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Abstract:

Mexico hes adopted a newly privaized penson sysem for dl workers in the formd sector
of the economy. There are 14 retirement funds (AFORES) to choose from. Every worker
is dlowed to switch from one AFORE to ancther every year. What is the best path to
choose if the worker tries to minimize sarvice charges over lifetime? Charges imposed by
the AFOREs vary a grest ded. Some of funds charge according to the flow of money.
Others charge according to the account baance and yet others charge on the rate of return.
Some even charge on a ombingion of some or dl of the factors mentioned. The only way
to work out the optima path is to consder dl the posshble drategies with stochestic interest
rates thet are corrdlated over time. In this paper, we propose a method of working out the
optima path to retirement. The results show that under most possible scenarios there is no
sngle bex AFORE. However, the optimd peath typicdly does not involve switching every
year. Under mogt plausble assumptions, the optimd path involves two or three switches
over thelifetime (30 to 40 years) of afull time worker.



INTRODUCTION

On uly 1, 1997, abrand new privatized scheme of penson came into existence in Mexico.
Each fund in the new system is caled Administradora de Fondos de Retiros or an AFORE.
In early March 1997, 17 AFORES were authorized by the regulatory body called CONSAR.
The AFOREsin Mexico are amilar to the AFPsin Chile. They are private, mogt of them
are subsdiaries of banks and insurance companiesin Mexico and o far, highly regulated in
what kind of market instrument they can invest in. Since itsinception, it has produced quite

anumber of surprising results:
1. Number of &filiates to the system has grown rapidly:

Beow we reproduce (Table 1) the number of affiliateswith each AFORE. Almog 14
million workers have dready sgned up for some AFORE. Thisindudes about 10 million
active contributors (others 4 million are currently not contributing such as unemployed,
recently retired and so on). The totd number of workersin the forma sector isdightly
under 15 million. Thus, what we have represents aremarkably swift move by the workers
to be affiliated with the sysem. In this sense, the system has redlly achieved in avery short
time whet it was supposed to do. Many observers were skeptica about the spread of the

new system. The peed was a surprise.

Tablel
AFORE end of 1998 number of
affiliates

Atléntico Promex 188,205
Banamex Aegon 1,568,595
Bancomer 2,226,239
Bancrecer Dresdner 607,522
Bital 1,304,719
Capitaliza 52,998
Confia Principal 114,340
Garante 1,533,250
Génesis 141,542




Inbursa 316,909
Previnter *
Profuturo GNP 1,929,819
Santander Mexicano 1,968,585
Sdlida Banorte Generali | 1,190,605
Tepeyac 141,282
XXI 423,813
Zurich 119,251
System tota 13827674
*Previnter numbers are shown with Profuturo
Sourcet CONSAR

2. Theamount of money invested:

The amount of money in the system has dso increased seedily. Inthe first year of
exigence (July 1997 and July 1998), the investment was about US$3 hillion (a an
exchangerate of 10 pesos per US dallar). Over the next seven months (July 1998 and
January 1999), another US$3 hillion wasinvested. If thistrend continues, in 25 years,
AFOREs will have 40% of GDP in the system.

3. Theinvesment portfalio:

CONSAR (the regulatory body of AFORES) has stipulated that a minimum of 51% of
investment hasto be in inflation indexed bonds and at least 65% in assats with maturity no
more than 183 days At present (January 31, 1999) over 75% invetment isin inflation
indexed bonds (called BONDE91 and UDIBONOS). Another 15% arein CETES
(Mexican Treasury Bills). The average maturity of the investment portfolio of the sysem
is 111 days, well below the stipulated 183 days.

4. Peformance of the investment portfolios.

Because of severe regtrictions on the portfolios, there does not seem to be much variation in
the rate of return of thefunds. The best performing fund in redl terms over the 19 months
has been Profuturo GNP with 8.16% and Tepeyac the worst with 5.79% with sysemwide
average of 6.96%. Isthat good? If there were no chargesin any of these funds, it would be
very good. Unfortunately, charges account for 20%-25% of every peso deposited. Thus,



the rate of return after counting chargesis negetive. One argument used by fundsto judtify
high chargesisthat they manage funds to maximize the returns for the affiliates. In that
case, the funds should perform much better than a smple portfolio where money isinvested
amply in BONDESL and CETES that meat the minimum Satutory requirements. Insuch a
fund, the rate of return would have been 6.20%. This fund would be passvely managed

and hence free from commissions.
5. Rdation between the number of &ffiliates and cost of advertisng:

Funds generdly argue that much of their commission they charge go into advertisement
and other publicity to attract more customers. | have gathered some data on publicity cost
of AFORESs and the number of affiliatesthey have. There must be avery strong rlation
between publicity cost and the number of &ffiliates each fund has. Unfortunately thet does
not hold. To put it differently, funds are wasting alot of money in advertisng that is not
producing any results.

6. "Churning" or switching funds

One of the main features of the Chilean privatized penson system is the number of people
switching funds: approximately onein three change funds every year. Thisimposes ahuge
cogt on the system. In case of Mexico, thereis very little evidence that people are
switching funds. In the past Sx months (since they were dlowed to switch funds) less then
200,000 &ffilistes have switched funds. For the 10,000,000 active contributors this
represents a very smdl proportion indeed.

How does aworker assess the performance of afund? With aless than two year
experience, there is not much to compare except in terms of charges of the funds. In this
paper, we concentrate on the issue of charges. Specificaly, we ask the following question:
How does one compare charges among different funds? How does one choose an optima
drategy to determine if they should change funds mid-stream?

THE PROBLEM

The problem can be seen easly when we examine the fee sructure of various funds. This
isillugrated in the following table.



Table 1; Fee structure of AFORES

AFOREs Charges on flow each Chargeon Chargeonred
year (% of wages) account balance rate of return
Atlantico Promex 140% 20.00%
Banamex 0002 in 1997
0.85% in January 1998
1.70% in March 1998
onward
Bancomer 170%
Bancrecer Dresdner 160%
Banorte 100% 1.50%
Bitd 168%
Caoitdiza 160%
Confia Principd 090% 1.00%
Garante 168%
Genes's 165%
Inbursa 33.00%
Previnter 155%
Profuturo GNP 170% 0.50%
Santander 170% 1.00%
XXI 150% 0.9%
Tepeyac 117% 1.00%
Zurich 0.95% 1.25%

How do we compare Zurich with Tepeyac? From the Tableit isnot at dl obvious how this
can bedone. In addition, some funds charge different amounts depending on how long a
person has been with the fund.

We gart with 14 funds. However, given that a person can switch fund without pendty
every year, over aperiod of 40 years there are 77000’ 376' 965 ' 910.7 x 10* possible choices
Itisvirtudly impossble to examine dl the possble time paths. We, therefore restrict our

atention only to a possble switch every five yearsinstead of every year. This assumption




reduces the dimensondity of the problem consderably. Inaddition, examination of fee
gructure aso reduces choices as some funds very clearly dominate others.

Congder the following Table.
Yr
1 1.70% 1.68%
2 1.70% 1.67%
3 1.70% 1.66%
4 1.70% 1.65%
5 1.70% 1.64%
6 1.68% 1.63%
7 1.66% 1.63%
8 1.64% 1.63%
9 1.62% 1.63%
10 1.60% 1.63%
11 1.58% 1.63%
12 1.56% 1.63%
13 1.54% 1.63%
14 1.52% 1.63%
15 1.50% 1.63%
16 1.48% 1.63%
17 1.46% 1.63%
18 1.44% 1.63%
19 1.42% 1.63%
20 1.40% 1.63%
21 1.38% 1.63%
22 1.36% 1.63%
23 1.34% 1.63%
24 1.32% 1.63%
25 1.30% 1.63%
26 1.28% 1.63%
27 1.26% 1.63%
28 1.24% 1.63%
29 1.22% 1.63%
30 1.20% 1.63%
31 1.18% 1.63%
32 1.16% 1.63%
33 1.14% 1.63%
34 1.12% 1.63%
35 1.10% 1.63%
36 1.08% 1.63%
37 1.06% 1.63%
38 1.04% 1.63%
39 1.02% 1.63%
40 1.00% 1.63%

Thistable dlearly shows that among these funds, Bancrecer charges the minimum

Baname BancomeBancrece

1.60%
1.60%
1.60%
1.60%
1.60%
1.58%
1.56%
1.54%
1.52%
1.50%
1.48%
1.46%
1.44%
1.42%
1.40%
1.38%
1.36%
1.34%
1.32%
1.30%
1.28%
1.26%
1.24%
1.22%
1.20%
1.18%
1.16%
1.14%
1.12%
1.10%
1.08%
1.06%
1.04%
1.02%
1.00%
0.98%
0.96%
0.94%
0.92%
0.90%

Bita
1.68%
1.68%
1.68%
1.68%
1.68%
1.66%
1.64%
1.62%
1.60%
1.58%
1.58%
1.58%
1.58%
1.58%
1.58%
1.58%
1.58%
1.58%
1.58%
1.58%
1.58%
1.58%
1.58%
1.58%
1.58%
1.58%
1.58%
1.58%
1.58%
1.58%
1.58%
1.58%
1.58%
1.58%
1.58%
1.58%
1.58%
1.58%
1.58%
1.58%

1.68%
1.68%
1.68%
1.68%
1.68%
1.68%
1.68%
1.68%
1.68%
1.68%
1.68%
1.68%
1.68%
1.68%
1.68%
1.68%
1.68%
1.68%
1.68%
1.68%
1.68%
1.68%
1.68%
1.68%
1.68%
1.68%
1.68%
1.68%
1.68%
1.68%
1.68%
1.68%
1.68%
1.68%
1.68%
1.68%
1.68%
1.68%
1.68%
1.68%

Garant Génesi

1.65%
1.65%
1.65%
1.65%
1.65%
1.65%
1.65%
1.65%
1.65%
1.65%
1.65%
1.65%
1.65%
1.65%
1.65%
1.65%
1.65%
1.65%
1.65%
1.65%
1.65%
1.65%
1.65%
1.65%
1.65%
1.65%
1.65%
1.65%
1.65%
1.65%
1.65%
1.65%
1.65%
1.65%
1.65%
1.65%
1.65%
1.65%
1.65%
1.65%

min

1.60%
1.60%
1.60%
1.60%
1.60%
1.58%
1.56%
1.54%
1.52%
1.50%
1.48%
1.46%
1.44%
1.42%
1.40%
1.38%
1.36%
1.34%
1.32%
1.30%
1.28%
1.26%
1.24%
1.22%
1.20%
1.18%
1.16%
1.14%
1.12%
1.10%
1.08%
1.06%
1.04%
1.02%
1.00%
0.98%
0.96%
0.94%
0.92%
0.90%

regardless of yearsin the fund. Therefore, we can smply consider Bancrecer and ignore

the others except when a person switches funds after a number of years.

Bancrecer
Bancrecer
Bancrecer
Bancrecer
Bancrecer
Bancrecer
Bancrecer
Bancrecer
Bancrecer
Bancrecer
Bancrecer
Bancrecer
Bancrecer
Bancrecer
Bancrecer
Bancrecer
Bancrecer
Bancrecer
Bancrecer
Bancrecer
Bancrecer
Bancrecer
Bancrecer
Bancrecer
Bancrecer
Bancrecer
Bancrecer
Bancrecer
Bancrecer
Bancrecer
Bancrecer
Bancrecer
Bancrecer
Bancrecer
Bancrecer
Bancrecer
Bancrecer
Bancrecer
Bancrecer
Bancrecer



Tahle4

Commissions on

Group 2 Flow Balance
2.1 Principal * 0.90% 1.00%
2.1 Santander Mex. 1.70% 1.00%
2.1 Tepeyac 1.17% 1.00%
2.2 XXI 1.50% 0.20%
2.2 Profuturo GNP 1.70% 0.50%
2.3 Zurich 0.95% Variable
2.3 Banorte 1.00% Variable

* |t has a discounts scheme

From this Table, we can see that there are three comparable sub-groups of AFORESIn
terms of their commissons. In the firgt subgroup, we have the following AFORES
Principd, Santander Mexicano and Tepeyac. They al charge 1% on the baance but
Principa charges less than the other two on the flow of funds. Thus, it is sufficient to
congder Principal from this subgroup.  then from this sub-group we only consder

Principd for the anadlyss. In the second subgroup is XXI and Profuturo where the last one
charges more than the first one in both cases (baance and flow) therefore, it is sufficient to
only condder XXI and not Profuturo. Findly, the last subgroup conasts of Zurich and
Banorte and Zurich charges consstently below Banorte. We reduce our ligt to five

AFOREs.
Table5
Structure of Commissions
Flow Return
Banamex * 1.70% balance
Bancomer * 1.68%
Bancrecer * 1.60%
1) i Flow Return
B.anorte 1.00% Variable balanc
Bital * 1.68% Bancrecer 1.60%
Confia * 0.90% 1.00% Confia 0.90% 1.00%
Garante 1.68% Inbursa 33.00%
Génesis 1.65% XXI 1.50% 0.20%
Inbursa 33.00% Zurich 0.95% Variable
Profuturo GNP 1.70% 0.50%
Santander Mex. 1.70% 1.00% *discount for length of stay
Tepeyac 1.17% 1.00%
XXI 1.50% 0.20%
Zurich 0.95% Variable




However, it is dill not sufficient to compare dl the funds. The reason isthe following: in
addition to their own contribution, each affiliate of an AFORE gets a contribution from the
government (called the cuota socid). Thisamount isindexed and the value has been st a
5.5% of the minimum sdary of Mexico City as of July 1, 1997. Some funds charge on the
nomind baance (in addition to charges on contribution). Thus, there is amismatch in how
charges gpply to different parts of the fund balance. Moreover, if somebody's monthly
incomeis dose to the minimum salary, the balance in his account will have afar grester
impact from the cuota socid than a person whose sdary is ten times the minimum saary.
To put it differently, the presence of cuota socid puts a severe nonlinearity into the system
meaking it difficult to compare charges over anumber of years. In the paper, weresort to a
number of smulations to get a generd fed for the comparability of funds.

DEVELOPING THE MODEL

Essentidly, individud retirement benefits are caculated by usng afuture vaue
formula  However, the ample future vaue formulas we find in Kelison (1991) or other
smilar treatment does not ded with some of the complexities we find in the Mexican
sysem: (1) Government contribution to the individua account does not gpply every
month, and the indexing is dso not gpplicable monthly. (2) Commissons comein three
basic flavors (@) commission over the flow of funds, (b) commission over the account
baance and (c) commisson over thereal rate of return. In addition, some companies
charge commission by combining (a), (b) and (¢) (3) In addition, the commissions
mentioned in (2) do not stay congtant over time. They vary with the number of years one
gaysin the fund. (4) Income of each individua does not stay congtant during hisher
working life. Such changes have to be taken into account. For these reasons, the following
discusson will be basad on arecursive development of the formulafor caculating

retirement benefits.



WHAT ISTHE RIGHT MEA SURE OF COST?

Because charges gpply to different parts of the AFORE, it is not easy to compare
charges across AFORES. If welook at the system as awhole, there is a problem of charges
when the system starts up. Charges gopear too high! In Chile, for example, in 1984,
charges amounted to 9% of wages or 90% of contributions to the retirement system
(Edwards (1996), p. 17). However, the costs have come down to about 15% of

contributions in 1990, (see, World Bank, (1994), p. 224).

For individud AFOREs, it makesit difficult to compare acrossfunds. For example,
uppose we want to compare the charges for Inbursaand Banamex. Since Banamex
charges 26.15% of tota contribution up-front but Inbursa charges nathing up front, it may
seem like charges for the AFORE run by Banamex is very high. However, charges for
Inbursa are complicated because their charges apply to the real rate of return, over thelong
run, it adds up. Thus, it makes little sense to caculate charges as a percentage of totd

asts in a system that just darts up.

There are several waysto look at the charges. (1) operating costs as a percentage of
tota annua contribution, (2) operating costs as a percentage of average totd assats, (3)
operating cods as a percentage of covered annual wages, (4) operating codsas a

percentage of affiliates times per capitaincome.

There are two components of the new system: (1) contribution by the worker, (2)
contribution by the government. The contribution by the worker is 6.5% of hisor her base
wage. The contribution by the government is 5.5% of the minimum sdary indexed to the

rate of inflation. There are two additional complications. (1) interest rate is calculated for



every account every two months and (2) indexation of the government contribution takes

place every three months.

Therefore, we can write the accumulated vaue in the AFORE as followsin arecursve

formulain the Smplest case:

1(6.5%*BW *2 + GC)* (1 +i,") k=1

Iiskl*(1+ik“2’) Kk = 2i i=1,2,...,CTP
> (s, +(6.5%*BW 2+ GC))* (1+i.)

i k:2i+1i:1,2,...,cpz'2

where, the government contribution G (cuota socid), can be written as follows:

] SocC =5.5% * MW k=1

GC= .
%SochSocC*(l+p“") k=3i i=12,...

where MW is the minimum wage and i *? is the nomindl interest rate and CPis the
contribution period.

Thereis one peculiar aspect of the formula above: caculaion of benefit account
uses asmpleinterest rate for the adjustment for one month's rate of return to a bimonthly

rate. Therefore, we get the factor BW.2 in the above equation.

Some AFORES have charges on contribution as a percentage of wages (for

example, for Banamex). Others have charges on the baance in the AFORE account (such




as Bancrecer). Still others have charges on the red interest rate (such as Inbursa). Let CW

be the charge on wage (rate). [See Table 2]

CHANGING THE FORMULA : CHARGES

Let CB be the charge on baance. We need to modify the above formula asfollows

iBswwr2rE. WO geli(rsim)F. EBO oy

i € 65%p o e 12g

I

iS,, *(1+i") k=2i i=12,.., %
s =| 2

8+ Bswrawr2rH- WO, gL (14 w)xF. L8O

i€ 7 & 65%5 o & 12p

i cP-2

! k=2i+1i=12,..,

t 2

Thereisathird eement of charges. For two funds (Inbursaand Atlantico) charges gpply to

the red rate of return. Thus, we need to modify the formula to incorporate that e ement.

Therefore, if we include charges on the red interest rate, the formula becomes

1859 *BW* 2+ & - GCSV;O +6C2r

'|' e ()7 ﬂ

':'aflﬂj“))*aﬁ- CBY @”-p" 0,y 0 k=1
-|;§ & 12g & 1+p™ g o

:I. .. (12) _ (12) . oe
s gfm;m)*gel- CBo. g' P 6,y 8
: & 12g &1+p% g

s, ={k=2i =12, CZP
!
'r
'reg%k_ﬁé%.s%*sw*z*é W9, 6c B
:I' é 65%g o0

Fui)B-CBO BP0y 0
Tg € 125 E1407 5 5
ik=2i+1 i=12,.,P°2
I 2



where p'*? isthe monthly interest rate, and CY is the charge on the redl interest rate and

iR isthe red interest rate

One assumption made here is that the charges remain fixed for the totd life of the
system. Charges for each company depends on the number of years a person has been in
the AFORE. For example, AFORE Banamex charges 1.70% of wages up to year 4.
However, for a person who stays with it for the fifth year getsareduction in charges. Thus,
year 5 charge becomes 1.68% of wages, year 6 charge becomes 1.66% of wages and so on.
This process continues until year 39 with the AFORE with a reduction of 0.02% of wages

for every additiona year. Hence, our formula needs to take such a reduction into account.

aﬁM rocd

i
1€6.5%* BW * 2 *
% 65% o g

|

i 1+, a?L CB*(l .o, (afu'lo Gecy(1- 12 k=1

|g 12 g él+p” g P

1+| (12) ﬁ CB*(]- f)O ?12 _plZ) --*CY*(l- fk)g

| g 12 g e 1+p12) g ﬂ
Sk:}k:Zi i:172’_._72

T 2

':'a%k,ﬁa%.s%*sw*z*ai cw*(t-f)o Gcf

§ e 6.5% g %

b ) ﬁ cerli-f)o B P Oecys(yt )2
g 12 g & 1+p" g P

lk=2i+1 i=12,. 2
2

1

However, i isnot the samefor dl funds. For example, AFORE Bancomer offersarisng

discount rate starting with 0.01% of wages up to 0.05% of wages.



A MORE REALISTIC REPRESENTATION

Thereis4ill oneredigic dement missng in our formular growth in wages. In
Chile, the average wage rate has grown at arate of 6% per year over the last twenty years.
But, therise in average wage rate is not important here asit represents the average across
many individuals & a given point of time. For individuals, the more meaningful number is

the growth of wage rate longitudindly. Therefore, we need to modify our formulathus:

qm rocd

i
i€6.5% * BW * 2 *
& 65% g g

|
(12) _ (12) .« -
i 1+i ™ "ﬁ CB*(l ). 8" P_Ocy*(1- )2 k=1
|§ 12 g é1+p” ¢ o
* 1+i1(1z))*a_ CB*(l- fk)g- ?UZ) _ p(lz) Q*Cy*(l_ fk)g
i g & 12 g é1+p™ g p
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where D9 isthe bimonthly growth rate of wage rate of an individual worker over his or
her lifetime. Here, we are assuming that the growth rate is constant. However, because of
the recursve nature of the formula, it is easy to incorporate nonHinear growth ratein

wages. In some countries (Chile, South Koreg), the average wage rates have risen by more
than 6% in red terms per year. In others (Mexico), the average red wage rate hasfdlen
over the past decade. However, here we should be looking a wage rate for eech individud
longitudinally and not the average wage for the populaion.

ASSUMPTIONS

Rate of return (Interest rate): We consider three regimes with redl rates of return of 3%,
6% and 9%. Based on historical rates of return on portfolios that are heavily weighted to



government bonds, 3% represents a consarvative figure, 6% an average figure and 9% an
optimidtic figure. Based on ahigtory of 18 months; it is difficult to project rates of return
ondl funds. So, we assumethem to bethesame. That is, a agiven point in time, we
assume that dl funds have the same (fixed) rate of return.

Wagerate: We condder wage rates in multiples of the minimum wage. Thisis cusomary
in Mexico. Moreover, the government contribution is actudly tied to the (red) minimum
wage as of duly 1, 1997 (see bdow). We congder (1) a person with minimum wage-
obvioudy, thisis of Sgnificance as a benchmark (as government contribution is based on
thisrate. (2) wagerate of 3.4 times the minimum wage - thisisthe average wage rate in
Mexico. (3) 7.5 timesthe minimum wage (top 10% workers) and (4) 15 times minimum
wage (contributions are capped at thisrate). In addition, we aso congder time paths with
changing wage rate:

1. CONSTANT: Theworker maintains the same wage, in red terms, during the working
life.

2. LINEAR: Theworker's wage increases 1.5% each year.

3. EXPONENTIAL: Under this assumption the wage increases according the following

formula
f(x)=1In(x):a
Where:
_i45if x<6
16 if x>6

X = number of years working.

Cuota Social: The minimum wage actudly is 34.45 pesos daily which means 1,033.50
pesos monthly and it’'s consdered to remain the same during the whole andysis period.
Thus, we take 5.5% of cuota socid (indexed on July 1, 1997) asthe amount of government
contribution.



The modd developed for this paper had to avoid the dimensondlity problem mentioned
ealier. To condder dl the possible paths means that for each year the worker isin the
system we have to caculate the find balance for each AFORE. For thefirg year, there are
fourteen. Each one of these resullts become to be the initid balance for the second year and
each one produce another fourteen different results as find baance for the second year so,
we get fourteen times fourteen results in the second year. This procedure is recursively as
time goesby. Once dl the caculaions are done we have to find the maximum of the find
balancesin the last year and reach its path. The problem hereisthat for aforty yearsof
andysis the number of find balancesis 7/000'376' 965 910.7 x 10°°. For this analysis we
have assumed that aworker change his or her AFORE once every fiveyears. Thislast
assumption reduces considerably the number of possible paths from 7/000.37 10% to
390625 which iseaser to handle in terms of computationd time.

RESULTS

The results shown in the next Table were obtained consdering four different individuals of
41 years each with different initid wages (1, 3.4,7.5 and 15 minimum wages respectevely).
We assumethat dl of them retire a 65 which means that they spend 25 years contributing
to the system. All the sdlary behaviors were considered and the return rate was consdered
congtant with three different options (3%, 6% and 9%) which gives us 36 different cases.

Trajectory Optima

Age
41

1 Bancrecer

45| 50( 55

& 2 Confia

Bancrecer
Principal
Inbursa ’)
XXI1
Zurich

x 3 Inbursa

x 4 XXI

5 Zurich



From these results we can see that none of the 36 paths reeach AFORE X XI on any period.
It isclear that after the second period (year 10) this AFORE isnot an option. Thereasonis
that Bancrecer chargesless than XXI by flow and the last one aso charges by baance o it
become more expengve after this point and arationa worker will never choose this
AFORE. Thisreason dlows usto smplify alittle more our analys's because we take out
XXI of the five AFORES we were conddering and the following results only consder the
other four AFORES. This amplification reduces the number of possibilitiesin aforty years
period from 325'089 to 65 536.

From now on dl the results shown only congder this four AFORES. Bancrecer, Principd,
Inbursaand Zurich. We congder the same assumptions for the results and we smulate for

20, 25, 30, and 35 years



20 Years Calc.
Interest rate  Salary Function of Trajectory

Real Intiall Salary Increment Optimal
3% 1 Exponencial 3333
6% 1 Exponencial 3344
9% 1 Exponencial 3244
3% 1 lineal 3344
6% 1 lineal 3244
9% 1 lineal 3244
3% 1 constante 3344
6% 1 constante 3244
9% 1 constante 3144
3% 3.4 Exponencial 3333
6% 3.4 Exponencial 3344
9% 3.4 Exponencial 3244
3% 3.4 lineal 3334
6% 3.4 lineal 3244
9% 3.4 lineal 3244
3% 3.4 constante 3334
6% 3.4 constante 3244
9% 3.4 constante 3244
3% 7.5 Exponencial 3333
6% 7.5 Exponencial 3344
9% 7.5 Exponencial 3244
3% 7.5 lineal 3334
6% 7.5 lineal 3244
9% 7.5 lineal 3244
3% 7.5 constante 3334
6% 7.5 constante 3244
9% 7.5 constante 3244
3% 15 Exponencial 3334
6% 15 Exponencial 3344
9% 15 Exponencial 3244
3% 15 lineal 3334
6% 15 lineal 3344
9% 15 lineal 3244
3% 15 constante 3334
6% 15 constante 3244
9% 15 constante 3244

Optimal trajectory

Age

51| 50| 55 60
Bancrecer
Confia

?
Inbursa
Zurich

5 afos 10 afios 15 afios 20 afios

Periodo1 Periodo2 Periodo3 Periodo 4

1 Bancrecer
® 2 Confia

3 Inbursa

4 Zurich



25 Afios Cotizados
Rendimiento  Salario Funcién de Trayectoria

Real Incial Crecimiento Salarial Optima
3% 1 Exponencial 33334
6% 1 Exponencial 33444
9% 1 Exponencial 32444
3% 1 lineal 33444
6% 1 lineal 32441
9% 1 lineal 32441
3% 1 constante 33441
6% 1 constante 32441
9% 1 constante 31441
3% 3.4 Exponencial 33334
6% 34 Exponencial 33444
9% 34 Exponencial 32444
3% 34 lineal 33344
6% 34 lineal 32444
9% 34 lineal 32441
3% 3.4 constante 33344
6% 34 constante 32441
9% 3.4 constante 32441
3% 75 Exponencial 33334
6% 7.5 Exponencial 33444
9% 75 Exponencial 32444
3% 75 lineal 33344
6% 75 lineal 32444
9% 75 lineal 32441
3% 75 constante 33344
6% 75 constante 32444
9% 7.5 constante 32441
3% 15 Exponencial 33344
6% 15 Exponencial 33444
9% 15 Exponencial 32441
3% 15 lineal 33344
6% 15 lineal 33444
9% 15 lineal 32441
3% 15 constante 33344
6% 15 constante 32444
9% 15 constante 32441

Trayectoria Optima

Edad
41) 45] 50| 55| 60| 65
Bancrecer
Confia
?
Inbursa
Zurich

5 afios
Periodo 1

10 afios 15 afios
Periodo2  Periodo 3

20 afios 25 afios
Periodo 4 Periodo5

A 1 Bancrecer

® 2 cConfia

e 3 Inbursa

4 Zurich



30

Afios Cotizados

Rendimiento Salario Funcién de Trayectoria
Real Incial Crecimiento Salarial Optima
3% 1 Exponencial 333344
6% 1 Exponencial 334441
9% 1 Exponencial 324441
3% 1 lineal 334441
6% 1 lineal 324411
9% 1 lineal 324411
3% 1 constante 334411
6% 1 constante 324411
9% 1 constante 314411
3% 3.4 Exponencial 333344
6% 3.4 Exponencial 334441
9% 3.4 Exponencial 324441
3% 3.4 lineal 333441
6% 3.4 lineal 324441
9% 3.4 lineal 324411
3% 3.4 constante 333441
6% 3.4 constante 324411
9% 3.4 constante 324411
3% 7.5 Exponencial 333344
6% 7.5 Exponencial 334441
9% 7.5 Exponencial 324441
3% 75 lineal 333441
6% 75 lineal 324441
9% 75 lineal 324411
3% 7.5 constante 333441
6% 7.5 constante 324441
9% 7.5 constante 324411
3% 15 Exponencial 333441
6% 15 Exponencial 334441
9% 15 Exponencial 324411
3% 15 lineal 333441
6% 15 lineal 334441
9% 15 lineal 324411
3% 15 constante 333441
6% 15 constante 324441
9% 15 constante 324411

Edad
36]140]45]|50|55]|60] 65
Bancrecer
Confia ”
Inbursa
Zurich

5afios 10 aflos

Periodo1 Periodo 2 Periodo 3

15 afios 20 afios  25afios 30 afios

Periodo 4 Periodo5 Periodo 6

1 Bancrecer

2 Confia

3 Inbursa

4 Zurich



35 Afos Cotizados

Rendimiento Salario Funcién de Trayectoria
Real Incial Crecimiento Salarial Optima
3% 1 Exponencial 3333441
6% 1 Exponencial 3344411
% 1 Exponencial 3244411 Trayect rla Optlma
3% 1 lineal 3344411
6% 1 lineal 3244111
9% 1 lineal 3244111 Edad
3% 1 constante 3344111
6% 1 constante 3244111 31
9% 1 constante 3144111
3% 34 Exponencial 3333441 Bancrecer
6% 34 Exponencial 3344411
9% 34 Exponencial 3244411 Confia
3% 34 lineal 3334411 ?
6% 34 lineal 3244411 Inbursa ’
9% 34 lineal 3244111
3% 34 constante 3334411 Zurich
6% 34 constante 3244111
9% 3.4 constante 3244111
3% 75 Exponencial 3333441
6% 75 Exponencial 3344411 5afios 10 afios 15 afios 20afios  25afios 30 afios 35 afios
9% 75 Exponencial 3244411 Periodo 1 Periodo2 Periodo3 Periodo4 Periodo5 Periodo 6 Periodo 7
3% 7.5 lineal 3334411 . 1 Bancrecer
6% 75 lineal 3244411
% 75 lineal 3244111 * 5 Confia
3% 75 constante 3334411
6% 75 constante 3244411 o 3 Inbursa
9% 7.5 constante 3244111
3% 15 Exponencial 3334411 .
6% 15 Exponencial 3344411 J . ¢ e 4 Zurich
9% 15 Exponencial 3244111
3% 15 lineal 3334411
6% 15 lineal 3344411
9% 15 lineal 3244111
3% 15 constante 3334411
6% 15 constante 3244411

9% 15 constante 3244111




CONCLUSIONS

From these calculations, we can conclude that usudly there are three stagesin aworker’s
life. In the beginning, the baance in hisindividud account issmdl. Inthis case, the best
option is aways Inbursa because it charges a percentage of the red return and this
commisson isgoing to be lessthan the othersin the market.

At the end of the period it is dso clear that the best option is an AFORE that charges only
by flow. Thisis because when the balance in the individud account becomes sgnificant,
charges by flow makes a big difference.

Findly thereis an intermediate period whereis not that clear what the best option is. Here,
the optimum choice depends on the persond characteridtics of the worker. However, it is
clear thet there are a period in which the best option isto be charged only by baance. This
isthe case of AFORE Zurich because it has a discount scheme and after ten years it

commission isgoing to be the lower in the market.
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