
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Households problem

The problem for each cohort is to maximize welfare

W H
t = max

[ca,t+a ,sa,t+a]

T−1

∑
a=0

(
1

1+ θ
)a

βa,t+a[U(ca,t+a)−dnna,t+a]Z0,t

Subject to the intertemporal budget constraint

wage taxes

[

︷ ︸︸ ︷
(1− τ

w
t+a)

wages︷ ︸︸ ︷
wa,t+ana,t+a

un. insurance︷ ︸︸ ︷
+bu

a,t+aua,t+a

public+private pensions︷ ︸︸ ︷
+PPa,t+a]za,t+a

solidarity+public+private pensions

(

︷ ︸︸ ︷
P̌Pa,t+a + PPa,t+a + WWt )(1−za,t+a)

savings returns

+

︷ ︸︸ ︷[
βa−1,t+a−1

βa,t+a

]ω

Rt sa−1,t+a−1=

cons. taxes︷ ︸︸ ︷
(1+ τ

c
t+a)

consumption︷ ︸︸ ︷
ca,t+a

current savings︷ ︸︸ ︷
+sa,t+a + BH

a,t+a
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Households Problem

Households will save until welfare of less consumption today

equates the gains of more consumption tomorrow:

U ′ca,t+a

1+ τc
t+a

=
Rt+a+1

1+ θ

U ′ca+1,t+a+1

1+ τc
t+a+1
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Firms

Aggregate e�ective labor

Ht =
R

∑
a=0

ha,tNa,t

Value of the �rm

W F
t = max

Kt ,Vt

{
F (Kt ,Ht)−vtKt −

R

∑
a=0

(1+ξt)wa,tNa,t −aVt

}
+

W F
t+1

Rt+1

FOC

vt = Fk , a = qt

R

∑
a=0

Ωa,t

Ωt

∂W F
t

∂Na,t
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Transfers I

Pension bene�ts

pension︷︸︸︷
bt =

effective replacement rate︷︸︸︷
pe

t

IBL︷ ︸︸ ︷
γ

∑
i=0

wa−1,t−1
γ

Total transfer expenditures: �withdrawals�+pensions+Rais
Transefers+solidarity

Tt =

”withdrawals”︷ ︸︸ ︷
ρt va,t (1−pPu

R,t
)[τw ]Pu

t ZR,t

+ Pensional Payments

ppPu
a,t = vR,t−(a−R)[

a

∑
i=R

bt+R−i pa+R−i ,t+R−i ]Za,t , for a ε(R,R)

ppPu
a,t = ppPu

a−1,t−1, for a > R
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Transfers II

+ Pensional Payments:= PPPu
t = ∑

T
i=R ppPu

i ,t

+ Goverment to RAISTransfers:=

GRt = (1−vR,t)(1−pR,t)1[τPuw ]tZR,t

+Solidarity:=SSt = ∑
T
i=R

bt(1− p̌i ,t)Zi ,t + ∑
R
i=0 b

u
t ui ,tZi ,t

Total transfer expenditures: �withdrawals�+pensions+RAIS
Transfers+solidarity

Tt =

withdrawals︷ ︸︸ ︷
ρt va,t (1−pPu

R,t
)[τw ]Pu

t ZR,t +

pensions︷ ︸︸ ︷
PPPu

t +

RAIS .T︷︸︸︷
GRt +

Solidarity︷ ︸︸ ︷
SSPu

t

Diego Zamora Fiscal Model



Motivation
The Model

Results
Summary

Model Overview
Demographics
Labor Market
Households
Firms
Government
Wages and Capital Markets
Intertemporal general equilibrium

Transfers II

+ Pensional Payments:= PPPu
t = ∑

T
i=R ppPu

i ,t

+ Goverment to RAISTransfers:=

GRt = (1−vR,t)(1−pR,t)1[τPuw ]tZR,t

+Solidarity:=SSt = ∑
T
i=R

bt(1− p̌i ,t)Zi ,t + ∑
R
i=0 b

u
t ui ,tZi ,t

Total transfer expenditures: �withdrawals�+pensions+RAIS
Transfers+solidarity

Tt =

withdrawals︷ ︸︸ ︷
ρt va,t (1−pPu

R,t
)[τw ]Pu

t ZR,t +

pensions︷ ︸︸ ︷
PPPu

t +

RAIS .T︷︸︸︷
GRt +

Solidarity︷ ︸︸ ︷
SSPu

t

Diego Zamora Fiscal Model



Motivation
The Model

Results
Summary

Model Overview
Demographics
Labor Market
Households
Firms
Government
Wages and Capital Markets
Intertemporal general equilibrium

Transfers II

+ Pensional Payments:= PPPu
t = ∑

T
i=R ppPu

i ,t

+ Goverment to RAISTransfers:=

GRt = (1−vR,t)(1−pR,t)1[τPuw ]tZR,t

+Solidarity:=SSt = ∑
T
i=R

bt(1− p̌i ,t)Zi ,t + ∑
R
i=0 b

u
t ui ,tZi ,t

Total transfer expenditures: �withdrawals�+pensions+RAIS
Transfers+solidarity

Tt =

withdrawals︷ ︸︸ ︷
ρt va,t (1−pPu

R,t
)[τw ]Pu

t ZR,t +

pensions︷ ︸︸ ︷
PPPu

t +

RAIS .T︷︸︸︷
GRt +

Solidarity︷ ︸︸ ︷
SSPu

t

Diego Zamora Fiscal Model



Motivation
The Model

Results
Summary

Model Overview
Demographics
Labor Market
Households
Firms
Government
Wages and Capital Markets
Intertemporal general equilibrium

Transfers II

+ Pensional Payments:= PPPu
t = ∑

T
i=R ppPu

i ,t

+ Goverment to RAISTransfers:=

GRt = (1−vR,t)(1−pR,t)1[τPuw ]tZR,t

+Solidarity:=SSt = ∑
T
i=R

bt(1− p̌i ,t)Zi ,t + ∑
R
i=0 b

u
t ui ,tZi ,t

Total transfer expenditures: �withdrawals�+pensions+RAIS
Transfers+solidarity

Tt =

withdrawals︷ ︸︸ ︷
ρt va,t (1−pPu

R,t
)[τw ]Pu

t ZR,t +

pensions︷ ︸︸ ︷
PPPu

t +

RAIS .T︷︸︸︷
GRt +

Solidarity︷ ︸︸ ︷
SSPu

t

Diego Zamora Fiscal Model



Motivation
The Model

Results
Summary

Model Overview
Demographics
Labor Market
Households
Firms
Government
Wages and Capital Markets
Intertemporal general equilibrium

Government Balance

Government Balanced Budget (τc
t )

τ
c
t Ct +CTPu

t +RGt = Gt +Tt +mgft

where mgft =

{
MGFt if MGFt ≤ 0

0 if MGFt > 0
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Wages and Capital Market

Wages are renegotiated every period by a standard Nash
bargaining rule

max
wa,t

(
∂W F

t

∂Na,t

)1−η
(

1

u′ca,t

∂W H
t

∂Na,t

)η

Return on equities must equal the market interest rate (Qt is
total value of �rm at t)

Qt+1 + Πt+1

Qt
= Rt+1

Then, equilibrium in capital markets is

Kt+1 + Qt =
R

∑
a=0

sa,t Za,t + Ft + MGFt
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Pension Funds

Pension funds evolve in accordance with returns, private

pensions, withdrawals, contributions, and PAYG transfers

Ft = (1+ rt)Ft−1 +CTPr
t −WW Pr

t −PPk,Pr
t +GRt −RGt

Minimun Guarantee Fund

MGFt = ψCTPr
t + (1+ rt)MGFt−1−PP lh,Pr

t
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Equilibrium

De�nition

Given the demographic and policy variables and the initial

population, an intertemporal equilibrium with perfect foresight and

labor market frictions is such that:

1 Savings, consumption and retirement decisions maximize

households' utility subject to budget constraint
2 Capital, posted vacancies and output maximize Firms pro�t.
3 The matching technology is satis�ed.
4 Wages are negotiated following a Nash bargaining rule.
5 Consumption taxes are set by the Government to balance its

budget
6 There are no arbitrage possibilites between equities and bonds.

Diego Zamora Fiscal Model



Motivation
The Model

Results
Summary

Model Overview
Demographics
Labor Market
Households
Firms
Government
Wages and Capital Markets
Intertemporal general equilibrium

Equilibrium

De�nition

Given the demographic and policy variables and the initial

population, an intertemporal equilibrium with perfect foresight and

labor market frictions is such that:

1 Savings, consumption and retirement decisions maximize

households' utility subject to budget constraint
2 Capital, posted vacancies and output maximize Firms pro�t.
3 The matching technology is satis�ed.
4 Wages are negotiated following a Nash bargaining rule.
5 Consumption taxes are set by the Government to balance its

budget
6 There are no arbitrage possibilites between equities and bonds.

Diego Zamora Fiscal Model



Motivation
The Model

Results
Summary

Model Overview
Demographics
Labor Market
Households
Firms
Government
Wages and Capital Markets
Intertemporal general equilibrium

Equilibrium

De�nition

Given the demographic and policy variables and the initial

population, an intertemporal equilibrium with perfect foresight and

labor market frictions is such that:

1 Savings, consumption and retirement decisions maximize

households' utility subject to budget constraint
2 Capital, posted vacancies and output maximize Firms pro�t.
3 The matching technology is satis�ed.
4 Wages are negotiated following a Nash bargaining rule.
5 Consumption taxes are set by the Government to balance its

budget
6 There are no arbitrage possibilites between equities and bonds.

Diego Zamora Fiscal Model



Motivation
The Model

Results
Summary

Model Overview
Demographics
Labor Market
Households
Firms
Government
Wages and Capital Markets
Intertemporal general equilibrium

Equilibrium

De�nition

Given the demographic and policy variables and the initial

population, an intertemporal equilibrium with perfect foresight and

labor market frictions is such that:

1 Savings, consumption and retirement decisions maximize

households' utility subject to budget constraint
2 Capital, posted vacancies and output maximize Firms pro�t.
3 The matching technology is satis�ed.
4 Wages are negotiated following a Nash bargaining rule.
5 Consumption taxes are set by the Government to balance its

budget
6 There are no arbitrage possibilites between equities and bonds.

Diego Zamora Fiscal Model



Motivation
The Model

Results
Summary

Model Overview
Demographics
Labor Market
Households
Firms
Government
Wages and Capital Markets
Intertemporal general equilibrium

Equilibrium

De�nition

Given the demographic and policy variables and the initial

population, an intertemporal equilibrium with perfect foresight and

labor market frictions is such that:

1 Savings, consumption and retirement decisions maximize

households' utility subject to budget constraint
2 Capital, posted vacancies and output maximize Firms pro�t.
3 The matching technology is satis�ed.
4 Wages are negotiated following a Nash bargaining rule.
5 Consumption taxes are set by the Government to balance its

budget
6 There are no arbitrage possibilites between equities and bonds.

Diego Zamora Fiscal Model



Motivation
The Model

Results
Summary

Model Overview
Demographics
Labor Market
Households
Firms
Government
Wages and Capital Markets
Intertemporal general equilibrium

Equilibrium

De�nition

Given the demographic and policy variables and the initial

population, an intertemporal equilibrium with perfect foresight and

labor market frictions is such that:

1 Savings, consumption and retirement decisions maximize

households' utility subject to budget constraint
2 Capital, posted vacancies and output maximize Firms pro�t.
3 The matching technology is satis�ed.
4 Wages are negotiated following a Nash bargaining rule.
5 Consumption taxes are set by the Government to balance its

budget
6 There are no arbitrage possibilites between equities and bonds.

Diego Zamora Fiscal Model



Motivation
The Model

Results
Summary

Model Overview
Demographics
Labor Market
Households
Firms
Government
Wages and Capital Markets
Intertemporal general equilibrium

Equilibrium

De�nition

Given the demographic and policy variables and the initial

population, an intertemporal equilibrium with perfect foresight and

labor market frictions is such that:

1 Savings, consumption and retirement decisions maximize

households' utility subject to budget constraint
2 Capital, posted vacancies and output maximize Firms pro�t.
3 The matching technology is satis�ed.
4 Wages are negotiated following a Nash bargaining rule.
5 Consumption taxes are set by the Government to balance its

budget
6 There are no arbitrage possibilites between equities and bonds.

Diego Zamora Fiscal Model



Motivation
The Model

Results
Summary

Employment by Age

Diego Zamora Fiscal Model



Motivation
The Model

Results
Summary

Coverage

Diego Zamora Fiscal Model



Motivation
The Model

Results
Summary

Coverage

Diego Zamora Fiscal Model



Motivation
The Model

Results
Summary

Coverage: optative MGF

Diego Zamora Fiscal Model



Motivation
The Model

Results
Summary

Main economic variables
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Summary

This macroeconomic framework can be an alternative baseline

for a comprehensive �scal model at MHCP.

Several kinds of shocks can be modeled to get estimates of key

variables.

Outlook

Multiple wage paths
Next step could be the Chilean IMF (GIFM) approach.
AFPs remuneration incentives.
International Capital Markets.
Aggregate uncertainty.
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