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I ntroduction

Governments often promise aminimum leve of benefits under an accumulation
scheme. If future does not turn out to be rasy, what is the likdlihood thet the government
hasto foot the bill of this guarantee? This question have been sudied early onin the
Canadian context by Pesando (1982). It has been recently discussed in the US context by
Mitchell and Lachance (2002), Congtantinides et d (2001) and Smetters (2001). Our
sudy examines the nature of this guarantee in Mexico. In Mexico, unlike the US, such
promises are already explicit in a system where individual accounts are a reality since
1997. Shah (2003) conducted ancther study in a developing country. Once again, the
sudy was done on a hypothetica basis as no pension privatization scheme exigsin India

Using the actua experience of the past eight years (1995-2005), and including actud
features of the Mexican system, we cal culate the probability distribution of such
promises. In Mexico, the government has promised under the newly privatized publicly
mandated scheme, aminimum pension guarantee (MPG) for the workers who have been
in the labor force before July 1997. What effect does this guarantee have on the pension
sysem? What are the chances that an affiliate will actualy have to be supported by the
government under the minimum pension guarantee scheme? Clearly, the results will
depend on the earnings of the individua over time and on the uncertainty of the rates of

return proportioned by ther investments. In this paper, we caculate these probabilities.



Figure 1: AFORE as an option for the worker
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Figure 1 shows that the MPG provides a floor for the penson benefits that a
worker can get if the funds accumulated falls short of one minimum saary (the MPG
promised by the government). Thus, it is like an option written by the government a no
cost to the worker because the guarantee is offered without cost. The option may be
exercised a retirement with an exercise price equd to the MPG. I the accumulated
astsin theindividud account are less than the MPG, the option isin the money. The
worker will exercise the option. The government (and by implication, taxpayers) will
therefore assume the difference in vaue of the MPG and the assets in the fund.
Background on Penson Reform in Mexico

In 1997, Mexico moved from a defined benefits system (ala US Socid Security)
to adefined contribution system (ala Chile). The system is publidly mandated but funds
are privately managed. The funds are cadled AFORES (Administradoras de Fondos para
e Retiro). There are three components to each fund: government component, private
compulsory component and private voluntary component. There is a government
contribution. There is dso a government guarantee that sets a floor vaue of one
minimum salary current as of July 1, 1997 indexed for inflation.

The minimum wage is an important concept in Mexico for wage setting. The
government from time to time resets the minimum wage. Many types of wage
negotiations are based on the vaue of the minimum wage. Minimum wage is not fixed in
red terms. It isfixed in nomind pesos It is adjusted by legidation from time to time.
Therefore, it might be fixed in the short run but not necessarily in the long run. Over the
long run, the minimum wage has risen by less then the rate of inflation. Minimum wage

is st differently in different parts of the country. It islower in rural aress. However,



when people talk about the minimum wage, they are usudly taking about minimum
wage in Mexico City. In 1997, the minimum wage in Mexico City (lower in rurd aress)
was about US$3.20 per day.

On duly 1, 1997, the new privately administered but government mandated system
of retirement program came into existence in Mexico. This system has private companies
operating pension funds. Each company operating apension fund iscaled an
Adminigtradora de Fondos de Retiro or an AFORE. The invesment fund, run by the
company is independent of the parent company, it is cdled a SIEFORE (Sociedad de
Inverson en Fondos de Retiro).

Each worker has an account with an AFORE. Funds are generated by
accumulation of contributions by the individua and by the yield generated by investment
by the AFORE. Thus, the contribution and the performance of the fund will soldy
determine each person's pengon benefit. The law also set a minimum pension guarantee.

Thereisathree way split, the employer pays 1.75%, the worker pays 0.625% and
the rest is paid by the government. Thisis cdled Seguros de Invadidez y Vida (IV). This
IV component is different from RCV under the new system. Under RCV, thereisdso a
three way split on contribution. The contribution of the employer is5.15% of wages The
employee contributes 1.125%. Thus, the total contribution of the employer and employee
IS 6.225%. The government aso will contribute an additional amount independent of the
wage of the person (more on that below). Table 1 below sets out the difference in the old
pay as you go scheme versus the new publicly mandated and privatdy funded penson

schemes.



Social Quota

The government contributes an additiona amount independent of the wage of the
person. Thisadditiond contribution is called the Socid Quota (cuota socid). This
additiond amount is 5.5% of the minimum in the Federd Didtrict of Mexico (aso cdled
Mexico D.F., the municipdity of Mexico City, exduding surrounding areas) as of July 1,
1997. Therefore, thisamount isvariable in thefollowing sense. For aperson earning an
equivdent of aminimum sdary, this amounts to 5.5% of hisor her sdary dong with the
other contribution of 6.5%. Hence, the total contribution amounts to 12% of the sdary.
Onthe other hand, a person earning 10 times the minimum sdary, the socid contribution
isonly 0.55% of wages. Thus, hisor her totd contribution will amount to 7.05% of
wages, amuch smdler proportion. Of course in absolute amount this contribution will
be a much bigger number. There is a second important dement of this socid quota: this
segment of the contribution is exempt from charges imposed by an AFORE. Thus, this

portion accumulates without any fees.



Table 1: Contribution to Pensonsin Mexico before and after Reform
beforereform  after reform

Contributions DOSL RDO LDA
IMSS contribution 85% 45% 4.0%
SAR sub-account 2.0% 2.0%

INFONAVIT 50% 5.0%

Cuota Socid - 2.0%

Totd 13.5%

Contributors 15.50% 17.50%

Employer 12.95% 12.99%

Employee 2.125% 2.125%

Government 0.425% 2425%

Notes Cuota sodd is government contribution under the new regime. It is not exactly
2.0%, it isset a 5.5% of minimum wage. Hence it varies with thewagerate. In 1997,
the contributed amount was 2.0% for average worker. DOSL = Disahility, Old age,
Severance a Old age, and Lifeinsurance. 1t wasdso cdled IVCM. RDO = Retirement,

sevearance a Old age, and Old age. LDA = Life and disgbility assurance.

Changesin Invessment Regime

The invesment portfolio of the privatized government mandated penson funds

permitted by law in Mexico used to be extremely limited. CONSAR had set out the

generd rules of investment under various circulars. These rules as they gpplied in 1997

aeligedin Table2

Table 2: Pension Fund I nvestment Guideines circa 1997

Types of Assets % of asset value
| Inflation Linked Bonds 51% minimum
[laBonds issued by either the Federa Government or Banco de Mexico 100% max

[1b Bondsissued by ether the Federd Government or Banco de Mexico 10% max

in USdadlars

I1c Corporate bonds, Bank issued bonds, Financid intermediary bonds 35% max

I1d Bonds issued by banks and other financid intermediaries 10% max

Ile Repurchase Agreements 5% max

[1f Checking accounts $250,000 max
[llaBonds issued by asingle issuer (except Federd Government or 10% max
Banco de Mexico)

[11b Bonds issued by a company where fund manager has interest 5% max

[1lc Bondsissued by companies as parts of Sngle holding company 15% max
I11d % of asngle issue (except Federd or Banco de Mexico) 10% max

IV Bonds with maturity less than 183 days 65% min




Severd features of the investment regime are worth noting. Fird, dl invesments
have to bein the form of bonds and nothing dse. Second, there is arequirement of a
minimum of 51% invesment to be made in inflation linked bonds. Third, & lesst 65% of
dl the bonds hdd have to have a maturity of 163 days or less. For a newly founded
system, the firgt two redtrictions made sense. Mexico has suffered high voldility in the
gock market. Thus, dlowing for invesment in stocks right off the bat may not be agood
ideato earn credibility of the affiliates. The second restriction dso makes sensefor a
country thet has suffered over 50% inflation rate as recently as 1995. However, having dl
penson funds investing the vast mgority of their fundsin short term bonds (less than 6
months of maturity) makes much less sense. At the time, the funds held their portfolios
with bond maturity of less than 100 days. For funds that will pay in twenty to thirty years,
thisis a severe and unnecessary redtriction.

For private sector investment, the theoretica limit was 35%. But, for private
bonds, it not only specifies the amount, but dso the qudity of investment. For example,
the minimum bond rating (by Standard and Poors) should be a the minimum mxA -3 for
the short run and mxAA for the long run. In practice, very limited number of companies
could comply with such highly rated bonds and hence, the AFOREs held vary little of the
private bonds.

The investment regime has been relaxed in 2005. Each AFORE isdlowed to have
two separate portfolios. Thefirgt portfolio is more conservative than the second one. The
second oneisalowed to invest in not just bonds but as well as gocks aslong asthereis
cgpital guarantee. Not al workers are digible to choose Fund 2. Only workers of age 55

or bdow can choose Fund 2.



Table 3: Investment Regimes of AFOREs in 2005

SIEFORE Fund 1 SIEFORE Fund 2

Type Upper Upper

Limit Limit
Government bonds 100% 100%
Private debt with ratings
MA-1+ and MXAAA L 100% 100%
Private debt with ratings 0 0
XA -1 and MYAA! v % v %
Private debt with ratings N
MxA-2 and mxA % v >
Vdue of foreign debt 20%
Foreign debt \" 20%
Structured notes with
capitd protection v 15%

With this rlaxation of requirements it is il difficult for the fundsto invest in

gocks The gructured notes with capita protection only dlow the AFORES to congtruct

synthetic options for gock market participation. Direct participation in socksis il not

possible. In the future, participation in the sock market might become possible. In the

following section, we examine how the portfolios of the AFORES have behaved over the

past eight years.

! Private debt with ratings by Standard & Poor’s




Structure of investment portfolio

Table 4 shows how the average portfolio of the AFORES have evolved over time.
During thefirg year of operation, the AFORES had over 96 percent of their investment in
government bonds. Mogt of these bonds had maturity of less than 9x months. Thus, the
basic portfolio composed of mostly short term government bonds. By 2005, the Situation
has changed. The government bond till accounts for dmost 83 percent of totd

investment. But the average maturity of the bonds have increased to four years.

Table 4: Portfalio of the AFOREsin Mexico

State Corporate | Financid Other Liqud Totd
1997 96.46% 0.00% 0.95% 2.59% 0.00% 100.00%
1998 9R2.8% 3.09% 0.00% 4.02% 0.00% 100.00%
1999 954% 247% 0.0% 0.00% 0.00% 100.00%
2000 89.95% 5.55% 166% 2.83% 0.00% 100.00%
2001 87.72% 8.5%% 134% 2.34% 0.00% 100.00%
2002 8141% 15.27% 0.96% 2.36% 0.00% 100.00%
20083 82.31% 1543% 061% 0.00% 1.65% 100.00%
004 84.52% 14.38% 044% 0.00% 0.66% 100.00%
2005 8291% 12.24% 1.66% 0.00% 2.34% 100.00%

Sources. www.figp.d supplemented by data from www.consar.gob.mx. Note: Each year
the figure reported is for the month of June.

Table5: Portfolio of the AFPsin Chile

State Corporate | Financid Foreign Liqud Totd
1996 42.10% 32.77% 24.56% 0.54% 0.02% 100.00%
1997 395%% 28.96% 30.13% 1.25% 0.08% 100.00%
1998 40.96% 21.17% 32.05% 5.73% 0.09% 100.00%
1999 34.5%% 18.26% 33.70% 1342% 0.03% 100.00%
2000 3B73% 17.57% 35.62% 10.88% 0.19% 100.00%
2001 3B02% 184% 33.08% 1335% 0.06% 100.00%
2002 20.9% 18.44% 35.04% 1641% 0.11% 100.00%
2003 24.710% 24.01% 271.2% 2388% 0.11% 100.00%
2004 1867% 24.41% 2953% 21.25% 0.14% 100.00%
2006 18.08% 24.84% 20.02% 2795% 0.12% 100.00%

Sources www.figp.d supplemented by data from Superintendent of Pension in Chile,
Note: Each year the figure reported isfor the month of June.




To contrast the Stuation in Mexico, we compare the average portfolio of the AFPs
in Chile. Table 5 shows that the investment in the government sector has dramétically
fdlen from 42 percent to 18 percent. Interestingly, foreign investment has taken up the
entire shift in the portfolio. With liberdization of invesment, we might see Smilar
changesin the portfolio compostions in Mexico.

Who isdigible for the minimum pension

The Federa Government offers MPG free of charge. It offers alife annuity of the
equivaent of one minimum sdary to be paid monthly indexed to the inflation (as
measured by the consumer price index in Mexico called INPC). The payment will be
made to al workerswho satisfy the following reguirements®: (1) Contribute at least 1250
weeks, 24 years, in the sysem. The payments do not have to be continuous. Under the
old pay asyou go system, to qudify for the old age pension, a person hasto have a
minimum contribution of 500 weeks and aged 65 years (60 years for people classfied as
"too old towork™). For people to be digible to collect disability pension, a leest 150
weeks of contribution is required. In addition, it requires a certification from IMSS about
the disability. However, the contribution had to be continuous. Therefore, aperson
contributing one month less than the required number of months would lose the right for
apension entirdly. (2) The person has 65 years of age. (3) The amount of resources
accumulated & the point of retirement isinsufficient for buying alife annuity equivalent

of the minimum pension guarantee Thus, the cost of financing such aminimum pension

2 Ley del Seguro Social, Article 170.
% Ley del Seguro Social, Article 171.



guarantee is aliability for the government. Our paper is an atempt to value such a
libility.
How many are getting minimum pension?

The number of people who are getting minimum penson isrisng over time. The
total number of people receiving minimum pension under the new regimeis given in the
following Fgure x. Snce the sygem isin itsinfancy, the number of people recaiving it is
very smdl. Asthe sysem matures, over the next three decades, the number will rise

reaching severd millions.

Figure 22 Number of minimum pension recipients 1997-2005 (August)
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Modding the Cost of Minimum Pension Guarantee

Investment
We assumethat afraction ? (lambda) of the accumulated resources of the
individua account will be invested in stocks and the rest (2?) will beinvested in bonds.

We assume that the bonds are risk free and the entire risk comes from stock portfolio. We



will aso assume that thisfraction lambdawill stay congtant throughout the investment
period. We assume that the stock portfolio hasaNormd digtribution with mean my and
dandard deviation sy We explain this assumption in our context further below.
Commissions

In our caculations, we use the commissons charged in April 2005. Commissions
areamoving target. Over time, the structure of commissions have changed. For example,
one company used to charge on red rate of return. The company now charges on the flow
of funds. A number of companies have merged with others. Their commisson structures
have changed after the mergers. Some new companies have sarted operating. However,
for dl our caculaions, we do take into account the discounts offered by the AFORES.
Many AFOREs dlow areduction in commission for every year a person stays with that
AFORE.
Contributions

We congder two separate sets of contributions. (1) The contribution of 6.5
percent of the base sdary for each worker. (2) The contribution of 5.5 percent of
minimum salary contributed by the government. It is necessary to treat these two sets
separately as the contribution from the base sdary atracts commissons of the AFORES
but by law, the government contribution does not. (3) We cdculate everything on the
bass df amonthly contribution. There is athird component of 5 percent of the base
sdary that goes into a separate housing account. It is not part of the retirement account. In

our caculation, the housing account is not taken into account.



Inflation

Since 1998, inflation in Mexico has come down to asngle digit. The centrd bank
has become independent. We can reasonble suppose that the monetary palicy in the
future will ensure that inflation stays under control. All our caculations are caculated in
rea terms using the pesos of April, 2005. There are two dementsin the calculations that
are rdated to inflation adjustment: minimum sdary and socid quota. We are going to
assume that both of them are adjusted for inflation one for one.
Sary

We assume an initid sdary of W which has a congtant annud increment of 2W.
For the change of sdary over time, we consider two scenarios for the vaue of AV.

Congant sdlary over time. Thereisno red increase in saay. In other words,
?W=0 for dl periods

Thereis a congant increase in sdary over the yearsin red terms AWW=2.5
percent. This increase does not change over time.
It should be noted thet for workers with earnings between the equivaent of one minimum
sdary and three minimum sdaries, the sdary increase in red terms has been dlose to zero
in the decade of 1996-2005. In the subsequent discussion, dl sdaries are expressed in
multiples of minimum salary current in April of 2005. The vdue of the minimum sdary
in April 2005 was $45.24 pesos daily. However, the socid quota and the minimum
pension guarantee are by law set for July 1997. Therefore, for al our cdculations, the
minimum wage used for caculating the socid quotaand minimum pension guarantee are

St a $53.6 pesos dally adjugting for inflation during July 1997 and March 2005.



Figure 3: Salary structure of workersin Mexico covered by the system 2004
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Figure 3 above shows the sdary sructure of workers covered in the forma
system. More than haf the workers earn below the equivalent of 3 times the minimum
sdary. What we shdl show isthat for workers earning 3 times the minimum sdary or
lessare mogt likdy to dam minimum saary bendfits. Therefore, the mgority of the

workers are likdy to meke that daim.
Periods of contributions

For this paper, we assume two sets of periods of contributions 40 years and 25
years with aretirement age of 65. Thefirg period is based on the idea that aworker is
likely to work full time between age 25 and 65 therefore working full time over aperiod
of 40 years. The sacond period of contribution of 25 yearsis the minimum required for

being digible for a minimum pengon. Although it is unlikely thet full time mae workers



will bein the labor force for 25 years only, the caculation isimportant for the following
reason. About hdf of the people in the labor force in Mexico work in the informa sector.
So, it iseasy for workers to complete 25 years of work in the forma labor force, acquire
the right to minimum pension and then work in the informa sector. In the past, we have
seen such Stuaions in ahigh number of cases (where, under the old system, the workers
acquired the right to a pension only after ten years of work). In both caculaions, we
assume the total number of years of contribution is contiguous.

We use the following accumulaion process to generate our scenarios.

V=1 €%V +(1- 1 )d+r,)V, +C,

wheret refersto aperiod witht=0,1,2,..., T.
Vi Wesdlth accumulated at time't for the individua account.
? Percentage of wedth invested in stocks at every period t.
Mt (Variable) red rate of return of ocks a timet.
fi Fixed red interest rate earned by government bonds.

C Worker contribution a timet

The contribution & timet C; has three separate dements that varieswith timet.

C, =(.065- Com)BS +cs

C Net contribution of the worker at timet.

Com Commission charged by the AFORE a timet. This amount varies with time
because the discount the AFORES offer.

BS Basdayatimet.

cs Socid quota



To keegp the number of scenarios manageable, we take the AFORES which charge
the most and the AFORES which charge the least amount of commissions aswell asthe
average commission of dl the AFOREs as of April 2005.

We use the above equations to work out 1,000 trgectories for each sdlary leve for
different vaues of lambdafor T =480 and T = 300 months (recdl that our andysisis
done using monthly data— 480 months correspond to 40 years and 300 months
correspond to 25 years).

To carry out the andysis we need two sets of interest rates. Firgt, we need a
variable rate of return (rm), and we need afixed rate of return rs. For rv, wetake IPC
(indice de Precios y Cotizaciones) — the broad stock market index in Mexico. To use that,
we need to assume adidtribution of the red rate of return in Mexico. Taking the data

from January 1997 and April 2005, we fitted a digtribution asfollows

ry. L Normal(m,,s ) with the following parameters
nw = .00757452 (equivdent to a 9.48% annud rate)
Sm=7.12315%.
Before proceeding, we tested for Normdity of the rate of return of the IPC for the
given period. Figure 4 below shows a quantile-quantile plot for testing the Normdlity of
the rates of return. It shows that Normdity well approximeates the rates of return. In Table
6 below we adso do a series of forma tests of Normdity of the rates of return. Once

agan, al the standard tests show that we cannot reject Normality of the rates of return.



Figure 4: Quantile-quantile plot for therates of return of |PC 1997-2005
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Table 6: Testing for Normality of the rates of return

Hypothess Normd

Included obsarvations 110

Method Vdue | Ad.Vdue Probability
Lillifors 007114 > 0.1
Cramer-von Mises 0.086099 0.086490 0.1708
Watson 0078976 0.079335 0.1809
Anderson-Darling 0486738 0490147 0.2207

For each period, we assume one redlization of this distribution. For risk free
interest rate (rf), we took the real monthly interest rate of BONDES 182 — the Federd
Government bond that pays interest every three months with an inflation protection.

Recdl from Tables 2 and 3 that such bonds form a great part of AFORE portfolios These

government bonds will continue to be the mgor part of portfolios of the AFOREs well



into the next decades. The interest rate was 4.63 percent annud red over the period

January 1997 and April 2005.

In summary, the assumptions of our modd ares

Vduation date of April 2005

Continuous contribution of 25 or 40 years

Retirement age: 65 years

Payment made monthly

Inflation: O percent — dl figures cdculated in red terms

Baze sday (BS) . BS=1, 10, 15, 20 and 25 S\*

Sdaio Minimo (SM). $45.24 pesos dally

Sdaio Minimo of 1997 adjusted for inflation (SMg-) to $53.60 pesos daily
Sdary rise (W). 0%y 2.5% annud

Commissons (Com). Current structure of four AFORES with charges current
at that date taking into account the discount that every AFORE offers.
Contribution (C). 6.5% of base sdlary minus the commissions charged plus
the socid quota (that is free of commissons)

Socid quota $2.94 pesos per day.

Risk free interest rate (r7). 4.63% annud

Variable market rate (rny) is Normd with mean my = 9.48% annud and
Sandard deviation sy = 7.12%

Investment percertage in stocks. | = 0% to 100% with 5% steps.

4 Salario Minimo is the minimum salary current as of April 2005



Formulasfor calculating the single premium and the probability

The guarantee offered by the government is 53.60 pesosin April 2005. In
addition, the guarantee aso contains aclause of the paying 90% of the benefitsto the
surviving spouse. So, we have to take into account a joint pension authorized by the
government. According to the data from the INEGI, the Mexican Census Bureau, the
maority of men of the rlevant age are married and in more than 80 percent of the cases,
the men are between three to five years older than their wives. delos matrimoniosd
hombre es mayor de 3 a5 afios. ® For caculating the Single premium for the annity in
question, we used the following mortdity tables EMSSAH-97 for men and EMSSAM-
97 for women. These are the tables recommended by the CNSF.°

For cdculding the net premium for the Sngle payment annuity, we use the
falowing formula

PN = (SMg, - (9857 +.1407)) - (1+ f +sm)
where
PN Net premium for the annuity
SMo7  Minimum sdlary of 1997 indexed for inflation
X Age a retirement: 65 years
y Age of thewife of the worker, 61 years (the average difference in Mexico
between workers and their wivesis four years)
f Adminigrative and acquigtion fee of 1% (see footnote 6)

sm Security margin 2% (see footnote 6)

5 Data from INEGI, 2000
6 Circular S22.3.4 of the CNSF



Theinterest rate for cdculating the annuity is taken to be 3.5 percent as
recommended by the CNSF (see footnote 6). The amount of the single premium required
to pay the MPG is cdculated a 321,410.00 pesosin April 2005.

Fnally, we cdculate the probability of exercisng the option with the following:

[]
AR
PRO — I$SF; g5 <PN
By = =
where,

PROBgs Probatiility of exercisng the MPG option for the workers whose base

sdayisBS
BS Base day
SFigs Find accumulated sum for indvidual i with initid sdlary BS
PN Net premium cost for the MPG
N Number of times the experiment is conducted.

Conceptudly, we can think of the pension guarantee as an implicit European put
option for the government. At the moment of retirement (maturity dete of the option), the
worker an option offered by the government. If the accumulated vaue of the worker in
his account fals below whét is needed to buy the MPG (caculated a 321,410.00 pesos),

the worker is going to exercise the option.



Thefollowing figure explains the option.

Figure5: The Implicit Put Option

Payoff (T) = max{ MPG - V., 0}

Payoff

>
MPG Vr

Payoff a T denoted by P(T) is vaued asfollows

P(T) = max{PN - V;,G

where,

P(T) Price of the option a the moment of retirement T.

PN Strike Price, net premium of the life annuity eguivaent of the MPG.

V1 Vdue of the underlying asset —the vaue of the asst in the individud

account at time T.



For cdculating the vaue of the option, we use the sandard Black and Scholes
(1973) option vauetion modd. Thismodd holds only under the existence of complete
markets. It is difficult to imagine complete markets in the current context, but we can 4ill
use this pricing to be used as a benchmark.
Results

The results are demondrated in Appendices A, B, and C. Case 1. Theworker isin
the system for 40 years. Thefirg gtriking fegture is that for individuds earning the
equivaent of one minimum sdary, the probability of nat recaiving the minimum pension
is1if low amounts are invested in the high risk/high return asset. This probality
diminishes with rigng invesment in the stock market. The second driking festure is that
with rigng levels of income, this probability fdls rapidly. Case 2: The worker isin the
system for 25 years. Once again, the probaility of not getting minimum pengonisvery
high for low income persons even when the investment in the high risk/high return assst
is high. This probability does not diminish rapidly for rising levels of income.

Inthefind part, we show the vaue of the option usng standard Black-Scholes
vauation mode. Once again, the behavior of the option vaue has the same Structure as
the probahility of not getting the minimum pengon.

Conclusons

Our results show that in many circumgances, the low income individuds are
likely to fall back on the minimum pension. It isthe low income people who arelikely to
have sporadic payments into the system over time. Thus, they are dso more likdy to
become digible by making the minimum number of contributions. It iswel known thet

many employers pay lower sdary “over the table’ and compensate the workers by paying



extra“under thetable” It is beneficid for workers as they do not have to pay taxes on
such undeclared income. If this practice is that widespread, it is quite possible that we
shdl see more than hdf of the workers end up faling back on the minimum pension
benefitsin the forma sector. It gppears from dl the scenarios that investment in the stock

market gppears to be unambiguoudy a good thing.
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Appendix A
Figure 6: The Probability of Not Having Enough with 40 years of contribution

Lambda
Per centage I nvested in Equity

|Incomelevel 0% 15% 50% 75% 100%
1 1.000 0.893 0.268 0.224 0231
2 1.000 0.156 0.103 0.115 0142
3 0 0.008 0.024 0.055 0.087
5 0 0 0.005 0.022 0042
10 0 0 0 0.003 0.009
25 0 0 0 0 0




Appendix B
Figure 7: The Probability of Not Having Enough with 25 years of contribution

Lambda
Percentage Invested in Equity
Income 0% 25% 50% 75% 100%
1 1.00C 1.00C 0.967 0.829 0.728
2 1.00C 1.00C 0.863 0.680 0.603
3 1.00C 1.00C 0.694 0.499 0.443
5 1.00C 0893 0.327 0.284 0.297

10 C 0 0034 0.058 0.099

25 C C C 0.001 0.006
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Percentage Invested in Equity
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Figure 8: Option valuefor each level of income and investment composition
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