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1. Introduction
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1 Before retirement.
2 A trust created to support the pension plan when the outflows are higher than the 

inflows (about 2032 with the current scheme).
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3 Index tracking means that the manager must replicate the behavior or (if possible) 
the conformation of a market benchmark or index. This practice could lead to 
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some limitations such as the impact of financial costs (trade fees, market timing, tax 
impact or liquidity) therefore the enhanced index tracking discipline tries to achieve 
higher gross returns than the replicated benchmark in order to compensate the 
impact of financial costs.



44 Volumen 3, número 1, enero - junio 2013

Estocástica
FINANZAS Y RIESGO

2. The optimizer used in the active portfolio management 
process.

2.1 The Markowitz-Tobin-Sharpe-Lintner portfolio selection model.
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4 Such as the one described in appendix one.
5 In the case of Pensiones Civiles del Estado de Michoacán, a value of 4A � , related 

to a “neutral risk aversion investor” is set. 
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6 This in an almost parallel approach to Lintner’s (1965) proposal.



46 Volumen 3, número 1, enero - junio 2013

Estocástica
FINANZAS Y RIESGO

2.2 The Orthogonal GARCH model (O-GARCH) for the calculation 
of the covariance matrix.

K��+��+���	
�������
����	�������������7MH8"�	���G����
������7MH@"$��+���	��
-

�	���������+�
�� ��
�����	����������+	�� ����
��
	����+�����	�����3���
���
������-

����$�	���=����+��'��	���	���
	�����������
��	���
��A����������
��	��
��
�	���3��

:+��
���	
�	��� ( , )GARCH p q ������������=��	���;�
��������+�=��&36

 2 2 2

1 1

p q

t i t i i t i
i i

� � � � � �� �
� �

� � 	 � 	� �  (4)

��� 	� ��	
����� ������ ��
� �+��� �	��
$� �+�� ( , )GARCH p q � ������ ���	
��� �
���

�+�� 	��
������� �+	�� �+�� 
��

��� �����
� ir � ��� �+�� ��+� 	����� ��� ���+�
/�

�
�������
	 ��

��  or �����
����	 ���

�	 ���, $� ��	�������� �+����
������
	��	��
��-

����� ��� �
����	
�	��� ��������� �
�&	&����3� �
�������� ��� �+�� ���� ��� 
��

���

time series 1[ ,..., ]� iX r r �� K��+� �+��$� �+�� ���� ��A���+���� �
�&���� �	�� &��

������� �+
�
�+� �=�� �
��������� <�� �
�������
	 ��

�� � �+�� �����
� ��� �	
	����
�

� � � �, ,i i i� � � �
 �� � 
  leads toH 
2 2 ( )t t i� � �� �����E"�	����+�������	����������	-

rameters *� �����+�=��=��+��+�����
���������+����;���������	������
�&���6

 � �
2

2
,2

( ) 1

1arg max log
2t i

T
i t

t
t t� �

�
�

��


 �� �
� �� � � �
� �� �� 


�  (5)

#
&.������6

 

1 1

, , 0

1

i i
p q

i j
i j

� � �

� �
� �

�

�  � �

When �����
����	 ���
�	 ���,  the solution is shown by the next log likelihood 

function maximization9:

7 Given the information set 1�tI  that makes tr  
conditional.

8 � � � �tiiii rr ,1 �� �	��
9 Please see Bollerslev (1986) and Lambert & Laurent (2001).
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10 An equally weighted covariance matrix is given by:
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11 A property observed in fixed income assets or futures term structures.
12 I.e. that the number of assets could lead to a flatter log likelihood function.
13 Please refer to note 10.
14 Also proposed in Alexander (2002).
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3. The discrete event simulations performed.

3.1 Statistical parameters, theoretical assumptions and practical implica-
tions in each simulation.
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15 I.e. the financial asset price does not change due to a lack of liquidity.
16 At this point the out of sample and robust estimation scenario is set aside.
17 Assuming that these values represent the behavior of zero tracking error Exchange 

Traded Funds (ETF’s) invested in each benchmark.
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18 The original value of the pension fund was modified to MXN$ 10 million due to 
confidentiality issues.
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19 As noted, this is an index tracking passive portfolio management practice.

Figure 1. Flowchart of the discrete event simulation performed in the passive 
portfolio management (“Target position”).
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3.2. Results observed in simulations.
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Figure 2. Flowchart of the discrete event simulation performed in the active 
portfolio management (“Range portfolio rebalancing”) using the three different 

covariance matrixes.
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Portfolio or benchmark Acumulated turnover Yearly effective return
7.5% actuarial target return 105.05% 11.67%
Benchmark 205.34% 22.82%

Passive management: Target Position 172.12% 19.12%

Active management: constant covariance matrix. 131.13% 14.57%
Active management: Gaussian OGARCH 
covariance matrix 210.14% 23.35%
Active management: t-Student OGARCH 212.22% 23.58%

p
Table 1. Acumulated turnover in the four simulated portfolios.

20 In order to confirm that the level of volatility clustering was high in certain time 
periods like the aforementioned one, please refer to the historical ARCH test results 
shown in Appendix two.
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21 It is also when the optimization problem given in (2) leads to the highest concentration 
in the risk free asset. Please refer to chart four in comparison with chart six to confirm 
this and to Appendix three for the proof of the presence of volatility clustering in 
those periods.
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Table 3. ANOVA1: Test of the historical Sharpe ratios in the four simulated portfolios.
 
Source SS df MS F Prob>F
Columns 43.6680667 3 14.5560222 1.84961698 13.61501%
Error 14393.7718 1829 7.86974947
Total 14437.4399 1832
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Outflows (OF )
Date Amount (MXN) Date Amount (MXN) Date Amount (MXN)
18/01/2002 985,516.29$          16/07/2004 641,630.06$          02/07/2009 89,559,398.71$    
22/02/2002 3,285,054.31$      10/09/2004 8,212,635.78$      18/12/2009 66,358,097.13$    
22/03/2002 2,628,043.45$      28/01/2005 82,662,629.71$    12/02/2010 289,453.33$          
19/04/2002 3,285,054.31$      08/04/2005 33,659.65$            
14/06/2002 2,628,043.45$      29/04/2005 474,292.10$          
09/08/2002 1,642,527.16$      06/05/2005 3,360.22$               
06/09/2002 1,642,527.16$      19/05/2006 3,285,054.31$      
20/12/2002 679,476.88$          09/06/2006 4,927,581.47$      
10/01/2003 6,570,108.63$      24/08/2007 22,995,380.20$    
02/05/2003 3,285,054.31$      07/09/2007 8,212,635.78$      
01/08/2003 4,927,581.47$      25/01/2008 19,710,325.88$    
05/09/2003 5,256,086.90$      28/03/2008 6,570,108.63$      
19/09/2003 4,927,581.47$      25/04/2008 6,570,108.63$      
09/01/2004 6,570,108.63$      02/05/2008 218,473.54$          
07/05/2004 4,927,581.47$      05/06/2009 163,404,217.91$  

Inflows (IF )

A monthly $356.4284 outflow 
paid the last week of each 
month. The outflow is the 
payment of custodial bank 

services for the assets (ETF's 
that replicate the six 

benchmakrs) in the managed 
portfolios.

Table A.1 The inflows and outflows of the technical reserve of Pensiones Civiles del Estado de Michoacán

Source: Pensiones Civiles del Estado de Michoacán. The real numbers were changed due to confidenciality. This numbers 
reflect the behavior of the original magnitudes.
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22 Using a T=52 return time series length from t to t-51.

Benchmark Poisson critical value Number of dates with ARCH effect Conclusion
VLMR-MEX-GUBERNAMENTAL 28.10529586 100 This asset has ARCH efect

VLMR-MEX-UMS 28.10529586 55 This asset has ARCH efect
IPCB100 28.10529586 31 This asset has ARCH efect

S&P-CITB100 28.10529586 51 This asset has ARCH efect
EFFAUSB100 28.10529586 28 The test is not conclusive

MSCIWORLDGB100 28.10529586 60 This asset has ARCH efect

Table A.2. ARCH efect test resume
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Asset type VLMR_MEX_UMS EFFAUSB100 SP500TRB100 MSCIWORLDGB100 VLMR_MEX_GUBERNAMENTAL IPCB100
VLMR_MEX_UMS 1 0.408287007 -0.340421318 -0.352979265 -0.04527618 -0.010496348

EFFAUSB100 0.408287007 1 -0.417051245 -0.354964665 0.196305779 0.05721501
SP500TRB100 -0.340421318 -0.417051245 1 0.91810741 0.099137752 -0.052602401

MSCIWORLDGB100 -0.352979265 -0.354964665 0.91810741 1 0.110340901 0.008871604
VLMR_MEX_GUBERNAMENTAL -0.04527618 0.196305779 0.099137752 0.110340901 1 -0.019101146

IPCB100 -0.010496348 0.05721501 -0.052602401 0.008871604 -0.019101146 1
Efective correlation (Determinant) 0.089648924

Asset type VLMR_MEX_UMS EFFAUSB100 SP500TRB100 MSCIWORLDGB100 VLMR_MEX_GUBERNAMENTAL IPCB100
VLMR_MEX_UMS 1 -0.117425925 -0.369673719 -0.416630382 0.255163266 -0.143888126

EFFAUSB100 -0.117425925 1 -0.286097744 -0.255187292 -0.057908116 0.365550275
SP500TRB100 -0.369673719 -0.286097744 1 0.9557821 0.481861901 -0.08956764

MSCIWORLDGB100 -0.416630382 -0.255187292 0.9557821 1 0.49041005 -0.049046676
VLMR_MEX_GUBERNAMENTAL 0.255163266 -0.057908116 0.481861901 0.49041005 1 -0.151424226

IPCB100 -0.143888126 0.365550275 -0.08956764 -0.049046676 -0.151424226 1
Efective correlation (Determinant) 0.023188107

Asset type VLMR_MEX_UMS EFFAUSB100 SP500TRB100 MSCIWORLDGB100 VLMR_MEX_GUBERNAMENTAL IPCB100
VLMR_MEX_UMS 0 0.525712932 0.0292524 0.063651118 -0.300439446 0.133391778

EFFAUSB100 0.525712932 0 -0.130953501 -0.099777373 0.254213895 -0.308335266
SP500TRB100 0.0292524 -0.130953501 0 -0.03767469 -0.382724149 0.036965239

MSCIWORLDGB100 0.063651118 -0.099777373 -0.03767469 0 -0.380069149 0.05791828
VLMR_MEX_GUBERNAMENTAL -0.300439446 0.254213895 -0.382724149 -0.380069149 0 0.132323079

IPCB100 0.133391778 -0.308335266 0.036965239 0.05791828 0.132323079 0
Determinant diference 0.066460817

Table A.3 Correlation matrix comparisson in "unusual" and "usual" dates.

Correlation level difference between "unsual" and "usual" dates

"Usual dates" correlation matrix.

"Unusual dates" correlation matrix.




