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2041: the year of complete reshape in population flows
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Inequality along life
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Evolution of Dependency Ratio
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Previous Work

o OCDE: Partial and GE models.

o DNPENSION. Have a microdata approach that can be
complementary.

e World Bank. PROST Model.

e IMF: GFM and GIMF. Candidate.(Non-Ricardian Features ;
Short Run Effectiveness and Long Run Sustainability -> Fiscal
Deficits, Current Account Deficits, etc.)
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Population

@ New Generations Zy born each period (time is indexed by t )
New generations  Past generations
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Population

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

New generations  Past generations

~~ —~
ZO,t :(1 +Xt)ZO,t71 ,Vt>0
@ And dynamic probabilities f3; +1, determine the survival of each

cohort
Survival Probs
—~

Za t = ﬁa,t+a ZO,t

)
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Population

@ Working age population P is defined as

Patta = Zat+aZat+a, Zat+a=1if 0 < a<T 25115 =0 instead
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Population

@ Working age population P is defined as
Patya = ZatraZatta, Zapra=1if 0<a <7 254, =0 instead
@ Working age population includes employees n, unemployees u and pensioners p

Pa‘t = [na,t +uat+ Pa‘t] Pa,t
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Population

@ Working age population P is defined as
Patya = ZatraZatta, Zapra=1if 0<a <7 254, =0 instead
@ Working age population includes employees n, unemployees u and pensioners p
Pt = [nat+ Uat + Pat] Pat
@ People above working age population can be pensioners with pr < 1:

Zyt = [Pa,t +l§a,t] Za,t7 for a > R
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Population

@ Retirees in the Public Scheme are all eligible candidates ¢:

previous and current candidates

pensioners stock ——
A~ affiliates a-R
Pu _f_ —
Pat = Va(a-R)t—(a—R) Z ¢Yie i, fora>R
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Population

@ Retirees in the Public Scheme are all eligible candidates ¢:

previous and current candidates

pensioners stock ——
A~ affiliates a-R
Pu _f_ —
Pat = Va(a-R)t—(a—R) Z ¢Yie i, fora>R

@ Once maximum retirement age R is achieved:
P P B
paft{ = paijl,tflv for a >R
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Candidates for pension: Public Scheme

e Eligible candidates are a result of non-meditated decisions
(early members afiliationsct), switchingg:

affiliates at t affiliates at t —a members outflow members inflow

—~~ —~— —_— T _
Vat = [ot—a (1-6 (a(r-x) )+(1*O‘f*9)§t7(37(54))1' fora>R
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Candidates for pension: Public Scheme

e Eligible candidates are a result of non-meditated decisions
(early members afiliationsct), switchingg:

affiliates at t affiliates at t —a members outflow members inflow

—~~ —~— —_— T _
Vat = [ot—a (1-6 (a(r-x) )+(1*O‘f*9)§t7(37(54))1' fora>R

@ And labor histories

People with at least 1.300 work weeks

Par = tr(/\a,l,t+a,1E;71_t71) ifa=R

where
if Oy >
Sanfig) = { Loif Bay 2y fora=R

0  otherwise pr—
®wnaceon (F'”EWE“,'E
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Candidates for pension: Public Scheme
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Candidates for Pension: Private Scheme

@ Individual accounts balance at age R are
Rr.t-R
Pr
lB;t = [TW]t y
1,t-1

1

where R, ;45 is the cummulative compounded interest rate.
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Candidates for Pension: Private Scheme

@ Individual accounts balance at age R are
Rrt-R
P :
lB;t = [TW]tr y

1,t—1
1

where R, ;45 is the cummulative compounded interest rate.

@ Minimum balance requirement

T-a . . AV o
Kaﬁt: Z (1+8t+l)wo,t+l(1+At+l) Ba-%—l.t—l(1+I~Lt+i)’5§aSﬁ

i ]
i=0 j=0 Rey; Ba.t o IR
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Candidates for Pension: Private Scheme

o Elegibility by capital balance in the private scheme is therefore:

(P,;t =Pr(ta—1,t4a-1 >k, t)
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Candidates for Pension: Private Scheme

o Elegibility by capital balance in the private scheme is therefore:
(P,;t =Pr(ta—1,t4a-1 >k, t)

o Labor histories and contributions are stored in [tw]f"

P P P
T TWo T Tl aWie-Te1 0 T tWg,
P Pro.
0 T TaWie-T41 0 T eWg,
[TW]fr = : : : : ,for a=R
0 0 0 tPrwg,
0 0 0 0
h __ r
Par = @2t (1" [tat+a < Kat) = p—
@) CIENDA ("UEWWS
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Job seekers and trade

@ At age a job seekers Q are:

fired+unemployed not retirees

Qar = [1 - (1 *Xt) ”a—l,t—l](l - Paﬁt)Pa,t

where x is the rate of job destruction.
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Job seekers and trade

@ At age a job seekers Q are:

fired+unemployed not retirees

Qar = [1 - (1 *Xt) ”a—l,t—l](l - Paﬁt)Pa,t

where x is the rate of job destruction.
@ The Matching function take V vacants and Q2 job seekers as inputs:

M = M(V,, Q)
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Job seekers and trade

@ At age a job seekers Q are:

fired+unemployed not retirees

Qar = [1 - (1 *Xt) ”a—l,t—l](l - Paﬁt)Pa,t

where x is the rate of job destruction.
@ The Matching function take V vacants and Q2 job seekers as inputs:

M = M(Vt-,Qt)
@ Then, the probability p; of find a job in period t is the ratio:

_Mt

Ptfﬂft
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Employment - Unemployment Transitions

@ All new generations are job seekers, so employment state W ;
in the first period of job is

Not Pt
Wy =: ’ = .
o= ot = 125
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Employment - Unemployment Transitions

@ All new generations are job seekers, so employment state W ;
in the first period of job is

Not Pt
Wy =: ’ = .
o= ot = 125

@ Which describes the transition between states:
Wa,t = ¢t+a\uafl,t71a
with transition matrix

(I*Xt)“i’xtpt—ﬁ—a Pt forOSaSB_l
Xe(L—pera) 1= peia Qe (@ R

Diego Zamora Fiscal Model
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Households problem

@ The problem for each cohort is to maximize welfare

T-1 g
WH= " max Z (

e 2 ! m)aBaJJra[U(Ca.tJra) - dnna.t+a]ZO,t
at+asdat+al 3—=0
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Households problem

@ The problem for each cohort is to maximize welfare

T-1 g
WH= " max Z (

e 2 ! m)aﬁaﬁra[u(ca.ﬂra) - dnna.t+a]ZO,t
at+asdat+al 3—=0

@ Subject to the intertemporal budget constraint
wage taxes wages un. insurancepublictprivate pensions
———

—_—— —— "
[(1—1f,) Wattalat+a +battaliatta +PPatialzatia

solidarity+public+private pensions savings returns

(o}
} Rtsa—1,t+a-1=

(PPatta+PPatiat WWt)(l—Z:qu.a)Jr [Ba—l.H»a—l
Bat+a

cons. taxes consumption current savings

P — A A

(1+715.) Catta H Qi g TmESEOLN
t+a « +Satrat B, € Kok
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Households Problem

@ Households will save until welfare of less consumption today
equates the gains of more consumption tomorrow:

! /
UCa.,t+a _ Rt+a+1 Uca+1‘t+a+1

1+th+a B 1+6 1+T§+a+1
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o Aggregate effective labor

R
Ht = Z ha,tNa7t

a=0
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o Aggregate effective labor

R
Ht = Z ha,tNa7t

a=0
@ Value of the firm
F R Wti1
We = o) F (K He) = veke = ) (18 waeNoe —aVe oo o
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o Aggregate effective labor

R
Ht = Z ha,tNa7t

a=0
o Value of the firm
F - Wi
W, = max< F (K¢, He) — vi Ky — 1+ WatNat—aVe p+
t K.V, ( t t) tht 2;0( gt) a,t'Va,t t Rt+1
e FOC B
R Q.. owF
a,t t
Vt - Fk a - qt ) TODOS POR UN
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Transfers |

@ Pension benefits

IBL
pension effective replacement rate pm——e—
b _ e 4 Wa-1t-1
t = Pt Z
iz 7
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Transfers |

@ Pension benefits

IBL
pension effective replacement rate pm——e—
b _ e 4 Wa-1t-1
t = Pt Z
iz 7

o Total transfer expenditures: “withdrawals”+pensions+Rais
Transefers+solidarity

" withdrawals”

Te = pevar(1— p2)tw]P ' Zg ,
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Transfers |

@ Pension benefits

IBL
pension effective replacement rate pm——e—
b _ e 4 Wa-1t-1
t = Pt Z
iz 7

o Total transfer expenditures: “withdrawals”+pensions+Rais
Transefers+solidarity

" withdrawals”

Te = pevar(1— p2)tw]P ' Zg ,

@ + Pensional Payments
P c B
ppat = Vﬁ,t_(a_g)[z bty R—iPatR—it+R-i]Zat, for a€(R,R)
=R
= Qe IO
ppL =ppti . 1, fora >R
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Transfers |l

o + Pensional Payments:= PP/ = Z,_Rpp, s
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Transfers |l

o + Pensional Payments:= PP/ :Z,-T:Bppf;’

@ + Goverment to RAISTransfers:=
GR: = (1—vg)(1— PB,t)l[TPuW]tZB.,t

IMHACIEND: TODGSPOR UN
@umaces ( Mopvopas

Diego Zamora Fiscal Model



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

Transfers |l

o + Pensional Payments:= PP/ = Z,_Rpp, s

@ + Goverment to RAISTransfers:=
GR: = (1—vg)(1— PB,t)l[TPuW]tZB.,t

o +Solidarity:=5S; = ¥ 5 b,(1— i) Zic + LR o i uj e Zi v
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Transfers |l

+ Pensional Payments:= PPV = Z,-T:Bppf;’

+ Goverment to RAISTransfers:=

GR: = (1—vg)(1— PB,t)l[TPuW]tZB.,t

+Solidarity:=5S: = LT = be(1— Bi.t) Zi.c + LR o bui i Zis
Total transfer expenditures: “withdrawals’+pensions+RAIS
Transfers+solidarity

withdrawals pensions  pajg T Solidarity

Pu Pu Pu - Pu
Te = pevae(l—pEi)[twlfZg .+ PPEY + GR. + SS%

IMHACIEND: TODGSPOR UN
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Government Balance

e Government Balanced Budget (7f)
t8Ce+ CTP + RG: = Gy + T, + mgf;

MGF, if MGF, <0

where mgf; = ]
0 if MGF; >0
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Wages and Capital Market

@ Wages are renegotiated every period by a standard Nash

bargaining rule
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Wages and Capital Market

@ Wages are renegotiated every period by a standard Nash

bargaining rule
o (WE iy awH !
war \ Nyt uz,, ONat

@ Return on equities must equal the market interest rate (Q; is
total value of firm at t)

Qe+ Meyr

=R
Q: t+1
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Wages and Capital Market

@ Wages are renegotiated every period by a standard Nash

bargaining rule
o (WE iy awH !
war \ Nyt uz,, ONat

@ Return on equities must equal the market interest rate (Q; is
total value of firm at t)

Qe+ Meyr
Q¢

@ Then, equilibrium in capital markets is

= Ret1

R
Ker1+ Qe = Z Sa,tZat + Ft + MGF;
a=0
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Pension Funds

@ Pension funds evolve in accordance with returns, private
pensions, withdrawals, contributions, and PAYG transfers

Fe=(1+r)Fe1+ CTF —ww/r — PPEF" 4 GR, — RG,
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Pension Funds

@ Pension funds evolve in accordance with returns, private
pensions, withdrawals, contributions, and PAYG transfers

Fe=(1+r)Fe1+ CTF —ww/r — PPEF" 4 GR, — RG,
@ Minimun Guarantee Fund

MGF, = wCT!" + (1 + r)MGF,_y — PP
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Equilibrium

Definition

Given the demographic and policy variables and the initial
population, an intertemporal equilibrium with perfect foresight and
labor market frictions is such that:
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households’ utility subject to budget constraint
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Equilibrium

Definition

Given the demographic and policy variables and the initial
population, an intertemporal equilibrium with perfect foresight and
labor market frictions is such that:

© Savings, consumption and retirement decisions maximize
households’ utility subject to budget constraint
@ Capital, posted vacancies and output maximize Firms profit.
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Equilibrium

Definition

Given the demographic and policy variables and the initial
population, an intertemporal equilibrium with perfect foresight and
labor market frictions is such that:

© Savings, consumption and retirement decisions maximize
households’ utility subject to budget constraint

@ Capital, posted vacancies and output maximize Firms profit.

© The matching technology is satisfied.
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Given the demographic and policy variables and the initial
population, an intertemporal equilibrium with perfect foresight and
labor market frictions is such that:

© Savings, consumption and retirement decisions maximize
households’ utility subject to budget constraint

@ Capital, posted vacancies and output maximize Firms profit.

© The matching technology is satisfied.

© Wages are negotiated following a Nash bargaining rule.
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Equilibrium

Definition

Given the demographic and policy variables and the initial
population, an intertemporal equilibrium with perfect foresight and
labor market frictions is such that:

© Savings, consumption and retirement decisions maximize
households’ utility subject to budget constraint

@ Capital, posted vacancies and output maximize Firms profit.

© The matching technology is satisfied.

© Wages are negotiated following a Nash bargaining rule.

@ Consumption taxes are set by the Government to balance its
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Equilibrium

Definition

Given the demographic and policy variables and the initial
population, an intertemporal equilibrium with perfect foresight and
labor market frictions is such that:

© Savings, consumption and retirement decisions maximize
households’ utility subject to budget constraint

Capital, posted vacancies and output maximize Firms profit.
The matching technology is satisfied.

Wages are negotiated following a Nash bargaining rule.
Consumption taxes are set by the Government to balance its
There are no arbitrage possibilites between equities-and bonds.

Diego Zamora Fiscal Model
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Results

Tasa de Ocupacién por Quinquenio - 2015
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Results

Coverage

Proyecciones de Cobertura Pensional en Colombia
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Results

Coverage: optative MGF

Proyecciones de Cobertura Pensional en Colombia
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Results

economic variables

Interest Rates

Wages (change since 2010)
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Cost of Public Pensions (% of GDP)
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Results

Shiny app: interactive
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Results

Shiny: Retirement Age
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Summary

@ This macroeconomic framework can be an alternative baseline
for a comprehensive fiscal model at MHCP.
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Summary
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@ Outlook

e Multiple wage paths

o Next step could be the Chilean IMF (GIFM) approach.
o AFPs remuneration incentives.
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Summary

@ This macroeconomic framework can be an alternative baseline
for a comprehensive fiscal model at MHCP.

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

variables.
@ Outlook
e Multiple wage paths
o Next step could be the Chilean IMF (GIFM) approach.
o AFPs remuneration incentives.
o International Capital Markets.
o Aggregate uncertainty. P— e
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