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ABSTRACT 

This study examines performance of mandatory and voluntary pension funds 

in the 2004 – 2008 period. Furthermore, we present a methodology based on rtkpekrcn"eqorqpgpvu"vjcv"ecp"ckf"chÞnkcvgu"yjgp"ugngevkpi"hwpfu0"Oqtgqxgt."
we examine two portfolio optimization methodologies to evaluate any per-

formance improvements in an evaluation period when choosing a particular ogvjqfqnqi{0"Vjg"Þtuv"qpg"uwiiguvgf"d{"Octmqykv¦"*3;74+"cpf"vjg"ugeqpf"d{"Tgxgk¦"cpf"Ngqp"*422:d+0"Yg"Þpf"cp"kpetgcug"kp"tkum."wukpi"ugxgtcn"ogvtkeu."qh"
mandatory and voluntary pension funds as well as a set of funds that better ejctcevgtk¦g"vjg"eqooqp"oqxgogpv"qh"hwpfuÔ"tgvwtpu0"Pq"gxkfgpeg"ycu"hqwpf"kp"tgictfu"vq"geqpqokecnn{"qt"uvcvkuvkecnn{"ukipkÞecpv"ickpu"qh"crrn{kpi"gkvjgt"
optimization methodology using several holding periods.
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RESUMEN 

Evaluación, selección de activos y 

conformación de portafolios apli-

cados a los fondos de pensiones 

en Colombia

Este estudio examina el desempeño 

de fondos de pensiones obligatorios y 

voluntarios en el periodo 2004-2008. 

El documento presenta una metodo-

logía fundamentada en la técnica de 

componentes principales que facilita 

el proceso de selección de fondos. 

También se analizan dos metodolo-

gías de optimización de portafolios 

para evaluar mejoras en el desem-

peño en un periodo de evaluación, 

la primera sugerida por Markowitz 

(1952) y la segunda sugerida por 

Revéiz y Leon (2008b). Aplicando 

diferentes metodologías, se evidenció 

un incremento en el nivel de riesgo de 

los fondos obligatorios y voluntarios 

colombianos. Se halló además un 

conjunto de fondos que caracterizan cfgewcfcogpvg"gn"oqxkokgpvq"eqo¿p"
de los retornos de los fondos. No se gpeqpvtctqp"icpcpekcu"ukipkÞecvkxcu"
en términos económicos ni estadís-

ticos al utilizar una metodología de 

optimización en particular. 

PALABRAS CLAVE

Fondos de pensiones, desempeño, 

selección portafolios óptimos, per-

sistencia.

RESUMO

Avaliação, seleção de ativos e for-

mação de portfólios aplicados aos 

fundos de pensões na Colômbia

Este estudo examina o desempenho 

dos fundos de pensões obrigatórios e 

voluntários no período de 2004-2008. 

Além disso, este documento apresen-

ta uma metodologia fundamentada 

na técnica de componentes principais 

que facilita o processo de seleção 

de fundos. Também se analisam 

duas metodologias de otimização de 

portfólios para avaliar as melhorias 

no desempenho durante um período 

de avaliação. A primeira é sugerida 

por Markowitz (1952) e a segunda é 

sugerida por Reveiz e Leon (2008b). 

Aplicando diferentes metodologias, 

se evidenciou um aumento do nível 

de risco dos fundos obrigatórios e 

voluntários colombianos. Foi nota-

do também um conjunto de fundos 

que caracterizam adequadamente 

o movimento comum dos retornos 

dos fundos. Não foram encontrados nwetqu"ukipkÞecvkxqu."pgo"go"vgtoqu"
econômicos nem estatísticos, ao uti-

lizar uma metodologia de otimização 

em particular.  

PALAVRAS CHAVE

Fundos de pensões, desempenho, se-

leção portfólios ótimos, persistência.
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Shuirupdqfh"hydoxdwlrq/"ixqg"vhohfwlrq"dqg"sruwirolr"doorfdwlrq"dssolhg"wr" 
CrorpeldÑv"shqvlrq"ixqgv

INTRODUCTION

Colombia has both mandatory and xqnwpvct{" rgpukqpu0" Kp" vjg" hqtogt."chÞnkcvgu" vq" vjg"rgpukqp" u{uvgo" tg-

ceive a pension, after making man-

datory contributions during working 

years, by means of the pension fund 

administrators (Administradoras de 

Fondos de Pensiones -AFPs, for their 

abbreviation in Spanish) authorized 

by Law 50 of 1990 and/or by the Uqekcn" Ugewtkv{" Kpuvkvwvg" *K0U0U0" hqt"vjgkt"cddtgxkcvkqp"kp"Urcpkuj+0"Kp"vjg"
latter, of more recent introduction kp"Eqnqodkc." vjg" chÞnkcvg." kp" qtfgt"
to supplement her income during re-

tirement years makes contributions 

(that complement those mandated 

by the law) through her life cycle in 

a discretional manner. 

Wpfgt"vjg"ocpfcvqt{"u{uvgo."yjgp"chÞnkcvgu"ctg"ycig"gctpgtu."vjg"go-

ployer pays 75% of the total contri-

bution while the employee pays the tguv0"Yjgp"chÞnkcvgu"ctg"kpfgrgpfgpv"
workers they are obliged to cover the 

full cost of contributing to the system. 

Wpfgt"vjku"u{uvgo"vjgtg"ctg"vyq"ch-Þnkcvkqp"cnvgtpcvkxgu."vjg"Þtuv"mpqyp"cu"Kpfkxkfwcn"Ucxkpiu"ykvj"Uqnkfctkv{"tgikog"*g0i0"fgÞpgf"eqpvtkdwvkqp+"kp"yjkej"cp"chÞnkcvg"jcu"vjg"qrvkqp"qh"cp"
early retirement if the accumulated ecrkvcn" kp"jgt" ceeqwpv" ku" cdng" vq"Þ-

nance monthly payments equivalent 

to 110% of the minimum monthly ycig0"Vjku"v{rg"qh"chÞnkcvkqp"ku"twp"
by non-government AFPs.

Vjg"ugeqpf"v{rg"ku"c"fgÞpgf"dgpgÞv"
system (administered by the State vjtqwij"vjg"K0U0U0+"yjgtg"vjg"chÞnkcvg"
must contribute during a minimum 

weeks and comply with age require-

ments, in order to be entitled to re-

ceive a pension.

Pensions administered by AFPs rely 

on the capital contributed as well as 

the yields on these investments. By 

Law, private AFPs are obliged to se-

cure a minimum return, determined 

by the Financial Superintendence, to kvu"chÞnkcvgu"cpf"kh"vjgtg"ku"cp{"gzvtc"
return this goes completely to the chÞnkcvguÔ"dgpgÞv"cpf"pqv"vjg"CHRuÔ0
By September, 2008, the Colombian 

Association of Severance Pay and Rgpukqp"Hwpf"Cfokpkuvtcvqtu"*CUQ-HQPFQU" hqt" vjgkt" cddtgxkcvkqp" kp"
Spanish) had 8.403.715 affiliates 

under the mandatory system for a vqvcn"hwpf"xcnwg"qh"EQR&78.5"vtknnkqp"rguqu"*crrtqzkocvgn{"WUF&46.6"dkn-
lion) and under the voluntary system kv" jcf"5730839"chÞnkcvgu" hqt" c" vqvcn"hwpf"xcnwg"qh"EQR&8.5"vtknnkqp"rguqu"*crrtqzkocvgn{"WUF&4.9" dknnkqp+0"
Thus, the welfare of a large share of EqnqodkcÔu"hwvwtg"tgvktgf"rqrwncvkqp"
will depend on the ability of manda-

tory and voluntary pension funds 

in generating adequate returns on 

investment to fund retirement needs 

of an ageing working force.

Kp"Eqnqodkc."kpfkxkfwcnu"qrv"hqt"c"xqn-
untary pension plan namely for two tgcuqpu0"Vjg"Þtuv"qpg"fgcnu"ykvj"cp"
increase of personal savings to enjoy 

a more sizable pension, and the sec-

ond is related with taking advantage 

of the non-taxation (or tax differing) 

of income that is deposited in the vol-wpvct{"rgpukqp"hwpf"hqt"cv"ngcuv"Þxg"
years. Tax rates on this income are 

gradual and can go as high as 34%.

There are both local and foreign AFPs yjkej"qhhgt"chÞnkcvkqpu"vq"ocpfcvqt{"
as well as to voluntary pension plans. 

The difference from the point of view qh"vjg"chÞnkcvg"*cpf"vjg"{kgnfu"ujg"cv-
tains) is that while in the mandatory 



16 ESTUDIOS
GERENCIALES "Yro1"59"Qr1"44:"̨"Rfwxeuh"0"Glflhpeuh"gh"5343

u{uvgo"vjg"chÞnkcte does not have to 

make portfolio allocation decisions 

(the AFPs manages only one portfolio 

for all their clients), under the volun-vct{"u{uvgo."vjg"chÞnkcvg"ku"eqphtqpvgf"
with a portfolio allocation problem in 

which she has to decide to invest in Þzgf"cpf"xctkcdng"kpeqog"cuugvu"dqvj"nqecn"cpf" hqtgkip" *g0i0"W0U0."Gwtqrg."
Japan, and emerging markets).

Hqt"chÞnkcvgu."vjg"kpkvkcn"cvvtcevkxg"qh"
voluntary pension funds was based 

on the fact of being able to get an 

early retirement without age restric-

tions, of obtaining a good pension in nkpg"ykvj" vjg" hwpfuÔ" tgvwtpu"cpf" qh"
having an individual account avail-

able to her heirs, a very different set qh"tkijvu"vjcv"vjqug"gplq{gf"d{"K0U0U0Ôu"chÞnkcvgu."yjgtg." hqt"gzcorng." *rgp-

sion) heirs are limited to the spouse 

and under age relatives.

Jqygxgt." vjg" ewttgpv"Þpcpekcn" wp-egtvckpv{."uvqem"rtkeguÔ"ftqru."cpf"c"
worldwide recession have negatively 

affected individual AFPs accounts cpf"gurgekcnn{."vjg"tkum"ngxgn"chÞnkcvgu"
are facing.

Kp" vjg" nkvgtcvwtg"yg" hqwpf" ugxgtcn"
studies on mandatory pension funds 

in Colombia that evaluate (portfolio) 

performance and how legal restric-

tions and current incentives affect 

investment policies and returns qhhgtgf" vq" chÞnkcvgu0" Kp" rctvkewnct."
several papers have examined the 

impact of minimum return require-ogpvu"cpf"Þzgf"eqookuukqpu"dcugf"
on contributions and how these have etgcvgf"fkuvqtvkqpu"cpf"kpghÞekgpekgu"
in the system that will end up hurting 

pensioners in the future. 

To make the supply of mandatory hwpfu"oqtg"àgzkdng"vjwu"vcmkpi"kpvq"

account age and income differences, 

the literature recommends the es-

tablishment of a multi-fund system, yjgtg"chÞnkcvgu"yqwnf"jcxg"vq"ocmg"
portfolio allocation decisions (as in vjg" xqnwpvct{" u{uvgo+0" Kp" cffkvkqp."
several alternative risk measures 

(instead of variance) are suggested vq" dgvvgt" tgàgev" chÞnkcvguÔ" tkum" cpf"
to build portfolios administered by 

AFPs. 

The study of voluntary pension funds 

in Colombia is scant. Perhaps an 

exception would be Jara, Gomez and Rctfq"*4227+Ôu"eqoogpv"kp"vjg"ugpug"
that risk-return characteristics of 

voluntary pension funds fall below 

efficient frontiers (both restricted 

and unrestricted) constructed from 

investments available to mandatory 

pension funds. However, this article 

leaves the explanation of this inef-Þekgpe{"qrgp"vq"hwvwtg"tgugctej0
The main contribution of this docu-

ment is, in addition of studying per-

formance of mandatory pension funds 

for the 2004-2008 period, to analyze 

performance of different investment 

alternatives (or funds) offered by two 

of the most representative voluntary 

pension funds as well as to propose 

a methodology to select assets that ecp"dg"tgrnkecvgf"d{"hwpfuÔ"chÞnkcvgu"
when making investment decisions. Kp"qvjgt"yqtfu."vjg"rqtvhqnkq"cnnqec-

tion problem is focused on the point qh" xkgy" qh" vjg" chÞnkcvg" cpf"pqv" vjg"
fund per se.

Furthermore, we analyze setting up ghÞekgpv" rqtvhqnkqu" ceeqtfkpi" vq" vjg"
traditional methodology by Mar-

kowitz (1952) and an alternative ap-

proach by Reveiz and Leon (2008b) to 

verify the existence of improvements 

in portfolio performance when using 



17ESTUDIOS
GERENCIALES

c" rctvkewnct" crrtqcej0" Kh" vjgtg" ku"
any improvement in performance, vjku"ecp"cnuq"jgnr"chÞnkcvgu"vq"ocmg"
sounder portfolio decisions. 

The rest of the document is organized cu"hqnnqyu0"Vjg"Þtuv"ugevkqp"eqortkugu"
a literature review focused mainly on 

mandatory pension funds. The second 

section presents the data and meth-

odology of performance evaluation, 

asset selection, and portfolio alloca-

tion applied to pension funds. The 

third section discusses the results, cpf"Þpcnn{"vjg"hqwtvj"ugevkqp"kpenwfgu"
some concluding remarks.

1. LITERATURE REVIEW

Markowitz (1952) is considered the 

forefather of modern investment 

theory. He proposed that the prob-

lem of selecting an optimal portfolio 

should only be considered in terms qh"vjg"ogcp"cpf"xctkcpeg"qh"cuugvuÔ"
returns.

Oqtg"urgekÞecnn{."Octmqykv¦"ujqygf"vjcv"vjg"rtqdngo"eqwnf"dg"ukornkÞgf"cu" qpg" qh" Þpfkpi" vjg" rqtvhqnkq" vjcv"
maximized returns at any given level qh" xctkcpeg." qt" gswkxcngpvn{"Þpfkpi"
the portfolio that minimized vari-

ance returns at some level of portfolio 

returns. Solving this optimization 

problem, an investor can find the ghÞekgpv" htqpvkgt" vjcv" ujqyu"fkhhgt-
ent combinations of risk and return qdvckpgf"ykvj"ghÞekgpv"rqtvhqnkqu"vjcv"
include only risky assets. 

Reveiz and Leon (2008b) criticize Octmqykv¦Ôu" ogvjqfqnqi{" ukpeg"
portfolio weights are very sensitive 

to optimization inputs, sometimes 

allocations can be counter – in-vwkvkxg"cpf"fwg"vq"vjg"fkhÞewnvkgu"kp"
forecasting the variance covariance 

matrix.

The article proposes a risk measure 

related to that of Roy (1952), which 

tries to capture extreme portfolio 

losses and it complies with several 

desirable characteristics in any given 

risk measure and in particular its 

asymmetric treatment of negative 

and positive returns and sub - ad-

ditivity. 

The risk measure is known as the 

maximum drawdown that can be 

understood as the worst percentual ejcpig" kp" cp" cuugvuÔ" rtkeg" htqo" kvu"
maximum (max) to its bottom in a 

particular period (t).

The maximum drawdown (MDD) can 

be estimated recursively given a price 

series P as the minimum (min) of, 

 

MDD
[o,t] 

= min   Pt – Pmax —MDD
[o,t-1]   

                                            Pmax 

                            (1)

As an alternative to the mean vari-

ance (MV) optimization, Reveiz and 

Leon (2008b) propose to maximize 

the cumulative return (or wealth 

creation according to the authors) to 

drawdown in what is usually known 

as the Calmar Ratio.

They solve an optimization problem 

with eighteen assets and notice that 

the estimated frontier shares some ukoknctkvkgu" vq"Octmqykv¦Ôu" htqpvkgt"cpf" tgrqtv" fkxgtukÞecvkqp" dgpgÞvu"
(while taking into account extreme 

events) when including more assets 

in the frontier. 

Even though this methodology en-

tails some advantages in comparison 

to Mean variance optimization in 

regards to an estimation free of distri-

butional assumptions, it shares many 

of its shortcomings since it can gener-

Shuirupdqfh"hydoxdwlrq/"ixqg"vhohfwlrq"dqg"sruwirolr"doorfdwlrq"dssolhg"wr" 
CrorpeldÑv"shqvlrq"ixqgv
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ate (in a dynamic setting) unfeasible 

portfolio weights and highly unstable rqtvhqnkq"eqpÞiwtcvkqpu"ikxgp"vjg"hcev"
that this methodology does not cor-

rect for sampling error.

Moreover, it is highly debatable the cwvjqtuÔ"cuugtvkqp"vjcv"vjku"qrvkok¦c-

tion is especially attractive to pension 

funds because it concentrates on the 

long term given, that it implicitly as-

sumes that historic wealth creation 

will be highly correlated with future 

wealth creation (a similar point was 

criticized regarding the historic vari-

ance and covariance matrix). This 

assertion does not recognize mean 

reversion in returns, a pattern thor-qwijn{"fguetkdgf"kp"vjg"Þpcpekcn"vkog"
series econometrics literature. 

Lohre, Neumann, and Winterfeldt 

(2008) examine diverse risk measures, 

among them, value at risk (VaR), con-

ditional VaR, lower partial moments, 

skeweness, and maximum drawdown, 

as well as a negative exponential util-

ity function in a portfolio allocation 

problem.

Kp" cp" qwv" qh" ucorng" rgthqtocpeg"
analysis for a sample of high capital-

ization European shares, they found 

that optimized portfolios out per-

formed benchmark portfolios except 

for those optimized by minimizing XcT" cpf" vjg" umgypguu" eqghÞekgpv0"
Furthermore, risk control did not 

have a significant cost in regards 

to lowering returns of optimal port-hqnkqu0"UrgekÞecnn{." vjg" ctvkeng"Þpfu"
that using some measures such as the 

semivariance, a negative exponen-

tial utility function and maximum ftcyfqyp."eqpvtkdwvgf"vq"ukipkÞecpv"
improvements in terms of ex-post 

risk reduction regardless of the way 

returns are forecasted (Lohre et al., 

2008).2

Leon and Laserna (2008) apply the 

wealth creation - drawdown criterion 

to estimate representative optimal rqtvhqnkqu"hqt"EqnqodkcÔu"ocpfcvqt{"
pension funds from investments in nqecn"cpf"kpvgtpcvkqpcn"Þzgf"kpeqog."
equities and currencies. Foreign 

fixed income showed a particular 

importance in optimal portfolios as a 

means to mitigate risk and minimize 

drawdown. 

They compare performance of twenty 

efficient portfolios estimated with 

the mean-variance and the wealth 

creation–drawdown methodologies 

(though the portfolios given their 

different compositions are not strictly 

comparable) using data from Janu-

ary, 2000 to December, 2007 (Leon 

and Laserna, 2008). 

Average (in-sample) returns for 19 

out of 20 portfolios estimated through 

the wealth creation – drawdown ap-

proach turned out to be higher than 

average returns for mean- variance 

portfolios and a bit surprisingly, 

the results showed that differences 

decreased (as to become zero for 

the 20th portfolio) for the higher 

return portfolios. This reduction in 

relative advantage for higher return 

portfolios is not very attractive for 

the drawdown methodology since 

intuitively one would expect a rela-

2 The document explores two ways of forecasting returns conditional on a given level of tracking error. Vjg"Þtuv"cuuwogu"c"rgthgev"rtgfkevkqp"qh"tgvwtpu"yjkng"vjg"ugeqpf"wugu"jkuvqtkecn"cxgtcigu0"Kp"dqvj"ecugu"
results were similar.
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tive improvement of performance in 

portfolios were extreme events are 

more prevalent (i.e. portfolios with 

high return and drawdown) (Leon 

and Laserna, 2008).

Qpg"qh" vjg"ygcmpguugu" qh" vjg"Ngqp"cpf"NcugtpcÔu"fqewogpv"ku"vjcv"uqog"
results can be labeled as sample-

specific, because no analysis was 

conducted for different estimation 

periods to reach more general con-

clusions and since the performance 

test was an in-sample one in which 

the authors used the same data to 

estimate the frontiers and assess 

performance, giving the impression 

that a perfectly positive correlation 

exists between mean returns (or 

wealth creation) and ensuing returns.

This evidence is hard to hold in prac-

tice (one would have an infallible 

performance forecasting method) 

and thus an advisable exercise would 

have been, for instance, to split the ucorng"kp"vyq"cpf"guvkocvg"ghÞekgpv"rqtvhqnkqu"wukpi"vjg"Þtuv"rgtkqf"cpf"
examine performance in the sec-

ond half and then determine if the 

supposed dominance of the wealth 

creation and drawdown methodology 

really held.3

Jara (2006) develops a theoretical 

model to analyze the behavior of 

mandatory pension funds in setting 

their portfolio policy under current ngikuncvkqp0" Kp" c" ukping" rgtkqf" ugv-
ting, the model shows that if funds 

are not constrained by mandating 

investment limits and by requiring 

them a minimum return estimated cu"c"hwpevkqp"qh"tgvwtpu"qh"vjg"KIDE."
S&P500 and a reference portfolio 

fgukipgf" d{" EqnqodkcÔu" Hkpcpekcn"
Superintendence that includes CDs 

and TES, funds have an incentive to oczkok¦g"UjctrgÔu"tcvkq"*gxgp"yjgp"
one includes the minimum return tguvtkevkqp+" cpf" vq" ejqqug" ghÞekgpv"
portfolios related to a certain risk cxgtukqp" ngxgn" *qh" vjg" hwpfuÔ" ujctg-jqnfgtu+"swcpvkÞgf"vjtqwij"c"ECTC"
(Constant Absolute Risk Aversion) 

utility function.

When the model is extended to sev-

eral periods, it is seen that the opti-ocn"rqtvhqnkq"pq"nqpigt"ku"cp"ghÞekgpv"
one and in return, pension funds 

start to imitate the minimum return 

portfolio (determined by law). Since 

this minimum return requirement is 

determined with a tri-annual invest-

ment horizon, the probability of not 

attaining the minimum increases rtqorvkpi"c"tkug"kp"hwpfuÔ"tkum"cxgt-
sion and herd behavior in the sense 

of imitating the reference portfolio or vjg"eqorgvkvkqpÔu"rqtvhqnkqu0"
Kp" vjg"oqfgn." yjgp" eqookuukqpu"
are tied to returns and the reference rqtvhqnkq"ku"c"ogcp/xctkcpeg"ghÞekgpv"
portfolio, optimal decisions by the 

funds would lead them closer to the ghÞekgpv" htqpvkgt"ykvj" vjg" gpuwkpi"dgpgÞvu"vq"vjg"hwpfuÔ"chÞnkcvgu0"
Martinez and Murcia (2008) argue 

that in the current mandatory pen-

sion system, in many cases more vjcp"72'"qh"vjg"hwpfu"hqt"cp"chÞnkcvg"
to retire would come from reinvest-

ment of contributions, thus it is 

highly advisable to incentive funds vq"oczkok¦g"vjgkt"rqtvhqnkquÔ"tgvwtpu0"
However, current legislation that 

allows funds to charge a commission 

5" Qwt"ctvkeng"fqgu"vjku"mkpf"qh"cpcn{uku0"Ugg"ugevkqpu"5"cpf"6"dgnqy"hqt"oqtg"fgvcknu0

Shuirupdqfh"hydoxdwlrq/"ixqg"vhohfwlrq"dqg"sruwirolr"doorfdwlrq"dssolhg"wr" 
CrorpeldÑv"shqvlrq"ixqgv
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on contributions and requires them 

to provide a minimum return to its chÞnkcvgu"kpegpvkxgu"jgtf"dgjcxkqt"cu"
well as administrative and marketing ghhqtvu" *kpuvgcf"qh" ghÞekgpv"rqtvhqnkq"
decisions) in order to attract new chÞnkcvgu0"
To revamp these incentives, Martinez 

and Murcia (2008) argues for a mix of 

commissions based on contributions *vq" eqxgt" vjg"Þzgf" equvu" qh" c" hwpf+"
and on annual returns in excess of 

a reference portfolio to improve the 

replacement rate (percentage of the Þpcn"ucnct{"rckf"cu"oqpvjn{"rgpukqp+"qh" chÞnkcvgu" cpf" vq" rtqorv" rgpukqp"
funds to optimize performance since vjku"yknn"kpetgcug"vjgkt"rtqÞvu0
Reveiz and Leon (2008a) analyze 

how a series of investment restric-

tions enacted by the Financial Su-

perintendence curtails the ability 

of funds to optimize performance 

(e.g. Sharpe ratio) and lowers their rqtvhqnkq" fkxgtukÞecvkqp"ykvj" uwd/qrvkocn"eqpugswgpegu"hqt"vjg"hwpfuÔ"chÞnkcvgu0"
The authors propose a simple diver-ukÞecvkqp"dgpgÞv"ogcuwtg"vjcv"vtkgu"vq"ecrvwtg"vjg"tgfwevkqp"kp"tgvwtpuÔ"
standard deviation comparing the 

correlation of returns of a portfolio 

versus the case where all correlations 

of assets in a portfolio are set to one. 

Through an optimization exercise vjg{"Þpf"vjcv"wptguvtkevgf"ghÞekgpv"
frontiers dominate restricted fron-

tiers and that the latter had a lower 

range of possible returns as well as nqygt"fkxgtukÞecvkqp"dgpgÞvu0"

Given the aforementioned and the ewttgpv" kpàgzkdknkv{" qh" EqnqodkcÔu"
pension fund regime, the article 

proposes a multi-fund system as it 

has been functioning in other Latin 

American countries,4 that would 

mitigate investment restrictions and 

would incentive the setting of port-

folios more closely resembling the rqrwncvkqp"pggfu0"Kp"rctvkewnct."vjg"
authors propose the establishment of Þxg"hwpfu"ykvj"fkhhgtgpv"tkum/tgvwtp"
characteristics. 

Vq"swcpvkh{" vjg" hwpfuÔ" ngxgn" qh" tkum."
Reveiz and Leon (2008b) propose the 

maximum drawdown measure (instead 

of the variance) as a way to distinguish coqpi"hwpfu"qhhgtgf"vq"chÞnkcvgu"ykvj"fkhhgtgpv"cigu"cpf"tkum"cxgtukqpu0" Kp"ujqtv." chÞnkcvgu" enqugt" vq" tgvktgogpv"
should set (and have access to) portfo-

lios with minimum drawdowns while {qwpigt"chÞnkcvgu"eqwnf"vqngtcvg"rqtvhq-
lios with higher drawdowns since they 

can wait longer for a market recovery 

after a market downturn.

Arango and Melo (2006) analyze the fgvgtokpcpvu"qh"chÞnkcvkqp"vq"c"ocp-

datory pension fund in Colombia from 

1998 to 2005 using panel regressions. Kp" qvjgt"yqtfu." vjg" ctvkeng" vtkgu" vq"
research the factors that caused cer-

tain funds to gain market share (e.g. 

Porvenir, Protección, and Skandia) 

in the period at the expense of other 

funds (e.g. Colfondos, Horizonte, and 

Santander). 

The authors show that the change 

(that took effect in April, 2004 on-

wards) in the way minimum returns 

6" Kp"Ejkng."chÞnkcvgu"jcxg"vjg"qrvkqp"vq"ejqug"dgvyggp"Þxg"hwpfu"*C."D."E."F."cpf"G+"engctn{"fkhhgtgpvkcvgf"d{"vjgkt"tkum"vqngtcpeg"cpf"urgekÞecnn{"qp"vjg"rtqrqtvkqp"qh"gswkvkgu"kp"vjg"rqtvhqnkq0"Kp"cffkvkqp."hwpf"C"dgkpi"vjg"tkumkguv"qpg"ku"hqtdkffgp"vq"chÞnkcvgu"77"cpf"qnfgt"*Tgxgk¦."Ngqp."Ncugtpc"cpf"Octvkpg¦."422:+0
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were estimated5 eased the fund abili-

ty to surpass this minimum threshold cpf"gorktkecnn{"Þpf"vjcv"vjku"okpk-
mum return requirement is naturally tgncvgf"vq"vjg"hwpfuÔ"tgvwtpu."vjcv"vjku"
change (in fact decrease) after April 

2004 of the minimum returns had c"pgicvkxg" korcev" kp" hwpfuÔ" rgthqt-
mance and more interestingly how 

the changes in the minimum return 

had a differential effect among the 

funds (interaction dummy for each 

fund with the minimum return). 

Kp"vjgkt"tgitguukqp"cpcn{uku."Ctcpiq"
and Melo (2006) try to explain the 

number of contributing (or active) af-Þnkcvgu"cu"c"hwpevkqp"qh"hwpfuÔ"tgvwtpu."
employed population and the value 

of a fund in regards to the number of chÞnkcvgu." vjg" ncvvgt"xctkcdng"rtqz{-kpi" hqt" qvjgt" hwpfuÔ" ejctcevgtkuvkeu"
connected to the ability of attracting enkgpvu0"Vjg{"Þpf" vjcv" vjg"pwodgt"qh" chÞnkcvgu." tgvwtpu" cpf" gornq{gf"
population share a long term rela-

tionship (e.g. they are cointegrated) 

that in turns causes that increases 

in returns and the share of employed rqrwncvkqp"igv"tgàgevgf"qp"kpetgcugu"kp"vjg"pwodgt"qh"hwpfuÔ"chÞnkcvgu06 
From this empirical evidence, Arango 

and Melo (2006) propose relaxing 

investment restrictions to the funds 

(and minimum return guarantees) 

and support tying administration 

commissions to performance instead 

of linking them to monthly contribu-vkqpu"*cu"c"Þzgf"rgtegpvcig+0
Kp"Ncvkp"Cogtkec." ¥wtkvc" cpf"Lctc"
(1999) analyze performance of Chil-

ean pension funds. The authors 

are critical of periodical reports by 

the Superintendence to the general rwdnke" tgictfkpi" vjg" hwpfuÔ" rgt-

formance since these reports only 

contemplate returns and not risk. 

They go on to discuss several mea-

sures that not only consider returns dwv"cnuq"tkum."coqpi"vjgo"UjctrgÔu"tcvkq." LgpugpÔu" cnhc."octmgv" vkokpi"
indicators, stochastic dominance, 

lower partial moments and the like. 

¥wtkvc" cpf" Lctc" *3;;;+" eqpukfgt"UjctrgÔu" tcvkq" cu" vjg" dguv" rgthqt-
mance measure in the context of the 

Chilean market since this measure 

assumes that a great proportion of vjg" chÞnkcvguÔ"ygcnvj" ku" vkgf" vq" jku"rgpukqp"*kp"qvjgt"yqtfu."vjg"chÞnkcvg"ku"pqv" gpvktgn{"fkxgtukÞgf+" cpf" vjku"
measurement does not depend on 

any theoretical model (e.g. CAPM) 

mitigating the need for a reference 

or benchmark portfolio.7

Analyzing performance from 1987 

to 1998, they proceed to rank funds ceeqtfkpi"vq"UjctrgÔu"tcvkq"cpf"cxgt-
age returns but the article recognizes 

that these rankings are sensitive to 

the time period used. However, they Þpf"vjcv"vjg"eqttgncvkqp"qh"tcpmkpiu"dcugf" qp" UjctrgÔu" tcvkq" cpf" cxgt-
age returns is high regardless of the 

estimation window used (last 3 or 5 

years). Finally, they analyze the is-

sue if there is a link between past and 

future fund performance that would 

evidence persistence in returns and hwpf"ocpcigtuÔ" cdknkv{0" Vjg{" eqp-

clude that the evidence is weak since 

5 This caused a decrease in the minimum required return as well as a drop in the reference portfolio return.

8" Vjg"uk¦g"qh"vjg"hwpf"vwtpgf"qwv"vq"dg"kpukipkÞecpv0
9" Kp"uqog"ecugu"vjg"ejqkeg"qh"c"dgpejoctm"ku"fkhÞewnv"ikxgp"vjg"kpgzkuvgpeg"qh"dgpejoctmu"hqt"okzgf"rqtv-

folios (equities and bonds) and given the investment restrictions pension funds face.

Shuirupdqfh"hydoxdwlrq/"ixqg"vhohfwlrq"dqg"sruwirolr"doorfdwlrq"dssolhg"wr" 
CrorpeldÑv"shqvlrq"ixqgv
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tcpmkpiuÔ" eqttgncvkqpu" *wukpi" gkvjgt"
criterion) for the different time win-

dows (sometimes overlapping) in few qeecukqpu"ygtg"ukipkÞecpv"cpf"vjgug"
correlations tended to fall as windows 

were farther apart.

2. DATA AND METHODOLOGY

4030"Fcvc
This study uses weekly (Friday to Fri-

day) unit fund values in Colombian rguqu"*EQR&+"htqo"Ugrvgodgt."4226"
to September, 2008 of mandatory 

pension funds Colfondos, Horizonte, KPI"*hqtogtn{"Ucpvcpfgt+."Rqtxgpkt."
Protección, Skandia Alternativo, and Umcpfkc"Qdnkicvqtkq0"Vjg" uqwteg" qh"vjku"kphqtocvkqp"ku"CUQHQPFQU08
The weekly unit fund value from 

September 2004 to June 20089 of 23 

and 13 funds (portfolios or investment 

alternatives) offered by voluntary pen-

sion funds Protección and Skandia10 

respectively (for details see Appendix 1 cpf"4+"eqogu"htqo"eqorcpkguÔ"ygdukvgu0
As a risk free rate we chose the inter-

bank rate. The interbank rate is the tcvg" egtvkÞgf"d{"EqnqodkcÔu"Egpvtcn"
Bank for inter-bank operations exclud-kpi"qrgtcvkqpu"coqpi"qvjgt"Þpcpekcn"kpvgtogfkctkgu"uwej"cu"Þpcpekcn" eqt-
porations and cooperatives. The source 

of this information is Bancolombia.11

4040"Rgthqtocpeg" gxcnwcvkqp" qh"
funds

This section uses several measures 

found in the literature that not only 

measure performance in terms of 

returns but also account for risk. 

The purpose of this analysis is not 

necessarily to rank funds (since 

sometimes these measures produce 

different rankings) but to give a 

general perspective on performance 

and to provide an assessment of the 

degree of risk that pension fund af-Þnkcvgu" jcxg" dggp" eqphtqpvgf"ykvj"
in the last years. The performance 

measures are:

2.2.1. Sharpe’s ratio

UjctrgÔu"tcvkq"*UT+"ku"ikxgp"d{<
                  SR  =

  ri – rf   

""""""""""┈ri
 - rf

           (2)

Where ri represents the historical 

return of fund or portfolio i,rf is the 

risk free rate, and «ri-rf is the standard 

deviation of excess returns. This 

measure allows assessing the excess 

return to risk ratio. Naturally, as the 

ratio increases, the performance of a 

fund improves. 

2.2.2. Lower partial moments

Lower partial moments give valu-

able information on the probability vjcv"cp"cuugvÔu" tgvwtpu" hcnn"dgnqy"c"
certain threshold,12 on the expected 

value of the loss in these scenarios 

and the variability of returns in these 

circumstances. 

Measuring lower partial moments 

can be more readily understood us-

ing the concept of the kth moment 

8 Retrieved in 2009, from http://www.asofondos.org.co 

9 We chose this terminal date since Protección changed the supply of funds in that period. Extending the 
sample beyond June would have complicated analysis and comparability in a later period.

32" Cu"qh"Qevqdgt."422:."vjgug"vyq"hwpfu"jcf"c"eqodkpgf"88'"octmgv"ujctg0
11 Retrieved in 2009, from http://www.grupobancolombia.com

34" Vjg"oquv"eqooqp"vjtgujqnfu"ctg"vjg"ogcp"cpf"¦gtq0"Kp"vjku"ctvkeng"yg"yknn"wug"vjgo"ncvvgt0
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of a probability distribution. The kth 
moment of returns will be:

        kth moment = コ"-ı  rk 
f (r) dr

                    
-ı

       (3)

Where r represents returns and f (r) 
the probability distribution of re-vwtpu0"Vjg"¦gtq"oqogpv"d{"fgÞpkvkqp"
is 1 and it is related to a probability qh"qeewttgpeg."vjg"Þtuv"oqogpv"tgr-
resents the mean and the second the 
variance of returns. Lower partial 
moments modify the upper bound on 
the integral for a given threshold (i.e. ¦gtq+0"Kp"ujqtv."vjg"¦gtq"rctvkcn"oq-
ment that measures the probability 
of negative returns will be:

Vjg"¦gtq"oqogpv"d{"fgÞpkvkqp" ku"3"
and it is related to a probability of qeewttgpeg."vjg"Þtuv"oqogpv"tgrtg-
sents the mean and the second the 
variance of returns. Lower partial 
moments modify the upper bound on 
the integral for a given threshold (i.e. ¦gtq+0"Kp"ujqtv."vjg"¦gtq"rctvkcn"oq-
ment that measures the probability 
of negative returns will be:

  zero partial moment= コ"0"""h"(r) dr

""""""""""""""""""""""""""""""""""""-ı  (3.1)

The first partial moment will be 
given by:

 first partial moment= コ"0"""rh"(r) dr

""""""""""""""""""""""""""""""""""""-ı   (3.2)

This moment represents the expected 
value of the loss given a negative tgvwtp0"Kv"ku"htgswgpvn{"tghgttgf"vq"cu"
expected shortfall0"Kv"rtqxkfgu"kphqt-
mation with respect to risk since it 
takes into account the amount lost 
and not only its frequency (as the zero 
partial moment).

Finally, the second partial moment 
can be estimated as:

                            

This indicator is analogous to the 

variance (therefore it is known as 

semivariance) and it measures dis-

persion of returns below a certain 

threshold. 

2.2.3. Maximum drawdown

Maximum drawdown can be under-

stood as the maximum percentage 

decline (from peak to bottom) in an 

investment on a certain period of time 

(t+0"Kvu"hqtownc."tgrgcvgf"jgtg."ecp"dg"
expressed as:

MDD [o,t] = min 
 Pt – Pmax

   – MDD [o,t - 1]   Pmax

                            (4)

Maximum drawdown then tries to 

estimate losses associated with ex-

treme events. A risk averse investor 

will choose among two assets with 

identical returns the one with the 

lowest drawdown.

2.2.4. Second order stochastic 

dominance

According to this criterion, portfolio i 

will stochastically dominate portfolio 

j if:

         
 

 [Gj (r) - Fi (r)] dr > 0,   r

ri

/ı
¬       (5)

G(r) and F(r) represent the cumula-

tive distribution functions (CDF) of 

portfolio j and i returns respectively. 

By using the cumulative distribution 

function of return this more compre-

hensive analysis not only incorpo-

rates means and variances of returns cu"kp"encuukecn"*Þpcpekcn+"qrvkok¦cvkqp"
theory but also other moments of the 

return distribution. 

This means that if i dominates j, the 

cumulative area below the CDF of j 

must be larger than the cumulative 

Shuirupdqfh"hydoxdwlrq/"ixqg"vhohfwlrq"dqg"sruwirolr"doorfdwlrq"dssolhg"wr" 
CrorpeldÑv"shqvlrq"ixqgv

(3.3)second partial moment = コ"0"r2"h"(r) dr
-ı
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area for i. Second order stochastic 

dominance can be more readily un-

derstood in the context of two assets 

having the same mean, in which case 

the asset with the lowest variance 

will be the dominant one. 

Kp" vjku" ugevkqp"yg" hqtogf"rcktu" hqt"
both mandatory and voluntary pen-ukqp" hwpfuÔ" tgvwtpu" vq" gzcokpg" vjg"
existence of stochastic dominance.

4050"Hwpf"qt"cuugv"ugngevkqp"
through principal components 

analysis

Frequently, voluntary pension funds chÞnkcvgu"ecp"ejqqug"coqpi"cp"corng"
selection of funds that sometimes 

show a high degree of similarity, ocmkpi"kv"fkhÞewnv"vq"rkem"c"rctvkewnct"hwpf0"Kp"qvjgt"yqtfu."ikxgp"jkij"eqt-
relation in funds returns and similar 

investment policies, the process of 

selecting portfolios turns complicated 

(see Appendix 1 and 2 for details). 

The multivariate statistics technique 

of principal components can aid 

in this selection problem through 

dimensionality reduction. This tech-

nique achieves, for instance, given a 

number of variables, a different set of 

orthogonal variables that are combi-

nations of the original ones known as 

principal components. These princi-

pal components have a high explana-

tory power of the common variance of 

the original variables. 

Oqtg"urgekÞecnn{."vjg"cpcn{uku"uvctvu"
with the analysis of the eigenvalues 

(⁄i) of a square matrix (covariance 

or correlation matrix of dimension n 

(number of assets) by n"fgpqvgf"d{"¬+"
and the eigenvectors (vi) associated 

to these particular eigenvalues, from 

which the following relation holds:

                    ¬┃i = ━i┃i                 (6)

From r (returns) which we can as-

sume as an nx1 vector with covari-cpeg"ocvtkz"¬."yg" ecp" guvkocvg" c, 

which is a vector of the same dimen-

sion, as a linear combination of r by 

using the following expression (where 

Ai stands for the ith"Þng"qh"vjg"uswctg"
matrix A):

                        c = Ar                     (7)

Vjg"eqghÞekgpvu"qh"A act as weights 

that can be normalized thorough the 

expression AiA’i = 1 . Given this, the 

variance and covariance of c can be 

estimated as: 

             ┃ct(ci) = Ai ろA'i              (8)

           eq┃"(ci."ej) = Ak"ろA'l"         (9)

Where i and j stand for rows of A. 

The idea of principal components is to 

maximize the variance while achiev-

ing a zero covariance (cov(ci,cj)). Solv-

ing this optimization problem one can Þpf" vjg" xcnwgu" qh"ocvtkz"A  which 

will be equal to the transpose of the 

matrix of eigenvectors (ordered in 

descending order according to their 

eigenvalues). The first principal 

component will be the eigenvector as-

sociated with the highest eigenvalue 

and so on.

Taking into account that the sum 

of the eigenvalues equals the sum 

of the original (standardized) vari-

ables, each eigenvalue will explain 

━i / ¬i = 1 ━i  
n  per cent of the original 

(joint) variance.

To reduce dimensionality, usually 

a researcher chooses the most rep-

resentative principal components. 

Despite the fact that there is no 

consensus in the literature about 
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the threshold or explanatory power 

necessary to retain a particular ei-

genvalue, two criteria are to retain 

eigenvalues higher than 1 or eigen-

values with explanatory power equal 

or above 5%. 

We conducted a principal component 

analysis on the correlation matrix of 

returns of Protección and Skandia 

funds. Principal components associ-

ated with eigenvalues above one were 

retained and the correlation of funds 

returns and principal components 

was analyzed.13

The correlation of fund i  returns and 

principal component j is given by:

             i, j = ai,j (Var (Cj) )0,5          (10)

ai,j"tgrtgugpvu"vjg"eqghÞekgpv"qh"hwpf"i 
in the eigenvector related to principal 

component j .

The funds with a high correlation 

with a given principal component 

(and low correlations with the rest) 

were selected for a subsequent 

analysis. These funds with a high cor-

relation can be interpreted as those 

funds better representing a principal 

component.

4060"Rqtvhqnkq"cnnqecvkqp"cpcn{uku
With the funds chosen in the last sec-

tion, we proceeded to attain optimal 

portfolios through two methodologies: vjg"Þtuv"tgncvgf"vq"Octmqykv¦"*3;74+"cpf"vjg"eqpegrv"qh"cp"ghÞekgpv"htqpvkgt"
in which by an optimization process 

those portfolios that a given return 

minimize variance are chosen, and 

a second methodology by Reveiz and 

Leon (2008b) in which those portfo-

lios that at the same level of wealth 

creation minimize drawdown.14 

Both methodologies produce an ef-Þekgpv" htqpvkgt" kp"yjkej" gcej"rqkpv"
represents risk and return character-kuvkeu"qh"c"rctvkewnct"rqtvhqnkq0"Kp"dqvj"
cases restrictions were imposed in 

the optimal weights (no short sales) 

and the analysis was conducted on 

100 optimal portfolios equally spaced 

from the portfolio with lowest returns 

(wealth creation) to the highest.

With these optimal portfolios it was 

possible to conduct a hold out sample rgthqtocpeg" cpcn{uku"wukpi"c"Þzgf"
size rolling window of 52 weeks. This 

window served both as portfolio for-

mation or estimation period and hold-kpi"rgtkqf0"Kp"vjg"Þtuv"guvkocvkqp."yg"vqqm"vjg"Þtuv"74"yggmu"vq"guvkocvg"vjg"
optimal portfolios and analyzed its 

average return in the next 52 weeks 

(starting from week 53). The second 

estimation used data from weeks 2 

to 53 and performance was analyzed 

in the next year and this process was 

repeated until the data permitted.

Kh"rgtukuvgpeg"ghhgevu"ctg"rtgugpv" kp"
the data or in other words optimal 

portfolios are subject to momentum 

(Jegadeesh and Titman, 1993), one 

would expect that high ex-ante or 

historical returns portfolios (high up 

in the frontier) would show a better 

performance on a subsequent period. 

13 Since selecting a given number of principal components did not reduce the number of funds, we recoursed vq"c"eqttgncvkqp"cpcn{uku"dgvyggp"vjg"hwpfuÔ"tgvwtpu"cpf"rtkpekrcn"eqorqpgpvu"vq"Þpf"vjg"hwpfu"oqtg"
strongly correlated with linear combinations of the whole set of funds.

36" Vjgug"qrvkok¦cvkqp"rtqdngou"ygtg"uqnxgf"wukpi"qwt"Ocvncd"rtqitco"vjtqwij"vjg"ÓswcfrtqiÔ"cpf"ÓnkprtqiÔ"
routines respectively.

Shuirupdqfh"hydoxdwlrq/"ixqg"vhohfwlrq"dqg"sruwirolr"doorfdwlrq"dssolhg"wr" 
CrorpeldÑv"shqvlrq"ixqgv
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To examine this empirically, we con-

ducted, in a rolling fashion, a correla-

tion analysis among the 100 returns 

on the frontier and the 100 average 

returns in the evaluation period. We 

estimated the correlation with the Þtuv"guvkocvkqp"ykpfqy."vjg"ugeqpf"
and so on. To generalize these results 

the same exercise was conducted for 

different estimation and evaluation 

periods from 28 up to 52 weeks.

Kp"rtcevkeg."oqogpvwo"ghhgevu"yqwnf"ikxg" chÞnkcvgu" vq" c" rctvkewnct" hwpf"
indication of a pattern of returns they 

could take advantage of and these 

effects could serve as guide to switch 

from one fund to other (where mo-

mentum effects would be stronger).

Furthermore, we analyzed the ex-

post return series (weekly averages) 

of the portfolios under the two op-

timization methodologies to verify 

any performance improvement when 

using one particular approach. Like-

wise, in a robustness analysis, this 

exercise was replicated for different 

windows from 28 and up to 52 weeks. Kh"vjgtg"ku"cp{"kortqxgogpv"kp"rgt-
formance when choosing a particular ogvjqf"vjku"ecp"ckf"chÞnkcvgu"vq"ocmg"
sounder investment decisions.

3. RESULTS

This section discusses the results on 

performance of mandatory pension 

funds and then the performance 

analysis, fund selection and portfolio 

allocation applied to two of the most 

representative voluntary pension 

funds (Protección and Skandia) for 

the period 2004 – 2008.

5030"Rgthqtocpeg"cpcn{uku"qh"ocp-

datory pension funds

Table 1 shows descriptive statistics of 

returns for the whole sample.

The Table 1 shows that the most rtqÞvcdng" hwpf" kp" vjg" rgtkqf" *Ugr-

tember 2004 – September 2008) was 

Protección followed by Skandia Al-vgtpcvkxq0"Vjg"ngcuv"rtqÞvcdng"hwpf"ycu"KPI"*hqtogtn{"Ucpvcpfgt+0"Qp"c"
yearly basis, the difference between vjg"oquv"cpf"ngcuv"rtqÞvcdng"hwpfu"
was about 2,55% per annum.

Even though the least profitable hwpf."KPI"ycu"vjg"tkumkguv"qpg"*pgx-

ertheless with a moderate yearly 

volatility of 5,95%); the second and 

third riskiest funds were Protección 

and Colfondos, and the least risky 

fund was Skandia Alternativo with a 

weekly volatility of 0,565% (or 4,07% 

per annum).

All funds showed negative skewness, 

being Skandia Alternativo and Por-

venir the funds with skewness closer 

to zero. Similarly, all funds presented 

positive kurtosis (in excess of 3), 

Table 1. Descriptive statistics of weekly returns in pesos (2004-2008)

 Colfondos Horizonte ING Porvenir Protección Skandia Altern. Skandia Oblig.

Mean 0,209% 0,205% 0,198% 0,218% 0,247% 0,230% 0,226%

Std. Deviation 0,695% 0,683% 0,825% 0,629% 0,806% 0,565% 0,670%

Skewness -1,269 -1,075 -1,350 -0,789 -1,174 -0,647 -1,150

Kurtosis 7,743 6,831 7,889 7,681 7,156 5,307 7,245

Maximum 2,089% 2,054% 2,636% 2,729% 2,607% 1,810% 2,405%

Minimum -3,303% -2,804% -3,747% -2,467% -3,542% -2,048% -2,663%



27ESTUDIOS
GERENCIALES

gxkfgpeg"qh" hcv"vcknu" kp"tgvwtpuÔ"fku-
tributions. Maximum and minimum tgvwtpu" àwevwcvgf" tqwijn{" ctqwpf"
+/- 3%.

Vq" hwtvjgt" vjgug"Þpfkpiu." c" ugeqpf"
order15 stochastic dominance and 

performance analysis was conducted 

as described in section 2.

Table 2 below shows the results for c"uvqejcuvke"fqokpcpeg"cpcn{uku0"Kp"
the table, a value of 1 depicts the 

case where the fund in the row domi-

nates the fund in the column and a 

value of 0 stands for the case of no 

dominance. For interpretation pur-

poses, the sum of the values in each 

row gives an idea of how many times 

the fund in the row dominates and 

the sum of values for each column 

represents the number of times that 

the fund in the column is dominated 

by the rest. 

Matching in good part the descrip-

tive statistics analysis, it is seen that cnn"hwpfu"fqokpcvgf"KPI"hwpf."vjcv"
Porvenir and Skandia Alternativo 

dominated Colfondos and Horizonte 

and that the only two funds not 

dominated by their competitors were 

Protección and Skandia Alternativo. Kv" ecp" cnuq" dg" uckf" vjcv" vjg" dguv"
performer was Skandia Alternativo 

since it dominated most of the funds *gzegrv" Rtqvgeek„p+0" Kpvgtguvkpin{"
and even though the two funds are 

run by the same company, Skandia Cnvgtpcvkxq" fqokpcvgf"Umcpfkc"Q/dnkicvqtkq0"Kp"cffkvkqp."kp"wptgrqtvgf"
results, the risk free rate was nor 

dominant nor dominated by the hwpfuÔ"tgvwtpu0
Kp" tgictfu" vq"rgthqtocpeg"cpcn{uku"
taking into account risk, Graph 1 

shows the evolution of several per-

formance measures using a fixed 

length rolling window of 26 weeks 

(six months).16 We decided to work 

with an estimation period of six 

months since Colombian law allows chÞnkcvgu"vq"okitcvg"htqo"qpg"hwpf"vq"
the other after having completed a 

minimum period of stay of at least a ugoguvgt0"Kpkvkcnn{."vjg"itcrj"ujqyu"
similar performance patterns across 

the seven funds, a result in line with 

the literature review in section 1. 

37" Vjku"ctvkeng"qokvu"c"Þtuv"qtfgt"uvqejcuvke"fqokpcpeg"cpcn{uku"ukpeg"qhvgp"vkogu"vjg"ewowncvkxg"rtqdcdknkv{"
functions crossed preventing the existence of dominance.

16 We conducted the same analysis using a window of 52 weeks (one year) with similar results. These results 
are available from the authors upon request. 

Table 2. Second order stochastic dominance matrix (2004-2008)

 Colfondos Horizonte ING Porvenir Protección Skandia Altern. Skandia Oblig.

Colfondos 0 0 1 0 0 0 0 

Horizonte 0 0 1 0 0 0 0 

ING 0 0 0 0 0 0 0 

Porvenir 1 1 1 0 0 0 0 

Protección 0 0 1 0 0 0 0 

Skandia Altern. 1 1 1 1 0 0 1 

Skandia Oblig. 0 0 1 0 0 0 0 

Shuirupdqfh"hydoxdwlrq/"ixqg"vhohfwlrq"dqg"sruwirolr"doorfdwlrq"dssolhg"wr" 
CrorpeldÑv"shqvlrq"ixqgv
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Nqqmkpi"cv"vjg"gxqnwvkqp"qh"UjctrgÔu"
ratio one notices an increasing trend hqt"vjg"Þtuv"52"yggmu"*htqo"Octej"vq"
September, 2005) followed by a de-

creasing trend reaching a minimum 

in July 2006 and then a recovery 

until the end of 2006. During 2007 

and 2008 (week 97 onwards), this 

indicator has been erratic and more 

importantly, in several occasions 

turned out to be negative. By the end 

of the sample (last week of Septem-dgt."422:+."UjctrgÔu"tcvkq"qh"ocpfc-

tory pension funds was within a 0,05 

and 0,15 range.

The zero partial moment has changed 

from levels of 10 to 20% from March-

September of 2005 to levels of 60% in Lwpg/Lwn{" qh" 422:0" Kp" qvjgt"yqtfu."
rolling probabilities (with a six 

month window) of negative returns 

changed by a factor of six in a three 

year period. For the whole period, the 

frequency of negative returns for all 

funds approached, on average, 30%. 

Given negative returns, the first 

partial moment informs the size of 

the expected percentage loss. At the 

beginning of the sample, expected loss ycu"oqfgtcvg"cpf"àwevwcvgf"ctqwpf"
0,05 and 0,10%. Starting on February, 

2006, the expected loss grows consid-

erably until reaching a maximum of 

0,60% in July-August, 2006. For the ugv"qh"hwpfu."vjg"cxgtcig"Þtuv"rctvkcn"oqogpv"hqt"vjg"yjqng"rgtkqf"àwevw-

ated from 0,115% (mean for Skandia 

Alternativo) and 0,208% (Protección).

Maximum drawdown showed a simi-nct"dgjcxkqt"vq"vjcv"qh"vjg"Þtuv"rct-
tial moment, reaching a maximum 

of 11,70% in July-August, 2006. By 

the end of the sample, this indicator 

showed levels between 2,87% and 

5,00%, drawdowns far lower than 

those of the July-August, 2006 period. 

Graph 1. Mandatory pension funds. Performance analysis (2004 -2008)
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Qp" cxgtcig" hqt" vjg"yjqng" rgtkqf."
maximum drawdown ran from 1,84% 

(mean for Skandia Alternativo) and 5.7:'"*KPI+017

5040" Rgthqtocpeg" gxcnwcvkqp."
fund selection and portfolio allo-

cation applied to Protección’s 

voluntary pension fund

This section begins with a principal 

components analysis to select funds 

to then analyze its performance 

and conduct a portfolio allocation 

analysis. 

3.2.1. Fund selection applied to 

Protección’s voluntary pension 

fund

A principal component analysis was wpfgtvcmgp"qp"vjg"hwpfuÔ"tgvwtpu"hqt"vjg"rgtkqf" gzvgpfkpi" htqo"Qevqdgt."
2004 to September, 2005. This period 

is long enough to allow us to apply 

a principal component analysis and 

this length mitigates non-normality 

concerns.

Table 3 shows that four components 

are able to explain 80% of the joint xctkcpeg" qh" tgvwtpu0" Kp" vjg" dqvvqo"

of the table, correlations (Corr) of 

the 13 funds with the four principal 

components (C) are shown. 

The first principal component is 

strongly related to ACCRFD (0,95), 

ACCE (0,85) and ACCME (0,82). 

Though ACCD showed a high correla-

tion with C1, we decided to exclude 

it since three funds represent well 

enough variability explained by C1. THRCN"cpf"RTQFKX" ujqygf"jkij"
correlations with C2, while C3 and 

C4 strongly correlated with RFDLP 

and ACCP.

Vjg"Þtuv"rtkpekrcn"eqorqpgpv."ikxgp"
the equally signed coefficients for 

most of the funds seems to represent 

a market or general factor, the sec-

ond principal component seems to 

represent a return factor accounting 

for a difference between local and hqtgkip"Þzgf" kpeqog" *okpf" vjg" nqy"
coefficients on funds investing in 

equities), the third component seems 

to account for differences in returns 

per type of assets (equities versus Þzgf"kpeqog+"cpf"vjg"hqwtvj"fqgu"pqv"
have a discernible pattern (maybe it 

is related to a factor affecting returns 

39" Fwg"vq"urceg"eqpukfgtcvkqpu"cpf"ikxgp"ukoknct"tguwnvu"vq"vjqug"tgrqtvgf"hqt"vjg"Þtuv"rctvkcn"oqogpv."vjg"
analysis of the second partial moment is omitted.

Vcdng"50"Protección – Fund selection through principal component analysis 

(2004-2005)

Component 1 2 3 4 5 6 7 8 9 10 11 12 13

Eigenvalue 4,99 2,48 1,63 1,05 0,90 0,68 0,36 0,29 0,24 0,15 0,14 0,07 0,03

% Explained 38,37 19,08 12,51 8,07 6,95 5,21 2,74 2,21 1,87 1,14 1,04 0,54 0,27

              

Fund RFPAL RFLP RFDLP RFDCP RFECP ACCP ACCD ACCE ACCDTEC ACCME ACCJP ACCRFD PRODIV

Corr_C1 0,00 -0,19 0,45 0,53 0,70 0,13 0,80 0,85 0,75 0,82 0,59 0,95 0,33

Corr_C2 0,76 0,64 -0,54 -0,60 -0,11 0,19 -0,01 0,15 0,18 0,28 -0,04 0,00 0,81

Corr_C3 -0,51 -0,61 -0,66 -0,56 -0,03 0,31 0,17 0,20 0,17 0,10 -0,18 0,08 -0,08

Corr_C4 0,11 0,00 0,09 0,07 0,10 0,86 -0,21 -0,04 -0,34 0,20 0,19 -0,02 -0,17

Shuirupdqfh"hydoxdwlrq/"ixqg"vhohfwlrq"dqg"sruwirolr"doorfdwlrq"dssolhg"wr" 
CrorpeldÑv"shqvlrq"ixqgv
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kp" gswkv{"octmgvu" qwvukfg" vjg"W0U0"
and Europe). 

The seven (underlined) funds are 

those that an investor can choose if 

she is willing to be exposed to differ-

ent risk factors (markets, currencies, 

asset types, nationalities, among 

others). These are the funds with 

the highest (in absolute terms) cor-tgncvkqpu"ykvj"tkum"hcevqtu0"Kp"qvjgt"
words, these are the funds that better 

characterize the common movement qh"hwpfuÔ"tgvwtpu0
3.2.2. Performance evaluation 

applied to Protección’s voluntary 

pension fund

Table 4 shows some descriptive sta-

tistics for the funds selected in the 

last section for the period reaching Qevqdgt."4227"vq"Ugrvgodgt."422:0
The most profitable funds were 

ACCP, ACCME and RFPAL; while 

in general, funds that invested in 

currencies such as RFDLP, ACCE 

and ACCRFD had negative returns. 

The riskiest funds (standard devia-

tion) were ACCP, ACCE and ACCME 

while the least risky fund was RFPAL cpf"RTQFKX0"Kp"c"vtcfkvkqpcn"ogcp/
variance analysis, it is seen that RF-

PAL dominated all funds except the 

ones with higher returns (ACCP and CEEOG+0"Kp"cffkvkqp."RTQFKX"fqok-
nated RFDLP, ACCE and ACCRFD.

All funds showed negative skewness *gzegrv" hqt"THFNR+"cpf" ukipkÞecpv"
kurtosis. Comparing the funds that 

invested in pesos (RFPAL, ACCP y RTQFKX+"ykvj"vjg"tguv"qh"vjg"hwpfu."
it is seen that these funds had more 

pronounced skewness and kurtosis 

and values farther apart of those of 

a normal distribution.

A stochastic dominance analysis 

showed that RFPAL dominated the 

rest funds (except for ACCP and CEEOG+"yjkng"RTQFKX"fqokpcvgf"
RFDLP, ACCE y ACCRFD. Table 5 

reports these results.

Table 4. Protección. Descriptive statistics of weekly returns in pesos (2005-2008)

 RFPAL RFDLP ACCP ACCE ACCME ACCRFD PRODIV

Mean 0,09% -0,17% 0,20% -0,02% 0,13% -0,14% 0,07%

Std. Deviation 0,12% 1,35% 3,80% 2,34% 2,37% 1,39% 0,60%

Skewness -1,107 0,509 -2,275 -0,459 -0,472 -0,167 -1,399

Kurtosis 9,781 4,65 14,051 3,911 3,916 2,828 9,289

Maximum 0,57% 5,19% 8,39% 7,22% 6,01% 3,09% 1,71%

Minimum -0,43% -4,30% -21,07% -7,97% -8,41% -3,50% -3,27%

Table 5. Protección – Second order stochastic dominance matrix (2005-2008)

 RFPAL RFDLP ACCP ACCE ACCME ACCRFD PRODIV

RFPAL 0 1 0 1 0 1 1 

RFDLP 0 0 0 0 0 0 0 

ACCP 0 0 0 0 0 0 0 

ACCE 0 0 0 0 0 0 0 

ACCME 0 0 0 0 0 0 0 

ACCRFD 0 0 0 0 0 0 0 

PRODIV 0 1 0 1 0 1 0 
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Kpvgtguvkpin{."kp"wptgrqtvgf"tguwnvu."
the risk free rate dominated most of 

the funds except for ACCP. Graph 2 

shows the performance of the indica-vqtu"qh"Rtqvgeek„puÔ"hwpfu0
UjctrgÔu"tcvkq"xctkgf"htqo"/2.7"vq"-2.7"
with the exception of RFPAL. By and 

large, there is a downwards trend kp"vjg"rgtkqf0"Qp"cxgtcig."UjctrgÔu"
ratios were negative except for ACCE 

and ACCME. 

The zero partial moment shows an 

increasing trend for most of the funds 

until reaching an 80% level at the 

end of the sample. Though the riski-

est fund, ACCP did not present the jkijguv"¦gtq"rctvkcn"oqogpv0"Qp"cx-

erage, RFDLP and ACCRFD (55,56% 

and 52,17%) showed higher values 

than ACCP (44,86%). The rest of the 

funds (with the exception of RFPAL) 

showed averages around 40%.

Htqo"Crtkn" vq"Qevqdgt."4228."CEER"
showed substantial levels in regards to 

kvu"Þtuv"rctvkcn"oqogpv."hqt"kpuvcpeg."kp"
that period, expected loss was around 

3% per week. However, after 2007, 

ACCP reduced notably its expected 

loss until been surpassed at the end 

by other funds investing in foreign 

equities (ACCE and ACCME). Rank-

ing through averages (for the whole 

period), the fund with the largest ex-

pected loss was ACCP (1,25%), followed 

by ACCE (0,90%), while the fund with 

the lowest loss was RFPAL (0,01%).

Finally, the maximum drawdown 

showed a similar behavior to that of vjg"Þtuv"rctvkcn"oqogpv0"Vjg"jkijguv"
drawdown funds (on average) were 

ACCP (15,67%) and ACCE (11,38%) 

while the ones with the lowest were THRCN"*2.4;'+"cpf"RTQFKX"*5.27'+0
3.2.3. Portfolio allocation applied 

to Protección’s pension funds18

With the seven selected funds we rtqeggfgf"vq"guvkocvg"ghÞekgpv"htqp-

tiers through the two methodologies 

discussed in section 2.

Graph 2. Protección. Performance analysis (2005 -2008)

18 We conducted the same analysis for the whole set of Protección funds (13 funds) for which we had historical 
data. Results are similar to the ones reported in this section.

Shuirupdqfh"hydoxdwlrq/"ixqg"vhohfwlrq"dqg"sruwirolr"doorfdwlrq"dssolhg"wr" 
CrorpeldÑv"shqvlrq"ixqgv
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Kh"rgtukuvgpeg"ghhgevu"ctg"rtgugpv."vjg"
correlation between the returns of ef-Þekgpv"htqpvkgt"rqtvhqnkqu"cpf"tgvwtpu"
in a holding (ex-post) period should 

be high and positive.

Table 6 depicts the value of average 

correlations using several formation 

and holding periods between 28 and 

52 weeks for the two optimization 

techniques (Mean variance and 

wealth creation –DD). The mean cor-

relation is estimated by averaging, 

given a particular estimation win-

dow, the rolling correlations between 

ex-ante and ex-post returns of 100 

portfolios in the frontier.

Analyzing the series of rolling cor-

relations (unreported here), we 

observed correlations with values 

close to +/-1 for different periods 

and windows without any clear cut 

pattern or improvement when using 

either of the two methods.19

Returning to Table 6, it is perceived 

that average correlations are all 

negative. For the two methods there 

is a propensity of declining correla-

tions (they turned more negative) as 

the window size increases. Correla-

tions reported here do not provide 

evidence of persistence pattern nor 

of improvement in performance for 

either method in the sense of secur-

ing high future returns based on past 

returns.

To conclude this section, we analyzed 

returns using several formation and 

holding windows for portfolios nr. 

20, 40, 60 and 80, derived under the 

two methodologies. Table 7 shows 

the results.

The value of 0,006% can be inter-

preted as the difference between 

Table 6. Protección. Average correla-

tion between returns in a formation and 

holding period for several estimation 

windows

Estimation  
window

Mean  
variance

Wealth  
creation - DD

28 -0,194 -0,304
32 -0,118 -0,217
36 -0,281 -0,242
40 -0,428 -0,270
44 -0,585 -0,590
48 -0,392 -0,382

19 These results are available from the authors upon request.

Table 7. Protección. Differences on average weekly returns for optimized port-

folios

Formation and evaluation 
period

Portfolio #

20 40 60 80

28 0,006% 0,012% 0,008% -0,010%

32 0,007% 0,008% 0,012% 0,004%

36 0,009% 0,010% 0,012% 0,011%

40 0013%* 0,020% 0,027% 0,036%

44 0,012% 0,023% 0,029% 0,026%

48 0,000% 0,001% 0,003% -0,001%

52 -0,009% -0,013% -0,012% -0,008%

* represents rejection of the null hypothesis of equal means using a two tailed t-test with a 5% 

ukipkÞecpeg"ngxgn"cuuwokpi"wpgswcn"xctkcpegu0
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average returns (for different roll-

ing windows of equal size set to 28 

weeks) of portfolio #20 obtained 

through minimizing drawdown and 

(minus) minimizing variance. This 

difference in yearly terms is 0,322%. 

Though strictly speaking portfolio 

#20 has a different composition 

under the two methodologies (and 

it is time varying as well), the table 

does not provide evidence of statisti-

cally20"pqt"geqpqokecnn{"ukipkÞecpv"
differences in performance when 

using either optimization methodol-qi{"crrnkgf"vq"Rtqvgeek„puÔ"rgpukqp"
funds. 

5050" Rgthqtocpeg" gxcnwcvkqp."
fund selection and portfolio 

allocation applied to Skandia’s 

voluntary pension fund

3.3.1. Fund selection applied to 

Skandia’s voluntary pension fund 

We conduct a similar analysis to that 

of Protección. Table 8 reports the 

principal components analysis car-

ried to reduce the number of funds 

for further analysis.

Due to space considerations, Table 8 

presents the percentage explained by vjg"Þtuv"pkpg"rtkpekrcn"eqorqpgpvu0"Kv"ku"gcu{"vq"ugg"vjcv"htqo"vjg"gkijv"
Table 8. Skandia – Fund selection through principal component analysis (2004-

2005)

Component 1 2 3 4 5 6 7 8 9

Eigenvalue 8,82 5,19 2,01 1,24 1,13 0,99 0,78 0,64 0,46

% Explained 38,33 22,55 8,73 5,41 4,91 4,32 3,39 2,78 1,98

Fund ACCCHI ACCASIFS ACCEGO ACCESMT ACCGLO ACCJAP ACCUSATG ACCUSACM BACCCOL

Corr_C1 -0,29 -0,85 -0,88 -0,57 -0,96 -0,62 -0,91 -0,83 -0,23

Corr_C2 0,11 -0,10 -0,07 -0,14 -0,08 0,00 -0,06 0,00 -0,37

Corr_C3 0,42 0,21 0,24 0,31 -0,01 0,00 0,08 -0,19 -0,05

Corr_C4 0,61 -0,01 0,05 -0,30 0,04 -0,15 -0,09 -0,08 0,57

Corr_C5 0,13 0,13 -0,09 -0,24 0,01 0,32 0,07 0,08 0,32

Fund BCPCOL BMPCOL BMPYAN BGLOUSD BGLOME BGLOWE BUSAB BUSAHQ$ BUSAMEP

Corr_C1 -0,23 -0,07 -0,61 -0,79 -0,60 -0,54 -0,45 0,13 -0,39

Corr_C2 -0,12 -0,24 0,68 0,54 0,51 0,60 0,86 0,18 0,88

Corr_C3 -0,73 -0,76 -0,13 0,03 -0,30 0,18 0,00 -0,45 -0,08

Corr_C4 0,24 0,19 0,07 0,02 0,09 -0,12 0,03 -0,51 -0,01

Corr_C5 -0,07 -0,37 -0,12 -0,04 -0,30 -0,17 0,09 0,45 -0,08

Fund DINAMCOP DINAMUSA ESTABUSD EXTRECOP EXTREUSA     

Corr_C1 -0,73 -0,65 0,01 -0,75 -0,65     

Corr_C2 -0,55 -0,72 -0,62 -0,54 -0,71     

Corr_C3 -0,23 0,02 0,25 -0,17 0,04     

Corr_C4 -0,10 -0,05 -0,13 -0,06 -0,02     

Corr_C5 0,08 -0,04 -0,55 0,11 0,01     

42" Qwv"qh"922"v/vguvu"guvkocvgf"*322"rqtvhqnkqu"vkogu"ugxgp"fkhhgtgpv"guvkocvkqp"ykpfqyu+"qpn{"86"*;.3'+"
rejected the null of equal means.

Shuirupdqfh"hydoxdwlrq/"ixqg"vhohfwlrq"dqg"sruwirolr"doorfdwlrq"dssolhg"wr" 
CrorpeldÑv"shqvlrq"ixqgv
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principal components onwards ex-

planatory power falls below 3%.

Vjg"Þtuv"Þxg"rtkpekrcn" eqorqpgpvu"
explain around 80% of common vari-

ability of returns. C1 is closely related vq"CEEINQ."CEEWUCVI."CEEGIQ"cpf"CEECUKUHU."E4"ku"enqugn{"nkpmgf"vq" DWUCOGR" cpf"DWUCD."yjkng"DEREQN"cpf"DOREQN"ctg"uvtqpin{"eqttgncvgf"vq"E50"CEEEJK"cpf"GUVC-DWUF" ujqygf" vjg"jkijguv" eqttgnc-

tions with C4 and C5 respectively.

C1 seems to represent a general mar-

ket movement, C2 relates to a return 

factor having a differential impact 

on local and foreign fixed income 

(low correlations with equity funds) 

while the third component seems to tgàgev"tgvwtp"fkhhgtgpegu"cetquu"cuugv"encuugu"*Þzgf"cpf"xctkcdng"kpeqog+0
3.3.2. Performance evaluation 

applied to Skandia’s voluntary 

pension fund

Table 9 shows descriptive statistics 

of the ten funds chosen in the last 

section. 

Five out of ten funds showed nega-

tive returns, all of them related to hqtgkip"kpxguvogpvu0"Vjg"oquv"rtqÞv-cdng"hwpf"ycu"CEEJK"yjkng"vjg"ngcuv"

rtqÞvcdng"ycu"DWUCD0" Kp" vgtou"qh"
standard deviation, the riskiest funds ygtg"CEEJK"cpf"CEECUKHU"yjkng"vjg" ngcuv" tkum{"ygtg"DEREQN"cpf"DOREQN0"Hqwt"qwv"vgp"hwpfu"ujqygf"
positive skewness and when skew-

ness was negative, it tended to be of 

a lower magnitude to that reported by Rtqvgeek„puÔ"hwpfu0"Mwtvquku"gzeggfgf"
three, likely implying non-normal tgvwtp"fkuvtkdwvkqpu0" Kp"wptgrqtvgf"
results we found only three cases of 

second order stochastic dominant as-ugvu"*DEREQN."DOREQN"cpf"GUVC-DWUF+0"Cu"kp"Rtqvgeek„pÔu"ecug."vjg"
risk free rate dominated the whole set qh"UmcpfkcÔu"hwpfu0"Itcrj"5"ujqyu"c"
series of performance indicators.

UjctrgÔu"tcvkqu21 showed a declining 

trend and a certain convergence by 

the end of the sample. By and large, UjctrgÔu" tcvkq" hnwevwcvgf" ctqwpf"
-0,75 and 0,50 and a bit worryingly 

some funds showed negative ratios hqt"oquv" qh" vjg" rgtkqf" *DEREQN."DOREQN."DWUCD."cpf"DWUCOGR+0
The zero partial moment evidenced 

an increasing trend with a peak (for 

some funds) by the end of the sample 

(June, 2008). Funds such as ESTA-DWUF." DOREQN." cpf" DOREQN"
Table 9. Skandia. Descriptive statistics of weekly returns in pesos (2005-2008)

 ACCCHI ACCASIFS ACCEGO ACCGLO ACCUSATG BCPCOL BMPCOL BUSAB BUSAMEP ESTABUSD

Mean 0,13% 0,10% -0,05% -0,09% -0,15% 0,13% 0,10% -0,18% -0,22% 0,07%

Std. Deviation 2,99% 2,28% 2,16% 1,95% 1,78% 0,08% 0,25% 1,40% 1,44% 0,27%

Skewness 0,182 0,14 -0,517 -0,389 -0,813 -0,488 -0,422 0,365 0,424 -0,908

Kurtosis 5,059 4,118 3,155 4,006 5,095 5,357 3,851 4,72 4,515 5,964

Maximum 12,40% 8,63% 4,11% 5,62% 4,21% 0,31% 0,74% 5,23% 5,35% 0,80%

Minimum -8,17% -6,24% -7,05% -7,35% -8,07% -0,17% -0,79% -4,86% -4,65% -1,01%

21 Results obtained with a 52 week estimation window were similar to those reported here. These results 
are available from the authors upon request.
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showed low frequencies of loss while DWUCD"cpf"DWUCOGR"ujqygf"vjg"
highest losing frequencies (on aver-

age of 59,45% and 58,78%).

DEREQN"cpf"GUVCDWUF" ujqygf"
very little expected losses while CEEJK" cpf"CEEGIQ" ujqygf" vjg"
largest losses amounting to 0,88% cpf"2.9;'0"Kpvgtguvkpin{."d{"vjg"dg-

ginning of 2008 there is a separation 

phenomenon in which funds can be encuukÞgf"kp"vjtgg"itqwru"*jkij."og-

dium, and small shortfall) according vq"vjgkt"Þtuv"rctvkcn"oqogpv0"
Maximum drawdown showed a ukoknct"rcvj"vq"vjcv"qh"vjg"Þtuv"rctvkcn"
moment. However, if one ranks funds 

(not shown here) from low to high Þtuv"rctvkcn"oqogpvu"cpf"ftcyfqypu"
(averages for the sample), orderings 

are not completely analogous. For kpuvcpeg."CEECUKHU" uwtrcuugf" ukz"

funds in terms of expected loss but 

it exceeded only three in terms of 

drawdown.

By and large, performance of vol-

untary pension funds has worsened 

while their risk has increased (what-gxgt"vjg"ogvtke+"kp"vjg"ncuv"{gctu0"Kp"
addition, mandatory pension funds 

have out-performed most of volun-

tary pension funds of Protección 

(except for ACCP) and Skandia at 

a fraction of the level of risk (stan-

dard deviation). Likewise, voluntary 

pension funds have had a lackluster 

performance even when compared to 

the risk free rate. 

3.3.3. Portfolio allocation applied 

to Skandia’s pension funds22

As in the case of Protección, no 

evidence was found in regards to tgvwtpuÔ" rgtukuvgpeg" qh" qrvkok¦gf"
portfolios. Table 10 shows the results.

Graph 3. Skandia – Performance analysis (2005 -2008)

22 We conducted the same analysis for the whole set of Skandia funds (23 funds) for which we had historical 
data. Results are similar to the ones reported here.

Shuirupdqfh"hydoxdwlrq/"ixqg"vhohfwlrq"dqg"sruwirolr"doorfdwlrq"dssolhg"wr" 
CrorpeldÑv"shqvlrq"ixqgv
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Table 10. Skandia. Average correlation 

between returns in a formation and 

holding period for several estimation 

windows

Estimation  
window

Mean  
variance

Wealth  
creation - DD

28 0,288 0,321

32 0,261 0,316

36 0,347 0,363

40 0,336 0,391

44 0,349 0,422

48 0,307 0,379

52 -0,059 -0,035

Though correlations are mostly 

positive, their value (the highest was 

0,422) does not allow us to conclude 

that ex-ante and ex-post performance 

was strongly linked. Although corre-

lations reported for the second meth-

odology were higher, the differences 

with respect to the more traditional 

methodology were minimal.

Finally, our analysis did not find geqpqokecnn{"ukipkÞecpv"tgvwtp"fkhhgt-
ences in an evaluation period when 

using either methodology for a range 

of different estimation windows. 

Table 11 reports these results.

The lowest difference was 0,005% 

(0,282% per annum) while the high-

est was 0,050% (2,585% per year). 

Nonetheless all differences reported 

here are positive (though of modest 

value), for the case of other portfolios 

(and windows) not reported some-

times the differences were negative. 

None of the differences reported here ygtg"uvcvkuvkecnn{"ukipkÞecpv023

Kp"uwo."pq"gxkfgpeg"ycu"hqwpf"qh"cp{"
improvement in performance when 

applying either of the two methodolo-

gies to the funds offered by Skandia.

4. CONCLUDING REMARKS

This document analyzed performance qh" EqnqodkcÔu"ocpfcvqt{" rgpukqp"
funds for the 2004 – 2008 period, a 

time span in which these funds, af-

fected by a world crisis, experienced 

a decline in performance. Though 

these funds are subject to investment 

restrictions and minimum returns 

clauses that provoke similar invest-

ment behavior, this document found 

time differences on the levels of risk 

Table 11. Skandia. Differences on average weekly returns for optimized portfolios

Formation and evaluation 
period

Portfolio #

20 40 60 80

28 0,011% 0,015% 0,037% 0,035%

32 0,014% 0,022% 0,042% 0,042%

36 0,018% 0,029% 0,035% 0,038%

40 0,017% 0,028% 0,035% 0,041%

44 0,014% 0,027% 0,036% 0,044%

48 0,005% 0,018% 0,028% 0,037%

52 0,011% 0,024% 0,037% 0,050%

45" Qwv"qh"922"v/vguvu"guvkocvgf"qpn{"55"*6.92'+"tglgevgf"vjg"pwnn"qh"gswcn"ogcpu0

* represents rejection of the null hypothesis of equal means using a two tailed t-test with a 5% ukipkÞecpeg"ngxgn"cuuwokpi"wpgswcn"xctkcpegu0
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cuuwogf" d{" vjg" chÞnkcvgu" qh" vjgug"hwpfu0" Kp" cffkvkqp." uqog" hwpfuÔ" tg-

turns stochastically dominated other hwpfuÔ"tgvwtpu0"
Kp"tgictfu"vq"rgthqtocpeg"qh"xqnwpvct{"
pension funds we found a decline in hwpfuÔ"rgthqtocpeg"cpf"cp"kpetgcug"kp"
risk (whatever the metric) in the last 

years. Moreover, we found that man-

datory pension funds outperformed 

voluntary pension funds offered by 

Protección (with the exception of 

ACCP) and Skandia, at a much lower 

level of risk (standard deviation). 

Likewise, voluntary pension funds 

had a sub-optimal behavior even when eqorctgf"vq"vjg"tkum"htgg"tcvg."c"Þpf-

ing derived from a stochastic domi-

nance analysis. These results give 

credence to calls by Arango and Melo 

(2006), Jara (2006) and Martínez and 

Murcia (2008) in the sense of linking 

voluntary pension funds commissions 

to its return performance (instead of 

linking them to the fund size as in the 

current system).

These results also reinforce the popu-nct" rgtegrvkqp" vjcv" hwpfuÔ" tgvwtpu"
have been mediocre and perhaps the qpn{"dgpgÞv"qh"rctvkekrcvkpi"kp"vjgug"
funds is the possibility of differing or 

eliminating income taxes if contribu-

tions are deposited for a minimum of Þxg"{gctu0"
However, the methodology presented 

here does not pretend to solve the 

question put forward by Jara et al. 

(2005) in the sense of how much 

responsibility to assign of this me-

diocre performance to fund managers cpf"chÞnkcvgu" ukpeg" vjg" ncvvgt" jcxg"cp" kpàwgpeg" kp" rqtvhqnkq" fgekukqpu"
when they rebalance their portfolios. 

Naturally, this rebalancing can affect 

funds returns.

Nonetheless, and reviewing the 

portfolio composition of some funds 

investing in foreign equities through 

overseas portfolio managers one no-

tices a certain propensity to invest 

in shares of large and growth com-

panies (instead of investing in small 

and value companies). Particular gzcorngu"ctg"vjg"hwpfu"CEECUKHU."CEEWUCEO."CEEG."cpf"CEETHF0
Growth companies are those that 

usually had recent stellar perfor-ocpegu"tgàgevgf"kp"jkij"octmgv"xcnw-

ations (high market to book, price 

earnings ratio, and other valuation 

indicators) implying high market ex-

pectations while the value companies 

represent the contrary. Nevertheless, 

empirical international evidence 

(Fama and French, 1998) seems to 

support investments in small and 

value companies (over investments 

in large and growth companies), es-

pecially in the long run.

Through a principal components 

analysis we were able to objectively 

choose a number of funds that prop-

erly represent the joint movement qh" cnn" hwpfuÔ" tgvwtpu0" Kp" rtcevkeg."vjku" vgejpkswg" ecp"jgnr"cp"chÞnkcvg"
to reduce the number of funds or 

assets to consider taking into ac-

count that nowadays the number of 

supplied funds have increased (e.g. 

closed alternatives by Protección), 

making it harder to keep track of all 

alternatives.

None of the two voluntary pension 

funds analyzed showed patterns of 

persistence in the short run, and on 

the contrary, we documented rever-

sion patterns by which portfolios with 

higher historical returns tended to 

present a sub-par performance in a 

subsequent period when compared 

Shuirupdqfh"hydoxdwlrq/"ixqg"vhohfwlrq"dqg"sruwirolr"doorfdwlrq"dssolhg"wr" 
CrorpeldÑv"shqvlrq"ixqgv
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with portfolios with lower histori-

cal returns. For Protección funds, 

this evidence suggests a rebalancing 

portfolio period no longer than six 

months. 

Furthermore no evidence was found 

in relation to improvements in per-

formance when using a particular 

portfolio optimization methodology 

(Markowitz, 1952; Reveiz and Leon, 

2008b). We consider these results 

robust given the different estimation 

and evaluation periods chosen on fcvc"cxckncdknkv{"etkvgtkc0"Kp"cffkvkqp."
both methodologies produced un-

stable portfolio allocations24 in time 

that restrict practical application of 

these approaches or demand a high 

number of optimization restrictions 

as described in Arcos, Benavides and 

Berggrun (2010).

Qpg"gzvgpukqp"qh"vjku"tgugctej"yqwnf"
be to conduct a performance evalua-

tion (especially for voluntary pension 

funds) with respect to benchmark 

portfolios and another would be to 

expand this methodology of assess-

ing performance, selecting assets 

and finding optimal portfolios to 

severance pay funds in Colombia that 

by September, 2008 had 4,5 million chÞnkcvgu" cpf"c" hwpf"xcnwg" qh"oqtg"vjcp"EQR&6.4"vtknnkqp"*crrtqzkocvgn{"WUF&30;22"oknnkqp+0
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Appendix 1. Funds offered by Protección

Fund name Abbreviation Investment profile

High liquidity fixed income RFPAL Short term fixed income investments, mostly in pesos

Long term fixed income RFLP Domestic and foreign fixed income - medium and long term

Long term fixed income in USD RFDLP Long term fixed income investments, in USD

Short term fixed income RFDCP Short term fixed income investments, in USD

Short term fixed income in Euros RFECP Short term fixed income global investments, in Euros

Colombian equities ACCP Equities listed in Colombia, in pesos

USD denominated equities ACCD Equities that trade in the main U.S. stock markets

Euro denominated equities ACCE Equities of European companies, including the U.K.

Equities of tech companies ACCDTEC Equities of global tech companies, in USD

Emerging markets equities ACCME Equities of companies in emerging markets

Equities in Japan ACCJP Equities of Japanese firms

Equities and fixed income in USD ACCRFD Bonds, cash and mostly equities around the world

Diversified fund PRODIV Domestic and foreign assets with optimal risk - return

Appendix 2. Funds offered by Skandia

Fund name Abbreviation Investment profile

Ac.As_SKChina ACCCHI Equities in China, Hong Kong and Taiwan

Ac.As_SKFState ACCASIFS Equities in the Pacific region, managed by First State

Ac.Eur_SKGoldm ACCEGO Equities in Europe, managed by Goldman Sachs

Ac.Eur_SMCpTemp ACCESMT Equities in small and medium sized European companies, run by Templeton

Ac.Glo_SKJPM ACCGLO Global equities, managed by JP Morgan

Ac.Jap_SkJPM ACCJAP Equities of Japanese companies or companies that operate in Japan

Ac.Usa_SKGamco ACCUSATG Equities in US, managed by GAMCO

Ac.Usa_SKMars ACCUSACM US growth equity fund, managed by Marsico

BA.Col_SkInvCol BACCCOL Colombian fixed income and equities

Bn.Col_SkLiqdz BCPCOL Short term fixed income in pesos

Bn.Col_SkMnged BMPCOL Medium term fixed income and equities in pesos

Bn.Col_SkYankee BMPYAN Medium term fixed income in USD

Bn.Glo.SkEq USD BGLOUSD Short term fixed income in the USD Reserve Fund 

Bn.Glo_SKEMkt BGLOME Long term fixed income in emerging markets

Bn.Glo_SKWelli BGLOWE Global long term fixed income, managed by Wellington

Bn.Usa_SKBlack BUSAB Fixed income in USD managed by Black Rock

Bn.Usa_SkHQ$ BUSAHQ$ Global medium term fixed income

Bn.Usa_SKPimco BUSAMEP Fixed income in emerging markets, managed by Pimco

Dinámico COP DINAMCOP Fixed income, equities and structured assets with currency hedging

Dinámico USD DINAMUSA Fixed income, equities and structured assets without currency hedging

Estabilidad USD ESTABUSD Global fixed income in USD with a conservative profile

Extremo COP EXTRECOP Global fixed income, equities and structured assets with currency hedging

Extremo USD EXTREUSA Global fixed income, equities and structured assets without currency hedging

Note: the difference between dynamic (dinámico) and extreme (extremo) portfolios is that vjg"ncvvgt"ku"oqtg"ciitguukxg"kp"kvu"kpxguvogpv"rqnke{0"Vjg"ncuv"7"fkxgtukÞgf"rqtvhqnkqu"ecp"dg"qtfgtgf"ceeqtfkpi"vq"vjgkt"tkum"dgikppkpi"ykvj"vjg"nqyguv"*GUVCDWUF+."ogfkwo"*FKPCOEQR"cpf"FKPCOWUC+"cpf"jkijguv"tkum"hwpfu"*GZVTGEQR"cpf"GZVTGWUC+0


