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RESUMEN

Las crisis econdmicas y financieras en el mundo son
recurrentes por la presentacion de diversos patrones.
Estas crisis han afectado las rentabilidades del sistema
privado de pensiones del Perd, sin respuestas efectivas
por parte de las Administradoras de Fondos de Pensiones
(AFP). Con la metodologia Box y Jenkins o modelo
autorregresivo integrado de promedio mévil (ARIMA) se
describe y pronostica, por cada AFP, el comportamiento
de las rentabilidades del promedio mensual de los
valores cuota diarios del fondo tipo 2, que inici6 en
diciembre del 2005. Las inversiones de este fondo estan
distribuidas en 55% en renta fija y 45% en renta variable,
con un perfil balanceado destinado a trabajadores entre
45 a 60 afios. El tipo de dato de las rentabilidades del
promedio mensual del fondo tipo 2 corresponde a series
de tiempo estacionarias en sentido débil, pues los
primeros momentos como la media, y la varianza y la
autocovarianza son invariantes en el tiempo.

Palabras clave: series de tiempo; rentabilidad;
estacionariedad en sentido débil; raiz unitaria; ruido
blanco.

INTRODUCCION

Con la metodologia Box y Jenkins o autorregresivo integrado de
promedio movil (ARIMA, por sus siglas en inglés) se describié y
pronostico el comportamiento de las rentabilidades del promedio
mensual de los valores diarios del fondo tipo 2, que inicié en
diciembre del 2005, de cada Administradora de Fondo de Pen-
siones (AFP). El tipo de dato de las rentabilidades mensuales
del fondo tipo 2 corresponde a las series de tiempo y, para que
puedan modelarse con ARIMA, necesariamente deben ser es-
tacionarias en sentido débil, donde los dos primeros momentos
como la media, y la varianza y la autocovarianza deben ser inva-
riantes en el tiempo.

En 1976, Box y Jenkins formalizaron la metodologia Box-Jen-
kins y los modelos ARIMA, también conocidos como modelos
Box-Jenkins, donde se refieren a las series de tiempo que se
sustentan en los procesos estocasticos (Box, Jenkins y Reinsel,
2008). Cuando se pronostica con un modelo ARIMA, se siguen
los siguientes pasos:

1. Identificacion
2. Estimacién
3. Validacion

4. Prondstico

Estos pasos se grafican en Box et al. (2008), donde se les deno-
mina “Etapas en el enfoque iterativo de la construccion de mo-
delos” (p.18).

Guijarati y Porter (2010) sostienen que cuando una serie de tiem-
po no es estacionaria, la media y la varianza no son invariantes
en el tiempo. Asimismo, al referirse a la metodologia Box y Jen-
kins ARIMA, agregan lo siguiente:

La publicacion de G. P. E. Box y G. M. Jenkins Time Se-
ries Analysis: Forecasting and Control, op. cit., marcé
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el comienzo de una nueva generacion de
herramientas de pronéstico. Popularmente
conocida como metodologia de Box-Jen-
kins (BJ), pero técnicamente conocida
como metodologia ARIMA, el interés de
estos métodos de prondsticos no esta en
la construccion de modelos uniecuaciona-
les o de ecuaciones simultaneas, sino en el
andlisis de las propiedades probabilisticas,
0 estocasticas, de las series de tiempo eco-
némicas por si mismas (...). A diferencia de
los modelos de regresion, en los cuales Y,
se explica por las k regresoras X,, X,, X, ...,
X, €n los modelos de series de tiempo del
tipo BJ, Y, se explica por valores pasados o
rezagados de si misma y por los términos
de error estocésticos. Por esta razon, los
modelos ARIMA reciben algunas veces el
nombre de modelos ateéricos —porque no
se derivan de teoria econdmica alguna—.
(pp. 774-775)

Court y Rengifo (2011) sefialan que “El concepto de
estacionariedad tiene dos versiones: la estaciona-
riedad estricta y la estacionariedad débil” (p. 400); a
continuacioén, se muestran cada una de estas:

Estacionariedad estricta. Es un proceso estocas-
tico{yi}coni=1, 2, ..., T. Es estrictamente estacio-
nario si, para un numero real finito R y para cual-
quier conjunto de subindices i se define
de esta forma:

I PR
Fyi1'yi2 P i 2% = ¥r) = Fyi1+r'yi2+r P Yirar O =0 YT)

Estacionariedad débil. Es un proceso estocastico
{y}coni=1,2, .., T Es débilmente estacionario si
se cumple lo siguiente:

E(y)=u
E(y;—w?=0%< o
COU(}’i:}’i—j) =Yi-@i-)H =Y

Ramon y Lopez (2016) también identifican dos tipos
de estacionariedad: en sentido fuerte y en sentido dé-
bil. Para el primer caso, los cuatro momentos de las
distribuciones conjuntas son invariantes en el tiempo,
y para el segundo, solo los 2 primeros momentos lo
son. En este caso la metodologia Box y Jenkins se
basa en la estacionariedad en sentido débil.

Situacién problematica

Naupas et al. (2014) indican que en la vida coti-
diana se presentan patrones repetitivos, pero con
ciertas caracteristicas diferentes, y agregan que la
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prediccién de los fenbmenos naturales es mas cer-
tera que los fendbmenos sociales:

Asi por ejemplo, conociendo las leyes de
Kepler, que explican los movimientos de
traslacion de los planetas, satélites, come-
tas y asteroides es posible calcular la ocu-
rrencia de eclipses, mareas y acercamiento
de cometas a la orbita de la Tierra. La pre-
diccién del tiempo, de inundaciones, terre-
motos, huracanas, erupciones volcanicas,
la ocurrencia de mareas, o de pandemias
son mas confiables que las ocurrencias de
revoluciones, conflictos sociales, golpes de
estado, etc. (apartado 2.4.2. ;Qué es la in-
vestigacion natural?)

Estos fendmenos, que originan crisis, impactan ne-
gativamente en las economias y las finanzas, por lo
cual Mira (2016) plantea la aparicién recurrente de
crisis financieras. Estas crisis han afectado reitera-
damente las rentabilidades del sistema privado de
pensiones en el Pera.

La Organizacion Internacional del Trabajo (OIT)
establecidé en 1933 el convenio sobre el seguro de
vejez, y en 1952 determind los lineamientos sobre
las prestaciones de vejez. En el Pert inicialmen-
te funcionaba el Sistema Nacional de Pensiones
(SNP), que actualmente es administrado por la
Oficina de Normalizacion Previsional (ONP). Entre
1981 y 2014, tal como sefialan Ortiz, Duran-Valver-
de, Urban, Wodsak y Yu (2019), unos 30 paises pri-
vatizaron total o parcialmente sus pensiones publi-
cas obligatorias, hecho que sucedié en el Perl en
el afio 1993. La Asociacion de Administradoras de
Fondo de Pensiones (2018) define la pension en el
sistema privado de pensiones peruano (SPP) como
“el ingreso periodico que recibe el afiliado como
consecuencia de un proceso previo de suavizacién
de consumo, a través del ahorro a lo largo de su
vida laboral en su cuenta de capitalizacién indivi-
dual (CIC)” (p. 8), con la finalidad de que el traba-
jador ya jubilado no tenga dificultades econémicas.

Las administradoras de fondos de pensiones (AFP)
se encargan de administrar los aportes de cada
individuo durante su vida laboral, es decir, invier-
ten sus ahorros a fin de obtener rentabilidad para
que este, una vez jubilado, pueda disfrutar de sus
aportes y sus ganancias sin necesidad de depen-
der de sus familiares o del Estado. Sin embargo,
Cruz-Saco et al. (2014) advirtieron que el sistema
previsional en el Peru era “ineficiente, tiene una
baja probabilidad de incrementar apreciablemente
la cobertura en los siguientes 36 afios, y presenta,
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ademas, un conjunto de inequidades en la asigna-
cion de los beneficios previsionales” (p. 2).

Flérez (2014) también agrega que “los ahorros para
la jubilacidn de millones de personas se encuentran
expuestos, de manera intrinseca, al comportamien-
to favorable, asi como adverso, de los mercados fi-
nancieros” (p. 121). Estas situaciones generan una
alta volatilidad, sobre todo cuando se presentan
mas noticias negativas con respecto a las noticias
positivas, con lo cual se observa un comportamien-
to asimétrico del mercado, principalmente el de ren-
ta variable.

Ortiz et al. (2019) sostienen que “Los trabajadores
se convirtieron asi en consumidores obligados del
sector financiero, con lo que asumian individual-
mente todos los riesgos del mercado financiero
sin contar con la suficiente informacion para tomar
decisiones sensatas” (p. 803). Es decir, cuando el
mercado es estable o se presentan buenas noti-
cias, los rendimientos seran positivos. Por su lado,
a decir de Yang et al. (como se cit6 en Gutiérrez et
al., 2017), las crisis financieras se han caracteriza-
do por el incremento del riesgo y alta volatilidad, lo
que ha afectado negativamente los rendimientos.
Es decir, en el caso del SPP se presentaron noti-
cias negativas y, en consecuencia, las altas expec-
tativas que inicialmente genero6 se fueron diluyendo
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con el trascurrir de los afios debido a que no produ-
jo los resultados esperados.

Carlos Palomino, en una entrevista a RTV San Mar-
cos - UNMSM (2020), indicé que las inversiones de
las AFP ingresan a mecanismos bursatiles y no a
activos tangibles. Estos instrumentos bursatiles son
volétiles debido a los ciclos o choques econdémicos
que, a su vez, son consecuencia de variables exter-
nas al sistema, como, por ejemplo, una pandemia.

Cabe precisar que en noviembre del 2006 se auto-
rizé la absorcion de AFP Union Vida por Prima AFP.
En abril del 2013, la AFP Horizonte fue adquirida por
las AFP Integra y Profuturo (50% cada una). La AFP
Habitat inicia sus operaciones en abril del 2013.

El fondo tipo 2 inicia en diciembre del 2005. Sus in-
versiones estan distribuidas 55% en renta fija y 45%
en renta variable, con un perfil balanceado destinado
a trabajadores de 45 a 60 afios. En la Figura 1 se
observa una leve tendencia al alza con fuerte caida
durante la crisis mundial entre el 2007 y el 2008; un
leve descenso en abril del 2011 y 2016 en las prime-
ras vueltas electorales, al igual que entre el 2018 y
2019, que culmino con el cierre del congreso de la
Republica; y un fuerte retroceso en marzo del 2020
como consecuencia del COVID-19. Este desenvolvi-
miento corresponde al promedio mensual en soles

Promedio mensual del valor cuota diario
y fondo tipo 2

Por AFP

Promedio mensual del valor cuota diario

Horizonte Integra

Unién Vida

Profuturo

iniAambhera 9NNE A~

Figura 1. Promedio mensual de los

inlia DNANN

valores cuota por AFP y fondo tipo 2.

Fuente: Elaboracién propia con el software Stata 16.
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de los valores cuota diarios para el calculo de la ren-
tabilidad de las AFP del fondo tipo 2.

El presente trabajo es de gran utilidad para aque-
llos trabajadores de 45 a 60 afios, dado que sus
inversiones, al ser gestionadas por las AFP, se ven
afectadas por las crisis econdémicas y financieras
en el mundo. Como estas crisis afectan las renta-
bilidades del sistema privado de pensiones en el
Perq, el ahorro de los trabajadores se ve afectado
al momento de su jubilacion. ¢Por qué las respues-
tas a los riesgos financieros recurrentes que adop-
taron los gestores de riesgos de las AFP no mitiga-
ron las pérdidas de la rentabilidad de la inversion de
los trabajadores? Esa es la gran interrogante de los
trabajadores. Con la metodologia Box y Jenkins o
ARIMA, se describe el comportamiento del prome-
dio mensual de los valores diarios del fondo tipo 2
de cada AFP, asi como el prondstico de los mismos.

El objetivo de la investigacion es determinar cémo
se modelara adecuadamente el promedio mensual
de los valores cuota por cada AFP del fondo tipo 2
con la metodologia Box y Jenkins.

Asimismo, esta investigacion busca determinar es-
pecificamente si la tendencia del promedio mensual
de los valores cuota por cada AFP del fondo tipo 2 in-
fluye en la raiz unitaria, si la estacionariedad influye
en su media y varianza, y si existe correlacion entre
los valores observados y los valores pronosticados.

Hipodtesis general

El promedio mensual de los valores cuota por cada
AFP del fondo tipo 2 se modelara adecuadamente
con la metodologia Box y Jenkins.

Hipétesis especificas

1. Latendencia del promedio mensual de los valo-
res cuota por cada AFP del fondo tipo 2 influye
directamente en la raiz unitaria.

2. La estacionariedad influye directamente en la
media de la rentabilidad del promedio mensual
de los valores cuota por cada AFP del fondo
tipo 2.

3. Laestacionariedad influye directamente en la va-
rianza de la rentabilidad del promedio mensual de
los valores cuota por cada AFP del fondo tipo 2.

4. Existe correlacién entre los valores observados
en el promedio mensual de los valores cuota
por cada AFP del fondo tipo 2 y los valores pro-
nosticados.
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METODOLOGIA

Con la metodologia Box y Jenkins o modelos ARI-
MA, se describen y pronostican los rendimientos de
los promedios mensuales del valor cuota en soles
del fondo tipo 2 que 4 AFP vigentes en el mercado in-
virtieron desde agosto del 2005 hasta julio del 2020.
Los datos fueron extraidos del sitio web de la Super-
intendencia de Banca, Seguros y AFP, seccion Bole-
tin Estadistico de AFP (Mensual), a través del enlace
https://www.sbs.gob.pe/app/stats_net/stats/Estadis-
ticaBoletinEstadistico.aspx?p=31#. Los datos co-
rresponden a las series de tiempo. La poblacién para
las AFP Integra y Profuturo es de 180 meses desde
agosto del 2005 hasta julio del 2020; para Prima,
179 meses desde septiembre 2005 hasta julio 2020;
y para Habitat, 86 meses desde junio del 2013 hasta
julio del 2020. Estos datos fueron modelados con el
paquete econométrico EVIEWS 10; también se recu-
rri6 al Stata 16 y Risk simulator, un software de simu-
lacién Monte Carlo que funciona como complemento
de Excel. Se descartaron las AFP Horizonte y Union
Vida, dado que no se encuentran vigentes en el mer-
cado, y se identifico la estacionariedad como un pro-
ceso estocastico estacionario en sentido débil, pues
los dos primeros momentos, vale decir, la esperanza
matematica y la varianza de las variables aleatorias,
son constantes y no dependen del tiempo. Ademas,
las covarianzas entre dos variables aleatorias de pe-
riodos distintos dependen solo del tiempo transcu-
rrido entre ellas mismas, condicién necesaria para
gue puedan ser modelados con la metodologia Box
y Jenkins por medio de los siguientes cuatro pasos:

Identificacion

En esta parte se verific, a partir de las pruebas
de raiz unitaria (RU), si las series de las cuatro
AFP eran estacionarias; ademas, se verifico que
las series tuvieran memoria 0 que no tuvieran ruido
blanco, ya que, de lo contrario, no podrian ser pro-
nosticadas con la metodologia Box y Jenkins. Para
esto, se realizaron los siguientes subpasos: andlisis
grafico, calculo de los estadisticos, pruebas de raiz
unitaria y pruebas de ruido blanco.

Estimacién

En base a los resultados de los correlogramas, se
identificaron el orden del AR y MA con el uso de la
maxima verisimilitud, ensayo y error a partir de la sig-
nificancia estadistica de cada coeficiente estimado.

Validacion

Se us6 el circulo unitario para validar la estabilidad
del modelo, para corroborar que los residuos y los
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residuos al cuadrado sean ruido blanco y, finalmen-
te, para realizar la prueba de varianza constante
con los siguientes subpasos: validacion del circulo
unitario, validacion de los residuos y validacion de
los residuos al cuadrado.

Prondéstico

Se realizd un prondstico estatico t+1, es decir, un
periodo adelante, para calcular los estadisticos de
error. Posteriormente se hizo un prondstico dinami-
co t+k periodos.

RESULTADOS

Se presentan a continuacion los resultados luego
de aplicar las pruebas de la metodologia Box-Jen-
kins, conocidas también como ARIMA.

Identificacion
Analisis graficos

Son pruebas no formales. Court y Rengifo (2011)
sostienen que se determina el modelo y el orden que
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mejor se ajusten a los datos, puesto que se utilizan
los métodos graficos y los criterios de informacion.
En la Figura 2 se aprecia el desenvolvimiento de las
series mensuales de las AFP Habitat, Integra, Prima
y Profuturo, que presentan tendencias al alza.

Calculo de los estadisticos

En la Figura 2 se aprecia que la serie original de la
AFP Profuturo presenta tendencia, pero, en los re-
sultados del modelo en la Figura 3 (lado izquierdo),
tiene p-valor igual a 4.95%, es decir, menor a 5%,
por lo que se rechaza la H, de tener RU'y, por lo tan-
to, es estacionaria; sin embargo, en la misma Figura
3 (lado derecho), se observa que la autocorrelacién
no decae exponencialmente para corroborar que la
serie original sea estacionaria, por el contrario, esta
decae linealmente, lo que indica que no es estacio-
naria y debe diferenciarse.

Por otra parte, en la Figura 4 se aprecia que las
series originales de las AFP Habitat, Integra y Pri-
ma tienen al menos una raiz unitaria y, por lo tan-
to, no son estacionarias. Gujarati y Porter (2010)
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Figura 2. Comportamiento de las series promedio mensuales de las AFP Habitat, Integra, Prima y
Profuturo en niveles.

Fuente: Elaboracion propia con el Eviews 10.
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este obstaculo debera diferenciarse las series origi-
nales para volverlas estacionarias.

sefialan que “Por tanto, cada conjunto de datos per-
teneciente a la serie de tiempo correspondera a un
episodio particular. En consecuencia, no es posible
generalizar para otros periodos”. Para pronosticar
series temporales, las series de tiempo no estacio-
narias no son de mucha utilidad, y para remontar

Pruebas de raiz unitaria

Se realizaron las pruebas de raiz unitaria Dickey
Fuller Aumentado (DFA), que segun Bello (2018)
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Figura 3. Célculo de los estadisticos para la AFP Profuturo.
Fuente: Elaboracion propia con el Eviews 10.
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Date: 09117/20 Time: 18:57 Date 08/30/20 Time: 1349 Date: 08/30/20 Time: 1355
Sample (adjusted): 2013009 2020M07 Sample (adjusted). 2005M10 2020M07 Sample (adjusted): 2005M11 2020107
Included observations: 83 after adjustments Included observations: 178 after adjustments Included observations: 177 after adjustments
Variable Coefficient _ Std Error_ t Stalistic _ Prob Variable: Coefficient ~ Std. Error  t-Stafistic ~ Prob Variable Coefficient ~ Std. Emor  t-Statistic ~ Prob.
D(HH"‘,EQI?JT(&)» g ggﬁggg g?gg;gg ggggggé ggggg INTEGRAM) 0003800 0001884 2256207  0.0253 PRIVAC) 0003781 0001754 2155567  0.0325
D(HABITAT(2)) 0371749 0409312 3400802  0.0011 D(NTEGRA(-1)) 0259096 0073383  3.530734  0.0005 D(PRIMA(-1)) 0263942 0073341 3598828  0.0004
3} R-squared 0.054761  Mean dependent var 0.753146 R-squared 0.058421  Mean dependent var 0.142771
Edfuqsl:g[jeg-squared 8 lgﬁgég zﬁs”di?;ﬂi?tv‘;?r gggfslg Adjusted R-squared 0.049390  S.D. dependent var 2911200 Adjusted R-squared 0.053051  S.D. dependent var 0571698
SE. of regression 0277850  Akaike info criterion 0.312007 S.E. of regression 2838397 Akaike info criterion 4935528 S.E. of regression 0556327  Akaike info criterion 1676315
Sum squared resid 6.176067 Schwarz criterion 0'399435 Sum squared resid 1417.944  Schwarz criterion 4971279 Sum squared resid 5416251 Schwarz criterion 1.712204
Log ikelihood 9048305 Hannan.Quinn criter.  0.347131 Log likelhood -437.2620  Hannan-Quinn criter.  4.950026 Log likelihood -146.3539  Hannan-Quinn criter 1690870
Durbin-Watson stat 2035746 Durbin-Watson stat 1.951355 Durbin-Watson stat 1939383

248

Figura 4. Calculo de los estadisticos para las AFP Integra, Prima y Profuturo.

Ind. data 24(1), 2021

Fuente: Elaboracion propia con Eviews 10.
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son las pruebas de mayor utilizacién, a las series
originales de Habitat, Integra, Prima y Profuturo.

Al hacer las pruebas de hipdtesis a dichas series,
no se rechazaron las hipétesis nulas que sugerian
que las series tuvieran al menos una raiz unitaria,
por lo cual, se aplico la diferencia logaritmica de
Sus series originales para convertirlas en estacio-
narias. En la Figura 5 se muestran los resultados
de los modelos.

Pruebas de ruido blanco

En esta parte se verificd que la serie de tiempo ya di-
ferenciada tuviera memoria utilizando correlogramas

£9 Series: DLOGHABITAT Workfile: ARIMA_FONDOL_... |- |- (@) |[#X3a]

WiLFReDO BAzAN

y el estadistico Ljung Box (LB) para muestras pe-
quefias. En la Figura 6 se tienen los correlogramas
para Habitat, que mostraron que hasta el mes siete
no tiene ruido blanco y, a partir del mes ocho, el im-
pacto a la serie actual de Habitat no es significativo.
En el caso de Integra, hasta el mes quince no tiene
ruido blanco. Con respecto a Prima, hasta el mes
trece no tiene ruido blanco. Finalmente, Profuturo no
tiene ruido blanco hasta el mes dieciséis y, posterior
a este mes, el impacto no es significativo en el re-
sultado de la serie actual. En conclusion, las series
diferenciadas de las AFP Habitat, Integra, Prima y
Profuturo son estacionarias y no tienen ruido blanco

£ Series: DLOGINTEGRA  Workfile: ARIMA_FONDO... | = @] |

[view[proc] object|properties [ print [Name | Freeze || sample | Genr [sheet | Graph [ sta

[view[proc|object] properties [ print [uame [Freeze || sample [ Genr [sheet | Graph st

Augmented Dickey-Fuller Unit Root Test on DLOGHABITAT

Augmented Dickey-Fuller Unit Root Test on DLOGINTEGRA

Null Hypothesis: DLOGHABITAT has a unit root
Exogenous: Constant
Lag Length: 1 (Automatic - based on SIC, maxlag=11)

Null Hypothesis: DLOGINTEGRA has a unit root
Exogenous: Constant
Lag Length: 0 (Automatic - based on SIC, maxlag=13)

t-Statistic Prob.* t-Statistic Prob*

Augmented Dickey-Fuller test statistic -7.712343 0.0000 Augmented Dickey-Fuller test statistic 9711752 0.0000
Test critical values: 1% level -3.511262 Test critical values: 1%, level _3.467205
5% level -2.896779 5% level -2.877626
10% level -2.585626 10% level 2575430

*MacKinnon (1996) one-sided p-values.

Augmented Dickey-Fuller Test Equation
Dependent Variable: D(DLOGHABITAT)
Method: Least Squares

Date: 09/17/20 Time: 23:57

Sample (adjusted): 2013M09 2020M07
Included observations: 83 after adjustments

*MacKinnon (1996) one-sided p-values.

Augmented Dickey-Fuller Test Equation
Dependent Variable: D(DLOGINTEGRA)
Method: Least Squares

Date: 09/18/20 Time: 17:54

Sample (adjusted): 2005M10 2020M07
Included observations: 178 after adjustments

Variable Coefficient ~ Std. Error  t-Statistic Prob.
Variable Coefficient  Std. Error t-Statistic Prob
DLOGHABITAT(-1)  -1.043541 0.135308  -7.712343 0.0000

D(DLOGHABITAT(-1))  0.340585 0.108978 2.125258 0.0025 DLOGINTEGRA(-1)  -0.692758 0071332 9711752 0.0000

Cc 0.006754 0.002170 3.112476 0.0026 C 0.004683 0.001863 2.513300 0.0129
R-squared 0.449351  Mean dependent var 0.000249 R-squared 0.348915 Mean dependent var -0.000120
Adjusted R-squared 0.435585 S.D. dependent var 0.024314 Adjusted R-squared 0.345216 S.D. dependent var 0.029618
S.E. of regression 0018267 Akaike info criterion -5.131990 S.E. of regression 0.023966 Akaike info criterion -4.613166
Sum squared resid 0.026694 Schwarz criterion -5.044562 Sum squared resid 0.101081  Schwarz criterion -4.577415
Log likelihood 2168776 Hannan-Quinn criter. -5.096866 Log likelihood 4125717 Hannan-Quinn criter. -4 598668
F-statistic 3264161  Durbin-Watson stat 2.026463 F-statistic 94.31812  Durbin-Watson stat 2.007516
Prob(F-statistic) 0.000000 Prob{F-statistic) 0.000000

£ Series: DLOGPRIMA Workfile: ARIMA_FONDO_T2...|-==-| - [=]- |
[V\'EWIPruclObjectlPrupemeslPrimlNamElFreezelSamp\e]GeanSheethraph Ste
Augmented Dickey-Fuller Unit Root Test on DLOGPRIMA

£ Series: DLOGPROFUTURO  Workfile: ARIMA_FOND... |- = -[E]- |

’V\'ewlec]Obje:thmpem’eslPrinthame[Freezelsample[Genr[sheethraph Stat
A Dickey-Fuller Unit Root Test on DLOGPROFUTURO

Mull Hypothesis: DLOGPRIMA has a unit root
Exogenous: Constant
Lag Length: 0 (Automatic - based on SIC, maxlag=13)

Null Hypothesis: DLOGPROFUTURO has a unit root
Exogenous: Constant
Lag Length: 0 (Automatic - based on SIC, maxlag=13)

t-Statistic Prob.* t-Statistic Prob.*

Augmented Dickey-Fuller test statistic -9.954895  0.0000 Augmented Dickey-Fuller test statistic 9707698 0.0000
Test critical values: 1% level -3.467418 Test critical values: % level -3.487205
5% level -2.877729 5% level -2 877636
10% level -2.575480 10% level -2.575430

*MacKinnon (1996) one-sided p-values.

Augmented Dickey-Fuller Test Equation
Dependent Variable: D(DLOGPRIMA)
Method: Least Squares

Date: 09/18/20 Time: 18:01

Sample (adjusted): 2005M11 2020M07
Included observations: 177 after adjustments

*MacKinnon (1996) one-sided p-values.

Augmented Dickey-Fuller Test Equation
Dependent Variable: D(DLOGPROFUTURO)
Method: Least Squares

Date: 09/18/20 Time: 18:06

Sample (adjusted): 2005M10 2020M07
Included observations: 178 after adjustments

Variable Coefficient ~ Std. Error  t-Statistic ~ Prob. Variable Coefficient ~ Std. Error  t-Statistic ~ Prob.
DLOGPRIMA(-1) ~ -0711947 0071517 9854895 00000 DLOGPROFUTURO(.. -0692971 0071384 -9707698  0.0000
C 0.004788  0.001954 2450531  0.0152 G 0.004776  0.001902 2510810  0.0129
R-squared 0361547  Mean dependent var -0.000222 R-squared 0348726 Mean dependent var -0.000100
Adjusted R-squared 0357898  S.D. dependent var 0.031343 Adjusted R-squared 0.345025 S.D. dependent var 0.030247
S.E. of regression 0.025115  Akaike info criterion -4.519436 S.E. of regression 0.024479  Akaike info criterion -4 570831
Sum squared resid 0.110387  Schwarz criterion -4.483547 Sum squared resid 0.105463  Schwarz criterion -4.535081
Log likelihood 401.9701  Hannan-Quinn criter. ~ -4.504881 Log likelihood 408.8040 Hannan-Quinn criter.  -4.556333
F-statistic 99.09993  Durbin-Watson stat 2000463 F-statistic 9423940  Durbin-Watson stat 2.010274
Prob(F-statistic) 0.000000 Prob(F-statistic) 0.000000

Figura 5. Pruebas de raiz unitaria.

Fuente: Elaboracion propia con Eviews 10.

Ind. data 24(1), 2021
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MODELACION DEL PROMEDIO MENSUAL DE LOS VALORES CUOTA POR AFP Y FONDO TIPO 2 CON LA METODOLOGIA Box Y JENkINS 0 ARIMA

£ series: DLOGHABITAT Workfile: ARIMA_FONDO_T... = | =] |[£34]

£ Series: DLOGINTEGRA  Warkfile: ARIMA_FONDO.... [ = || E] [#3]

[V\'ew[Proc[ObjectIPropem’eslPrint]NameIFreezelSampIeIGeanSheetIGraphISta'

lViewIProcIObjectIPmpertieslPr\'nt[NameIFreezelSampleIGeanSheethraphlSta

Correlogram of DLOGHABITAT

Correlogram of DLOGINTEGRA

Date: 09/18/20 Time: 18:46
Sample: 2005M08 2020M07
Included observations: 85

Date: 09/18/20 Time: 18:49
Sample: 2005M08 2020M07
Included observations: 179

Autocorrelation ~ Partial Correlation AC PAC Q-Stat Prob Autocorrelation  Partial Correlation AC PAC Q-Stat Prob

[y =| 3@ 1 0225 0225 44751 0.034 | = | = 1 0.307 0.307 17.110 0.000
iy} = 2 -0.258 -0.325 10.391 0.006 il 11 2 0094 0000 18736 0.000
(] [ 3 -0.191 -0.048 13.684 0.003 il m 3 0106 0086 20822 0000
[ g 4 -0.060 -0.088 14.011 0.007 [N [ 4 0022 -0.038 20912 0000
L [ 5 0037 0004 14138 0015 1 i 5 0066 0072 21721 0.001
(NI g 6 -0.047 -0126 14346 0.026 1 o 6 -0.056 -0.116 22.318 0.001
e L 7-0.000 0.045 14.346 0.045 o 1 7 -0.007 0.049 22327 0.002
[N g 8 -0.024 -0.113 14.458 0.071 g1 gt 8 -0.060 -0.092 23.003 0.003
g (NIl 9 -0.073 -0.054 14.977 0.082 1 11 9 -0.049 0017 23464 0005
ot [ 10 0.009 -0.004 14985 0133 N H 10 -0.010 -0.012 23.484 0009
g 0 11 -0.085 -0.165 15700 0.153 H [ 11 -0.022 0014 23575 0015
g g 12 -0.108 -0.097 16.878 0.154 g g 12 -0.091 -0.113 25171 0.014
g g 13 -0.077 -0.130 17.491 0.178 1! 1 13 -0.052 0.029 25698 0.019
g = 14 -0.083 -0.176 18.202 0.198 1 1 14 0.019 0.022 25766 0.028
(sl [l 15 0411 0.052 19.500 0.192 1 1 15 -0.049 -0.050 26.240 0.036
A g 16 0108 -0.068 20.756 0.188 [ (R 16 0.001 0029 26240 0051
sl [l 17 0169 0157 23849 0124 1! I 17 -0.088 -0.105 27.776 0048
A L 18 0.111 0.038 25218 0.119 ! [ 18 -0.060 -0.002 28498 0.055
g [N 19 -0.077 -0.025 25.876 0.134 o K 19 -0.000 0.010 28.498 0.074
g [ 20 -0.070 -0.011 26.437 0.152 g g 20 -0.119 -0.115 21.399 0.050

£ Series: DLOGPRIMA  Workfile: ARIMA_FONDO_T2:... = |- (0] [t4w] £ eries: DLOGPROFUTURO. Warkfile: ARIMA_FON... |- = |- (=) [:3a]

[View[ProclObjectlProper‘tieslPrintINameIFreezelSampleIGenr[SheetIGraph[Sta‘ [V\'ewlPmc[objectlPmperﬂeslﬂr\'ntll\lameIFreezelSsmp\eIGenrlsheetIGraphISts

Correlogram of DLOGPRIMA Correlogram of DLOGPROFUTURO

Date: 09/18/20 Time: 18:53 Date: 09/18/20 Time: 19:01

Sample: 2005M08 2020M07 Sample: 2005M08 2020M07

Included observations: 178 Included observations: 179

Autocorrelation  Partial Caorrelation AC PAC Q-Stat Prob Autocorrelation  Partial Correlation AC PAC Q-Stat Prob

= 3 1 0288 0288 14.971 0.000 | = [ 1 02306 0306 17.043 0000
m o 2 0.079 -0.004 16.103 0.000 1 [N 2 0098 0.005 18.814 0.000
[ull [l 3 0114 0101 18478 0.000 (W] I m 3 0112 0089 21.113 0.000
[N L 4 0.032 -0.030 18662 0.001 1| g 4 0.009 -0.055 21.129 0.000
[ 1 5 0048 0.047 19.093 0.002 11 1 5 0.036 0.048 21.375 0.001
gt i 6 -0.041 -0.085 19.410 0.004 il I 6 -0.077 -0.121 22495 0.001
an 1 7 -0.002 0036 19.411 0.007 1 1 7-0.031 0.035 22674 0.002
il i 8 -0.056 -0.081 19999 0.010 11 il 8 -0.065 -0.078 23465 0.003
[l [ 9 -0.040 0.014 20.297 0.016 g1 [N 9 -0.052 0.014 23.983 0.004
[ 1 10 -0.028 -0.030 20451 0.025 1 1 10 -0.026 -0.024 24116 0.007
[n i 11 -0.020 0.019 20.528 0.039 1 [ 11 -0.007 0.036 24125 0.012
g g 12 -0.096 -0.112 22.320 0.024 1 g 12 -0.060 -0.089 24.830 0.016
[ 1 13 -0.045 0033 22715 0.045 1 [N 13 -0.012 0.050 24.856 0.024
[N Bl 14 0.020 0.017 22.792 0.064 1 [N 14 0027 0003 25002 0.035
il [N 15 -0.056 -0.048 23.407 0.076 11 g 15 -0.065 -0.069 25.829 0.040
[n L 16 0.014 0.042 23.447 0.102 1 [ 16 0.012 0042 25859 0056
o o 17 -0.109 -0.137 25792 0.078 i1 I 17 -0.096 -0.123 27.699 0.049
gt i 18 -0.072 -0.002 26.830 0.082 g 1 18 -0.091 -0.028 29.370 0.044
N 11 19 -0.003 0.009 26.832 0.109 1 [N 19 0.002 0.036 29.371 0.060
o i 20 -0.127 -0.120 30.108 0.068 o o 20 -0126 -0.125 32616 0.037

Figura 6. Pruebas de ruido blanco.

Fuente: Elaboracién propia con el Eviews 10.

y, por tanto, pueden pronosticarse con la metodolo-
gia Box y Jenkins.

Estimacion

Con base en los resultados de los correlogramas,
se identificaron el orden del AR y MA, con el uso
de la maxima verisimilitud, ensayo y error, a partir
de la significancia estadistica de cada coeficien-
te estimado. Con ayuda del software Eviews, se
seleccioné automéaticamente el mejor modelo,
ejecutando iteraciones con combinaciones de los
AR, MA 'y orden de integracion. En este caso, se
realizaron 484 modelos para cada AFP, y se eligio
el modelo que tuvo el menor Akaike Info Criterion
(AIC), tal como se aprecia en la Figura 7.

7O [nd. data 24(1), 2021

Las representaciones de este modelo se aprecian
en la Tabla 1 adjunta.

Validacion
Validacion de circulo unitario

Se realiz6 la validacién con el circulo unitario y, tal
como se observa en la Figura 8, los modelos son
estacionarios en la parte autorregresiva para las
AFP Prima, Profuturo e Integra. Asimismo, se ob-
serva que los modelos de las AFP Habitat, Profutu-
ro e Integra son invertibles en la parte del promedio
moavil. Ninguna de las raices de las cuatro AFP esta
fuera del circulo unitario, y todos sus modulos estan
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(Z) Equation: EQ_AUTO_PROFUTURO  Workfile: ARL.. [-=- (=) [
[V\'ew] PrucI Objectl Pr\'nt[ MName I FreezelEst\'mateIForecastl StatsIResids-

(=) Equation: EQ AUTO_HABITAT Workfile: ARIMA F... | = [ (@) [[st3m]

’ViewIProcIObjectIPrintINameIFreezeIEstimatelForecastIStatsIResids-

Dependent Variable: DLOG(HABITAT)
Method: ARMA Maximum Likelihood (BFGS)

Date: 09/17/20 Time: 15:57
Sample: 2013M07 2020M07
Included observations: 85

Convergence achieved after 4 iterations
Coefficient covariance computed using outer product of gradients

Dependent Variable: DLOG{PROFUTURO)
Method: ARMA Maximum Likelihood (BFGS)

Date: 09/17/20 Time: 16:20
Sample: 2005M09 2020M07
Included observations: 179

Convergence achieved after 19 iterations
Coefficient covariance computed using outer product of gradients

Variable Coefficient  Std. Error  t-Statistic Prob.
Variable Coefficient  Std. Error  t-Statistic Prob. c 0007240 0002949 2455110 0.0151
AR(1) -0.558088 0139555  -3.999056 0.0001
c 0.006627  0.003680  1.800913  0.0754 AR(2) 0207498 0092257 2225014  0.0274
MA(1) 0399078  0.116899 3413856  0.0010 WA() 0005124 0111734 8100680 00000
SIGMASQ 0.000335  247E-05  13.53978  0.0000 SIGMASQ 0000584  4.03E-05 1446712  0.0000
R-squared 0.099195 Mean dependent var 0.006607 R-squared 0.114645 Mean dependent var 0.007151
Adjusted R-squared 0.077224 S.D. dependent var 0.019399 Adjusted R-squared 0.094292  S.D. dependent var 0.025748
S.E. of regression 0.018635 Akaike info criterion -5.090811 S.E. of regression 0.024504  Akaike info criterion -4.551116
Sum squared resid 0028477 Schwarz criterion -5.004600 fuml quuhareg resid 31120;;; achwarzOcntemon jg?ggﬁ
- - ¥ : - _ 0g likelinoo - annan-Quinn criter. -4
Log likelihood 219.3595  Hannan-Cluinn criter. 5056135 F_statiatic 5639836  Durbin\Watson stat 5 029587
F-statistic 4514851 Durbin-Watson stat 2117228 Prob(F_statistic) 0.000275
Prob(F-statistic) 0.013799 .
Inverted AR Roots 26 -81
Inverted MA Roots -40 Inverted MA Roots -91

(=] Equation: EQ AUTO_INTEGRA Workfile: ARIMA_FO... | = || B 3]
’Vl’ewl Proclobjectl Printl Mame IFreeze I Estimate I Forecast] StatsIResids-

Dependent Variable: DLOG(INTEGRA)
Method: ARMA Maximum Likelihood (BFGS)

(=) Equation: EQ_AUTO_PRIMA  Workfile: ARIMA_FO...| = || (] [s23m]
[View[ Proc[ Objectl Printl MName I Freeze l Estimate I Forecastl Statsl Resids-

Date: 09/17/20 Time: 16:27
Sample: 2005M09 2020007
Included observations: 179

Convergence achieved after 38 iterations
Coefficient covariance computed using outer product of gradients

Dependent Variable: DLOG(PRIMA)

Method: ARMA Maximum Likelihood (BFGS)

Date: 09/17/20 Time: 16:32
Sample: 2005M10 2020M07
Included observations: 178

Convergence achieved after 3 iterations

Variable Coefficient  Std. Error  t-Statistic ~ Prob. Coefficient covariance computed using outer product of gradients
C 0.007080 0.002871 2.469183 0.0145 Variable Coefficient  Std. Error  t-Statistic Prob.
AR(1) -0.556168 0.136414 -4.077069 0.0001
AR(2) 0.203998 0.091506 2229344 0.0271 C 0007278 0003112 2.338801 0.0205
MA(1) 0.905480 0.104582 8.657241 0.0000 AR(1) 0.293410 0.070422 4 166444 0.0000
SIGMASQ 0.000559 3.90E-05 14.33541 0.0000 SIGMASQ 0.000635 3 47E-05 18.31347 0.0000
R-squared 0.116133 Mean dependent var 0.007021 R-squared 0.084865 Mean dependent var 0.007119
Adjusted R-squared 0.095814 S.D. dependent var 0.025211 Adjusted R-squared 0.074408  S.D. dependent var 0.026419
S.E. of regression 0.023972 Akaike info criterion ~ -4.594918 S.E. of regression 0.025417  Akaike info criterion 4489544
Sum squared resid 0.099993 Schwarz criterion _4 505885 Sum squared resid 0.113058  Schwarz criterion -4.435918
G - - Log likelihood 4025694  Hannan-Quinn criter. -4 467797
Log likelihood 416.2452  Hannan-Quinn criter. -4.558816 F_statisti 8114317  Durbin-Wat tat 1 085396
F-statistic 5715525 Durbin-Watsonstat 2021056 P;it?(llzs-é(t:atistic) 0000azy  rorTAsen S :
Prob(F-statistic) 0.000241 .
Inverted AR Roots 25 -81 Inverted AR Roots 2
Inverted MA Roots -91
Figura 7. Identificacion del orden del AR y MA.
Fuente: Elaboracién propia con el Eviews 10.
Tabla 1. Seleccién de modelos ARIMA.
AFP Representacion
Habitat ARIMA(0,1,1)
Profuturo ARIMA(2,1,1)
Integra ARIMA(2,1,1)
Prima ARIMA(1,1,0)
Fuente: Elaboracién propia.
Ind. data 24(1), 2021 [l
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MODELACION DEL PROMEDIO MENSUAL DE LOS VALORES CUOTA POR AFP Y FONDO TIPO 2 CON LA METODOLOGIA Box Y JENkINS 0 ARIMA

(=) Equation: EQ_AUTO_HABITAT .| = | [E] |[sml

(=) Equation: EQ_AUTOPRIMA ... | = | B [s£3a]

[Vl’ewl Proc[ Objectl PrintI Mame I Freeze I Estimate I Forecastl St

[Viewl Proc] Clbjectl Prl'ntI Mame I Freeze l Estimate I Forecast[ S

Inverse Roots of AR/MA Polynomial(s)
Specification: DLOG(HABITAT) C MA(1)
Date: 09/25/20 Time: 18:59

Sample: 2006M08 2020M07

Included observations: 85

Inverse Roots of AR/MA Palynomial(s)
Specification: DLOG(PRIMA) C AR(1)
Date: 09/25/20 Time: 19:17

Sample: 2005M08 2020M07

Included observations: 178

MA Root(s) Modulus Cycle

AR Root(s) Modulus Cycle

-0.389078 0.398078

0.293410 0.293410

Mo root lies outside the unit circle.
ARMA model is invertible.

Mo root lies outside the unit circle.
ARMA model is stationary.

(=] Equation: EQ_AUTO_PROFUTU... | = | [E] [st3ml
[Vl’ewIProcIObjectlPrintINameIFreezelEstimateIForecastISt

(=] Equation: EQ_AUTO_INTEGRA ... | = || (&) [i3a]
"u’l’ewlProcIObjecthrl'nthameIFreezelEstl'mateIForecastISt

Inverse Roots of AR/MA Polynomial(s)

Specification: DLOG{PROFUTURQ) C AR(1) AR(2)
MA(1)

Date: 09/25/20 Time: 19:02

Sample: 2005M08 2020M07

Included observations: 179

Inverse Roots of AR/MA Polynomial(s)

Specification: DLOG(INTEGRA) C AR(1) AR(2)
MA(1)

Date: 09/25/20 Time: 19:06

Sample: 2005108 2020M07

Included observations: 179

AR Root(s) Modulus Cycle AR Root(s) Modulus Cycle
-0.813238 0.813238 -0.808488 0.808488
0.255151 0.255151 0252320 0.252320
No root lies outside the unit circle. Mo root lies outside the unit circle.
ARMA model is stationary. ARMA model is stationary.

MA Root(s) Modulus Cycle MA Root(s) Modulus Cycle
-0.905124 0.905124 -0.905480 0.905480

Mo root lies outside the unit circle.
ARMA model is invertible.

Mo root lies outside the unit circle.
ARMA model is invertible.

Figura 8. Validacion del circulo unitario.

Fuente: Elaboracion propia con el Eviews 10.

por debajo de 1, por lo que se concluye que pasa-
ron las pruebas de validacién de circulo unitario.

Validacion de los residuos

Posteriormente, se realiz6 el correlograma para
comprobar que los residuos tuvieran ruido blanco.
En la Figura 9, se verific6 que el comportamiento
de los residuos de las cuatro AFP tiene ruido blanco
porque sus p-valores son mayores al 5% y, por tan-
to, pueden pronosticarse con los modelos ARIMA
de Box y Jenkins.

Validacién de los residuos al cuadrado

Los residuos al cuadrado de las 4 AFP también pre-
sentaron ruido blanco, ya que todos sus p-valores

Yl Ind. data 24(1), 2021

estan por encima del 5%, tal como se aprecia en
la Figura 10; de no haber sido el caso, habria sido
necesario realizar una ecuacion a la varianza para
luego ser trabajados con los modelos de volatilidad
condicional ARCH y GARCH.

Pronéstico

Curt y Rengifo (2011) sostienen que “Para deter-
minar si un pronéstico es adecuado, se usan los
estadisticos que (...) comparan los valores reales
con aquellos que han sido pronosticados. (...) como
los errores pueden ser positivos o negativos, (...)
suma de ellos no seria de gran ayuda puesto que
se cancelarian entre ellos. Es por eso que los indi-
ces trabajan ya sea con los errores al cuadrado o
con el valor absoluto de los errores” (pp. 427-428);



SISTEMAS E INFORMATICA

(=) Equation: EQ_AUTO_HABITAT Workiile: ARIMA_FO...[ = |- &) |34

lView[ ProcIObjectl PrintIName[FreezelEstimateIForecast[ StatsIResids-

Correlogram of Residuals

WiLFReDO BAzAN

(=] Equation: EQ_AUTO_PROFUTURO  Workfile: ARM... | = | [E] |3
[Viewl Procl ObjecthrintI NameIFreezelEstimate I Forecastl Statsl Resids-

Correlogram of Residuals

Date: 09/25/20 Time: 23.07

Sample: 2005M08 2020M07

Included observations: 85

Q-statistic probabilities adjusted for 1 ARMA term

Date: 09/25/20 Time: 23:21

Sample: 2005M08 2020M07

Included observations: 178

Q-statistic probabilities adjusted for 3 ARMA terms

Autocorrelation Partial Correlation AC PAC Q-3tat Prob Autocorrelation Partial Caorrelation AC PAC Q-Stat Prob
g [l 1 -0.061 -0.061 0.3273 [N N 1 -0.018 -0.018 0.0565
[ | 2 -0.188 -0.192 3.4725 0.062 [ [Ny 2 0.050 0.050 0.5180
g g 3 -0.094 -0.125 42766 0.118 1 [N 3 0.055 0.057 1.0683
g g 4 -0.052 -0.113 45270 0.210 [N [ 4 0003 0002 10697 0301
g [ 5 0.066 0.007 49306 0294 [ NN 5 0.031 0026 1.2533 0534
g g 6 -0079 -0125 55117 0357 gl il 6 -0.069 -0.072 2.1507 0.542
N [ 7 0.033 0011 56153 0468 N [N 7 -0.010 -0.016 2.1696 0.705
[ g 8 -0.014 -0.054 56334 0583 il [N 8 -0.037 -0.034 24311 0.787
g g 9 -0.088 -0.108 6.3827 0.604 i [N 9 -0044 -0036 27932 0834
L [ 10 0.066 0.021 6.8104 0657 1 [N 10 -0.003 -0.000 2.7953 0.903
g g 11 -0.076 -0.116 7.3906 0.688 1 11 11 0.005 0.017 2.8001 0.946
g Igq ! 12 -0.078 -0.132 8.0122 0712 il il 12 -0.051 -0.050 3.2971 0.951
] g 13 -0.001 -0.075 80123 0784 1 [N 13 -0.017 -0.019 3.3531 0.972
g 1 | 14 -0.127 -0.230 9.6864 0.719 0 [ 14 0065 0066 41734 0965
@ [ 15 0.144 0.016 11.872 0617 g if 15 -0.097 -0.095 6.0185 0.915
[ g 16 0.014 -0.082 11.892 0.687 m 1 16 0.069 00681 6.9662 0.904
[l [ 17 0123 0089 13535 0633 g g 17 -0.094 -0.091 8.7293 0.848
[ Al 18 0.100 0.101 148645 08621 g il 18 -0.071 -0.079 97323 0.836
g [ 19 -0.098 -0.007 15721 08612 0 [N 19 0059 0056 10433 0843
[N [ 20 -0.024 -0.019 15789 0671 o g1 20 -0.107 -0.085 12787 0.750

(=) equation: EQ_AUTO_INTEGRA Workfile: ARIMAF... | = | [E] [s234]
[\.-’iewl ProcIObjectl PrintINameIFreeze l EstimateIForecastIStatsIResids-

Correlogram of Residuals

(=) Equation: EQ AUTO_PRIMA Workfile: ARIMA_FON... | = || [E] |[s:3n]
[Viewl Procl Objectl Prl'ntl MName I Freeze l Estimate I Furecastl Stats] Resids-

Correlogram of Residuals

Date: 09/25/20 Time: 23:52

Sample: 2005M08 2020M07

Included observations: 179

Q-statistic probabilities adjusted for 3 ARMA terms

Date: 09/25/20 Time: 23:56

Sample: 2005M08 2020M07

Included observations: 178

Q-statistic probabilities adjusted for 1 ARMA term

Autocorrelation Partial Correlation AC PAC Q-Stat Prob Autocorrelation Partial Correlation AC PAC Q-Stat Prob
[ [ 1 -0.017 -0.017 0.0503 [N 1 1 -0.004 -0.004 0.0037
[Nl [Nl 2 0.049 0.049 0.4980 1 [l 2 -0.034 -0034 02136 0.644
Lt Lt 3 0.045 0.046 0.8626 [l W 3 0102 0102 21083 0.348
N N 4 0.012 0.011 0.8880 0.346 o o 4 -0.015 -0.016 2.1496 0.542
[N [N 5 0.057 0.053 1.4949 0474 [N [ 5 0.056 0.084 27391 0602
Iyl Iyl 6 -0.062 -0.064 22171 0.529 1 11 6 -0.064 -0.077 35094 0622
N N 7 0.011 0.002 2.2384 0692 (N I 7 0028 0037 36600 0.723
A A 8 -0.040 -0.039 2.5390 0.771 [yl il 8 -0.052 -0.073 4.1742 0.760
[ [ 9 -0.046 -0.044 29377 0817 [N (N 9 -0.021 0.001 4.2550 0.833
! ax 10 0.018 0.018 29990 0.885 [N [l 10 -0.015 -0.035 4.2985 0.891
AN N 11 -0.009 0.006 3.0146 0933 (N I 11 0.016 0.041 43468 0930
I1g I1g 12 -0.068 -0.070 3.9019 0918 g (all 12 -0.094 -0.110 6.0647 0.869
1 1 13 -0.053 -0.051 44419 0925 [N o 13 -0.029 -0.005 6.2280 0.904
[Nl iyl 14 0.062 0068 52056 0.921 [ [N 14 0.056 0.031 6.8445 0.910
1o 1o 15 -0.074 -0.070 6.2968 0.900 11 g 15 -0.078 -0.052 80434 0887
[y [y 16 0.050 0.051 67882 0913 I il 16 0.069 0066 89853 0.878
g g 17 -0.090 -0.086 84225 0.866 (ngl (all 17 -0.110 -0.118 11.408 0.784
AN A 18 -0.037 -0.044 87042 0.892 [yl [ 18 -0.051 -0.040 11.921 0.805
(NN Lt 19 0.045 0.041 9.1104 0.909 [N [ 19 0.060 0.033 12646 0812
g g 20 -0.105 -0.088 11.339 0.838 (npl g 20 -0116 -0.095 15395 0697

Figura 9. Validacién de los residuos.

Fuente: Elaboracién propia con el Eviews 10.

siguiendo esta linea, se pasan a realizar pronoésti-
cos estaticos del promedio mensual de los valores
cuota de cada una de las cuatro AFP, a fin de to-
mar en cuenta los siguientes estadisticos de error:
RMSE (Raiz de error cuadratico medio), MAE (Error
absoluto medio), MAPE (Error Porcentual Absoluto
Medio) y U-THEIL (Coeficiente de desigualdad de
Theil), los cuales estan contenidos en la Tabla 2.

Se puede apreciar en la Tabla 2 que la AFP Habi-
tat tiene el menor error de prondéstico con ARIMA,
pues su RMSE, en promedio, se desvia en 0.2796
unidades y en términos porcentuales o MAPE, el
desvio es 1.20%. Por su parte, la AFP Integra es la
que tiene el mayor RMSE con respecto a las otras
tres AFP, ya que este indica un desvio de 2.8076

Ind. data 24(1), 2021
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(Z) Equation: EQ AUTO_HABITAT Workfile: ARIMA F.. | | E] |[s3u]

[ViewlPrchObjecthrintINameIFreezelEstimateIFcrecastI StatsIResids-

Correlogram of Residuals Squared

(=) Equation: EQ_AUTO_PROFUTURO  Workfile: ARIM... | | (B |[s£:3a]

[ViewIProcl Objectl Print[NameIFreezelEst\'mateIForecast] StatsI Resw’ds-

Correlogram of Residuals Squared

Date: 09/26/20 Time: 00:05
Sample: 2005M08 2020M07
Included observations: 85

Date: 09/26/20 Time: 00:21
Sample: 2005M08 2020M07
Included observations: 179

Autocorrelation Partial Correlation AC PAC Q-Stat Prob Autocorrelation  Partial Correlation AC PAC Q-Stat Prob
o [ 1-0.026 -0.026 0.0583 0.809 [N L 1 0.019 0.019 0.0658 0.798
[y [N 2 0103 0.103 1.0054 0.605 11 [m N 2 0021 0021 01495 0928
[ [ 3 0.009 0015 1.0135 0.798 (] (=] 3 0172 0171 55878 0.133
o [ 4 0030 -0.041 1.0965 0895 [ N 4 -0.015 -0.022 56311 0.228
o [ 5 -0.018 -0.022 1.1248 0.952 R [N 5-0014 -0021 56671 0340
o [ 6 -0.007 -0.001 1.1297 0.980 ] (il 6 0.120 0.095 8.3814 0.211
L [ 7 0.009 0014 1.1369 0992 AR N 7 -0.024 -0.022 84871 0.292
o [ I 8 -0.001 -0.001 1.1371 0.997 R I 8 -0.005 -0.004 84926 0387
e o 9 0.007 0.004 1.1424 0999 o [N 9 0.080 0.047 97119 0.374
o o 10 0.002 0.001 1.1426 1.000 I o 10 -0.012 -0.003 9.7375 0.464
o [ I 11 -0.000 -0.001 11427 1.000 il [l 11 00685 0070 10564 0480
[N [ 12 -0.019 -0.019 1.1786 1.000 I [ 12 -0.002 -0.038 10.565 0.567
o [ I 13 -0.010 -0.011 1.1895 1.000 AN o 13 -0.020 -0.014 10643 08641
L o 14 -0.004 0.000 1.1908 1.000 I mN 14 0053 0039 11203 0670
L [ I 15 -0.004 -0.001 1.1928 1.000 L1 L 15 0.033 0.027 11.415 0723
L Lo 16 -0.019 -0.020 1.2302 1.000 [ ) 16 0.003 0.012 11.417 0.783
[ ] 17 0.027 0.025 1.3072 1.000 [y (N 17 0042 0013 11775 0814
L [ I 18 -0.019 -0.014 13463 1.000 ] | 18 0.164 0.166 17.180 0.511
o [ 19 -0.012 -0.018 1.3632 1.000 H H 19 0.035 0.035 17.424 0.561
. Lo 20 -0.017 -0.017 1.3967 1.000 ' 1 20 0.057 0.025 18.091 0581

() Equation: EQ AUTO_INTEGRA Workfile: ARIMA F... | = | (5] [@3s]  (Z) Equation: EQ AUTO_PRIMA Workile: ARIMA FO.. [ = | [B] [dm]

[V\'ew] Prcc[ Objecthrl'ntINameIFreezelEst\'mate [ Forecastlstats] Resids-

Correlogram of Residuals Squared

[\-’iew[Proc[ObjectI Pr\'nt] NameIFreezelEstimateIForecastIStatSIResids-

Correlogram of Residuals Squared

Date: 09/26/20 Time: 00:24
Sample: 2005M08 2020M07
Included observations: 179

Date: 09/26/20 Time: 00:27
Sample: 2005M08 2020007
Included observations: 178

Autocorrelation Partial Correlation AC PAC Q-Stat Prob Autocorrelation  Partial Correlation AC PAC Q-Stat Prob
[N [N 1 0007 0007 00092 0924 [N 1 1 0.005 0.005 0.0054 0942
1 R 2 0032 0.032 0.1964 0.906 R (W 2 0046 0046 03959 0.820
o [n] 3 0136 0136 36118 0.307 (] A 3 0140 0139 39615 0.266
[N N 4 -0.024 -0.026 3.7152 0.446 i 1 4 -0.009 -0.012 3.9757 0.409
[N N 5 -0.015 -0.024 37575 0.585 [N 1 5 -0.015 -0.029 4.0183 0.547
o i 6 0116 0101 62614 0.395 (il i 6 0092 0075 55805 0472
[N I 7 -0023 -0.016 63568 0499 [N [N 7 -0027 -0023 57184 0573
1 1 § -0.010 -0.013 6.3740 0605 [N [N 8 -0.012 -0.014 57451 0676
il [mN 9 0.075 0.049 74368 0592 [ L 9 0051 0031 62308 0.717
[ o 10 -0.013 -0.004 7.4712 0680 [N I 10 -0.011 -0.002 62535 0794
[y (i 11 0.054 0.057 8.0305 0.711 [N I 11 0.048 0.052 66936 0823
[ [N 12 0.004 -0.025 8.0339 0.782 [N [N 12 0.001 -0.018 66939 0877
N N 13 -0.019 -0.014 8.1019 0837 ! H 13 -0.016 -0.015 67421 0915
[N [N 14 0.048 0041 85479 0859 [l [N 14 0.052 0.045 7.2766 0924
[N 1 15 0.038 0.031 8.8341 0886 [N [N 15 0.018 0.015 7.3400 0948
[N [N 16 -0.005 0.000 8.8392 0.920 I R 16 0.014 0.018 7.3775 0965
[y [ 17 0.050 0.027 9.3374 00929 N ) 17 0.035 0.014 76262 0974
[n} [n] 18 0.131 0.129 12773 0.805 il il 18 0122 0123 10597 0911
[N ! 19 0.025 0.032 12902 0844 [y R 19 0.018 0.019 10.664 0935
o [N 20 0068 0036 13.835 0.839 [N H 20 0.055 0026 11.279 0939

Figura 10. Validacion de los residuos al cuadrado.
Fuente: Elaboracion propia con el Eviews 10.

unidades. En términos porcentuales, la AFP Prima
tiene el mayor desvio con 1.66%.

Los pronésticos con ARIMA fueron comparados
con las técnicas de suavizamiento exponencial do-
ble contenidas en la Tabla 3, las mismas que fueron
seleccionadas autométicamente de ocho técnicas
por el software Risk Simulator por tener los meno-
res estadisticos de error; estas técnicas estan con-
tenidas en la Tabla 3 y se observa que ARIMA tiene
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menores errores de prondéstico que el suavizamien-
to exponencial doble.

Pruebas de Hipoétesis

Hipotesis especifica 1: La tendencia del promedio
mensual de los valores cuota por cada AFP del fon-
do tipo 2 influye directamente en la raiz unitaria.

En la Tabla 4, se aprecia que la serie original de la
AFP Profuturo no presenta tendencia y su p-valor
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Tabla 2. Errores de prondstico con ARIMA.

WiLFReDO BAzAN

AFP RMSE MAE MAPE U-THEIL
Habitat 0.2796 0.1665 1.20% 0.8912
Profuturo 2.6354 1.7516 1.61% 0.9027
Dentro de muestra
Integra 2.8076 1.8535 1.60% 0.9013
Prima 0.5542 0.3582 1.66% 0.9222
Fuente: Elaboracion propia.
Tabla 3. Errores de prondstico con técnicas de suavizamiento exponencial doble.
AFP RMSE MAE MAPE U-THEIL
Habitat 0.3046 0.0928 1.33% 0.9684
Profuturo 2.7707 7.6767 1.72% 0.9767
Dentro de muestra
Integra 2.9413 8.6515 1.72% 0.9767
Prima 0.5772 0.3332 1.78% 0.9782

Fuente: Elaboracion propia.

Tabla 4. Pruebas de hipétesis de raiz unitaria para las AFP Habitat, Profuturo, Integra y Prima.

Prueba de hipotesis para la AFP Habitat

Prueba de hipotesis para la AFP Profuturo

a) Hipoétesis nula y alterna
H: ¢ =1;x, tiene RU
H: ¢ < 1;x, notiene RU

a) Hipotesis nula y alterna
H: ¢ =1;x, tiene RU
H: ¢ < 1;x, no tiene RU

b) Nivel de significancia a = 0.05

b) Nivel de significancia a = 0.05

c) p-valor = 0.9980

c) p-valor = 0.0495

Decision: Como p-valor = 0.9980 > 0.05 no se rechaza la H,. La
serie tiene al menos una raiz unitaria.

Decision: Como p-valor = 0.0495 < 0.05 se rechaza la H,. La
serie original no tiene RU.

Prueba de hipoétesis para la AFP Integra

Prueba de hipotesis para la AFP Prima

a) Hipotesis nula y alterna
H;: ¢ = 1; x, tiene RU
H: ¢ < 1;x, no tiene RU

a) Hipotesis nula y alterna
H;: ¢ = 1; x, tiene RU
H: ¢ < 1;x, no tiene RU

b) Nivel de significancia a = 0.05

b) Nivel de significancia a = 0.05

c) p-valor = 0.9944

c) p-valor = 0.9927

Decision: Como p-valor = 0.9944 > 0.05 no se rechaza laH . La
serie tiene al menos una raiz unitaria.

Decision: Como p-valor = 0.9927 > 0.05 no se rechaza laH,. La
serie tiene al menos una raiz unitaria.

Fuente: Elaboracion propia.

es igual a 4.95%, menor a 5%, por lo que se recha-
zala H, de tener raiz unitaria y, por tanto, la serie es
estacionaria. En la misma Tabla 4, se aprecia que
los p-valores de Habitat, Integra y Prima estan por
encima del 5%, entonces no se rechazan las H,,
pues estas tienen al menos una raiz unitaria y no
son estacionarias.

Hipotesis especifica 2: La estacionariedad influye
directamente en la media de la rentabilidad del pro-
medio mensual de los valores cuota por cada AFP
del fondo tipo 2.

A cada AFP se le realiz6 una diferenciacion, y los
resultados de las pruebas de hipotesis contenidas

en la Tabla 5 indican que sus p-valores son meno-
res al 5% vy, por tanto, se rechazan las hip6tesis nu-
las. La serie diferenciada para cada AFP no tiene
raiz unitaria y por tanto es estacionaria con media
constante.

Hipotesis especifica 3: La estacionariedad influye
directamente en la varianza de la rentabilidad del
promedio mensual de los valores cuota por cada
AFP del fondo tipo 2.

Se verifica que las series diferenciadas no tienen
memoria utilizando el estadistico Ljung Box (LB)
para muestras pequefias. Las pruebas conjuntas
para los residuos al cuadrado de las cuatro AFP

Ind. data 24(1), 2021 A
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presentan ruido blanco, pues todos sus p-valores
estan por encima del 5%, tal como se aprecia en
la Tabla 6.

Hipodtesis especifica 4: Existe correlacion entre los
valores observados del promedio mensual de los
valores cuota por cada AFP del fondo tipo 2 y los
valores pronosticados.

En la Tabla 7, se aprecia que los resultados de los
coeficientes de correlacion de los valores observados

del promedio mensual de los valores cuota por cada
AFP del fondo tipo 2 y los valores pronosticados co-
rresponden a correlaciones positivas fuertes; en la ta-
bla también estan contenidos sus p-valores.

En las pruebas de hipotesis contenidas en la Tabla
8, se observa que los p-valores de cada una de las
AFP estan por debajo del 5%, por tanto, ademas
de existir una correlacion fuerte y directa entre los
valores observados y pronosticados, estos pueden

Tabla 5. Prueba de hipétesis para la media de las AFP Habitat, Integra, Prima y Profuturo.

Prueba de hipotesis para la AFP Habitat

Prueba de hipotesis para la AFP Integra

a) Hipotesis nula y alterna
H;: ¢ = 1; x, tiene RU
H: ¢ < 1;x, no tiene RU

a) Hipotesis nula y alterna
H;: ¢ =1; x, tiene RU
H: ¢ <1;x, no tiene RU

b) Nivel de significancia a = 0.05

b) Nivel de significancia a = 0.05

c) p-valor = 0.000

c) p-valor = 0.000

Decision: Como p-valor = 0.000 < 0.05 se rechaza la H,. La
serie diferenciada no tiene RU y por tanto es estacionaria.

Decision: Como p-valor = 0.000 < 0.05 se rechaza la H,. La
serie diferenciada no tiene RU y por tanto es estacionaria.

Prueba de hipoétesis para la AFP Prima

Prueba de hipoétesis para la AFP Profuturo

a) Hipotesis nula y alterna
H;: ¢ = 1; x, tiene RU
H: ¢ < 1;x, notiene RU

a) Hipotesis nula y alterna
H;: ¢ =1; x, tiene RU
H: ¢ <1; x, no tiene RU

b) Nivel de significancia a = 0.05

b) Nivel de significancia a= 0.05

c) p-valor = 0.000

c) p-valor = 0.000

Decision: Como p-valor = 0.000 < 0.05 se rechaza la H,. La
serie diferenciada no tiene RU y por tanto es estacionaria.

Decision: Como p-valor = 0.000 < 0.05 se rechaza la H,. La
serie diferenciada no tiene RU y por tanto es estacionaria.

Fuente: Elaboracion propia.

Tabla 6. Prueba de hipdtesis para la varianza de las AFP Habitat, Integra, Prima y Profuturo.

Prueba de hipotesis para la AFP Habitat

Prueba de hipotesis para la AFP Integra

a) Hipdtesis nula y alterna
H: ¢1=¢2 = ...= ¢n; x, no tiene ruido blanco
H,: al menos una es diferente

a) Hipdtesis nula y alterna
Hy: ¢1= ¢p2=...=¢n; x, no tiene ruido blanco
H,: al menos una es diferente

b) Nivel de significancia a = 0.05

b) Nivel de significancia a = 0.05

c) p-valores > 0.05

c¢) p-valores > 0.05

Decision: Como p-valores > 0.05 no se rechaza la H,. La serie
diferenciada tiene ruido blanco y, por tanto, varianza homoce-
déstica

Decision: Como p-valores > 0.05 no se rechaza la H,. La serie
diferenciada tiene ruido blanco y, por tanto, varianza homoce-
déstica

Prueba de hipo6tesis para la AFP Prima

Prueba de hipoétesis para la AFP Profuturo

a) Hipotesis nula y alterna
H: ¢p1= ¢2 = ... =¢pn; x, no tiene ruido blanco
H,: al menos una es diferente

a) Hipdtesis nula y alterna
H: 1= ¢p2= ... =¢n; x, no tiene ruido blanco
H,: al menos una es diferente

b) Nivel de significancia a = 0.05

b) Nivel de significancia a = 0.05

¢) p-valores > 0.05

c) p-valores > 0.05

Decision: Como p-valores > 0.05 no se rechaza la H,. La serie
diferenciada tiene ruido blanco y, por tanto, varianza homoce-
déstica

Decision: Como p-valores > 0.05 no se rechaza la H,. La serie
diferenciada tiene ruido blanco y, por tanto, varianza homoce-
déstica

Fuente: Elaboracion propia.
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ser corroborados con los resultados de los estadis-
ticos de error contenidos en la Tabla 3.

DISCUSION

Se observé que las series originales del prome-
dio mensual de los valores cuota por cada AFP de
fondo tipo 2 presentaban tendencia y, por tanto,

WiLFReDO BAzAN

no eran estacionarias, por lo que se les hicieron
diferencias logaritmicas para convertirlas. Esto
concuerda con los resultados de las siguientes
investigaciones:

- Villalba y Flores (2016) estudiaron el indice de
precios y cotizaciones (IPC) del mercado bursatil
mexicano y verificaron el comportamiento de la

Tabla 7. Resultados de coeficiente de correlacion de Pearson.

Correlation Correlation
Probability HABITAT_obs HABITAT_pron Probability INTEGRA_obs INTEGRA_pron
HABITAT_obs 1.0000 INTEGRA_obs 1.0000
HABITAT_pron 0.9923 1.0000 INTEGRA_pron 0.9971 1.0000
P value 0.0000 - P value 0.0000 -
Correlation Correlation
Probability HABITAT _obs HABITAT_pron Probability PROFUTU_obs PROFUTU_pron
PRIMA_obs 1.0000 PROFUTU_obs 1.0000
PRIMA_pron 0.9968 1.0000 PROFUTU_pron 0.9971 1.0000
P value 0.0000 - P value 0.0000 -
Fuente: Elaboracion propia.
Nota: los resultados se presentan tal como los reporta el software.
Tabla 8. Pruebas de hipétesis de correlacion de Pearson para las AFP Habitat, Integra, Prima y Profuturo.
Prueba de hip6tesis para la AFP Habitat Prueba de hip6tesis para la AFP Integra
a) Hipotesis nula y alterna a) Hipotesis nula y alterna
Hyp =0 Hy: p =0
No existe correlacion entre los valores observados y pronosticados | No existe correlacion entre los valores observados y pronosticados
H:p#0 H:p#0

Si existe correlacion entre los valores observados y pronosticados.

Si existe correlacion entre los valores observados y pronosticados.

b) Nivel de significancia a = 0.05

b) Nivel de significancia a = 0.05

c) p-valor = 0.0000

c) p-valor = 0.0000

Decision: Como p-valor 0.0000 < 0.05, se rechaza la H,. Existe
una correlacion directa entre los valores observados y pronosti-
cados.

Decision: Como p-valor 0.0000 < 0.05, se rechaza la H,. Existe
una correlacion directa entre los valores observados y pronosti-
cados.

Prueba de hipoétesis para la AFP Prima

Prueba de hipoétesis para la AFP Profuturo

a) Hipotesis nula y alterna

Hi:p=0

No existe correlacion entre los valores observados y pronosticados
H:p#0

Si existe correlacion entre los valores observados y pronosticados

a) Hipotesis nula y alterna

Hy:p=0

No existe correlacion entre los valores observados y pronosticados
H:p#0

Si existe correlacion entre los valores observados y pronosticados

b) Nivel de significancia a = 0.05

b) Nivel de significancia a = 0.05

c) p-valor = 0.0000

c) p-valor = 0.0000

Decision: Como p-valor 0.0000 < 0.05 se rechaza la H,. Existe
una correlacion directa entre los valores observados y pronosti-
cados.

Decision: Como p-valor 0.0000 < 0.05 se rechaza la H,. Existe
una correlacion directa entre los valores observados y pronosti-
cados.

Fuente: Elaboracion propia.
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MODELACION DEL PROMEDIO MENSUAL DE LOS VALORES CUOTA POR AFP Y FONDO TIPO 2 CON LA METODOLOGIA Box Y JENkINS 0 ARIMA

volatilidad y la importancia de que las series
de este indice fueran estacionarias con el fin
pronosticar los precios de las acciones que lo
componen.

Parody et al. (2016) calcularon los precios
de cierre diario de las acciones del Banco de
Colombia, el Banco de Bogota y el Banco de
Occidente en el periodo de tiempo comprendido
entre el 17 y el 24 de julio de 2015, y obtuvieron
“los rendimientos diarios de las series de cada
banco estudiado mediante la diferencia obtenida
entre los logaritmos neperianos de los precios
actuales y los precios del dia inmediatamente
anterior”.

También se observd que la serie estacionaria del
promedio mensual de los valores de cuota por AFP
del fondo tipo 2 presenta varianza constante u ho-
mogénea, lo que significa que no presenta mucha
volatilidad, de acuerdo a los siguientes hallazgos:

Amaris et al. (2017) concluyen que “El andlisis
estadistico permitio6 tomar una decision del
modelo escogido, el cual cumple con los
parametros requeridos de normalidad, varianza
constante y aleatoriedad”.

Gallego-Nicasio et al. (2018), en uno de sus
resultados, encontraron que, al efectuar la
primeradiferencia, lanuevaserie es estacionaria,
homogénea e integrada de orden uno.
Sostienen que el modelo ARIMA (p,d,q) se llama
proceso autorregresivo integrado de medias
moviles de orden p, d, g; y que la perturbacion
0 error se conoce como ruido blanco, siendo
la media nula, la varianza homocedastica y la
covarianza nula entre los choques o errores de
las observaciones.

CONCLUSIONES

1.

La serie original del promedio mensual de los
valores cuota por AFP del fondo tipo 2 que ini-
ci6 en diciembre del 2005 presenta tendencia
alcista durante el periodo 2005-2020.

Para pronosticar el promedio mensual de los
valores cuota por AFP del fondo tipo 2 con los
modelos Box y Jenkins o ARIMA deben elimi-
narse las tendencias mediante la diferenciacion
hasta convertir las series en estacionarias. En
este caso, solo bast6 con la primera diferencia.

Los resultados muestran que es un proceso
estocastico en sentido débil porque tanto el pri-
mer como el segundo momento de la serie son
invariantes a lo largo del tiempo.

B nd. data 24(1), 2021

10.

Los retornos fueron calculados con la diferencia
logaritmica del promedio del mes actual entre
el promedio del mes anterior, para convertirlas
en estacionarias.

Los modelos del retorno estan en funcién de
una media que es su comportamiento a largo
plazo mas un error o perturbacion que desvia
dicho comportamiento, pero esos errores se
distribuyen como una normal y, por lo tanto, la
varianza es homocedastica.

Con los correlogramas, el estadistico Ljung Box
y el p-valor, se validé que la serie original del
promedio mensual de los valores cuota por AFP
del fondo tipo 2 tuviera memoria y se concluyo
gue es homocedastica o de varianza constante
a lo largo del tiempo, por lo que puede pronosti-
carse con la metodologia Box y Jenkins.

Los residuos y los residuos al cuadrado tienen
ruido blanco, y su varianza es homocedastica,
por lo que pueden utilizarse la metodologia Box
y Jenkins.

Al tener varianza constante y no ser altamente
volatiles, los rendimientos son conservadores
y, por tanto, no satisfacen las expectativas de
los trabajadores.

Las crisis econdmicas y financieras impactan
negativamente en los rendimientos de la inver-
sion de los trabajadores.

Los prondsticos dentro de la muestra con la
metodologia Box y Jenkins tienen menores
errores de pronostico que con el suavizamiento
exponencial doble.
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ABSTRACT

The economic and financial crises in the world are
recurrent due to the presentation of different patterns.
These crises have affected the returns of the private
pension system in Peru and there were no effective
responses from the Pension Fund Administrators (AFPs).
By using the Box and Jenkins or Autoregressive Integrated
Moving Average (ARIMA) methodology, the behavior of
the monthly average returns of the daily quota values
of the type 2 fund—which began in December 2005—of
each AFP can be described and forecast. Type 2 funds
are distributed 55% in fixed income and 45% in equities,
with a balanced profile destined for workers between 45
and 60 years old. The data type of the monthly average
returns of the type 2 fund corresponds to the weak
stationary time series, since the first moments such
as the mean and the variance and autocovariance are
time-invariant.

Keywords: time series; profitability; weak stationarity;
unit root; white noise.
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INTRODUCTION

The Box and Jenkins or Autoregressive Integrated Moving Av-
erage (ARIMA) methodology was used to describe and forecast
the behavior of the returns of the monthly average of the quota
values of the type 2 fund—which began in December 2005—of
each AFP. The type of data of the monthly returns of the type
2 fund corresponds to time series and, in order to be modeled
with ARIMA, they must be weak-sense stationary, where the first
two moments as the mean, and the variance and autocovariance
must be time-invariant.

In 1976, Box and Jenkins formalized the Box-Jenkins method-
ology and ARIMA models (also known as Box-Jenkins models)
where they mentioned time series that are supported by stochas-
tic processes (Box, Jenkins & Reinsel, 2008). When forecasting
with an ARIMA model, the following steps need to be followed:

1. Identification

2. Estimation

3. Diagnostic checking
4. Forecasting

These steps are shown in Box et al. (2008), where they are re-
ferred to as “Stages in the iterative approach to model building”

(p.18).

Guijarati and Porter (2010) argue that when a time series is not
stationary, the mean and variance are not time-invariant. Moreo-
ver, when referring to the Box and Jenkins methodology ARIMA,
they add the following:

The publication by Box and Jenkins of Time Series Anal-
ysis: Forecasting and Control (op. cit.) ushered in a new
generation of forecasting tools. Popularly known as the
Box—Jenkins (BJ) methodology, but technically known as
the ARIMA methodology, the emphasis of these methods
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is not on constructing single-equation or si-
multaneous-equation models but on analyz-
ing the probabilistic, or stochastic, properties
of economic time series on their own (...).
Unlike the regression models, in which Y,
is explained by k regressors X, X,, X, ...,
X, the BJ-type time series models allow Y,
to be explained by past, or lagged, values
of Y itself and stochastic error terms. For
this reason, ARIMA models are sometimes
called atheoretic models because they are
not derived from any economic theory. (pp.
774-775).

Court and Rengifo (2011) state that El concepto de
estacionariedad tiene dos versiones: la estacion-
ariedad estricta y la estacionariedad débil [The con-
cept of stationarity has two versions: strict station-
arity and weak stationarity] (p. 400); each of these
is shown below:

Strict Stationarity. It is a stochastic process {y}
withi=1,2, ..., T. Itis strictly stationary if, for a finite
real number R and for any set of subscripts i, i, ...,
i, it is defined as follows:

Fyii'yiz PrYir (yl' '"'yT) = Fyi1+r'yiz+r P Yirgr (yl' ---;YT)
Weak Stationarity. It is a stochastic process {y}
withi=1, 2, ..., T. Itis weakly stationary if the meets

the following:

E(y)=u
E(yi—pw?=0*<
COV(Vi»Yi—j) =VYi--H =V

Ramon and Lopez (2016) also identify two types of
stationarity: strong-sense and weak-sense. For the
first case, the four moments of the joint distributions
are time-invariant, and for the second, only the first
2 moments are. In this case, the Box and Jenkins
methodology is based on weak-sense stationarity.

Problematic Situation

Naupas et al. (2014) indicate that in daily life there
are repetitive patterns, with certain different charac-
teristics, and that the prediction of natural phenom-
ena is more accurate than social phenomena:

Asi por ejemplo, conociendo las leyes de
Kepler, que explican los movimientos de
traslacion de los planetas, satélites, co-
metas y asteroides es posible calcular la
ocurrencia de eclipses, mareas y acercam-
iento de cometas a la 6rbita de la Tierra.
La prediccion del tiempo, de inundaciones,

WiLFReDO BAzAN

terremotos, huracanas, erupciones volcani-
cas, la ocurrencia de mareas, o de pandem-
ias son mas confiables que las ocurrencias
de revoluciones, conflictos sociales, golpes
de estado, etc. [Thus, for example, knowing
Kepler's laws, which explain the translation-
al movements of planets, satellites, comets
and asteroids, it is possible to calculate the
occurrence of eclipses, tides and approach
of comets to the Earth's orbit. The predic-
tion of the weather, floods, earthquakes,
hurricanes, volcanic eruptions and the oc-
currence of tides, or pandemics are more
reliable than the occurrence of revolutions,
social conflicts, coups d'état, etc.]. (section
2.4.2. ;{Qué es la investigacion natural?)

These phenomena, that originate crises, impact
economies and finances in a negative way, which is
why Mira (2016) considers the recurrent occurrence
of financial crises. These crises have repeatedly af-
fected the returns of the private pension system in
Peru.

The International Labor Organization (ILO) es-
tablished in 1933 the Convention on Old-Age In-
surance, and in 1952 determined the guidelines
for old-age benefits. In Peru the National Pension
System (SNP), which is currently administered by
the Pension Standardization Office (ONP) operat-
ed in the beginning. Between 1981 and 2014, as
noted by Ortiz, Duran-Valverde, Urban, Wodsak,
and Yu (2019), about 30 countries fully or partially
privatized their mandatory public pensions, a fact
that occurred in Peru in 1993. The Asociacion de
Administradoras de Fondo de Pensiones? (2018)
defines the pension in the Peruvian private pension
system (SPP) as el ingreso periddico que recibe el
afiliado como consecuencia de un proceso previo
de suavizacion de consumo, a través del ahorro a
lo largo de su vida laboral en su cuenta de capi-
talizacion individual (CIC) [the periodic income re-
ceived by the member as a consequence of a pre-
vious process of consumption smoothing, through
savings throughout his working life in his individual
capitalization account (CIC)] (p. 8) with the purpose
of ensuring that the retired worker does not face
economic difficulties.

AFPs are responsible for managing the contribu-
tions of each individual during his working life, that
is, they invest their savings in order to obtain a return
so that, once retired, the individual can enjoy their
contributions and earnings with no need to depend
on their family or the State. However, Cruz-Saco et

2 Association of Pension Fund Administrators
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al. (2014) pointed out that the pension system in
Peru was ineficiente, tiene una baja probabilidad
de incrementar apreciablemente la cobertura en los
siguientes 36 afios, y presenta, ademas, un conjun-
to de inequidades en la asignaciéon de los benefi-
cios previsionales [inefficient, has a low probability
of appreciably increasing coverage in the next 36
years, and also presents a set of inequities in the
allocation of pension benefits] (p. 2).

Flérez (2014) also adds that los ahorros para la
jubilacion de millones de personas se encuentran
expuestos, de manera intrinseca, al comportam-
iento favorable, asi como adverso, de los merca-
dos financieros [the retirement savings of millions
of people are intrinsically exposed to the favorable
and adverse behavior of financial markets] (p. 121).
These situations are the cause of high volatility,
especially when there is more negative news than
positive, so an asymmetric behavior of the market,
especially the equity market, is observed.

Ortiz et al. (2019) argue that Los trabajadores se
convirtieron asi en consumidores obligados del
sector financiero, con lo que asumian individual-
mente todos los riesgos del mercado financiero
sin contar con la suficiente informacion para tomar
decisiones sensatas [Workers became forced con-
sumers of the financial sector, thus individually as-
suming all the risks of the financial market without

enough information to make reliable decisions] (p.
803). In other words, when the market is stable or
when there is good news, returns will be positive.
On the other hand, according to Yang et al. (as cit-
ed in Gutiérrez et al., 2017), financial crises have
been characterized by the increase of risk and high
volatility, which has negatively affected returns. In
the case of the SPP, as a consequence of negative
news, the high expectations the SPP initially gener-
ated were diluted as the years went by because it
did not produce the expected results.

Carlos Palomino, in an interview with RTV San Mar-
cos - UNMSM (2020), stated that the investments
of AFPs go into stock-market mechanisms and not
into tangible assets. These stock-market instru-
ments are volatile due to economic shocks or cy-
cles which, in turn, are a consequence of external
variables, such as, for example, a pandemic.

It should be noted that in November 2006, the ab-
sorption of AFP Unién Vida by Prima AFP was au-
thorized. In April 2013, AFP Horizonte was acquired
by AFP Integra and Profuturo (50% each). AFP
Habitat began operations in April 2013.

The type 2 fund began operations in December
2005. Its investments are distributed 55% in fixed
income and 45% in equities, with a balanced profile
aimed at workers aged 45 to 60. Figure 1 shows

Monthly average of daily quota
Per AFP and type 2 fund
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From December 2005 to July 2020

Figure 1. Monthly average of quota values for each AFP and type 2 fund.

Source: Prepared by the author using Stata 16.
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a slight upward trend with a sharp drop during the
world crisis between 2007 and 2008; a slight drop
in April 2011 and 2016 during the first electoral
rounds, as well as between 2018 and 2019, which
culminated with the dissolution of the Congress of
the Republic of Peru; and a sharp decline in March
2020 as a result of COVID-19. This performance
corresponds to the monthly average in soles of the
daily quota values used for calculating the profitabil-
ity of the AFPs of type 2 fund.

This work is very useful for workers between 45 and
60 years old, since their investments, managed by
the AFPs, are affected by the economic and finan-
cial crises in the world. As these crises affect the
returns of the Peruvian private pension system, the
savings of workers are affected at the time of their
retirement. Why did the response to recurrent finan-
cial risks adopted by the risk managers of AFPs not
mitigate the loss of investment returns of workers?
That is the big question asked by workers. Using
the Box and Jenkins or ARIMA methodology, the be-
havior of the monthly average of the daily values of
the type 2 fund for each AFP is described, as well
as their forecast.

The objective of this research is to determine how to
adequately model the monthly average of the quota
values for each AFP of the type 2 fund with the Box
and Jenkins methodology.

Moreover, this research specifically seeks to deter-
mine if the trend of the monthly average of the quota
values for each AFP of the type 2 fund influences
the unit root, if stationarity influences its mean and
variance, and if there is correlation between the ob-
served values and the forecast values.

General Hypothesis

The monthly average of the quota values for each
AFP of the type 2 fund will be adequately modeled
with the Box and Jenkins methodology.

Specific Hypotheses

1. The trend of the monthly average of the quota
values for each AFP of the type 2 fund directly
influences the unit root.

2. Stationarity directly influences the mean of the
return of the monthly average of the quota val-
ues for each AFP of the type 2 fund.

3. Stationarity directly influences the variance of
the return of the monthly average of the quota
values for each AFP of the type 2 fund.

WiLFReDO BAzAN

4. There is a correlation between the observed
values in the monthly average of the quota val-
ues for each AFP of the type 2 fund and the
predicted values.

METHODOLOGY

Box and Jenkins methodology or ARIMA models
were used to describe and forecast the returns of
the monthly averages of quota values in soles of
the type 2 fund that 4 AFPs—currently in the mar-
ket—invested from August 2005 to July 2020. The
data were extracted from the website of the Su-
perintendencia de Banca, Seguros y AFP3, section
Boletin Estadistico de AFP* (Monthly), through the
link https://www.sbs.gob.pe/app/stats_net/stats/
EstadisticaBoletinEstadistico.aspx?p=31#. The
data correspond to the time series. The population
for AFP Integra and Profuturo is 180 months from
August 2005 to July 2020; for Prima, 179 months
from September 2005 to July 2020; and for Habi-
tat, 86 months from June 2013 to July 2020. These
data were modeled with the econometric package
EVIEWS 10; Stata 16 and Risk simulator—a Mon-
te Carlo simulation software that works as an Excel
add-in—were also used. AFP Horizonte and Unién
Vida were discarded, since they are not currently
in the market, and stationarity was identified as a
weakly stationary stochastic process, since the first
two moments—the mathematical expectation and
the variance of the random variables—are constant
and do not depend on time. Moreover, the covar-
iances between two random variables of different
periods depend only on the time elapsed between
them, a necessary condition for them to be modeled
with the Box and Jenkins methodology by means of
the following four steps:

Identification

In this part, it was verified, based on the unit root
(UR) tests, whether the series of the four AFPs
were stationary; in addition, it was verified that the
series had memory or that they did not have white
noise, since otherwise, they could not be forecast
with the Box and Jenkins methodology. For this, the
following substeps were performed: graphical anal-
ysis, statistics calculations, unit root tests and white
noise tests.

Estimation

Based on the results of the correlograms, the order
of the AR and MA were identified using maximum

3 Superintendency of Banking, Insurance and AFP
4 AFP Statistical Bulletin
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likelihood estimation and the trial and error method
from the statistical significance of each estimated
coefficient.

Diagnostic Checking

The unit circle was used to validate the stability of the
model, to corroborate that the residuals and squared
residuals are white noise, and finally to perform the
constant variance test with the following substeps:
validation of the unit circle, validation of the residuals,
and validation of the squared residuals.

Forecasting

A static forecast t+1—that is, one period ahead—
was performed to calculate the error statistics. Sub-
sequently, a dynamic forecast t+k periods was per-
formed.

RESULTS

The results after applying the Box-Jenkins method-
ology tests, also known as ARIMA, are presented
below.
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Identification
Graphical Analysis

These are non-formal tests. Court and Rengifo
(2011) argue that they help to determine the model
and the order that best fit the data, since graphical
methods and information criteria are used. Figure
2 shows the development of the monthly series of
AFP Habitat, Integra, Prima and Profuturo, which
show upward trends.

Statitics Calculation

Figure 2 shows that the original series of AFP Pro-
futuro has a trend, but, in the results of the model in
Figure 3 (left side), it has a p-value of 4. 95%, that
is, less than 5%, so the H, (which states that the
series has a UR) is rejected and, therefore, it is sta-
tionary; however, in the same Figure 3 (right side),
it can be observed that the autocorrelation does not
decay exponentially to corroborate that the original
series is stationary; on the contrary, it decays linear-
ly, which indicates that it is not stationary and must
be differentiated.
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Figure 2. Behavior of the monthly average series of AFP Habitat, Integra, Prima and Profuturo by levels.

Source: Prepared by the author using Eviews 10.
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a consequence, it is not possible to generalize it
to other time periods”. For forecasting time series,
non-stationary time series are not very useful, and
to overcome this obstacle, the original series must
be differentiated to make them stationary.

Figure 4 shows that the original series of AFP Hab-
itat, Integra and Prima have at least one UR and,
therefore, are not stationary. Gujarati and Por-
ter (2010) point out that “Each set of time series
data will therefore be for a particular episode. As

£43 Series: PROFUTURO  Workile: ASIMETRIA FOND... = || [E) [W38] | 4 Series: PROFUTURO Workfile: ASIMETRIA FOND... |- |- =] [at:3a]
[ViewIP;oc[Object[:'ron;?e:ies!Pll':ntII‘L.Ijan:legreezilSamplﬂ:;nFrLS::JatR[graph]st lV\'ew[Pruc]Object[PruperﬁeslPrint[Name]FreezelSampIeIGeanSheet[Graph[Sta
ugmented Dickey-Fuller Unit Root Test on Correlogram of PROFUTURO
Null Hypothesis: PROFUTURO has a unit root
Exogenous: Constant, Linear Trend Date: 08/30/20 Time: 14:30
Lag Length: 1 (Automatic - based on SIC, maxlag=13) Sample: 2005M08 2020M07
Included observations: 180
t-Statistic Prob.*
Augmented Dickey-Fuller test statisfic 3 439605 00495 Autocorrelation Partial Correlation AC PAC Q-Stat Prob
- - = =
Testerilical values. 1% leve v i ] ! | 1 077 0877 17483 0.000
10% level 3141649 [ — | 2 0.955 -0.007 342.69 0.000
I — [ 3 0935 0.043 504.50 0.000
*MacKinnon (1996) one-sided p-values. | [ 4 0917 0.034 661.03 0.000
[ — AN 5 0.898 -0.031 811.96 0.000
Augmented Dickey-Fuller Test Equation I a! 6 0873 -0.130 85553 0.000
Dependent Variable: D(PROFUTURO) i — e 7 0849 0.004 10922 0.000
Method: Least Squares [ — AN 8 0826 -0.021 12221 0.000
Date: 08/30/20 Time: 13:58 e Y 9 0803 -0.002 13457 0.000
Sample (adjusted): 2005M10 2020M07 [ — L 10 0.781 0.012 1463.4 0.000
Included observations: 178 after adjustments [ — | 11 0.759 -0.001 15751 0.000
- — — [y — [ 12 0.738 0.006 1681.3 0.000
Variable Coefficient  Std. Error  t-Statistic Prob. | 1 13 0.717 0.007 17822 0.000
PROFUTURO({-1) -0.095374 0.027728 -3.439806 0.0007 : = : : 1; gggg gg}g 13;33 gggg
D{PROFUTURO({-1)) 0.3131986 0.072409 4.325350 0.0000 = e 16 0-662 0'004 2058-0 0'000
C 5.954200 1635283 3.641082 0.0004 - - - .
@TREND("2005M08")  0.084529  0.018983  2.399233  0.0008 = L 17 0645 0.007 2141.7 0.000
[y — L 18 0629 -0.001 2221.7 0.000
R-squared 0.129623 Mean dependent var 0.737564 I — [ 19 0614 0.029 22985 0.000
Adjusted R-squared 0.114617 S.D. dependent var 2741894 | 11 20 0601 0.013 23723 0.000
S.E. of regression 2579980 Akaike info criterion 4.755656 | = B 21 0589 0.041 24439 0.000
Sum squared resid 1158.195  Schwarz criterion 4827156
Log likelihood -419.2534  Hannan-Quinn criter. 4.7848651 : g : : gg ggég ggg? gg;g; gggg
F-statistic 8637801 Durbin-Watson stat 1.967760 ) = g .
Prob(F-statistic) 0.000022 [ — [N 24 0.557 0.003 26459 0.000

Figure 3. Statistics Calculation for AFP Profuturo.
Source: Prepared by the author using Eviews 10.

£9 Series: HABITAT Workfile: ARIMA_FONDO T2:Fo... |- |- ) [Win| 43 SeriesINTEGRA Workfie: ASIMETRIA FONDO.T.. [ |- ). [s:30]

[erw[ProclOb]mlPropem’esl Pn’mlNamelFreezelsample]Genrlsheet[Graph Ste [View]Pro:]ObJetthmpert\eslPrmt[NameIFreezelSample]Genrlsheet]Gm

9 Series: PRIMA Workiile: ASIMETRIA_FONDO_T2:... == ] [£3a]

[Viewl Pm(l Objectl Pmpeniesl Pnnt] Name ] Freezel Samp\e] Genr[Sheet] Grm

i Dickey-Fuller Unit Root Test on HABITAT

d Dickey-Fuller Unit Root Test on INTEGRA

1 Dickey-Fuller Unit Root Test on PRIMA

Mull Hypothesis: HABITAT has a unit root
Exogenous: None
Lag Length: 2 (Automatic - based on SIC, maxlag=11)

MNull Hypothesis: INTEGRA has a unit root
Exogenous: None
Lag Length: 1 (Automatic - based on SIC, maxlag=13)

MNull Hypothesis: PRIMA has a unit root
Exogenous: None
Lag Length: 1 (Automatic - based on SIC, maxlag=13)

t-Statistic Prob.” t-Statistc ~ Prob.* t-Statistic ~ Prob*

Augmented Dickey-Fuller test statistic 2665431 0.8880 Augmented Dickey-Fuller test statistic 2256207 09944 Augmented Dickey-Fuller test statistic 2155587 0.9927
Test critical values 1% level -2.503121 Test crifical values: 1% level -2.578018 Test critical values: 1% level -2.578092
5% level -1.944762 5% level -1.942624 5% level -1.942634
10% level -1.614204 10% level -1615515 10% level -1.615508

*MacKinnon (1996) one-sided p-values.

Augmented Dickey-Fuller Test Equation
Dependent Variable: D(HABITAT)

Method: Least Squares

Date: 09/17/20 Time: 18:57

Sample (adjusted): 2013M09 2020M07
Included observations: 83 after adjustments

*MacKinnon (1996) one-sided p-values.

Augmented Dickey-Fuller Test Equation
Dependent Variable: D(NTEGRA)

Method: Least Squares

Date: 08/30/20 Time: 13:49

Sample (adjusted): 2005110 2020M07
Included observations: 178 after adjustments

*MacKinnon (1996) one-sided p-values.

Augmented Dickey-Fuller Test Equation
Dependent Variable: D(PRIMA)

Method: Least Squares

Date: 08/30/20 Time: 13:55

Sample (adjusted): 2005M11 2020M07
Included observations: 177 after adjustments

Variable Coefficient  Sid Fwor 1 -Stafistie  Prob Variable Coefficient ~ Std. Emor - Statistic ~ Prob Variable Coeficient  Sid Error  t-Statistic ~ Prob.
D(HH"‘,EQI?JT(&)» sttt o INTEGRA(1) 0003800 0001684 2256207 00253 PRIVA() 0003781 0001754 2155587  0.0325
D(HABITAT(2)) 0371749 0409312 3400802  0.0011 D(NTEGRA(-1)) 0259096 0073383  3.530734  0.0005 D(PRIMA(-1)) 0263942 0073341 3598828  0.0004

3} R-squared 0.054761  Mean dependent var 0.753146 R-squared 0.058421  Mean dependent var 0.142771
Edfuqsligéeg-squared 8 lgigég zegndi?;réi??tv\;?r gggfslg Adjusted R-squared 0.049390  S.D. dependent var 2911200 Adjusted R-squared 0.053051  S.D. dependent var 0571698
SE. of regression 0277850  Akaike info criterion 0.312007 SE of regression 2838397  Akaike info criterion 4935628 S.E. of regression 0556327  Akaike info criterion 1676315

- ' . Sum squared resid 1417.944  Schwarz criterion 4971279 Sum squared resid 5416251  Schwarz criterion 1.712204
Sum squared resid 6.176067  Schwarz criterion 0.399435 Log likelood 1979620 H aQ 4950006
Log likelihood 9048305 Hannan-Quinn criter. 0.34713 0g likelhoo -437. lannan-Quinn criter. . Log likelihood -146.3539  Hannan-Quinn criter. 1690870
Durbin-Watson stat 2035746 Durbin-Watson stat 1.951355 Durbin-Watson stat 1939383

Figure 4. Statistics Calculation for AFP Integra, Prima and Profuturo.
Source: Prepared by the author using Eviews 10.
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MobELING THE MONTHLY AVERAGE OF THE QUOTA VALUES PER AFP AND TypE 2 FUND WiTH THE Box AND JENKINS 0R ARIMA METHODOLOGY

Unit Root Tests

Dickey Fuller Augmented (DFA) tests, which ac-
cording to Bello (2018) are the test most widely
used, were performed on the original series of Hab-
itat, Integra, Prima and Profuturo.

When performing the hypothesis tests to those se-
ries, the null hypotheses that suggested that the se-
ries have at least one UR were not rejected, there-
fore, the logarithmic differentiation of their original
series was applied to make them stationary. Figure
5 shows the results of the models.

£9 Series: DLOGHABITAT Workfile: ARIMA_FONDOL... |- |- (@) |[#X3a]

White Noise Tests

It was verified that the time series already differenti-
ated had memory using correlograms and the Ljung
Box (LB) statistic for small samples. Figure 6 shows
the correlograms for Habitat, which showed that up
to month seven there is no white noise and, from
month eight, the impact on the current Habitat se-
ries is not significant. In the case of Integra, there
is no white noise up to month fifteen. As for Prima,
there is no white noise up to month thirteen. Final-
ly, Profuturo has no white noise until month sixteen
and, after this month, the impact is not significant

£ Series: DLOGINTEGRA  Workfile: ARIMA_FONDO.. | = |- B [[s5%]

[view[proc] object|properties [ print [Name | Freeze || sample | Genr [sheet | Graph [ sta

[view[proc|object] properties [ print [uame [Freeze || sample [ Genr [sheet | Graph st

Augmented Dickey-Fuller Unit Root Test on DLOGHABITAT

Augmented Dickey-Fuller Unit Root Test on DLOGINTEGRA

Null Hypothesis: DLOGHABITAT has a unit root
Exogenous: Constant
Lag Length: 1 (Automatic - based on SIC, maxlag=11)

Null Hypothesis: DLOGINTEGRA has a unit root
Exogenous: Constant
Lag Length: 0 (Automatic - based on SIC, maxlag=13)

t-Statistic Prob.*

t-Statistic Prob*

Augmented Dickey-Fuller test statistic -1.712343 0.0000
Test critical values: 1% level -3.511262

5% level -2.896779

10% level -2 585626

*MacKinnon (1996) one-sided p-values.

Augmented Dickey-Fuller Test Equation
Dependent Variable: D(DLOGHABITAT)
Method: Least Squares

Date: 09/17/20 Time: 23:57

Sample (adjusted): 2013M09 2020M07
Included observations: 83 after adjustments

Augmented Dickey-Fuller test statistic -9.711752 0.0000
Test critical values: 1% level -3.467205

5% level -2.877636

10% level -2.575430

*MacKinnon (1996) one-sided p-values.

Augmented Dickey-Fuller Test Equation
Dependent Variable: D(DLOGINTEGRA)
Method: Least Squares

Date: 09/18/20 Time: 17:54

Sample (adjusted): 2005M10 2020M07
Included observations: 178 after adjustments

Variable Coefficient ~ Std. Error  t-Statistic Prob.
Variable Coefficient  Std. Error t-Statistic Prob
DLOGHABITAT(-1)  -1.043541 0.135308  -7.712343 0.0000

D(DLOGHABITAT(-1))  0.340585 0.108978 2.125258 0.0025 DLOGINTEGRA(-1)  -0.692758 0071332 9711752 0.0000

Cc 0.006754 0.002170 3.112476 0.0026 C 0.004683 0.001863 2.513300 0.0129
R-squared 0.449351  Mean dependent var 0.000249 R-squared 0.348915 Mean dependent var -0.000120
Adjusted R-squared 0.435585 S.D. dependent var 0.024314 Adjusted R-squared 0.345216 S.D. dependent var 0.029618
S.E. of regression 0018267 Akaike info criterion -5.131990 S.E. of regression 0.023966 Akaike info criterion -4.613166
Sum squared resid 0.026694 Schwarz criterion -5.044562 Sum squared resid 0.101081  Schwarz criterion -4.577415
Log likelihood 2168776 Hannan-Quinn criter. -5.096866 Log likelihood 4125717 Hannan-Quinn criter. -4 598668
F-statistic 3264161  Durbin-Watson stat 2.026463 F-statistic 94.31812  Durbin-Watson stat 2.007516
Prob(F-statistic) 0.000000 Prob{F-statistic) 0.000000

£ Series: DLOGPRIMA Workfile: ARIMA_FONDO_T2...|-==-| - [=]- |
[V\'EWIPruclObjectlPrupemeslPrimlNamElFreezelSamp\e]GeanSheethraph Ste
Augmented Dickey-Fuller Unit Root Test on DLOGPRIMA

£ Series: DLOGPROFUTURO  Workfile: ARIMA_FOND... |- = -[E]- |
’V\'ewlec] Obje:tlPmpem’esl?rintll\lame[Freezelsample[Genr[sheethraph Stat
A Dickey-Fuller Unit Root Test on DLOGPROFUTURO

Mull Hypothesis: DLOGPRIMA has a unit root
Exogenous: Constant
Lag Length: 0 (Automatic - based on SIC, maxlag=13)

Null Hypothesis: DLOGPROFUTURO has a unit root
Exogenous: Constant
Lag Length: 0 (Automatic - based on SIC, maxlag=13)

t-Statistic Prob.*

t-Statistic Prob.*

Augmented Dickey-Fuller test statistic -9 954895 0.0000
Test critical values: 1% level -3.467418

5% level -2.877729

10% level -2.575480

Augmented Dickey-Fuller test statistic -0.707698  0.0000
Test critical values: % level -3.467205

5% level -2.877636

10% level -2.575430

*MacKinnon (1996) one-sided p-values.

Augmented Dickey-Fuller Test Equation
Dependent Variable: D(DLOGPRIMA)
Method: Least Squares

Date: 09/18/20 Time: 18:01

Sample (adjusted): 2005M11 2020M07
Included observations: 177 after adjustments

*MacKinnon (1996) one-sided p-values.

Augmented Dickey-Fuller Test Equation
Dependent Variable: D(DLOGPROFUTURO)
Method: Least Squares

Date: 09/18/20 Time: 18:06

Sample (adjusted): 2005M10 2020M07
Included observations: 178 after adjustments

Variable Coefficient ~ Std. Error  t-Statistic ~ Prob. Variable Coefficient ~ Std. Error  t-Statistic ~ Prob.
DLOGPRIMA(-1) ~ -0711947 0071517 9854895 00000 DLOGPROFUTURO(.. -0692971 0071384 -9707698  0.0000
C 0.004788  0.001954 2450531  0.0152 G 0.004776  0.001902 2510810  0.0129
R-squared 0361547  Mean dependent var -0.000222 R-squared 0348726 Mean dependent var -0.000100
Adjusted R-squared 0357898  S.D. dependent var 0.031343 Adjusted R-squared 0.345025 S.D. dependent var 0.030247
S.E. of regression 0.025115  Akaike info criterion -4.519436 S.E. of regression 0.024479  Akaike info criterion -4 570831
Sum squared resid 0.110387  Schwarz criterion -4.483547 Sum squared resid 0.105463  Schwarz criterion -4.535081
Log likelihood 401.9701  Hannan-Quinn criter. ~ -4.504881 Log likelihood 408.8040 Hannan-Quinn criter.  -4.556333
F-statistic 99.09993  Durbin-Watson stat 2000463 F-statistic 9423940  Durbin-Watson stat 2.010274
Prob(F-statistic) 0.000000 Prob(F-statistic) 0.000000

Figure 5. Unit root tests.

Source: Prepared by the author using Eviews 10.
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£ Series: DLOGHABITAT Workfile: ARIMA_FONDO_T..[-= || (=] [i3s] £ Series: DIOGINTEGRA Workfile: ARIMA_FONDO._... |- = || [=)- | g3a]

[V\'ew[Proc[ObjectIPropem’eslPrint]NameIFreezelSampIeIGeanSheetIGraphISta'

lViewIProcIObjectIPmpertieslPr\'nt[NameIFreezelSampleIGeanSheethraphlSta

Correlogram of DLOGHABITAT

Correlogram of DLOGINTEGRA

Date: 09/18/20 Time: 18:46
Sample: 2005M08 2020M07
Included observations: 85

Date: 09/18/20 Time: 18:49
Sample: 2005M08 2020M07
Included observations: 179

Autocorrelation ~ Partial Correlation AC PAC Q-Stat Prob Autocorrelation  Partial Correlation AC PAC Q-Stat Prob

[y =| 3@ 1 0225 0225 44751 0.034 | = | = 1 0.307 0.307 17.110 0.000
iy} = 2 -0.258 -0.325 10.391 0.006 il 11 2 0094 0000 18736 0.000
(] [ 3 -0.191 -0.048 13.684 0.003 il m 3 0106 0086 20822 0000
[ g 4 -0.060 -0.088 14.011 0.007 [N [ 4 0022 -0.038 20912 0000
L [ 5 0037 0004 14138 0015 1 i 5 0066 0072 21721 0.001
(NI g 6 -0.047 -0126 14346 0.026 1 o 6 -0.056 -0.116 22.318 0.001
e L 7-0.000 0.045 14.346 0.045 o 1 7 -0.007 0.049 22327 0.002
[N g 8 -0.024 -0.113 14.458 0.071 g1 gt 8 -0.060 -0.092 23.003 0.003
g (NIl 9 -0.073 -0.054 14.977 0.082 1 11 9 -0.049 0017 23464 0005
ot [ 10 0.009 -0.004 14985 0133 N H 10 -0.010 -0.012 23.484 0009
g 0 11 -0.085 -0.165 15700 0.153 H [ 11 -0.022 0014 23575 0015
g g 12 -0.108 -0.097 16.878 0.154 g g 12 -0.091 -0.113 25171 0.014
g g 13 -0.077 -0.130 17.491 0.178 1! 1 13 -0.052 0.029 25698 0.019
g = 14 -0.083 -0.176 18.202 0.198 1 1 14 0.019 0.022 25766 0.028
(sl [l 15 0411 0.052 19.500 0.192 1 1 15 -0.049 -0.050 26.240 0.036
A g 16 0108 -0.068 20.756 0.188 [ (R 16 0.001 0029 26240 0051
sl [l 17 0169 0157 23849 0124 1! I 17 -0.088 -0.105 27.776 0048
A L 18 0.111 0.038 25218 0.119 ! [ 18 -0.060 -0.002 28498 0.055
g [N 19 -0.077 -0.025 25.876 0.134 o K 19 -0.000 0.010 28.498 0.074
g [ 20 -0.070 -0.011 26.437 0.152 g g 20 -0.119 -0.115 21.399 0.050

£ Series: DLOGPRIMA  Workfile: ARIMA_FONDO_T2:... = |- (0] [t4w] £ eries: DLOGPROFUTURO. Warkfile: ARIMA_FON... |- = |- (=) [:3a]

[View[ProclObjectlProper‘tieslPrintINameIFreezelSampleIGenr[SheetIGraph[Sta‘ [V\'ewlPmc[objectlPmperﬂeslﬂr\'ntll\lameIFreezelSsmp\eIGenrlsheetIGraphISts

Correlogram of DLOGPRIMA Correlogram of DLOGPROFUTURO

Date: 09/18/20 Time: 18:53 Date: 09/18/20 Time: 19:01

Sample: 2005M08 2020M07 Sample: 2005M08 2020M07

Included observations: 178 Included observations: 179

Autocorrelation  Partial Caorrelation AC PAC Q-Stat Prob Autocorrelation  Partial Correlation AC PAC Q-Stat Prob

= 3 1 0288 0288 14.971 0.000 | = [ 1 02306 0306 17.043 0000
m o 2 0.079 -0.004 16.103 0.000 1 [N 2 0098 0.005 18.814 0.000
[ull [l 3 0114 0101 18478 0.000 (W] I m 3 0112 0089 21.113 0.000
[N L 4 0.032 -0.030 18662 0.001 1| g 4 0.009 -0.055 21.129 0.000
[ 1 5 0048 0.047 19.093 0.002 11 1 5 0.036 0.048 21.375 0.001
gt i 6 -0.041 -0.085 19.410 0.004 il I 6 -0.077 -0.121 22495 0.001
an 1 7 -0.002 0036 19.411 0.007 1 1 7-0.031 0.035 22674 0.002
il i 8 -0.056 -0.081 19999 0.010 11 il 8 -0.065 -0.078 23465 0.003
[l [ 9 -0.040 0.014 20.297 0.016 g1 [N 9 -0.052 0.014 23.983 0.004
[ 1 10 -0.028 -0.030 20451 0.025 1 1 10 -0.026 -0.024 24116 0.007
[n i 11 -0.020 0.019 20.528 0.039 1 [ 11 -0.007 0.036 24125 0.012
g g 12 -0.096 -0.112 22.320 0.024 1 g 12 -0.060 -0.089 24.830 0.016
[ 1 13 -0.045 0033 22715 0.045 1 [N 13 -0.012 0.050 24.856 0.024
[N Bl 14 0.020 0.017 22.792 0.064 1 [N 14 0027 0003 25002 0.035
il [N 15 -0.056 -0.048 23.407 0.076 11 g 15 -0.065 -0.069 25.829 0.040
[n L 16 0.014 0.042 23.447 0.102 1 [ 16 0.012 0042 25859 0056
o o 17 -0.109 -0.137 25792 0.078 i1 I 17 -0.096 -0.123 27.699 0.049
gt i 18 -0.072 -0.002 26.830 0.082 g 1 18 -0.091 -0.028 29.370 0.044
N 11 19 -0.003 0.009 26.832 0.109 1 [N 19 0.002 0.036 29.371 0.060
o i 20 -0.127 -0.120 30.108 0.068 o o 20 -0126 -0.125 32616 0.037

Figure 6. White noise tests.

Source: Prepared by the author using Eviews 10.

in the result of the current series. In conclusion, the
differentiated series of AFP Habitat, Integra, Prima
and Profuturo are stationary and have no white
noise and, therefore, can be forecast with the Box
and Jenkins methodology.

Estimation

Based on the results of the correlograms, the order
of the AR and MA were identified using maximum
likelihood estimation, and the trial and error meth-
od, based on the statistical significance of each es-
timated coefficient. Using Eviews software, the best
model was automatically selected by running itera-
tions with combinations of the AR, MA and order of
integration. In this case, 484 models were run for

each AFP, and the model with the lowest Akaike Info
Criterion (AIC) was chosen, as shown in Figure 7.

The representations of this model are shown in
Table 1.

Validation
Unit Circle Validation

The validation with the unit circle was performed
and, as shown in Figure 8, it can be seen that the
models are stationary in the autoregressive part
for AFP Prima, Profuturo and Integra. It is also ob-
served that the models of AFP Habitat, Profuturo
and Integra are invertible in the moving average

Ind. data 24(1), 2021 iy
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(Z) Equation: EQ_AUTO_PROFUTURO  Workfile: ARL.. [ =

[V\'ew] PrucI Objectl Pr\'nt[ MName I FreezelEst\'mateIForecastl StatsIResids-

Dependent Variable: DLOG{PROFUTURO)

Method: ARMA Maximum Likelihood (BFGS)

Date: 09/17/20 Time: 16:20

Sample: 2005M09 2020M07

Included observations: 179

Convergence achieved after 19 iterations

Coefficient covariance computed using outer product of gradients

(=) Equation: EQ AUTO_HABITAT Workfile: ARIMA F... | = [ (@) [[st3m]

’ViewIProcIObjectIPrintINameIFreezeIEstimatelForecastIStatsIResids-

Dependent Variable: DLOG(HABITAT)

Method: ARMA Maximum Likelihood (BFGS)

Date: 09/17/20 Time: 15:57

Sample: 2013M07 2020M07

Included observations: 85

Convergence achieved after 4 iterations

Coefficient covariance computed using outer product of gradients

Variable Coefficient  Std. Error  t-Statistic Prob.
Variable Coefficient  Std. Error  t-Statistic Prob. c 0007240 0002949 2455110 0.0151
AR(1) -0.558088 0139555  -3.999056 0.0001
c 0.006627  0.003680  1.800913  0.0754 AR(2) 0207498 0092257 2225014  0.0274
MA(1) 0399078  0.116899 3413856  0.0010 WA() 0005124 0111734 8100680 00000
SIGMASQ 0.000335  247E-05  13.53978  0.0000 SIGMASQ 0000584  4.03E-05 1446712  0.0000
R-squared 0.099195 Mean dependent var 0.006607 R-squared 0.114645 Mean dependent var 0.007151
Adjusted R-squared 0.077224 S.D. dependent var 0.019399 Adjusted R-squared 0.094292  S.D. dependent var 0.025748
S.E. of regression 0.018635 Akaike info criterion -5.090811 S.E. of regression 0.024504  Akaike info criterion -4.551116
Sum squared resid 0028477 Schwarz criterion -5.004600 fuml quuhareg resid 31120;;; achwarzOcntemon jg?ggﬁ
- - ¥ : - _ 0g likelinoo - annan-Quinn criter. -4
Log likelihood 219.3595  Hannan-Cluinn criter. 5056135 F_statiatic 5639836  Durbin\Watson stat 5 029587
F-statistic 4514851 Durbin-Watson stat 2117228 Prob(F_statistic) 0.000275
Prob(F-statistic) 0.013799 .
Inverted AR Roots 26 -81
Inverted MA Roots -40 Inverted MA Roots -91

(=] Equation: EQ AUTO_INTEGRA Workfile: ARIMA_FO... | = || B 3]
’Vl’ewl Proclobjectl Printl Mame IFreeze I Estimate I Forecast] StatsIResids-

Dependent Variable: DLOG(INTEGRA)
Method: ARMA Maximum Likelihood (BFGS)

(=) Equation: EQ_AUTO_PRIMA  Workfile: ARIMA_FO...| = || (] [s23m]
[View[ Proc[ Objectl Printl MName I Freeze l Estimate I Forecastl Statsl Resids-

Date: 09/17/20 Time: 16:27
Sample: 2005M09 2020007
Included observations: 179

Convergence achieved after 38 iterations
Coefficient covariance computed using outer product of gradients

Variable Coefficient  Std. Error  t-Statistic Prob.
C 0.007090  0.002871 2.469183 0.0145
AR(1) -0.556168 0.136414  -4.077069 0.0001
AR(2) 0.203998 0.091506 2.229344 0.0271
MA(1) 0.905480  0.104592 8.657241 0.0000
SIGMASQ 0.000559 3.90E-05 14.33541 0.0000
R-squared 0.116133  Mean dependent var 0.007021
Adjusted R-squared 0.095814 S.D. dependent var 0.025211
SE. of regression 0.023972  Akaike info criterion -4.594918
Sum squared resid 0.099893  Schwarz criterion -4.505885
Log likelihood 416.2452  Hannan-Quinn criter. -4.558816
F-statistic 5.715525  Durbin-Watson stat 2.021056
Prob(F-statistic) 0.000241
Inverted AR Roots 25 -81
Inverted MA Roots -91
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Dependent Variable: DLOG(PRIMA)

Method: ARMA Maximum Likelihood (BFGS)

Date: 09/17/20 Time: 16:32
Sample: 2005M10 2020M07
Included observations: 178

Convergence achieved after 3 iterations
Coefficient covariance computed using outer product of gradients

Variable Coefficient  Std. Error  t-Statistic Prob.
C 0007278 0003112 2338801 0.0205
AR(1) 0293410 0070422 4 166444 0.0000
SIGMASQ 0.000635 3.47E-05 18.31347 0.0000
R-squared 0.084865 Mean dependent var 0.007119
Adjusted R-squared 0.074408 S.D. dependent var 0.026419
S.E. of regression 0.025417  Akaike info criterion -4 489544
Sum squared resid 0.113058 Schwarz criterion -4.435918
Log likelihood 4025694  Hannan-Quinn criter. -4 467797
F-statistic 8.114317  Durbin-Watson stat 1.985396
Prob(F-statistic) 0.000427
Inverted AR Roots 29

Figure 7. ldentification of the order of AR and MA.

Source: Prepared by the author using Eviews 10.

Table 1. Selection of ARIMA Models.

AFP Representation
Habitat ARIMA (0,1,1)
Profuturo ARIMA (2,1,1)
Integra ARIMA (2,1,1)
Prima ARIMA (1,1,0)

Source: Prepared by the author.

Ind. data 24(1), 2021
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(=) Equation: EQ_AUTO_HABITAT .| = | [E] |[sml
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(=) Equation: EQ_AUTOPRIMA ... | = | B [s£3a]

[Vl’ewl Proc[ Objectl PrintI Mame I Freeze I Estimate I Forecastl St

[Viewl Proc] Clbjectl Prl'ntI Mame I Freeze l Estimate I Forecast[ S

Inverse Roots of AR/MA Polynomial(s)
Specification: DLOG(HABITAT) C MA(1)
Date: 09/25/20 Time: 18:59

Sample: 2006M08 2020M07

Included observations: 85

Inverse Roots of AR/MA Palynomial(s)
Specification: DLOG(PRIMA) C AR(1)
Date: 09/25/20 Time: 19:17

Sample: 2005M08 2020M07

Included observations: 178

MA Root(s) Modulus Cycle

AR Root(s) Modulus Cycle

-0.389078 0.398078

0.293410 0.293410

Mo root lies outside the unit circle.
ARMA model is invertible.

Mo root lies outside the unit circle.
ARMA model is stationary.

(=] Equation: EQ_AUTO_PROFUTU... | = | [E] [st3ml
[Vl’ewIProcIObjectlPrintINameIFreezelEstimateIForecastISt

(=] Equation: EQ_AUTO_INTEGRA ... | = || (&) [i3a]
"u’l’ewlProcIObjecthrl'nthameIFreezelEstl'mateIForecastISt

Inverse Roots of AR/MA Polynomial(s)

Specification: DLOG{PROFUTURQ) C AR(1) AR(2)
MA(1)

Date: 09/25/20 Time: 19:02

Sample: 2005M08 2020M07

Included observations: 179

Inverse Roots of AR/MA Polynomial(s)

Specification: DLOG(INTEGRA) C AR(1) AR(2)
MA(1)

Date: 09/25/20 Time: 19:06

Sample: 2005108 2020M07

Included observations: 179

AR Root(s) Modulus Cycle AR Root(s) Modulus Cycle
-0.813238 0.813238 -0.808488 0.808488
0.255151 0.255151 0252320 0.252320
No root lies outside the unit circle. Mo root lies outside the unit circle.
ARMA model is stationary. ARMA model is stationary.

MA Root(s) Modulus Cycle MA Root(s) Modulus Cycle
-0.905124 0.905124 -0.905480 0.905480

Mo root lies outside the unit circle.
ARMA model is invertible.

Mo root lies outside the unit circle.
ARMA model is invertible.

Figure 8. Unit circle validation.

Source: Prepared by the author using Eviews 10.

part. None of the roots of the four AFPs are outside
the unit circle, and all their moduli are below 1, so
it is concluded that they passed the unit circle vali-
dation tests.

Validation of the residuals

Subsequently, the correlogram was performed to
verify that the residuals had white noise. In Figure
9, it was verified that the behavior of the residuals of
the four AFPs has white noise because their p-val-
ues are greater than 5% and, therefore, forecasting
with the Box and Jenkins ARIMA models is possible.

Validation of the squared residuals

The squared residuals of the 4 AFPs also presented
white noise, since all their p-values are above 5%,

as shown in Figure 10; if this had not been the case,
it would have been necessary to perform an equa-
tion to the variable and then work with the condition-
al volatility models ARCH and GARCH.

Forecasting

Curt and Rengifo (2011) argue that Para determi-
nar si un pronostico es adecuado, se usan los es-
tadisticos que (...) comparan los valores reales con
aquellos que han sido pronosticados. (...) como
los errores pueden ser positivos o negativos, (...)
suma de ellos no seria de gran ayuda puesto que
se cancelarian entre ellos. Es por eso que los indi-
ces trabajan ya sea con los errores al cuadrado o
con el valor absoluto de los errores [To determine
whether a forecast is adequate, statistics that (...)

Ind. data 24(1), 2021 K]
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MobELING THE MONTHLY AVERAGE OF THE QUOTA VALUES PER AFP AND TypE 2 FUND WiTH THE Box AND JENKINS 0R ARIMA METHODOLOGY

(=) Equation: EQ_AUTO_HABITAT Workfile: ARIMA_FO...[ = | &) [@£3s] | (=] Equation: EQ AUTO_PROFUTURO  Workfile: ARIM... =nEoR[™"
l\-’iew[ProcIObjectlPrintIName[FreezelEstimateIForecast[StatsIResids- [ViewlProclObjecthrintINamelFreezelEstimateIForecastIStatsIResids-
Correlogram of Residuals Correlogram of Residuals

Date: 09/25/20 Time: 23:07 Date: 09/25/20 Time: 23:21

Sample: 2005M08 2020M07 Sample: 2005M08 2020M07

Included observations: 85 Included observations: 178

Q-statistic probabilities adjusted for 1 ARMA term Q-statistic probabilities adjusted for 3 ARMA terms

Autocorrelation Partial Correlation AC PAC Q-3tat Prob Autocorrelation Partial Caorrelation AC PAC Q-Stat Prob

g [l 1 -0.061 -0.061 0.3273 [N N 1 -0.018 -0.018 0.0565
[ | 2 -0.188 -0.192 3.4725 0.062 [ [Ny 2 0.050 0.050 0.5180
g g 3 -0.094 -0.125 42766 0.118 1 [N 3 0.055 0.057 1.0683
g g 4 -0.052 -0.113 45270 0.210 [N [ 4 0003 0002 10697 0301
g [ 5 0.086 0007 49306 0.294 N NN 5 0.031 0026 1.2533 0534
g g 6 -0079 -0125 55117 0357 gl g 6 -0.069 -0.072 2.1507 0.542
N [ 7 0.033 0011 56153 0468 N [N 7 -0.010 -0.016 2.1696 0.705
[ i 8 -0.014 -0.054 56334 0583 I i 8 -0.037 -0.034 24311 0.787
g g 9 -0.088 -0.108 6.3827 0.604 N i 9 -0044 -0036 27932 0834
i o 10 0.066 0.021 6.8104 0657 i 1 10 -0.003 -0.000 2.7953 0.903
g g 11 -0.076 -0.116 7.3906 0.688 1 1 11 0.005 0.017 2.8001 0.946
g gt 12 -0.078 -0.132 8.0122 0712 i 11 12 -0.051 -0.050 3.2971 0.951
] g 13 -0.001 -0.075 80123 0784 1 [N 13 -0.017 -0.019 3.3531 0.972
g | 14 -0.127 -0.230 9.6864 0.719 0 [ 14 0065 0066 41734 0965
@ [ 15 0.144 0.016 11.872 0617 g ig 15 -0.097 -0.095 6.0185 0915
[ g 16 0.014 -0.082 11.892 0687 m 1 16 0.069 0.061 6.9662 0904
[l [ 17 0123 0.089 13535 0633 g g 17 -0.094 -0.091 B8.7293 0.848
[ Al 18 0.100 0.101 148645 08621 g il 18 -0.071 -0.079 97323 0.836
g [ 19 -0.098 -0.007 16721 0612 1 [ 19 0.059 0.056 10433 0.843
N [N 20 -0.024 -0019 15789 0671 [l gt 20 -D.107 -0.085 12.787 0.750

(=) equation: EQ_AUTO_INTEGRA Workfile: ARIMAF... | = | [E] [s234]
[\.-’iewl ProcIObjectl PrintINameIFreeze l EstimateIForecastIStatsIResids-

Correlogram of Residuals

(=) Equation: EQ AUTO_PRIMA Workfile: ARIMA_FON... | = || [E] |[s:3n]
[Viewl Procl Objectl Prl'ntl MName I Freeze l Estimate I Furecastl Stats] Resids-

Correlogram of Residuals

Date: 09/25/20 Time: 23:52

Sample: 2005M08 2020M07

Included observations: 179

Q-statistic probabilities adjusted for 3 ARMA terms

Date: 09/25/20 Time: 23:56

Sample: 2005M08 2020M07

Included observations: 178

Q-statistic probabilities adjusted for 1 ARMA term

Autocorrelation Partial Correlation AC PAC Q-Stat Prob Autocorrelation Partial Correlation AC PAC Q-Stat Prob
[ [ 1 -0.017 -0.017 0.0503 [N 1 1 -0.004 -0.004 0.0037
[Nl [Nl 2 0.049 0.049 0.4980 1 [l 2 -0.034 -0034 02136 0.644
Lt Lt 3 0.045 0.046 0.8626 [l W 3 0102 0102 21083 0.348
N N 4 0.012 0.011 0.8880 0.346 o o 4 -0.015 -0.016 2.1496 0.542
[N [N 5 0.057 0.053 1.4949 0474 [N [ 5 0.056 0.084 27391 0602
Iyl Iyl 6 -0.062 -0.064 22171 0.529 1 11 6 -0.064 -0.077 35094 0622
N N 7 0.011 0.002 2.2384 0692 (N I 7 0028 0037 36600 0.723
A A 8 -0.040 -0.039 2.5390 0.771 [yl il 8 -0.052 -0.073 4.1742 0.760
[ [ 9 -0.046 -0.044 29377 0817 [N (N 9 -0.021 0.001 4.2550 0.833
! ax 10 0.018 0.018 29990 0.885 [N [l 10 -0.015 -0.035 4.2985 0.891
AN N 11 -0.009 0.006 3.0146 0933 (N I 11 0.016 0.041 43468 0930
I1g I1g 12 -0.068 -0.070 3.9019 0918 g (all 12 -0.094 -0.110 6.0647 0.869
1 1 13 -0.053 -0.051 44419 0925 [N o 13 -0.029 -0.005 6.2280 0.904
[Nl iyl 14 0.062 0068 52056 0.921 [ [N 14 0.056 0.031 6.8445 0.910
1o 1o 15 -0.074 -0.070 6.2968 0.900 11 g 15 -0.078 -0.052 80434 0887
[y [y 16 0.050 0.051 67882 0913 I il 16 0.069 0066 89853 0.878
g g 17 -0.090 -0.086 84225 0.866 (ngl (all 17 -0.110 -0.118 11.408 0.784
AN A 18 -0.037 -0.044 87042 0.892 [yl [ 18 -0.051 -0.040 11.921 0.805
(NN Lt 19 0.045 0.041 9.1104 0.909 [N [ 19 0.060 0.033 12646 0812
g g 20 -0.105 -0.088 11.339 0.838 (npl g 20 -0116 -0.095 15395 0697

Figure 9. Validation of the residuals.

Source: Prepared by the author using Eviews 10.

compare actual values with those that have been
predicted are used. (...) as errors can be positive or
negative, (...) to use addition with them would not
be of great help since they would cancel each oth-
er. That is why the indices work either with squared
errors or with the absolute value of the errors] (pp.
427-428); so static forecasts of the monthly average
of the quota values of each of the four AFPs are

270
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performed in order to take into account the following
error statistics: RMSE (Root Mean Square Error),
MAE (Mean Absolute Error), MAPE (Mean Absolute
Percentage Error) and U-THEIL (Theil's Inequality
Coefficient), which are contained in Table 2.

Table 2 shows that AFP Habitat has the lowest fore-
cast error with ARIMA, since its RMSE, on average,
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(Z) Equation: EQ AUTO_HABITAT Workfile: ARIMA F.. | | E] |[s3u]

[ViewlPrchObjecthrintINameIFreezelEstimateIFcrecastI StatsIResids-

Correlogram of Residuals Squared
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(=) Equation: EQ_AUTO_PROFUTURO  Workfile: ARIM... | | (B |[s£:3a]

[ViewIProcl Objectl Print[NameIFreezelEst\'mateIForecast] StatsI Resw’ds-

Correlogram of Residuals Squared

Date: 09/26/20 Time: 00:05
Sample: 2005M08 2020M07
Included observations: 85

Date: 09/26/20 Time: 00:21
Sample: 2005M08 2020M07
Included observations: 179

Autocorrelation Partial Correlation AC PAC Q-Stat Prob Autocorrelation  Partial Correlation AC PAC Q-Stat Prob
o [ 1-0.026 -0.026 0.0583 0.809 [N L 1 0.019 0.019 0.0658 0.798
[y [N 2 0103 0.103 1.0054 0.605 11 [m N 2 0021 0021 01495 0928
[ [ 3 0.009 0015 1.0135 0.798 (] (=] 3 0172 0171 55878 0.133
o [ 4 0030 -0.041 1.0965 0895 [ N 4 -0.015 -0.022 56311 0.228
o [ 5 -0.018 -0.022 1.1248 0.952 R [N 5-0014 -0021 56671 0340
o [ 6 -0.007 -0.001 1.1297 0.980 ] (il 6 0.120 0.095 8.3814 0.211
L [ 7 0.009 0014 1.1369 0992 AR N 7 -0.024 -0.022 84871 0.292
o [ I 8 -0.001 -0.001 1.1371 0.997 R I 8 -0.005 -0.004 84926 0387
e o 9 0.007 0.004 1.1424 0999 o [N 9 0.080 0.047 97119 0.374
o o 10 0.002 0.001 1.1426 1.000 I o 10 -0.012 -0.003 9.7375 0.464
o [ I 11 -0.000 -0.001 11427 1.000 il [l 11 00685 0070 10564 0480
[N [ 12 -0.019 -0.019 1.1786 1.000 I [ 12 -0.002 -0.038 10.565 0.567
o [ I 13 -0.010 -0.011 1.1895 1.000 AN o 13 -0.020 -0.014 10643 08641
L o 14 -0.004 0.000 1.1908 1.000 I mN 14 0053 0039 11203 0670
L [ I 15 -0.004 -0.001 1.1928 1.000 L1 L 15 0.033 0.027 11.415 0723
L Lo 16 -0.019 -0.020 1.2302 1.000 [ ) 16 0.003 0.012 11.417 0.783
[ ] 17 0.027 0.025 1.3072 1.000 [y (N 17 0042 0013 11775 0814
L [ I 18 -0.019 -0.014 13463 1.000 ] | 18 0.164 0.166 17.180 0.511
o [ 19 -0.012 -0.018 1.3632 1.000 H H 19 0.035 0.035 17.424 0.561
. Lo 20 -0.017 -0.017 1.3967 1.000 ' 1 20 0.057 0.025 18.091 0581

() Equation: EQ AUTO_INTEGRA Workfile: ARIMA F... | = | (5] [@3s]  (Z) Equation: EQ AUTO_PRIMA Workile: ARIMA FO.. [ = | [B] [dm]

[V\'ew] Prcc[ Objecthrl'ntINameIFreezelEst\'mate [ Forecastlstats] Resids-

Correlogram of Residuals Squared

[\-’iew[Proc[ObjectI Pr\'nt] NameIFreezelEstimateIForecastIStatSIResids-

Correlogram of Residuals Squared

Date: 09/26/20 Time: 00:24
Sample: 2005M08 2020M07
Included observations: 179

Date: 09/26/20 Time: 00:27
Sample: 2005M08 2020007
Included observations: 178

Autocorrelation Partial Correlation AC PAC Q-Stat Prob Autocorrelation  Partial Correlation AC PAC Q-Stat Prob
[N [N 1 0007 0007 00092 0924 [N 1 1 0.005 0.005 0.0054 0942
1 R 2 0032 0.032 0.1964 0.906 R (W 2 0046 0046 03959 0.820
o [n] 3 0136 0136 36118 0.307 (] A 3 0140 0139 39615 0.266
[N N 4 -0.024 -0.026 3.7152 0.446 i 1 4 -0.009 -0.012 3.9757 0.409
[N N 5 -0.015 -0.024 37575 0.585 [N 1 5 -0.015 -0.029 4.0183 0.547
o i 6 0116 0101 62614 0.395 (il i 6 0092 0075 55805 0472
[N I 7 -0023 -0.016 63568 0499 [N [N 7 -0027 -0023 57184 0573
1 1 § -0.010 -0.013 6.3740 0605 [N [N 8 -0.012 -0.014 57451 0676
il [mN 9 0.075 0.049 74368 0592 [ L 9 0051 0031 62308 0.717
[ o 10 -0.013 -0.004 7.4712 0680 [N I 10 -0.011 -0.002 62535 0794
[y (i 11 0.054 0.057 8.0305 0.711 [N I 11 0.048 0.052 66936 0823
[ [N 12 0.004 -0.025 8.0339 0.782 [N [N 12 0.001 -0.018 66939 0877
N N 13 -0.019 -0.014 8.1019 0837 ! H 13 -0.016 -0.015 67421 0915
[N [N 14 0.048 0041 85479 0859 [l [N 14 0.052 0.045 7.2766 0924
[N 1 15 0.038 0.031 8.8341 0886 [N [N 15 0.018 0.015 7.3400 0948
[N [N 16 -0.005 0.000 8.8392 0.920 I R 16 0.014 0.018 7.3775 0965
[y [ 17 0.050 0.027 9.3374 00929 N ) 17 0.035 0.014 76262 0974
[n} [n] 18 0.131 0.129 12773 0.805 il il 18 0122 0123 10597 0911
[N ! 19 0.025 0.032 12902 0844 [y R 19 0.018 0.019 10.664 0935
o [N 20 0068 0036 13.835 0.839 [N H 20 0.055 0026 11.279 0939

Figure 10. Validation of the squared residuals.
Source: Prepared by the author using Eviews 10.

deviates by 0.2796 units and in percentage terms
or MAPE, the deviation is 1.20%. AFP Integra has
the highest RMSE with respect to the other three
AFPs, with a deviation of 2.8076 units. In percent-
age terms, AFP Prima has the highest deviation
with 1.66%.

The forecasts with ARIMA were compared with the
double exponential smoothing techniques contained
in Table 3, which were automatically selected out of
eight techniques by the Risk Simulator software for

having the lowest error statistics; these techniques
are contained in Table 3 and it is observed that ARI-
MA has lower forecast errors than double exponen-
tial smoothing.

Hypothesis Testing

Specific hypothesis 1: The trend of the monthly av-
erage of the quota values for each AFP of the type
2 fund directly influences the unit root.

Ind. data 24(1), 2021 [EEYa1
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MobELING THE MONTHLY AVERAGE OF THE QUOTA VALUES PER AFP AND TypE 2 FUND WiTH THE Box AND JENKINS 0R ARIMA METHODOLOGY

Table 2. Forecast Errors with ARIMA.

AFP RMSE MAE MAPE U-THEIL
Habitat 0.2796 0.1665 1.20% 0.8912
Profuturo 2.6354 1.7516 1.61% 0.9027
In sample
Integra 2.8076 1.8535 1.60% 0.9013
Prima 0.5542 0.3582 1.66% 0.9222
Source: Prepared by the author.
Table 3. Forecast Errors with Double Exponential Smoothing Techniques.
AFP RMSE MAE MAPE U-THEIL
Habitat 0.3046 0.0928 1.33% 0.9684
Profuturo 2.7707 7.6767 1.72% 0.9767
In sample
Integra 2.9413 8.6515 1.72% 0.9767
Prima 0.5772 0.3332 1.78% 0.9782

Source: Prepared by the author.

Table 4. Unit Root Hypothesis Tests for AFPs Habitat, Profuturo, Integra and Prima.

Hypothesis test for AFP Habitat

Hypothesis test for AFP Profuturo

a) Null and alternate hypothesis
H;: ¢ =1;x has UR
H:¢ < 1;x hasno UR

a) Null and alternate hypothesis
H:¢=1;x has UR
H:¢ < 1;x hasno UR

b) Significance level a = 0.05

b) Significance level a = 0.05

c) p-value = 0.9980

c) p-value = 0.0495

Decision: As p-value = 0.9980 > 0.05, H,is not rejected. The
series has at least one UR.

Decision: As p-value = 0.0495 < 0.05, H, is rejected. The original
has no UR.

Hypothesis test for AFP Integra

Hypothesis test for AFP Prima

a) Null and alternate hypothesis
H;: ¢ =1;x has UR
H:¢ <1;x has no UR

a) Null and alternate hypothesis
H;: ¢ =1;x has UR
H:¢ < 1;x has no UR

b) Significance level a = 0.05

b) Significance level a = 0.05

c) p-value = 0.9944

c) p-value = 0.9927

Decision: As p-value = 0.9944 > 0.05, H, is not rejected. The
series has at least one UR.

Decision: As p-value = 0.9927 > 0.05, H, is not rejected. The
series has at least one UR.

Source: Prepared by the author.

Table 4 shows that the original series of AFP Profu-
turo does not show a trend and its p-value is equal
to 4.95%, less than 5%, so the H, (which states
that the series has a UR) is rejected and, therefore,
the series is stationary. Table 4 also shows that the
p-values of Habitat, Integra and Prima are above
5%, so the H s are not rejected since they have at
least one UR and are not stationary.

Specific hypothesis 2: Stationarity has a direct influ-
ence on the mean of the return of the monthly aver-
age of the quota values for each AFP of type 2 fund.

A differentiation was made for each AFP, and the
results of the hypothesis tests contained in Table 5

vl Ind. data 24(1), 2021

indicate that their p-values are less than 5% and,
therefore, the null hypotheses are rejected. The dif-
ferentiated series for each AFP has no unit root and
is therefore stationary with constant mean.

Specific hypothesis 3: Stationarity directly influenc-
es the variance of the return of the monthly average
of the quota values for each AFP of the type 2 fund.

It is verified that the differentiated series have no
memory using the Ljung Box (LB) statistic for small
samples. The joint tests for the squared residuals
of the four AFPs present white noise, since all their
p-values are above 5%, as shown in Table 6.
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Specific hypothesis 4: There is a correlation be-
tween the observed values of the monthly average
of the quota values for each AFP of the type 2 fund
and the predicted values.

Table 7 shows that the results of the correlation co-
efficients of the observed values of the monthly av-
erage of the quota values for each AFP of the type 2
fund and the predicted values correspond to strong
positive correlations; the table also contains their
p-values.

WiLFReDO BAzAN

In the hypothesis tests contained in Table 8, it is ob-
served that the p-values of each AFP are below 5%,
therefore, in addition to the strong and direct corre-
lation between the observed and predicted values,
these can be corroborated with the results of the
error statistics contained in Table 3.

DISCUSSION

It was observed that the original series of the month-
ly average of the quota values for each type 2 fund

Table 5. Hypothesis Test for the Mean of AFPs Habitat, Integra, Prima and Profuturo.

Hypothesis test for AFP Habitat

Hypothesis test for AFP Integra

a) Null and alternate hypothesis
H;: ¢ =1;x has UR
H:¢ < 1;x has no UR

a) Null and alternate hypothesis
H;: ¢ =1;x, has UR
H: ¢ <1;x has no UR

b) Significance level a = 0.05

b) Significance level a = 0.05

c) p-value = 0.000

c) p-value = 0.000

Decision: As p-value = 0.000 < 0.05, H,is rejected. The differen-
tiated series has no RU and is therefore stationary.

Decision: As p-value = 0.000 < 0.05, H,is rejected. The differen-
tiated series has no RU and is therefore stationary.

Hypothesis test for AFP Prima

Hypothesis test for AFP Profuturo

a) Null and alternate hypothesis
H;: ¢ =1;x has UR
H:¢ <1;x hasno UR

a) Null and alternate hypothesis
H;: ¢ =1;x has UR
H: ¢ <1;x has no UR

b) Significance level a = 0.05

b) Significance level a= 0.05

c) p-value = 0.000

c) p-value = 0.000

Decision: As p-value = 0.000 < 0.05, H,is rejected. The differen-
tiated series has no RU and is therefore stationary.

Decision: As p-value = 0.000 < 0.05, H,is rejected. The differen-
tiated series has no RU and is therefore stationary.

Source: Prepared by the author.

Table 6. Hypothesis Test for the Variance of AFPs Habitat, Integra, Prima and Profuturo.

Hypothesis test for AFP Habitat

Hypothesis test for AFP Integra

a) Null and alternate hypothesis
H: ¢1=¢2 = .. = ¢n; x, has no white noise
H,: at least one is different

a) Null and alternate hypothesis
H: ¢1= ¢p2=..=¢n; x, has no white noise
H, at least one is different

b) Significance level a = 0.05

b) Significance level a = 0.05

c) p-values > 0.05

c¢) p-values > 0.05

Decision: As p-values > 0.05, H, is not rejected. The differen-
tiated series has white noise and, therefore, homoscedastic
variance.

Decision: As p-values > 0.05, H, is not rejected. The differen-
tiated series has white noise and, therefore, homoscedastic
variance.

Hypothesis test for AFP Prima

Hypothesis test for AFP Profuturo

a) Null and alternate hypothesis
H: ¢p1= ¢2 = ... =¢hn; x, has no white noise
H,: at least one is different

a) Null and alternate hypothesis
H: ¢p1= ¢p2= .. =¢n; x, has no white noise
H,: atleast one is different

b) Significance level a = 0.05

b) Significance level a = 0.05

¢) p-values > 0.05

c) p-values > 0.05

Decision: As p-values > 0.05, H, is not rejected. The differen-
tiated series has white noise and, therefore, homoscedastic
variance.

Decision: As p-values > 0.05, H, is not rejected. The differen-
tiated series has white noise and, therefore, homoscedastic
variance.

Source: Prepared by the author.
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AFP had a trend and, therefore, were not stationary,
so logarithmic differentiations were made to convert
them. This is consistent with the results of the fol-
lowing research:

- Villalba and Flores (2016) studied the price and
quotes index (IPC) of the Mexican stock market
and verified the behavior of the volatility and
the importance of the stationarity of its series

Table 7. Results of Pearson's correlation coefficient.

for forecasting the prices of the stocks that
compose it.

- Parody et al. (2016) calculated the daily closing
prices of the shares of Banco de Colombia,
Banco de Bogotd and Banco de Occidente
between July 17 and 24, 2015, and obtained
los rendimientos diarios de las series de cada
banco estudiado mediante la diferencia obtenida

Correlation Correlation

Probability HABITAT_obs HABITAT_pron Probability INTEGRA_obs INTEGRA_pron
HABITAT_obs 1.0000 INTEGRA_obs 1.0000

HABITAT_pron 0.9923 1.0000 INTEGRA_pron 0.9971 1.0000
P value 0.0000 - P value 0.0000 -
Correlation Correlation

Probability HABITAT _obs HABITAT_pron Probability PROFUTU_obs PROFUTU_pron
PRIMA_obs 1.0000 PROFUTU_obs 1.0000

PRIMA_pron 0.9968 1.0000 PROFUTU_pron 0.9971 1.0000
P value 0.0000 - P value 0.0000 -

Source: Prepared by the author.

Note: the results are presented as reported by the software.

Tabla 8. Hypothesis tests for Pearson’s correlation of AFP Habitat, Integra, Prima and Profuturo.

Hypothesis test for AFP Habitat

Hypothesis test for AFP Integra

a) Null and alternate hypothesis

H:p=0

There is no correlation between the observed and predicted
values.

H:p#0

There is a correlation between the observed and predicted values.

a) Null and alternate hypothesis

H:p=0

There is no correlation between the observed and predicted
values.

H:p#0

There is a correlation between the observed and predicted values.

b) Significance level a = 0.05

b) Significance level a = 0.05

c) p-value = 0.0000

c) p-value = 0.0000

Decision: As p-value 0.0000 < 0.05, H, is rejected. There is a
direct correlation between the observed and forecast values.

Decision: As p-value 0.0000 < 0.05, H, is rejected. There is a
direct correlation between the observed and forecast values.

Hypothesis test for AFP Prima

Hypothesis test for AFP Profuturo

a) Null and alternate hypothesis

Hi:p=0

There is no correlation between the observed and predicted
values

H:p#0

There is a correlation between the observed and predicted values.

a) Null and alternate hypothesis

Hy:p=0

There is no correlation between the observed and predicted
values

H:p#0

There is a correlation between the observed and predicted values.

b) Significance level a = 0.05

b) Significance level a = 0.05

c) p-value = 0.0000

c) p-value = 0.0000

Decision: As p-value 0.0000 < 0.05, H, is rejected. There is a
direct correlation between the observed and forecast values.

Decision: As p-value 0.0000 < 0.05, H, is rejected. There is a
direct correlation between the observed and forecast values.

Source: Prepared by the author.
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entre los logaritmos neperianos de los precios
actuales y los precios del dia inmediatamente
anterior [the daily returns of the series of each
bank studied through the difference of the
neperian logarithms of the current prices and the
prices of the immediately preceding day].

It was also observed that the stationary series of the
monthly average of the quota values for each AFP
of the type 2 fund presents constant or homogene-
ous variance, which means that it does not present
much volatility, according to the following findings:

Amaris et al. (2017) conclude that el analisis
estadistico permiti6 tomar una decisién del
modelo escogido, el cual cumple con los
parametros requeridos de normalidad, varianza
constante y aleatoriedad [The statistical analysis
made it possible to make a decision on the
chosen model, which complies with the required
parameters of normality, constant variance and
randomness].

Gallego-Nicasio et al. (2018) found in one of
their results that, when performing the first
differentiation, the new series is stationary,
homogeneous and integrated of order one.
They say that the ARIMA (p,d,q) model is called
Autoregressive Integrated Moving Average
process of order p, d, g; and that the disturbance
or error is known as white noise, with the mean
being zero, the variance homocedastic and the
covariance null among the shocks or errors of
the observations.

CONCLUSIONS

1.

The original series of the monthly average of
the AFP quota values of the type 2 fund, which
began in December 2005, shows an upward
trend during the period 2005-2020.

In order to forecast the monthly average of the
AFP quota values of the type 2 fund with the
Box and Jenkins or ARIMA models, the trends
must be eliminated by differentiation until the
series becomes stationary. In this case, only the
first differentiation was enough.

The results show that the series corresponds
to a stochastic process in the weak sense be-
cause both the first and second moments of the
series are invariant over time.

The returns were calculated with the logarithmic
differentiation of the current month average and
the previous month average to make them both
stationary.

10.

WiLFReDO BAzAN

The return models depend of a mean, which
is its long-term behavior, plus an error or dis-
turbance that deviates this behavior; however,
these errors are normally distributed and, there-
fore, the variance is homoscedastic.

With the correlograms, the Ljung Box statistic
and the p-value, it was validated that the origi-
nal series of the monthly average of the quota
values for each AFP of the type 2 fund had me-
mory and it was concluded that it is homosce-
dastic, or of constant variance, over time, so it
can be forecast with the Box and Jenkins me-
thodology.

The residuals and squared residuals have white
noise and their variance is homoscedastic, so
the Box and Jenkins methodology can be used.

Since they have constant variance and are not
highly volatile, the returns are conservative and
therefore do not meet the expectations of wor-
kers.

Economic and financial crises negatively im-
pact the investment returns of workers.

The forecasts of the samples using the Box and
Jenkins methodology have lower forecast errors
than when using double exponential smoothing.
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