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Abstract

Risks faced by coffee, such as problems in cultivation, production processes and price volatility,
endanger the webeing of producers. To examine the problems ofdbiee sector is required to
approach it from a holistic approach and relate to various causes that may-belateelr 5 as results

main components explaining the cumulative variance of the variables in 74.29% were generated. the first
two components acimulate 47.20% of the variability generated five layers for each of them are
described. Oaxaca state maintains an important potential productive value (cultural) that must be valued
in coffee producing areas framed in the crusade against hunger. Itefthenecessary to generate
synergies between the triple helix (producers, government, business) generating scientific innovation,
infrastructure and increasing human capital to support better public policies that achieve more value
added to the coffee am in underserved areas.

Coffee, Analysisof Principal Components, Marginalization, Public Politics
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1. Introduction

In the Mexican Republic, sixteen states produce
coffee. Coffee production is concentrated in the
states of Chiapas, Veracruz and Oaxaca, with
more than 75 percent of producers, area sown
and production volumes (Robles, 2011). In
Oaxaca, where coffee piations cover 24% of
the total agricultural area diie state. The great
paradox of coffee production in Oaxaca, is that
although this contributes significantly to the
entry of foreign currency to the country,
practically a large number of coffee farasilive

in extreme poverty (AvaleSartorio and
Becerra, 1999).

The objective of this work was to
investigate the characteristics of coffee
producing municipalities in Oaxaca integrated
into the Crusade Against Hunger, where
socioeconomic, productive and marginalization
aspects are related to establish strata of knesili
and locate lines of work in the design and
implementation of public policies of the value
chain. To do this, databases were used from the
National Population Council (CONAPO),
National Council for the Evaluation of Social
Development Policy (CONEVAL)Food and
Agriculture System of the Ministry of
Agriculture, Livestock, Rural Development,
Fisheries and Food (SIABAGARPA).) and
Secretary of Social Development (SEDESOL).

The methodology of Principal Component
Analysis (PCA) was used to generate new
uncorrelated variables from 15 variables on
productive, socioeconomic and marginal
aspects. Subsequently, the analyzed
municipalities were stratified in homogeneous
groups and heterogeneous among them.

ISSN-On line: 25242040
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3. Materials and Methods

The SIARSAGARPA,CONEVAL, SEDESOL
and CONAPO databases were used to establish
the stratification of the coffee producing
municipalities in Oaxaca incorporated into the
Crusade against Hunger. In the analysis of the
information, 15 variables were related (see Table
1) that were selected according to
socioeconomic conditions, productive
characteristics of coffee and poverty. It is
important to note that there are other variables
that are also important and influential in the
competitiveness of the coffee value chain;
among tlem, there are the climatological ones
that will be addressed in a later study.

PPA |Percentage qPPL Percentage q
population of 1§ population in
years or  mor localities with less
illiterate than 5000 inhabitan

PVH |Percentage of hom{PRO |Production (Ton)
with some levelof
overcrowding

POE |Percentage qREN Performance (Ton
occupants i Ha)
dwellings  withou
electric power

PPP |Percentage qVPR Production  Valug
population aged 1 (Thousands of Pesq
and over without ful
primary education

PP2 Pecentage 0/ SCO |Sup. Harvested (Ha|
employed populatio
with income of up t
2 minimum wages

POA |Percentage qSSE Sup. Sown (Ha)
occupants i
dwellings  withou
piped water

POD |Percentage qGIN Gini 2010
occupants i
dwellings  withou
drainage or toilet

PMU |[Municipal Poverty
2010

Table 1 Variables socioeconémicas,
ambientales de estudio

productivas y

VAZQUEZ-ELORZA, Ariel, REYESMUNGUIA, Abigail, PARDO-
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Continuing with the analysis of productive
characteristics and marginality, in the Oaxacan
coffee producing municipalities integrated into
the crusade against hunger, the use of the
Principal Component  Analysis (PCA)
methodology was considered with thepase of
generating new variables of components
(eigenvalues eigenvalueof each component)
that summarize the characteristics of the studied
problem of the original data set. The ACP
reduces the dimensionality of the phenomenon
by generating a base analysis of the original
database and provides more information about
the problem (Pla, 1986).

The purpose of generating new indicators,
which relate various variables in 5 components,
is based on a better contextualisation of
problems in a holistic ay, in the face of
structural problems in the coffee sectonce the
components were obtained, we proceeded to
stratify the first component obtained from the
selected variables of coffee producing
municipalities according to the productive,
marginalization and socioeconomic
characteristics of the municipality with the
technique of Dalenius and Hodges (1959).

This tool helps reduce information by
generating strata of municipalities in groups that
are more homogeneous among themselves and
more heterogenesuamong them, considering
minimizing the variance of the data under study.
The results are intended to organize strata that
guide the needs for the best design and
implementation of public policies.

4. Results and discussion

According to the statistics of the SEDESOL,
1,012 municipalities are contemplated in the
crusade relation against hunger. Among the
main entities that have localities in these
characteristics are:

ISSN-On line: 25242040
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Oaxaca which concentrates 28.8% (291
municipalities), Chapas (6.9%, 97), Veracruz
(8.4%, 85), Guerrero (7.6%, 77), Mexico (6.5%,
66), Puebla (6.3%, 64) and Michoacan (5.0%,
51). Of the total of municipalities in Oaxaca in
the crusade against hunger, 42.6% (124) has a
presence in coffee production, which
demongtates the direct relationship between
rural municipalities with high marginalization
and coffee crops as an important association. Of
the 124 municipalities producing coffee in the
crusade against hunger, 25.8% (32) have less
than 2,500 inhabitants wherdely would be
considered rural (according to the 2010 INEGI
census), and 74.2% (92) are urban.

Table 2 shows the importance of the Costa
Region in the planting of coffee with more
hectares, mainly in Pochutla (32,138 hectares),
which is also where the hight crop losses
occur. It is important to note that the yield (ton /
ha) is higher in the plantations located in the
Sierra Norte region with 1.70 ton / ha, on
average. Of course, there are soil conditions (soll
and relative humidity of the environment)dan
climatology that significantly influence the
productivity of coffee, which would be a work of
further study to analyze. In rural areas, the
average yield is 1.22 ton / ha while in urban areas
they reached 0.99 ton / ha. The characteristics of
coffee culivation require more analysis
according to the varieties in urban areas or
producers without marginalization.

Region Sur. Sur. Average
Sown |Harvested|yield
(Ha) (Ha) (Ton /
Ha)
Cafada 4to  Distrito:| 16,380 |16,315 0.85
Region Teotitlan
5to  Distrito:| 4,417 |4,402 0.77
Cuicatlan
Total 20,798 |20,718 0.82
Coast region 21er Distrito] 1,871 |1,786 0.45
Jamiltepec
22do Distrito] 10,339 |10,159 0.36
Juquila
30mo Distrito] 32,138 [30,178 0.41
Pochutla
Total 44,348 42,123 0.41

VAZQUEZ-ELORZA, Ariel, REYESMUNGUIA, Abigail, PARDO-

NUNEZ, Joaline. Socioeconomic stratification of the producin
municipalities of coffee in Oaxaca integrated to the Crusade agains
Hunger.RINOE JournalMacroeconomics and monetary economy.20
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:_jthmus %8}/]0 Distrito:| 6,068 16,068  |0.80 This reality reinforces that socioeconomic
egion ehuantepec : : : :
38n0 Distito]2.785 2,785 138 dn‘ferert;e_s have a'r_elatlonshlp with the scope of
Juchitan productivity capacities of the sector.
Total 8,853 [8,853 1.03
Region Tlaxiaco f . lai h f
Total 1040 |1040 |114 percentage of variance explained by each one o
Papaloapan]6to  Distrito:| 6,608 | 6,054 1.25 them in the information set. The characteristic
Region iUXteFE;?C_ laees lagos  |iom value associated with the first mponent
Cﬂgap;rﬂ”to' ' ’ : summarizes 25.36% and the second 21.83%.
Total 11,274 |10,563 |1.24 The five components in the model explain
Sierra Nortd 12do Distrito] 766 766 1.80 74.29% of the total Variability of the
Region Ixtlan ; ; ;
T3or Distiol2.166 2186 178 |nforma}t|on. On_ the other hand, with an
Villa Alta approximate Chgsquare value of 1.824.5 and
l4to Distrito]11,843 [11,603 [1.63 105 degrees of freedom and a significarioe ®
Q"c':t(; 11755 145551170 0.000 it is evident that it is not an identity matrix
South Sierrg15to Distrito: 7,i55 7,i55 1.09 a”O_' the ACP St_Udy Ca.m be carried QUt Wlth _the
Region Putla variables established in the table 1; in addition,
é&l’—r DDi\S/trimi 563|532 1.53 the value of KaiseMayerOlkin (KMO)
ola De Vega
260 Distrito] 6,836 [6.835 145 correspc_)nds to 0.7 and therefore the model ¢
Miahuatlan be considereds acceptable
27mo Distrito] 1,498 |1,498 1.39
Yautepec Co |Initial eigenvalues | Sums of saturatior] Sum of the
Total 16,052 |16,020 1.34 mp to the square of th saturations to th
extraction square of th
L . . rotation
Table 2 Statisticians of the productive variables of the Total % del % Total % del% Total % del %
coffee of the municipalities in the crusade against hunger I la |acumull la |acumull la |acumu
(2015) varia | lado varia | lado varia | lado
Source: Prepared by the authors with data from SIAP nza nza nza
SAGARPA (2015), SEDESOL (2015)) 1 2.80 223 25.364 2.80 223 25.364 8.70 21616 24.666
2 3.27|21.8 [47.202/3.27(21.8 |47.202/2.26|15.0 | 39.739
; ; 6 38 6 38 1 74
The planted are_a and COffe,e prOdUCtlon In 3 1.77{11.8 |59.034/1.77|11.8 |59.034{2.14|14.2 |54.025
the state of Oaxaca is differentiated by several 5 |32 5 |32 3 |86
Papaloapam, Sierra Norte, Sierra Sur) and [5 [1.13[758 [74.292 1.13|7.58 |74.292 1.46|9.74 | 74.292
classified into districts. As for production, the 713 718 2 |7

Mixe district accounted for 18% of the state
total in 2015, followed by Teotitlan (13.4%) and
Pochutla (12.1%). 51.61% of the municipalities
producing coffee in the crusade against hunger
are classified with high degree of
marginalization (IMG) (64 municipalities),
47.58 with a veryigh IMG (59) and only 0.80%
with low IMG (1) . The highest coffee yield is
located in the municipality with low IMG, in
contrast, municipalities with very high IMG
have the lowest yields (0.97 ton / ha).

ISSN-On line: 25242040
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Table 3Total explained variance of the main components
Source: Extraction method: Principal Components
Analysis

Subsequently, we proceeded to correlate
the five components with the variables of the
municipal coffee producers of Oaxaca, which
are also considered in the crusade against
hunger. These are grouped with the independent
variables (components) and accordtagtheir
correlations in each of them.

VAZQUEZ-ELORZA, Ariel, REYESMUNGUIA, Abigail, PARDO-

NUNEZ, Joaline. Socioeconomic stratification of the producin
municipalities of coffee in Oaxaca integrated to the Crusade agains
Hunger.RINOE JournalMacroeconomics and monetary economy.20
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Table 4 shows the correlations between the |Municipal Poverty 2010 Pearsl»or) -0.17  |.759*
variables under study and the five main | correlation
L. Typology Variable Componente
components generated/Vhen the associations cP3 |cP4 [CP5
between the variables are made, five very well |Percentage (Pearson [.870* [-0.15 [0.08
defined groups are obtained. Accordingtheir Sggga“ogr Ofmolrf correlation
classification thestrata can be named as follows:  |jjiterate
Percentage ¢ Pearson .845** |1-0.08 |-0.06
a. CP1 "Municipal coff efUypraehitqq?gn of |t he
municipalities i n Oap}qrrar)ceoa.cat.ohn t hle crusadee
aga i nst hun ger " . Percentage cPearson -.294* |- 200*% |.587*
b. CP2 "Poverty and mar q\‘jv?e‘fmgg |tk c}‘?”‘e'a“on
c. CP3 "Illiteracy and |gdheorkoidC 0 me "|.
d CP4 "Producti ve p e r|Her@ntagnma n °®vson v|-€.04 S|-U S |.510%
- . 1 1 . **"
housing with energy @&#H"oy Grelafory lw d i |49
" . . . wellings  without
e. CP5 Housitreg icharcs emtacgg,oﬁerr and
energy) Percentage {Pearson  [.232% [0.01 |[.727*
occupants if correlation
Typology Variable |Component g;/gz”dlr\]/?:t er withou
. CP1 CPZ* Percentage of hom{Pearson  |0.09 - .307**
Percentage of populatii Pearson |0.05 .188 with some level ol correlation 249
of 15 years or morcorrelation overcrowding ’
illiterate . e
Percentage of populatiPearson |0.00 |.375* Egrr)fﬁ;ttiige irﬁ Eoererl:gtri]on 0.05 |.476™ 1-0.08
aged 15 anaver without correlation localities with les
full primary education than 5000 hab
Percentage of occupantg Pearson |-.251** [-0.09 Percentage dPearson 4787 | 271 | 438"
dwellings withou{ correlation employed correlation ' ' '
drainage or toilet population witH
Percentage of occupants Pearson |.311* |.426** income of up to |
dwellings without electri{ correlation SM
pOWer Sup. Sown (H P -0.03 |- 0.02
Percentage of occupantg Pearson |.236* |0.02 up. Sown (Ha) cc?r?:gtrilon D77
dwellings without -pipeq correlation Sup. Harvested (Ha Pearson -0.02 |- 0.02
water :
correlation .265**
Percentage of homes wjPearson [0.04 |.605** Production (Ton) |Pearson 0.01 256% 10.04
some level o| correlation correlation ’ ’ '
overcrowding . > |
Percentage of populati{ Pearson |0.02 |.591* Eg;formance (Ton Ec?r?:gtrilon 010 |.879 0.10
in localities with less tha correlation Production  Valud Pearson 0.01 250+ [0.05
5000 hab. (Thousands d correlation
Percentage of employ¢ Pearson [-0.14 |-0.05 Pesos)
population with income g correlation Gini 2010 Pearson —244% [004 1005
upto2 SM . ' ' '
correlation
Sup. Sown (Ha) Eoer?(rje(\)tri]on -920™ 1-0.02 Municipal Poverty Pearson .287* |0.08 |-0.10
Sup. Harvested (Ha) | Pearson |.926* 1-0.02 *30119he correlatior?orirslagionnificant at the 0.01 level
correlation _ g .
Production (Ton) Pearson |.925* |-0.08 £b|lateral). L .
correlation . The correlation is significant at the 0.05 level (bilateral).
Performance (Ton / Ha) | Pearson |0.01 -0.04
correlation Table 4 Pearson's correlation coefficient with the
Production Valu¢ Pearson |.919* |-0.09 Component Matrix
(Thousands of Pesos) |correlation - Source: Own elaboration with the methodology
Gini 2010 Pearson 0.16 |-.765 Principal Components in SPSS
correlation

ISSN-On line: 25242040
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The first component (CP1) is highly
correlated at the 0.01 level (bilateral) with the
productive variables of coffee (planted area (ha),
harvested area (ha), production (ton) and
production value (thousands of pesos)) wbat
could be considered as "Municipal production of
coffee of the municipalities in Oaxaca in the
crusade against hunger." On the contrary, it
presents a negative relationship with the
percentage of occupants in dwellings without
drainage or toilet.

Thesecond component (CP2) is positively
associated and the level 0.01 (bilateral) is
significant with the percentage of dwellings with
some level of overcrowding, percentage of
population in localities with less than 5 000
inhabitants, municipal poverty 201@hich is |
would call it "illiteracy and low income." In
contrast, it presents a negative relationship with
the Gini index. It should be noted that the highest
inequality expressed in the Gini index is found
in the municipalities with high levels of
margnalization that average in 0.5664, in
contrast, coffee producing municipalities with
very high levels of marginalization have an
average inequality of 0.5217 .

The third component (CP3) has a positive
relationship between the percentage of the
populationof 15 years or more illiterate living in
coffee producing regions in Oaxaca, percentage
of population aged 15 years or older without full
primary and percentage of employed population
with income from Up to 2 minimum wages. In
contrast, it presents a neiga relationship with
the percentage of occupants in dwellings without
drainage or toilet and Gini index. This
component may represent "llliteracy and low
income". The fourth component (CP4) presents
a positive and significant relationship at the 0.01
level (bilateral) with the vyield of coffee
production; on the contrary, it has a negative
relationship with the percentage of occupants in
dwellings without drainager toilet, harvested
area (ha).

ISSN-On line: 25242040
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Percentageof occupants in dwellings
without electric powerand the percentage of
dwellings with some level of overcrowding. This
component could be considered as "productive
performance versus housing with energy and
overcrowding”; that is, the greater the
production, the fewer problems related to
housing servicesFinally, CP5 is positively
related to housing characteristics in water and
energy.

Given that CP1 and CP2 collectively
concentrate 47.20% of the variability of the
information set, the two components obtained
from the model will be considered for the
amalysis by means of the regression and
standardization technique. In addition, the
stratification of coffee producing municipalities
according to the productive characteristics,
marginalization and poverty of coffee was
carried out using the technique oflB@us and
Hodges (1959). With this, the variance of the
classes established on the territorial information
of the coffee producing municipalities in Oaxaca
(in the crusade against hunger) will be
minimized, generating heterogeneous groups
among them and dmogeneous among
themselves. The strata would focus the design of
sectoral public policies for the coffee value chain
and socioeconomic conditions of the local
inhabitants' producers.

Once the strata were obtained, the first two
components generated inetACP model were
linearly combined. For the first case, the
standardized valuesf CP1 fluctuated between
the valuesof -1,281 and 3,527. Applying the
stratification of Dalenius and Hodges, the strata
were segmented into the following interval
limits of the first component: 1-1.281,-0.319),

II' (-0.320, 0.161], Ill. (0.162, 1.123), IV (1,124,
2,565) and V. (2,566, 3,527) (Graph 1).

VAZQUEZ-ELORZA, Ariel, REYESMUNGUIA, Abigail, PARDO-
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Hunger.RINOE JournalMacroeconomics and monetary economy.20



Article

-
RINOE Journal

Thus, each municipality producing coffee

in Oaxaca in the crusade against hunger is

grouped under homogeneous comis of the
productive situation, marginalization and
municipal povertyin the first stratum, there are
65 municipalities that represent 52% of the
group analyzed with CP1, stratum Il (26)
represents 21%, stratum Il (16) 13%, stratum IV
(12) 10% and strata V (5) 4%.

Stratum I,

26,21% Stratum lIl,

Stratum V,
5, 4%
Stratum I;
65, 52%

Grpah 1 Municipal stratification of coffee production in
CP1

Source: Own elaboration, based on the aadors with the
first component

The second component (CP2) related to
the poverty and marginality of coffee producing
municipalities inOaxaca (in the crusade against
hunger) the limits fluctuated in: 1-3.176, -
1.611], II. €1.612,- 0.568], Ill. (0.569, 0.475],
IV. (0.476, 1.519]and V. (1.520, 2.040] (graph
2 ) The Stratum | of CP2 concentrates 9
territorial coffee producing municipaies that
represent 7% of the total (124), Stratum Il (15)
represents 12%, Stratum Il (59) 48%, Stratum
IV (38) 31% and Stratum V (3) 2%.

ISSN-On line: 25242040
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Stratum 1V,
38,31%

Stratum lII,
59, 48%

Stratum V,
3,2%

Stratum 1,9,

0
Stratum 11,15, 12% 7%

Graph 2 Stratification of the characteristics of poverty and
marginality in the offee municipalities in th€P2

Source: Own elaboration, based on indicators witie
second component of the ACP

Table 5 and 6 show the Stratums generated
for both the first component (CP1) and the
second component (CP2) and their relationships
with the variables described in tahl.

Component 01
Degree o| Stratum04 | Stratum05 | Total
Marginalization
Very high
Percentage ¢24.05 30.62 28.16
population of 14
years or mor
illiterate
Percentage q48.94 49.30 48.80
population aged 1
and over withou
full primary
education
Percentage ¢0.52 1.73 2.39
occupants i
dwellings withou
drainage or toilet
Percentage ¢11.04 12.42 6.99
occupants i
dwellings withou
electric power
Percentage ¢16.69 39.74 18.44
occupants i
dwellings withou
piped water
Percentage ¢50.72 58.70 53.74
homes with some
level of
overcrowding
Percentage ¢30.15 41.61 23.98
occupants i
dwellings with dirt
floors
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Percentage (60.14 74.41 70.87 Percentage| 71.13 |83.19 |73.59 |69.23 |47.79 |71.13
employed of
population  with empI?yt_ed
income of up to | population
C with income
minimum wages of up to 2
Performance (Ton|1.01 0.67 0.97 minimum
Ha) wages
PMR ($/ Ton) 3,935.75 4,167.33 3,889.84 Performanc{0.80 [0.93 [1.00 |0.93 |1.48 |0.80
e (Ton/Ha
. . PMR ($ /) 4,388.3|4,252.1|3,959.3|3,815.23,488.9(4,388.3
Table 5 Characteristics of the CP1 with IMG Stratums Ton) ( 0 5 8 1 3 0

Very high

Source: Own elaboration with data from SESRPGARPA
(2011) and CONEVAL (2015)

Component 02

Degree of
Marginaliza
tion Very
high

Stratum
01

Stratum
02

Stratum| Stratum

03

04

Stratum
05

Total

Percentage
of
population
of 15 yearg
or more|
illiterate

31.19

27.74

27.98

28.37

26.12

31.19

Percentage
of
population
aged 15 an|
over
without full
primary
education

44.45

46.58

47.56

50.40

43.38

44.45

Percentage
of
occupants
in dwellings,
without
drainage o
toilet

1.14

0.87

3.35

1.97

1.33

1.14

Percentage
of
occupants
in dwellings,
without
electric
power

3.69

3.09

5.67

8.03

12.79

3.69

Percentage
of
occupants
in dwellings,
without
piped water

31.81

15.79

20.56

17.75

3.11

31.81

Percentage
of  homeg
with  some
level of
overcrowdi

ng

52.66

42.14

50.13

57.31

56.04

52.66

Percentage
of
occupants
in dwellings,
with dirt
floors

28.10

27.38

20.45

25.84

26.82

28.10

ISSN-On line: 25242040
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Table 6 Features of CP2 with IMG Stratums Very high
Source: Own elaboration with dafeom SIARSAGARPA
(2011) and CONEVAL (2015)

5. Conclusions

Of the 2,458 that exist in the country, the state of
Oaxaca is the main entity with municipalities in
the Cruzada Contra el Hambre (291),
concentrating 28.8% of the country's total. Of
thistotal, 124 municipalities have coffee activity
mainly inhabited with levels of high and very
high marginalization; 25.8% (32) have less than
2,500 inhabitants (rural), and 74.2% (92) are
urban. The value of coffee production in rural
municipalities represgs around 40% of the total
value of total agrifood production, and in the
case of urban municipalities, 24%.

For practical purposes, the components for
the analysis were considered since they
incorporate about 50% of the variability of the
information that explains the municipal coffee
production of the municipalities in Oaxaca in the
crusade against hunger, as well as poverty and
marginality respectively . The third component
is related to illiteracy and low income, the fourth
with productive performanceersus housing
with energy and overcrowding, and the last one
with housing characteristics (water and energy).

The yields and productions of coffee in the
municipalities of the crusade against hunger in
Oaxaca do not behave equally between rural and
urban regions. This situation is positively related
to the socioeconomic situation and marginality
in which the inhabitants of the value chain live.
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There are other important factors such as
environmental, pedological, safety, quality and
socialization netwds of technological
packages that will be addressed in a {@v&ir
study. The producing municipalities must
incorporate public policy actions that involve
innovations in the production and marketing
processes in order to add value to the final
product tothe consumer
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Abstract

The article briefly describes the process of designing and applying competency assessment tools for an
auto Parts Company, starting from the matrix of competencies defined and approved previously with the
organization. The results of stage IlI, of the pilot project of Competency Certification for operational
personnel for grinding line CNC are presented. It is worth mentioning that the first stage was already
presented in the previous edition of the CICA@@bngress.

Objective: Develop and apply evaluation instruments for the scheme of certification of labor
competencies to operational personnel in an auto parts company.

Methodology: Analysis of the labor competence, of the units of competence, desigaiuation
instruments in the three knowledges: Knowing to do, to know, to know to be. Application and analysis
of results of the evaluation to deliver the project.

Contribution:The results of stage 2 of the pilot project made it possible to make tireodia of
the level of labor competencies to personnel considered as experts in the management of Linea de
rectificado CNC, and through them identify opportunities for improvement to standardize and improve
the manufacturing process, to meet specificati@uality and competitiveness. As well as increasing the
competence of the operative personnel that will allow to improve indicators of Volume, Cost, Quality
and Industrial Safety
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1. Introduction

Currently the evaluation for labor competencies
plays a very important role, since it is through
this process that organizations havbe
possibility to ensure that their staff is trained to
perform the tasks required in their jobs. Hence
the importance that an auto parts company is in
an evaluation process to technical staff and in the
future it is expected to have a program to obtain
labor certification for its operational staff, so it
made an agreement with the Technological
University of Huejotzingo to develop the pilot
project of Certification of operators in a CNC
grinding line.

In Pérez, De Ita. Veldzquez and Fernandez
(2016), theirst stage of the project is described,
which defined the competence that the operators
must have for the preparation, operation and
execution of the model change in the CNC
Grinding Line, as well as the management of the
production process, derived frothese results
were proposed certification levels by
competencies, as well as the proposal of a
training plan.

This second stage consisted of developing
evaluation instruments by competences of the
process of operation of the CNC grinding line in
the thre areas of knowledge: Knowing how to
do, knowing, knowing how to be. This allowed
us to identify the level of competence in which
the expert technicians who currently operate the
machine are.

As mentioned in Pérez, De Ita. Velazquez
and Fernandez (2016}he objective of the
project developed with the company is mainly
that the operating personnel execute their
production activities according to an individual
work role, with the level of competence
required, so that they are capable of making
decisions angiropose solutions to the problems
of dayto-day production."

ISSN-On line: 25242040
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It is important to clarify that due to
confidentiality issues the name of the company
will not be mentioned throughout the article, and
the results that are exposed are a brief extract of
thosedelivered to the company, however you
have the authorization to carry out the same

1.1 Justification

Stage Il is part of a large pilot project that will
allow the company to replicate it in other work
stations of the plant and achieve that the
company generated an evaluation scheme for
labor competencies and provide incentives to
personnel that contribute the achievement of
their organizational objectives . Therefore, the
design, as well as the application of evaluation
instruments carried out in stage I, to the expert
personnel in the shetéerm CNC grinding line is:
Identify the current level of conspence
acquired with the scheme proposed in stage 1 of
the project and readjust the training plan
proposed in it.

Longterm: The standardization and
improvement of manufacturing processes, to
comply with strict quality controls for
competitiveness

The aquisition of the competence of the
operating personnel will improve indicators of
Volume, Cost, Quality and Industrial Safety.

1.2 Problem

Currently the company has an evaluation scheme
for knowledge on the management of technical
documentation that @fies to different
production lines and in some cases knowledge of
the process. This prevents the objective
evaluation of a competence in its three levels of
action: knowhow (technical / practical
application), knowledge (theoretical) and
knowledge to be(teamwork, communication,
respect, etc.).
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The results of stage | have been described
briefly in the previous paragraphs and it is from
them that the main problem now lies in defining
the types of evaluation instruments that should
be designed and applied two protagonists of
the process, who are considered As experts,
since it is still a pilot project, the above will
allow to identify the level of competence that
they have reached in the operation of the
machine, the management of the process and the
release of the product. With the results, the
company will have an overview of the strengths
and weaknesses to start the training stage and in
the future apply the evaluations to the rest of the
CNC grinding line personnel.

So this article describes the baokgnd of
the evaluation by competencies and its current
importance in companies. And the development
process in the methodology applied in this
second stage of the pilot project of the CNC
grinding line, as well as a brief description of the
results obtaiad

1.3 Objectives
1.3.1 GeneralObjective

Design and apply evaluation tools by
competencies to operational personnel of the
CNC grinding line for the pilot project of

certification of labor competencies in an

autoparts company.

1.3.2 SpecifidObjectives

- Analysis of the comp

- Sel ection and desi
i nstrument s

- Application of t he
competences

- Analysis of the resu

- Delivery of results
by the company
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2. Theoretical framework
2.1. Evaluation by labor competences

Before entering the evaluation process by
competences, it is important to return to some
definitions of competences: in Flores (2007);
Echeverria, (2002), mentions that professional
competence ithe sum of four components; the
subjects know (technical competence), know
how to do (methodological competence), know
how to be (personal competence) and know how
to be (participative competence).

For Flores (2007), Identifying specific
competencies in @b is a fundamental stage for
human resources management; which is
fundamental for the description of the jobs of a
company. The description of the competency
profile of the job is a common reference to
perform the competency assessment.

The Council for Standardization and
Certification of Labor Competence
(CONOCER) of Mexico defines a competence
as the productive capacity of an individual, who
is defined and measured in terms of performance
in a specific work context, not only knowledge,
skills, attituces; these are necessary but not
sufficient by themselves for effective
performance. "The standard of competence: are
the knowledge, skills, skills and attitudes
required, for a person to perform any productive,
social or government activity, with a high
paformance level, defined by the sectors
themselves". (KNOW, 2009)
etency matri X
Hawever, ghg gdompgtences nmust be
evaluated to determine the level of competence
reaghefls 'he yARgogiation to plpprove the
Transparency of Qualifications in Spain (EVA,
£0p8y, mentionstthatdtine Cyrgnf qRArenmenty
Oégﬁ”dizat'?ﬁ? Y§ reogeintergsted |n ghg knpvh 1

how demonstrated in the development of work
activities.
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So for a management of the skills required
in the work instruments of identification,
evaluation and recognition of them are required,
considering that the design of these is limited to
the validity of the organizations, the above by the
specific needs okach organization. For the
EVA (2008), the evaluation means "checking the
competences of a person with respect to a given
referential. That is to say what, how and for what
is going to be measured. They must identify: the
method and tools to be used, desite the
protagonists, specify the effects of the evaluation
and agree on "rules of the game™.

In Alles (2007), a management model
based on competencies is based on three
subsystems: selection, so that, starting with the
startup, people with the desiretbmpetencies
can enter; performance evaluation, to know the
degrees of competences of each member of the
organization; and the fundamental, the
development of them.

2.2 Evaluation process

In agreement with CINTERFOR (2009), in the
document Methodologyof the evaluation by
labor competences, the evaluation by
competitions like tool for the certification; is a
process that allows the collection of evidence
about the work performance of the person
evaluated, according to the specifications
established in echnical standards of Labor
Competence (NTCL), and through this will
determine the level of competence that has the
evaluated in the performance of a certain job
function.

Additionally, in the labor competency
evaluation manual of the National Council for
Standardization andCertification of labor
competencies (CONOCER, 2007) 5 stages are
mentioned in the evaluation process:
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Stage Description

Determine evaluatio| In this stage you should:
techniques and instruments|/A | denti fy e
job competency of candidat of the UCL

based on Labor CompeteA Sel ec't
Technical Standards (NTCL)|and instruments
identified contents.

eval
for th

A Structuring
Presentation and agreemen
evaluation plans with th

Determine labor competen
assessment plans (CL)

candidates.
Integrate evidence portfolios|A  Applicati o
candidates for CL certificatiol instruments.
Verificat
authenticity of historicg
evidence.

A Organi zat
documentation contained
the evidence portfolio.

Issuing judgments of the CL |It is a procedure to obtain t

candidates for labq result
competency certification. of the evaluation based on:
A The compari

collected evidence and t

corresponding UCL.

A The prepa

evaluation card.

Point out the procedures fo

A Guide the

on the result of his evaluatig
P r e p a orientatidn

Guide candidates in relation
the result of their evaluation
labor competencies

report.

Table 1 Stages of the evaluation process
Source: Conocer. (2007)

Background of the Grinding Line project
CNC stage II.

The auto parts company with which the
researchers of the Technological University of
Huejotzingo (UTH), developed the pilot project
during stage |, consisted in determining the
competence that the operators of the CNC
grinding machine should achieve. Basedthe
results obtained from the analysis and
standardization of the operations, the
competence matrix was generated, in which a
competence and two competence units were
determined, as well as 14 capacities; each one
with its corresponding performanceteria.

PEREZRAMOS, Maria Gabriela, MERIN®UNOZ, Victor Hugo,

ORDAZ-CINTO, Angélica and TLAPALEHERNANDEZ, Prudencio.
Design of evaluation instruments by competences for operative persc
of an autoparts Company. RINOE Journdllacroeconomics and
monetary economy.2017



Article

14
RINOE Journal

The results can be consulted in Perez, De
Ita, Veldzquez and Fernandez. (2016). It is
important to emphasize that reasons of
confidentiality the results can not be exposed in
full.

Methodology

The process of execution of the project is
summaried in figure 1. Which is closely related
to the stages of the process of evaluation of
CONOCER, however the results and feedback to
the evaluated personnel was carried out by
company personnel.

1. Determine evalvation techniques and instruments for
labor competencies (CL); technical and social

2. Determine labor competency
assessment plans (CL)

3. Integrate evidence portfolio’
On-site evaluation of the
competition

4. Evaluation of results
and delivery to the
company

5. Feedback from the company to
the staff evaluated

Figure 1 Process of proje@xecution
Source. Own elaboration, from CONOCER.
(2007)

Problem

Identify evaluation contents of the labor
competency units to select the evaluation
techniqgues and instruments according to the
defined competence: Manage online production
to ensure theguality of the process and the
product in the setip for the operation and
contribute to the competitiveness of the
company.
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Investigation questions

What is the competition to evaluate?

What are the units of competencies to evaluate?
What assessment ingments should be applied?
What needs for technical training is required to
ensure the delivery of quality products?

Instruments

Technical documentation of the machine and the
process, formats for the design of evaluation
instruments: questionnaired)servation guides,
checklists and results summary formats.

Project execution process

Once the execution plan of stage 2 of the project
was approved, the group of researchers of the
UTH, began with its execution, according to the
stages described in thigdire 1.

Stage 1 Determine the evaluation
techniques and instruments to determine the
level of labor competency (CL) achieved: Basic,
Operational and autonomous, as well as the
necessary social competences.

The previously approved competence was
analyzed, as well as the two units of competence
and the 14 capacities as well as their
corresponding performance criteria, the previous
allowed the grouping of the levels of
competence for each of these, result agetl.

The two units of competence are: the
execution of the change of model and the
execution of the product in compliance with the
requirements of the client. Additionally, the
social competences that the company promotes
must be considered: team worldecision
making, among others.
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Etapa 2 Determine the evaluation plan. It
consisted in defining: what, how, where, who
would be the operators evaluated, with what
instruments would be evaluated which process,
who would carry out the evaluation of the

December 2017 Vol.1 No.1 117
4. Results
Below is an &tract of the esults obtained:

Stage 1. Determination of instruments according

candidates based on the selected techniques andto the units of competences, capacities and

instruments. The above was previously validated
with the company.

Stage 3. Integrate evidence portfolio:
Evidence was collected to issue the evaluation
judgment. The UTH researchers recorded the
informationin the evaluation instruments based
on performance and products. Ensuring that at
the time of the evaluation the required
instruments will be available. Considering the
sequence of the activities to be developed (what)
and the form of development (how) and
informing the evaluated the process to which he
would be subjected, in such a way that his
performance was the daily one in his working
day.

Stage 4 Evaluation of results and delivery
to the company, with the corresponding
evaluations of each technioighe reagents were
identified with the information corresponding to
each performance criterion, as well as the
evidence of knowledge. Registering the number
of reagents assigned to each performance
criterion and the evidence of knowledge of each
one of he evaluation contents to determine the
competence reached.

Stage 5.Feedback from the company to
the evaluated personnel. This phase of the

performance criteria. Table 2 summarizes the
type of instruments developed according to the
required characteristics.

G
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Table 2 Example of unit of competence analysis to select
evaluation instrument.

Source: Adaptation based on resustage 1 of the pilot
project

Stage 2. Determine evaluation plan

As a summary of this stage it can be mentioned

project was assumed by the company, because that the company approved teealuation plan

they consider the feedback from their area
managers as a process of continuous
improvement.
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and determined who should be evaluated, the
UTH researchers defined who would apply the

instruments according to the activities that make
up the sequence of operations of the evaluated
process
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It was defined: The process that would be
evaluated, data of technical personnel and
evaluators. The activity to be developed (what),
the form of development (how), the evaluation
technique and instruments (with what), the place
of the evaluation (where), dates of evaluation
according to the plamames and signatures of
the evaluated and the candidate.

Stage 3. Integrate evidence portfolio

As a summary, it is mentioned that the model
change competency unit is: the place of
evaluation was at the plant, during the work
schedule of the candidate &vated, on the dates
agreed with the company and with the labor
performance observation guides. in the
execution of the change of model, according to
the capacities and performance criteria that the
evaluated technician had to show.

For example, for th@erformance criteria
in Table 1, the criteria evaluated consider
knowledge and management of Master and
gages for measurement according to the control
plan, (includes the interpretation of the control
plan, characteristics to be measured, etc.)
availability of the main disk (the location and
assembly of prisms). Additionally, knowledge
assessment tools for control plan, tolerances,
among others, were carried out. The same
happened for the 14 evaluated capacities. At the
end of the UTH team compiled the infaation
obtained, made the report of the evaluations of
labor, social and relevant knowledge, to
concentrate all the results and issue the opinion

Stage 4. Evaluation of results and deliverya
the company

As an example, an extract of the resaliained

by one of the technicians evaluated is presented.
We considered 58 items evaluated in the
preparation, execution of the change of model,
as well as th management of the production.
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Obtaining correctly 55, with which it
reached a level of autonomous competence.
Must take care of the following aspects: The
measuring instrument must be in operating
conditions; with updated calibration dates,
validate safety conditions of the equipment to
mobilize the tooling of the machine and ensure
the gages before the production process.

Stage 5. Feedback from the copany to the
evaluated personnel

This stage the company considered that it was
their responsibility to inform the people
evaluated, since thegan provide a more direct
feedback on the areas of opportunity to improve.
To finish with the results obtained, the
restructuring of the courses for basic, operative
and autonomous level was continued. To date
the Technological University of Huejotzingo
continues to work with the company to train new
staff.

5. Conclusions

The evaluation by labor competences is a
tendency that the companies are assuming to
assure that their personnel is competent in the
performance of their activities allowing to assure

the quality of the products and services that it

provides.

Therefore the work developed with the
company; allved to meet the objectives set.
The UTH team designed evaluation instruments
for the personnel that operates the CNC grinding
line, of competencéevel: Basic, Operative and
autonomous.

The results for diagnostic purposes
allowed identifying training needs in some
theoretical aspects such as the interpretation of
plans, the management of computer systems of
the company, general issues such asrobof
inventories and knowledge of travel cards for
each process, among others.
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At the end of the project, the company
considered that the number of reagents was
sufficient, with an adequate level of depth
depending on what was required to evaluate, and
it is considered relevant to validate the
evaluation instruments before their application
to standardize the technical language.

Cinterfor. 2009. Metodologia para la evaluacién
de competencias laborales. Obtenido de
https://www.oitcinterfor.org/sites/default/files/fi
le_publicacion/evaluacion_comp_red.pdf
Conocer. México. Qué son los estandares de
competencia. Obtenido de
http://www.conocer.gob.mx/index.php/index.ph
p?option=com_content&view=category&layout
Finally, derived from the grouping of =blog&id=9&Itemid=10
knowledge in the matrix of competences and the
results of this second stage, the adequddiie
training project for all the operative personnel of
the company arose, in which at the date in which
this report is presented they have participated in

Conocer. 2007. Manual C
Cometenci a OLBarkeaNrl &dl o, DE
http:// www. conocer. gob. m;
C/ N_DPSN_GT _04 | EC_v1_fi

the design and delivery of specialized courses
for active personnel, as well as new teachers
from UTH careers related to the company
process.
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Abstract

The present research aims to provide a relevant algorithm for the proper identibataata generating
process (economic and financial variables) by using the "auto.arima” command, belonging to the forecast
library (R statistical software), to identify the optimal parameters of the ARIMA model. Considering the
methodological frameworkf@ox and Jenkins process (1970), it seeks to achieve, by solving a stochastic
difference equation, the correct calibration and obtaining an optimal forecast for the Mexican Monetary
Base, one of the main economic variabes.
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. I ntroducti on
In Mexico, reforms have been undertaken in
favor of economic and financial liberalization
with the objective of taking advantage of
globalization. These reforms began in the 1980s
with the adoption of the neoliberaiodel that
included the deregulation and opening of
financial markets and less State intervention.
Throughout the 1990s, these reforms accelerated
and deepened the process, which led the country
to greater integration into the world economy.

In international

an  increamgly

December 201Yol.1 No.1 1933

Whethemhysical assets and / or financial,
in this sense remember the "Tequila Effect".
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Graph 1 Magnified transfer of the exchange rate to
inflation in Mexico.19702015

environment, advantages have been generated Source: Own elaboration with data obtained from INEGI

for countries, fostering an increase in foreign
investment flows to developing countries, the
reduction of tariffs on trade, the creation of large
financial  innovations  (derivatives  and
securtization), others But deep economic
instability has also been fostered by being more
exposed to external changes, the opening of
markets has produced a sustained increase in
both trade relations and in the circulation of
capital, the problems of financiaupervision
have been become much more complex and the
handling of the exchange rate has become
increasingly relevant because of its effects not
only in the domestic economy but in the
international financial system.

According to Caballero R. and Cabatier
(2016), fluctuations in the exchange rate have
acted as a channel for contagion of international
crises to countries, as the effects of these crises
deepen when countries have a strong trade
opening high pasthrough of the exchangate
towards domestic prices (graph 1), and
dollarization of its liabilities ( grapl2). In this
regard, Mexico exhibits all three characteristics,
which indicates that exchange rate instability
may continue to be a transmission mechanism,
since exchange volatility continues be an
important element for any economic activity that
involves international exchanges.
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There are several exchange rate regimes
that the Mexican economy has expaced,
however, it has been argued that exchange rate
flotation systems can be more risky than fixed
systems, since they imply greater volatility since
they change continuously; This is because they
are determined by their supply and demand, and
are moreexposed to structural changes and / or
external shocks that cause uncertainty and which
in turn affect investment decisions because they
generate risks for companies and individuals
(Ortiz et al, 2011). Some of the events that have
impacted the volatilityof the exchange rate are
mentioned below:
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This is the reason hy the main Latin
American economies seek at all costs to meet the
objectives of inflation targets, and for that
purpose it uses the exchange rate as a nominal
anchor "(Rosas, 2016). This means an implicit
recognition by the Bank of Mexico that the
exchang rate is the main transmission channel
of inflation; hence the "fear of floating" (Calvo
and Reinhart, 2002).

The inflation targeting monetary policy
scheme was used for the first time in 1990 by
New Zealand and from then on, several
countries, both deVeped and emerging,
including Mexico in 2001, chose to adopt this
scheme. Inflation goals "are a framework of
monetary policy characterized by the public
announcement of official quantitative targets for
the rate of inflation in one or more time horizons,
and by the explicit recognition that low and
stable inflation is the main objective of the leng
term monetary policy "(Hufner, 2004). With the
implementation of this model, the inflation rate
in Mexico has effectively decreased (Figure 1),
but it has leftaside important aspects in the
economy such as growth and unemployment.

Thus, the objective of this research paper

is to analyze and estimate a measure of exchange

rate volatility for Mexico in the period 1995
2017 with daily data using the family of GARIC
models. This is due to the fact that exchange
volatility continues to be a transcendental
element for any economic activity that involves
international exchanges. Also, the study period
is interesting, since it involves periods of high
exchange volatilf accompanied by global
economic and financial cris@he document is
organized in 4 sections in addition to this
introduction. The first refers to the review of the
literature; the second shows the theoretical
framework on the main stochastic models of
volatility; in the third the econometric
methodology is shown and in the last section the
results are explained and the conclusions are
presented.

ISSN-On line: 25242040
RINOE® All rights reserved.

December 201Yol.1 No.1 1933
2. Review of literature

Since Engle in 1982 proposed to model the
heteroscedastic nature of the time setssg

the ARCH models, the door was opened for the
modeling of the exchange rate. Subsequently
Bollerslev in 1986, due to the large number of
parameters required by the ARCH models, raises
the models known as GARCH.

The studies that analyze the transioiss
of volatility were initiated by Engle in (1990)
and continued with Bollerslev (1990), Kearney
and Patton (2000), Speight and McMillan
(2001), among others. In all these studies,
GARCH models were used to study the
relationship between volatilities.

There are numerous studies that analyze
the volatility of the exchange rate using GARCH
models. In the case of Latin America, some
studies focus on univariate models, namely,
Grajales (2006), Carranza and Gonzalez (2009)
and Aranda, et. al in 2012. In 199&ago6n and
Atilano analyzed the effect of the type of regime
in Mexico for the 19861998 period and
concluded that in a flexible exchange regime, the
estimation of a GARCH (1, 1) allows correctly
model the volatility of the exchange rate,
however its deteninants must be analyzed to
explain the violent changes and currency
revaluations.

Viales (2010) uses historical GARCH
series and concludes that the volatilities of Latin
American countries are similar. On the other
hand, Castafio, et al. (2006) presanwork in
which they calculate the term structure and the
multi-period volatility of the Colombian peso,
with the objective of knowing market
expectations about the volatility of returns, in
different time horizonsAranda et. al (2012),
compares various modeling alternatives,
concluding that the GIBARCH model is the
most adequate to forecast volatilay different
horizons in Mexico.
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Finally, although there are more studies,
Bello in 2013 estimated the "value at risk" (value
At Risk) from models GAR#, Zumaquero and
Rivero (2010), analyze the structural changes
and the behavior in the real exchange rate for a
set of OECD countries during the period 1960
2006 in which they suggest that there is clear
evidence in favor of the nemeutrality of the
nominal exchange regime on the volatility of the
real exchange rate for developed countries, but
not in the case from developing or emerging
countries

In the case of Mexico, in 2009 Banco de
México carried out a forecast of the volatility of
the exchangeate and concluded that the best
forecast is obtained when combining an ARCH
forecast and an implied volatility forecast in
options using weights that change over time. In
2012, Ortiz, et. they developed a forecast of
exchange volatility using GARCH modelm
which they evaluated the ability of two model
specifications to forecast the volatility of the
exchange rate between the Mexican peso and the
United States dollar; with this they came to the
conclusion that it is not possible to affirm that
the assumgion of normal errors is the best
specification to efficiently forecast the exchange
volatility. What can be said is that this
specification could be adequate enough to be
used for the purposes of managing foreign
exchange risk.

In 2016, R. Caballero an Caballero
analyzed the evolution of exchange rate
volatility in Mexico and Brazil and presented
evidence that it tends to decrease over time. In
addition, they arrive at the following results: a
greater exchange depreciation temporarily
precedes a high&xchange rate volatility; once
the volatility is in a certain regime (high or low),
the possibility of passing to another regime
immediately is very low, and finally, there is a
high persistence of volatility in both economies

(p.1).
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3. Theoretical Framework

In 1970, Box and Jenkins amalgamated the ideas
about the deterministic time series of Yule
(1927) and introduced the stochastic component;
these ideas formed the basis of a coherent and
versatile approach that identified the iterati
cycle of the series in three stages: identification,
estimation andverification of the diagnosin

the other hand, the volatility of the time series is
an issue that for several decades has attracted the
interest of researchers in the financial afidse
seminal works of Engle (1982), Bollerslev
(1986) and Taylor (1986) were the basis for the
construction of a growing theoretical frame of
reference for modeling conditional
autoregressive heteroskedasticity.

In conventional econometric models, it is
assumed that the variance of the error term is
constant. However, many of the time series in
the economy show periods of high volatility
followed by relative tranquility. Under these
circumstances, the assumption that there is a
constant variance, that i® tsay that it is a
homoscedastic series, is wrong. Given that the
mean and the conditional variance have a lower
bias than their nowgonditional counterparts,
they are preferable for the development of
forecastsThe residuals of a GARCH model can
come fran an ARIMA model or a multiple linear
regression model, so there are multiple
possibilities for the construction of a hybrid
model. Thus, the ARIMA and GARCH models
are an essential tool for modeling the volatility
of a very important economic variable,chuas
the exchange rate.

ARIMA Model

It is possible to combine a process of moving
averages with a linear difference equation to
obtain an autoregressive model and moving
averages (ARMA). In these models it is perfectly
permissible that the length of thoprocesses be
infinite. Consider the following representation
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When making a forecast, the conditional
mean for the period is:

Oow O O (3)
While the conditional variance:
VOB L 0@ & DO o - 4)

Up to this point, it is established that
O - equals, , but by assuming that the
conditional variance is natonstant, it must be
modeled as an AR (q) process using the squares
of the estimated errors, so that:
-H | | -HU 88| -HU 0 (5)

Where v_t is a white noise process. If the
values df h M h are equal to zerahe
estimated variance is only a constgnt.
Otherwise, the conditional variance of y t
evolves according to an autoregressive model.
Thus, the conditional variance in the period t+1
is denoted as:
oO-HU | | -HWE | -H (6)

For this reason, an equation like this one is
called a model with conditional autoregressive
heteroskedasticity (ARCH for its acronym in
English). The residuals of said equation can
come either from an autoregressive, an ARMA

model or a standard rexgsion model.

However, the specification of (5) is not the
most convenient, since it is better to estimate
simultaneously y_t and its conditional variance.
Thus, Engle in 1982, showed that it was possible
to simultaneously model the mean and the
varianceof a series. The proposed model is:

(7)
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WhereU is a white noise process in which
" P, YU y -  They are independent of
each other. In addition, the parameters from
and| must be constants such that Ty
m | p, being this last condition which
ensures that the process is stable.

GARCH Model

In 1986, Bollerslev extends Engle's work by
developing a technique that allows conditional
variance to be an ARMA process. Being the
error of said process:

-0 0 (8)

Where, pandQ O - .Being

0 a white noise process, its conditional mean is
equal to zero. For its part, the conditional

variance isO - "Q, where the conditional

variance of U_t is @n ARI

Thus, the GARCH model:

Q| B | - B 1 (9)

Where:

- B |- they are the | ags

- B 1™Q are the |l ags of t
variance

So that:

- A GARCH model (M. 0) ha
| | - which is i dent
|l ags of the ¢$Guaieadal er
to an ARCH model (1))

- A GARCH model (@, 1) ha
| O which is i dent
|l ags of tQhe variance
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Another way of representing the stochastic
processof the exchange rate is through lag
operators, so that:

Q| 00- 007Q (10)

According to Bollerslev (1986), the
GARCH process (p, q) as defined in (10) is

stationary in the broad sense with - T,
6AR | p !'p "p Yy
#1 MR nf or tllspohpypif

This condition of stationarity is important to
ensure that the moments of the normal
distribution are finite.

The benefit of a GARCH model is that
ARCH models of higher order can have a more
parsimonious GARCH representation, this
makes it easier to identify and estimate, as well
as implying less restrictions on the coefficients.
Another key characteristic is that the conditional
variance of the perturbations of the exchange
rate sequence acts as an ARMAGess.

Just as an ARMA process is identified with
its simple Autocorrelation (FAC) and partial
(FACP) functions of the perturbation term, the
FACP of the quadratic residuals can help to
identify the order of the GARCH process, for
this a test of Lagrangn multiplier McLeod & Li
(1983).

3. Econometric Methodology
Description of the Data

To carry out the estimation of the model, the
daily nominal exchange rate of the Mexican peso
against the US dollar was considered, during the
period from January 1, 1995 to April 26, 2017,
with a total of 8,152 observations. The data was
obtained from thénternational Monetary Fund,
from its section International Financial Statistics
(IFS for its acronym in English).
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The analysis of the time series begins with the
preliminary verification of te stationary nature
of the exchange rate. In the inspectiorgdph

3, it can be observed that the variable (peso /
dollar exchange rate) is neatationary in levels,
due to its strong upward trend. In this way, in
order to prove the stationarity in tlegarithm of

the exchange rate, the Dick&yller Augmented
Test (ADF) and the PhillipPerron (PP) tests
were used. See tahlel.
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Sin tendencia ni intercepto -40.41206 0.0000 -84.71580 0.0001 1(0)
TablUniil root test
Source: Own el aborati on wi t h

Eviews 9.0
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The results obtained from the tests (ADF)
and (PP) in table 1.1, they show that when
applying the algebraic transformation of the
logarithm of the exchange rate (TC) pesos /
dollar per month, in level, the variable showed
that the critical values at a level of significance
of 1% do not reject thaull hypothesis that the
logarithm of the variable in levels is non
stationary.

Therefore, to avoid the problem of
spurious regressiénthat could arise when
performing the regression of a netationary
series of time, it is necessary to transform the
series through logarithmic differences. In this
sense, the unit root analysis confirmed the
stationarity after taking the first differercef
the logarithm of the TC peso / dollar. Defined as
follows:

oo L 4# 4# 4#
Yo U u e — 118 —(—F—
Where:

U =log (TC)

However, despite the fact that the first
differences in logarithms of the TC are
stationary, Figure 4 suggests that dummgst of
the period analyzed, the different economic and
social events that have caused a rise or fall in the
exchange rate volatility of the Mexican
economy.Thus, for example, the devaluation of
the Mexican peso in December 1994 is shown,
which resulted n low levels of international
reserves and a growing mobility in international
capital flows. In this sense, there are other
periods of volatility, inthe years 1997, 1998 and
1999.

1 The DickeyFuller (DFA) augmented test is a DickeyFuller test version
for much larger and more complicated time series models. The DFA is a
negative number and the more negative the statistic (with respect to
critical values) the stronger the rejectiortioé null hypothesis about the
existence of a unitary root or nonstationarity. The null hypothesis is
accepted because the value of DFA is lower in absolute value (less
negative) than the critical value of McKinnon at 5% (Mata, 2003, p.30 y
32).
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Which according to Caballero (2016) can
be attributed to the crisis of thiésian tigers",
which occurred in mid997, the crisis of the
Russian debt, in 1998, and the crisis of the
Brazilian real, in 1999.

Also, it can be observed that the years
2005, 2006 and 2007 are periods of controlled
volatility. On the other hand, theepods of high
exchange volatility have their origin in the
subprime mortgage crisis, which occurred in the
United States in 2008 and reached its effects in
2009 and 2010, coupled with this, the exchange
rate presented another period of volatility due to
the worsening of the financial problems in the
Euro Zone that generated pressures on the
exchange rate at the end of 2011 and the
beginning of 2012. Finally the historical fall of
the peso before the triumph of Donald Trump in
November 2016 again pressuossthe exchange
rate.

Crisis de las
hipotecas

subprime (2008}
%1 Crisis “igres \A

asiaticos”
(1957)

Triunfo de Donald Trump .
(11/11/16)

Y

Crisis del real

brasilefio
/ (1553)

0s

N

Problemas financieros

Crisis de la

deuda rusa
. (1538)
Devaluzcion  *

cambiaria

enla zona euro
[2011-2012)

1.0

T T T
1995 2000 2005 2010 2015

Graph 4 Percentage change of pedmllar exchange rate,
19952017

Source: Own elaboration with software results from R
3.3.3

2 The poblem of spurious regression, is that generally the results tend to
be admitted as good, although in reality they are only due to casual
aspects.
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Modeling the stochastic process structure Mool  Modo2  Modeo3  Modeod  ModeloS
(ARIMA) (Box -Jenkins Methodology)). ARVAGSY  ARMAQY)  ARA(LY  MAG) MALY)
The objective of the Bodenkins methodology ol flfgiw I(:Efgs, .

(also  technically known as ARIMA RE L QAN 08
methodology) is to identify and estimate a (ol6) (350 MG

general class of models capable of forecasting  ** "[g’l’;ﬂ

real time series, through a statistical method that 5

can be interpreted as a generatanédrmation. o) : . -
the sample. This method consists of three stages: 1  d4me -Los™ : aans*
(-216.4884) (-7.4505) - (1.7664) -
. . . MA) 0.9691*** 0.3495%* 0.8298*** {.0436%* 0.0401%%*
1. l denti ficati on: For (5188 (26%0) (117548 [3%02) aem | t he
command "auto.ari ma" my : : - oms - . 3
was used. which auto : : i ) ~_the
Constante 0.0161** 0.0161** 0.0163** 0.0162** 0.0016**
or d er . 0 f t h € A R I MA i p = (24349) (2.4697) (2.1825) (2.4097) (2389
the Aikaki @ CYrCriatmér i/o
Schwar z B a yes i an | N f _Obsenaciones 8151 8151 8151 8151 85 9
¥ 0017 0.0070 0,003 0.0086 0.0016
( B I C) *t-gstadistico entre paréntesis
Nivel de significancia ***p <0.001, ** p<0.05, * p<0.1
2. Estimation: In this stage tentative model s
are adjusted and the Tamaaﬁstimewi@ te @y mgdeldgRIMA: Meigdoldgia o f
the models identifi eBoJrnjndt he previous phase
are estimated (see ta&cieé)wnfaoéa'o With sottware Tesuifs
3. Diagnosis: This phasyg,jeingthe volatility of the exchange rate np €
tests of correct spepyexico t ha
the residues mimic t te
no Id S Ie , that i IS ot hde To identify the possible volatility existing in the M2 |
mo d e | Iwe re p I ot ted, {meseries of the Exchange Rate, aregressmn |s
partia I C odr reft o gdr a MSmade of the logarithmic difference of thet S
weer appl 1 e - and- an yarable over a constant and its perturbations are

autocorrelation. obtained from this equation. From the data, the
following regresion was obtained by MCO:

9 1 +0 (11)

Where9 = percentage change in the exchange
rate andO  random error term

9 mWIpOoTT
t=2.147921

3* The scripts represent models that did not turn out to be statistically

significant
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From the previous regression the residuals Using a sample of residue T, under the null
wereobtained g and were square® ( to use hypothesis of absence of ARCH errors, the test
them as a measure of volatility. Being a statisic TRconver ges t o’with di st
quadratic value, it will be high in periods in g degrees of freedom.
which large changes in prices are experienced
and small when there are moderate changes in If TR?is large enough, the rejection of the
the prices of said goods. nul | hypoiahgakeijomtly equalto U
zero is equivalent to accepting the alternative
hypothesis that there is an ARCH effect. On the
other hand, if TRis low enough, it is possible to
i § - conclude thatitere are no ARCH effects.

:-MHMJHl L]

Hﬁ:‘i[ﬁ‘-@::‘t

Iy R=0.2407+0.1778 +0.3299r 10.062% +0.0318R (13)
]

P f - Their respective "t statistic" valuesre
0 10 W D N N & 0 10 2 W 0 50 60 (5.24, 16.31, 31.605.59 and 3.05). The nature
Lo Leo of the model indicates that itguadratic
_ _ disturbances manifest a considerable influence
Graph 5 Correlogram of the Quadratic Residues on the peso / dollar exchange rate. This indicates
Source: Own elaboration with software results from R . - : . .
333 that if the volatility was high in the previous
period, it will remain high in the current period,

To formally verify that there is an ARCH which indicates an accumulation of volatility.
or GARCH effect in the TC, the test proposed by ~ The sample value of the F statistic for the null

Mc Leod and Li (1983) is used, its methodology hypot hesi s that the coef:
involves twosteps: are equal to zero is 342.86. And since lags 1, 3,

4 and 5 are significant (all coefficients have a

Step 1. The Ordinary Least Squares (OLS) Statistical t greater than 2), the null hypothesis is
method is used to estimate the most appropriate rejeded that there is no ARCH error at any level
regression equation, and denote the residuals. of significance and the existence of an ARCH or

GARCH effect to explain the volatility in the

Step 2: Delay the square debris on a TC.

constant and on the delay of the vakies i q « o
R AR R ,R , ,thatis, an estimation of Although the estimation of an ARCH or

GARCH model allows to model the volatility of

the TC, it is necessary take into account the
(12) _role of the structural ch_ange in the yariable, since

it can alter the variance and increase the
volatility of the TC. Table 1.3 and Figure 1.1
show the dates of the four break points detected
in the TC for the period analyzéd.

the form is made:
R=] ¥/ R +-+] R

If there are no ARCH or GARCH effects,
the esti matieadghush bewzers. o
Therefore, this regression will have a little
explanatoy effect so that the coefficient of
determination (ie, Rusual) It will be quite low.

4 The procedure usea tdetermine the breakpoints in the series was
developed using the "breakpoints" command in the "strucchange" library
developed by Zeileis (2015).
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First break point 06/05/1998
Second break point|05/12/2002
Third break point |08/10/2008
Fourth break point [21/12/2013

Table 1.3Breakpoints in the exchange rate (124B.7)
Source: Own elaboration with information obtained from
the software F8.3.3

With these results, a dummy variable is
constructed to correct the effect of the structural
changes on the TC and verify if this change has
had significant effects on the parameters in the
period analyzed. This fact is shown in equation
14, wherethe dummy variable that reflects the
structural changes was statistically significant at
a confidence level of 5%. In this sense, with the
introduction of a dichotomous variable changes
were detected by assigning the value 0 before
and after the structurathange, and 1 when
exactly a breakpoint occurs in the variance of the
series.

R= 0.6156 + 0.1772 + 0.3292 R
R +0.0311r o cAYOT | U

i 0.0629
(14)

Their respectivestatistical values are:
3.37, 16.24, 31.52/5.63, 2.98 and-2.12,
respectively. Once the structural breaks in the
variance are considered and by accepting the
existence of an ARCH or GARCH effect to
explain the volatility in the TC, the empirical
strategyconsists of estimating different models
to measure the adjustment of the same: the
alternatives include models that follow an
autoregressive process
order of the process of moving averages; k = 1,2,
and the ARCH terms in the vance modeling
(see table 1.5).

SLy#4z1 Tx2# ¢21
Y #4ZT T2 12114
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For the selection of the best model, two
traditional information criteria are used: the
Akaike information criterion (1976), and the
Bayesian information criterion of Schwarz
(1978%. The estimate was made jointly foreth
equations of mean and variance, in such a way
that the order of the autoregressive processes in
each responds to global selection criteria. The

results are presented in table 1.4.

Modelo 1
ARMA (1,2)

Modelo 2

ARMA (2,2)

Modelo 3
MA(2)

Modelo 4
MA(1)

Modelo 5
MA(2)

AR(1)
AR(2)
MA(1)

MA(2)

Constante
2
&

GARCH (1)

0.7150
(24.4723)

-0.6738
(-22.1051)
-0.0763
(-9.6190)

0.2004
(45.3405)
0.0451
(28.6046)
0.4951
(49.6912)

0.2397
(-2.3359)
0.0467
(5.0925)
0.1971
(1.8694)

0.0562

(5.0713)
0.0304
(-2.5575)

Ecuacion de la Varianza

0.2006
(52.5983)
0.0454
(28.5800)
0.4954
(57.1514)

0.0035
(19.9510)
0.0838
(46.5701)
0.9089
(537.8678)

0.0585
(5.3031)

0.0035
(19.8513)
0.0840
(46.6093)
0.9086
(534.3986)

0.0314
(-2.6326)

0.0035
(20.3808)
0.0843
(46.4599)
0.9084
(539.2924)

Observaciones

8150

8149

8151

8151

8151

R

0.0094

0.0025

-0.0002

-0.0012

0.0009

Criterio Akaike

17921

17920

13352

13357

13375

Criterio Schwarz

17973

17972

13391

13392

13410

Table 1.4Estimated models for exchange volatility
Source: Own elaboration with information obtained from
the softwareE-views 9.0

Following these information criteria, the
results indicate that of the five proposed models,
the model that best adjusted to the monl[hlr)]/
information was Model 3 which follows a
process of moving averages of order two MA (2)
-, since this presented the smallest values of the
statistical criteria. Furthermore, it turned out to
be consistent with the structural changes, since
the dummy variable that represents the
breakpointss statistically significant (table 1.5).

(o]

Where n = number of estimated parameters (p + q + corstamt and
T = number of observations used.
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Article
Variable Coefficient| Standard Z- Probability
Error Stadistica
MA (1) 0.0569 0.0111 |5.112 0.0000
MA (2) -0.0309 0.0119 |-2.5946 0.0095
Equation of Variance
C 0.0036 0.0001 |19.8387 |0.0000
RESID¢ 0.0825 0.0017 |45.9527 |0.0000
1)72
GARCH(-1) |0.9091 0.0016 [536.0606 |0.0000
DUMMY 0.2722 0.0335 |8.1250 0.0000

Tabl &€st.i%ati on -GARCHeMAR: MA
Own:Haboration with the software Eviews 9.0

It is convenient to point out that in
particular the use of the GARCH model (1,1) has
specific advantages to forecast the exchange
volatility, among the main ones it has that: i) it
allows more parsimonious specifications than
the ARCH model, avoiding the over
parameterization of the specification and,
thereby, facilitating the maintenance of the
model; ii) among the ARCH / GARCH family
models is the most common specification, which
is why its properties are already known; and iii)
it fits very well the da of financial variables,
mainly when the observations are of high
frequency (Ortiz, et. al, 2012).

Results

Financial time series, such as the exchange rate,
often present the phenomenon of volatility
accumulation, that is, there are periods in which
their prices show high variations and others in
which they present relative stability. In this
sense, several models have been developed in
the empirical literature to estimate the volatility
of financial variables.

The models most commonly applied to
estimate the volatility of the exchange rate are
the autoregressive models with conditional
heteroscedasticity (type ARCH and GARCH). In
this regard, the objective was to analyze and
explore through the ARCH and / or GARCH
models the evolution of volatility inthe
exchange rate in Mexico.
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In the previous section, the estimation of
the volatility of the exchange rate in Mexico for
19952017 is developed using these models of
conditional heteroscedasticity. From the above
results, expressed in equation (13§ éxistence
of ARCH and GARCH effects can be clearly
observed. It is found that the volatility of the
exchange rate in Mexico is an example of an
ARIMA (0,0,2) + GARCH (1,1) model in which
it is proven that the conditional volatility in the
exchange rateni Mexico has been highly
persistent As such, for the Mexican economy it
must be anticipated that any shock that generates
uncertainty in the foreign exchange market will
tend to show little tendency to dissipate.

Conclusions

It is important to monitothe dynamics of the
exchange rate, whether in developed or
developing countries, since it is an important
transmission channel of monetary policy. Their
behavior not only has an impact on the price
level, but also on the productivity and
performance of fiancial instruments. This is
why it becomes necessary to have models that
explain not only the reactions to yields and risks,
but also regarding volatility.

In the case of Mexico, the management of
the exchange rate has been of vital importance,
which degpite being classified as a free floating
regime, has been characterized by constant
interventions by the monetary authorities in the
exchange market to maintain a certain value of
the currency, thus avoiding strong depreciation,
becoming the main tool tachieve the objective
of stability of inflation.In this way, the analysis
and results achieved in this document show that,
the exchange rate presents volatility, when
presenting conditional heteroscedasticity in its
residuals, which was verified througletARCH
and GARCH models. However, knowing the
existence or not of volatlity becomes
insufficient if the factors that have triggered it
are not known.
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In the case of Mexico, this has been
generated not only by internal shocks, but also
by international eents, and in the last decade,
those originating from the environment of the
US economy (subprime crisis and election of
Donald Trump) have been those of greater
importance, due to the high economic
dependence that this country has.

Added to this, this elatility has a
persistent effect, so that oscillations in previous
periods show a high degree of persistence.
Knowing this behavior is important to make
correct predictions about future values, ignoring
volatility, can lead to errors in the estimates,
which could have a negative effect on investors
and risk managers.
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Abstract

The present research aims to provide a relevant algorithm for the proper identification of a data generating
process (economic and financial variables) by using the "auto.arima” command, belonging to the forecast
library (R statistical softwaredo identify the optimal parameters of the ARIMA model. Considering the
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[. Introduction After this introduction, in the second

The main motivation of this research work lies
in the need for researchers and professionals in
the economic and financial area to have an
algorithm that is capable of developing adequate
and reliable forecasts amivariate time series.

In practice it is very common to have a sample
of a few dozen observations that need to be
predicted, even when the projection of a small
number of periods is required, an algorithm that
allows the calibration of an optimal forecast
could be adequate, through a well defined
sequence, based on the B®enkins
methodology and that also solves its main
difficulty, that is, the correct identification of the
scheme that represents the time series.
Identifying not only the possible stoclias
autoregressive processes and moving averages,
but their possible ordinary and seasonal
differences. Under these circumstances, an
algorithm for forecasting becomes an essential
tool.

In recent years, different statistical
softwares have been developadd perfected
that seek to automate, and in this way facilitate
procedures for the construction of forecasts. The
use of computers, information technologies, and
the large amounts of data available have led
institutions and organizations to use these
elenents together to improve research and
decision making. Mathematical models
(differential and difference equations) that
represent in a simplified way the behavior of the
event (variable) that is analyzed have also been
required.

With the above elements @n the
proliferation of free software R, it is sought to
amalgamate all the elements involved in the
modeling of a data generating process to achieve
its correct analysis, identification, estimation
and projection. The research work is divided into
Six sectons.
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section a review of the literature referring to the
advances in the development of algorithms
capable of carrying out automated forecasting is
carried out; in the third, the theory referring to
the ARIMA models the concept of stationarity
and the ways of checking it are addressed; in the
fourth, the stages that make up the Bexkin
methodology are explained in detail; later, in the
fifth section an empirical application is made for
the time series of the Moty Base of Mexico;

in the penultimate section the results obtained
from the forecast are presented and finally the
conclusions are presented.

2. Review of Literature

A very common obstacle when using ARIMA
models for forecasting is that the processriater
selection is considered subjective and difficult to
apply. In the last three decades several attempts
have been made to automate the modeling of
ARIMA processes.

Hannan and Rissanen (1982) proposed a
method to identify the order of an ARIMA
model fo a series of stationary time. In his
method, innovations can be obtained by
adjusting a long autoregressive model for the
data, and later the likelihood of the potential
models is calculated through a series of standard
regressions. They establish the rapyotic
properties of the procedure under very general
conditions.

Liu (1989) proposed a method for the
identification of seasonal ARIMA models using
a filtering method and certain heuristic rules;
This algorithm is used in the SCEBxpert
software. Gershenfeld and Weigand (1993)
indicate that the selection of ARMA models is
not simple. The ARMA models in general can,
after choosing the autoregressive order and
moving averages, adjust by means of least
squares regression to find the valuafsthe
paameters that minimize the error term.
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It is generally considered good practice to
find the smallest valuesf the processes that
provide an acceptable fit to the data. Brockwell
and Davis (2009) recommend using the Akaike
Information Criterion (AIC) to find the
appropriate number of lags for each process.

Gomez (1998) extended the identification
method of HannaRissanen to include the
multiplicative seasonality to the identification of
the ARIMA model. Gbmez and Maravall (1998)
implemented this autortia identification
process in the SEATS software. For a given time
series, the algorithm tried to find the model with
the lowest Bayesian Information Criterion
(BIC). Other approaches are described by
Mélard and Pasteels (2000) whose algorithm for
ARIMA Univariate models also allow an
intervention analysis. This is implemented in the
Time Series Expert software (TSEX).

There are some algorithms in commercial
software, although these are not documented in
public domain literature. They emphasize,
ForecastPro (Goodrich, 2000) that is well
known for its excellent automatic algorithms for
ARIMA models that were used in the M3
forecasting competition (Makridakis and Hibon,
2000). Another algorithm for commercial use is
implemented in Autobox (Reilly 2000). Ftheir
part, Ord and Lowe (1996) provide a review of
some commercial software that implements
automatic ARIMA forecasts. Among the most
used in the economic and actuarial area are:
EViews, GAUSS, Gretl, Mathematica, Matlab,
Minitab, SAS, Shazam, Stata, agiraphics,
SPSS.

In recent years, the R statistical software
has been developing, through the paradigm of
objectoriented programming, a language and
environment for computational statistics and
graphics, similar to the S language originally
developed byBell laboratories.
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It is an open source solution for data
analysis that is supported by a large and active
community of researchers around the world
(Kabacoff, 2011: 5). R has the following
characteristics to recommend it:

- Mo st
pl atfor ms
t housands

cost

of pesos.

teacher or student,
obvious.

- R is a comprehensive
of fering al | ki nds
techniques. Al most
anal ysis can be done

- R hasofshagrtte gr aphic ca
R has the most compl e
feature set avail abl

- R can easily import
variety of sources,
dat abase management
pagkas and specialized

- R provides an unpreced
t he programming of
met hods in an easy and

- R contains advanced
that are not yet avai
In fact, rew metahddd
downl oad on a weekly

Some of the most interesting features of R
are available as optional modules that can be
downloaded and installed. There are more than
10,000 usecontributed modules called
libraries, which provide a wideange of new
algorithms. Libraries are collections of functions
in R, and compiled code in a weléfined
format.

Rob Hyndman (2008) has developed the
“forecast" library, which is a collection of
functions to develop methods and tools to
display and analyzforecasts of time series that
include ARIMA modeling automatically.
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It is available for the R system of statistical
computing (R Development Core Team 2008) is
available in the network of integral files of the R
project at:
https://cran.rproject.org/épackages/forecas
forecast.pdf. With the development of these and
other functions it is possible to implement an
algorithm capable of identifying the data
generation process (PGD), to later estimate the
coefficients of the integrated autoregressive
processes of moving averages, Wwhich
subsequently must be diagnosed to show their
goodness of adjustment, and if the model is
adequate considering these hypothesis tests, the
last step may be the realization of a forecast.

3. Theoretical framework of time series
prognostics

The theory of difference equations underlies all
time series methods. In turn, time series
econometrics is responsible for the estimation of
eqguations in differences that contain a stochastic
component. The proper estimation of an
equaion can be used for the interpretation of
economiefinancial data and for hypothesis
testing.

The task faced by time series
macroeconometricians is to develop reasonable
and parsimonious models capable of forecasting,
interpreting, and empirically testing hypotheses
related to the stylized facts of the economic
variables. This is how a methodologyas
developed to decompose a series into four
components: trend, seasonality, cycle and an
irregular component. The trend component
represents the loAgrm behavior of the series

Decembef017 Vol.1 No.1 363

The objective of time series econometrics
IS to estimate and forecast these compondnts.
time series is a sequence of data points recorded
over time. For example, share prices, exports and
imports, the monetary base, intdreates, the
exchange rate, prices, the employment rate,
international reserves, or industrial production,
among others. If the data are unique numbers,
the term univariate time series is used; For the
vectors that consist of several series of numbers,
theterm multivariate time series is used.

Time series are considered to be
realizations of an unknown stochastic process
called the data generation process (PGD). The
objective of the time series analysis is to model
this process. By doing this, a formutaderived
that describes the time series and can also be
used frequently for forecasts (Pfaff, 2015: 20)

The methodology generally used to
develop such forecasts requires finding the
trajectory of the equation that directs the
stochastic process and usiiigto predict the
subsequent data. An equation in differences
expresses the value of the variable as a function
of its own lagged values, time and other
variables. (Enders, 2015: 3). The representation
of a linear difference equation of higher order
with a constant coefficient is given by:

The equation is linear because all the
valuesof the dependent variable are elevated to
the first power. The term x_t is called forced
process. The form of this can be very general;
Xx_t can be some function of timeurcent or
lagged valuesof other variables and / or
stochastic processes. From an adequate choice of

and can be increasing or decreasing, the seasonal the forced process, we can obtain a wide variety

variation is an observechavior with frequency
less than or equal to the year, and just as the trend
can be eliminated or modeled, irn, the
cyclical component represents regular periodic
movements with length greater than one year,
and the irregular component is a stochastic
process (Gonzéalez, 2011: 17).
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of important macroeconomic models. In the
econometric analysis, the forced process will
contain both derministic and stochastic

components.
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The most representative cases being the In this way:)
following: the constant case x_t = 0, in this case
we speak of an equation in differences in its Following the convention ohormalizing the

traditional form; the exponential case units, this implies that @is always equal to the
®Q ; and the deterministic trend case unit. If the characteristic roots of equation (3) are
@0 and the stochasticcase B 60O . all within the unit circle, {¥} is known as the
ARMA model for Y. The autoregressive part of
ARIMA models the model is the differential equationvgn by

the homogeneous portion of (2) and the part of
The time series were mainly studied under a the moving average is the sequence{X the
deterministic aspect, at least until 1927, when homogeneous part of the equation in differences
Yule introduced the notion of the stochastic contains "p" lags and the model for ¢ontains
componeh According to the author, each Q lags, the modelis called ARMA (p, ). If q =
approximation to the time series can be 0. The pocess is called pure autoregressive,
considered as the performance of a stochastic denoted by AR (p), and if p = 0, the process is a
process. This idea launched a different number pure moving average, denoted by MA (q).
of time series methods, varying in the estimation
of parameters, identification, forecasind In an ARMA model it is perfectly
verification method. permissible that p and / or q are infinite. If one
or more of the characteristic roots of (3)
Box and Jenkins integrated the existing greater than or equal to the unit, the sequence
knowledge and made an advance in the area {Y ¢ is said to be an integrated process and in
creating a coherent and versatile approach that this case the model is called Integrated Self
identified the threestage iterative cycle for the Regressive  Moving Averages (ARIMA)
time series: identification, estimation and (Enders)., 2015: 50).
verification of the diagnosis. The evolution of
computers returned to the integrated If we treat equation (3) as a difference
autoregressive models of moving average equationjt can be solved for Y_tin terms of the
(ARIMA) more popular and applicable in many  sequence {§. For the general model ARMA (p,

scientific fields. q) of equation (3) when using the lag operator we
havetoThe sum wi | | | ead to
It is possible to combine a process of The important thing is to determine if such
moving averages with a linear fdifence expansion is convergenttiviwhat the stochastic

equation to obtain an autoregressive model and difference equation given in (5) is stable
moving averages (ARMA). Consider the

equation in differences of order "pAnd since Stationery
the forced process {X can be an MA (q)
process given by: (2) In formal terms, the stationarity of a time series

is defined in two ways. The first concept of
stationarity is in a strong or strict sense.

6 The stability condition is that the roots of the polynomial

p B ®0O they must fall outside the unit circle. This would also

show that Yis a linear stochastic difference equation, so the stability

condition is necessary for the time seriés be stationary.
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It is said that a time serié& is stationary
in a strict or strong sense, if its function of joint
probability distribution remains identical in
time. That is, it is stationary in the strict sense, if
and only if

Féd 1)
While stationarity in a weak or broad sense. It is
said that a series of time is stationary in a broad
or weak sense, if and only if it satisfies three
conditions:

ok B e Bio  Rlan s

Decembef017 Vol.1 No.1 3463
Stationarity tests

There are several tests to identify if a certain time
series is stationary, among the most used in a
prominent way in the literature are: 1) Graphic
analysis; 2) The correlogram test, and its
corresponding simple autocorrelation function
(FAC) and partial autocorrelation function
(FACP); and 3) The unit root test. The last two
are explained as the fundamental basis of the
analysis of ARIMA models.

Simple and Partial Autocorrelation Function

1. Your average i®constant in time.
O® t 14N g t hér e i sAutacavariances of each time point divided by
trend, it can be a s Sth!eﬁrm'ftied autbdcmiancetq h &) produades the s
constant -an d that Stoco?rglaﬁlo%é (f’aliie 1) wh leVtL?rn sén?e as
eacht petrlthdtcanll bar athéntaticdl isu repr entation
5 'Cl'ﬁgsvzr;i anca(; iV\é' con &orrl r%m)%n &a nklrr%m%tﬂo olo%y
: qi . fotn S‘[o ifehtify and. dstinfate the M€ series nll]o els
dispersion ot € P T Qatotorrédiation afdnc?tlgn (hﬂ(b)éh%ljld
: nl tN i me KRB ©OW depend only on the "s" interval between two
4N A, varlabl s and not Qn its position at time t. For its
3. The autocorrelatio Iﬁbart é’ "b&rial %\tﬂfocorrel'atﬁ)n function
|ndependent of time. me&asurBLEik i r?alsconl\gonor
possible depe”dence eutﬁ&f%ack?‘n’éwéh rRdreSsié Variable
val ug @vid ampt Itenra adged tthe model. Table 1 shows some
separated by a ran 9 € offh mo t?eBrgsI—:tn%atlvg stochastic processes.

If the time series is ationary, then the
values of the mean, variance and autocorrelation
function can be estimated by considering the
time series as a sample of defined size, whose
parameters are constant over time. Otherwise,
when the time series is natationary, the
problem is that the different samples represent
samples of size one, which is not representative,
so it is practically impossible to infer the
properties of the population from these data
(Gonzélez, 2011: 53).
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Model
White noise

Representation Equation

ARIMA(0.0,0)
Random Walk without Drift

ARIMA(0,1,0)
Random Walk with Drift ARIMA(0,1,0)
AIII\JI’C_QI essive

ARIMA(p,0,0)
SMA ARTMA(0.,0,q)

AY, = E,

Yo=Y +E
yt—ao"'ytl"‘Er

Y, = a, +otaqpY,_, + E
e et e
AY, = ag + a,0Y,_+E, + B,AE,_,

Autoregressive Integrated
Mobile Media

ARIMA(L,1,1)

Table 1 Representatioof various Stochastic Processes
Source: self made

For each of the different stochastic
processes, the corresponding mean, variance and
autocovariance must be obtained, since this will
allow determining if the determined stochastic
process is stationary or not.
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By dividing the autocovariance between
the variance, the corresponding simple
autocorrelation function is obtained, which is
independent of time. Below is a Table (2)
summary of the first two statistical moments and
the autocovariance of the most common
stochastic processes.

Autocovarianzz

of(a,)* _
Toai- ¥

Proceso Media Varianza

AR(1)

o _ o
i-a, 1-a’

= Yo

a-a)o _
Arapd-a,-—ayd+a,-—ay *°

Yo+ @z Yoz = Vs

AR(2) Ly

T-a-a

AR(p) @y @Y+t @y + 6t = Y QYsoy + @Ys o+ @pYsp

T-a-a-—a

MA() a=u A +B,")0" =y, Yi=Bioh  yys =0V

Vi = (B, + B, B;)o";
Y2 = (By)o%;
¥s=0,Vs>2

MA(2) a=u

(1+B,* +B,")o? = v,

MA(q)

u

(1+B,* + B, + -+ B,*)o* = yo

Bgo? = ys

ARMA(1,1)

u

(1+B,*+2a,B,)0* _

1+ a;B,)(a, + B,)c?

1-a;?

1-a;?

Table 2 Mean, varimce and autocovariance of different
processes
Source: self made

For example, in an AR (1) process,and
Y2 are correlated even whenwY does not
appear directly in the model. The correlation
between Y and Y., ie p, is equal to the
correlation between Y and Y., ie p_1
multiplied by the correlation between.iYand
Y2, P again, so p= (p1)?. It is important to note
that such indirect correlations are present in the
Simple Autocorrelation function of any
autoregressive process.

On the otler hand, the partial correlation
between Yand Y:s eliminates the effect of the
values that intervenes from.Yup to and Y.s+1.

In such a way that, in an AR (1) process, the
Partial Autocorrelation between:Yand Y2
equals zero
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Raiz Unitaria
Aumentada)

(Prueba Dickey Fuller

Assuming an ARIMA autoregressive model
(1,0,0) whose algebraic representationis:

[AYH) ‘Q, subtracting Y1 from each side of
the equation to write the process in an equivalent
way like: ¥ 16 Q,wherel & p.
Test the hypothesis that  p, is equivalent to
testing the hypothesis that T Dickey and
Fuller (1979), considered three different
regression equations that can be used to prove
the presence of unit root.

The difference between the rée
regressions has to do with the presence of the
deterministic elements a_0 and a_2t. The firstis
a pure random walk model, the second includes
an intercept or a drift term, and the third includes
both a drift and a linear temporal trend. The
parameter of interest in all the regression
equations i$ ; if T, sequence®w contains
a unit root The test involves estimating one or
more of the equations described above using
ordinary least squares (OLS) to obtain the
estimated values pfand its associated standard
error. The result obtained is a distribution
function called "tau" that allows determining if
the null hypothesis should be rejected or not.

Dickey and Fuller (1981), developed a test
in which the error term was correlateddamas
called Dickey Fuller Augmented Test (DFA).
This test involves increasing the three previous
equations with the lagged values of the
dependent variabl¥® in such a way that the
processes are determined as follpidiskey and
Fuller (1981), develogd a test in which the error
term was correlated, and was called Dickey
Fuller Augmented Test (DFA). This test
involves increasing the three previous equations
with the lagged values of the dependent variable
in such a way that the processes are determined
as follows
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The proces® It is a white noise. The term
of lagged differences that must be included is
identified by information criteria of Akaike and
Schwarz. In these new regression models, the
idea remains the same, that is, to proveithat
T, based on the same tau distributfon

4. Methodology BoxJenkins. Prognostics

The BoxJenkins methodology for modeling the
processes (Integrated S&egressive of Moving
Averages) ARIMA was described in a highly
influential book by statisticians Georgex and
Gwilym Jenkins in 1970. An ARIMA process is
a mathematical model used to forecast. The-Box
Jenkins methodology involves identifying an
appropriate ARIMA process, adapting it to the
data and then using the adjusted model for
prediction. One of thettactive features of the
Box-Jenkins approach to prediction is that
ARIMA processes are a very rich class of
possible models and it is usually plausible to find
a process that provides an adequate description
of the data (Hyndman, 2008).

The original BoxJenkins methodology
involves an iterative process of stages
corresponding to the selection of models,
parameter estimation and verification of the
same. Recent explanations of the process often
add a preliminary stage of data preparation and a
final stage of application of the model (or
forecast) (Makridakis, Wheelwright and
Hyndman, 1998). The Be3enkins approach to
construct linear models of time series is based on
two main principles: The first, the principle of
parsimony, which consists of always ckowm
the simplest model that is sufficiently
representative of the data; and the second, the
principle of iterative improvement, which
consists of starting from a simple and feasible
model, to which successive improvements will
be made, until arriving atsatisfactory model.

" The levels of significance without constant at 1%, 5% and 10% are:
2.58,-1.95 and-1.62, respectively; with constar8.43,-2.86 and2.57,
while with constant and treneB.96,-3.41 and-3.12.
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The BoxJenkins methodology consists of
the following stages:

Analysis d Stationarity and Seasonality

In the first stage it must be verified that the series
is stationary and try to eliminate the seasonal
variation, if it is thecase. Gonzalez (2011: 85)
suggests the following order to deal with non
stationary models:

a. Stabilization of vari a
homoscedastic, ma
transformations are su
square root, the nepe
reciapr @a i nverse, the
squar e root and t he
|l ogar it hm. Anot her
transformation in ecol
defl ate the dat a.

b. Eli mination of the tr.
review i f the data pr
trend. st6, itt ewil/l be
t hrough ordinary diffe

c. Treatment of seasonal
data i1t happens that t
is visible from the g
data or by stabilizing
data it i swapronsesd bunret itlc
t he trend has been e
seasonal variation is
el iminated with season
mu st be represented f
model s t hat i nclude
component SARI MAWWpP, d
with "M" denoting seas
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d Where m is the numb ¥erificatioh oftheeModelb ds per
station, capi tal i zatl is recomneehded to carry outshe tokowing t
denote the seasonal gnaysis: of the model and
| owercase not steiacronhbr the non
part of the model The Cdaasdsorcals tpaatrits toifc st hmu
model tsonoesfi sterms thatmeaser eetrlye fit of t
simil ar-stteastomalncrmomponenmpabet t he di fferent
these imply seasonal | adgjsu sotfmetnlie @red i oidn
For exampl e, a model SARP MAI (., 1AI190 xkhown
(1,1%, 1wi t hout constant for mont hly
data can be written khs Pfeolfloows :t he i ndi v-i dual

statcs) on the stati

Identification of the Tentative Model the estimated coef fi

The correlograms are used for the graphicaland c¢. Carry out the tests

statistical representation of the FAC and FACP, model , and obtain thei

with the purpose of determining a pattern of the correl ogr ams, t o i de
different autocorrelatiods It will also be stationary. Addi ti on

verified by hypothesis tests such as the Q Augment edcubi @&keesyt (19

statistic developetly Box and Pierce (1970) or deter mi ne t he stati

the LjungBox statistic (1978). In the same way, di sturbances.

the correlogram is used to evaluate if there is

some kind of seasonal variation, not eliminated d. Pr ove that there 1is

by seasonal differences. this purpose the tes

by ®o»xrce, aBdx/isru

Estimation of Model Parameters

For each tentative modtile parameters must be
estimated. This can be done using the ordinary
least squares method, the Yaléalker equation

or the maximum likelihood method. The
estimated values must be examined for
significance and stability. If the model is not
stable (implyng an explosive trajectory) or the
coefficients do not differ significantly from zero,
the model should be 4&amined and a new
estimation of it should be proposed.

8 The statistical significance of any coefficient of autocorrelation is
judged by its standard error. Bartlett showed that if a time series is purely
random, that s, if it is a sample of white noise, the sample autocorrelation
coefficients are approximatel: DJN{O, 1/n).

Therefore, according to the properties of the standard normal

dist~ribution, the confidence
} k N &a(@1/ m)é)(.
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Forecast

The most important use of an ARIMA model is
to predict the future values of the sequencg{Y
The forecasts will be constructed using the
advanced iteration method. It is important to
note that the quality of the forecast declines as it
continues.

® ME= (Mean Error) Error Medio; RMSE= (Root Mean Squared Error)
Raiz Cuadradalel Error Cuadratico medio; MAE=(Mean Absolute
Error) Error Absoluto Medio; MPE= (Mean Percentage Error) Error
Medio Porcentual; MAPE=(Mean Absolute Percentage Error) Error
Absoluto Medio Porcentual.
95% for

any (popul ation)
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Validation of the forecast

One way of knowingwhich of the selected

models has the best performance to forecast is to
develop a range of summary measures on the
accuracy of the forecast based on the error
measures. ldeally, it is desirable that forecast
errors have an average close to zero and
minimum variance. A DieboleMariano test

(1995) must be carried out, in this test an

objective function that is not quadratic is sought.
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5. Empirical Application for the Monetary
Basis d Mexico

Next, we apply an atgithm based on the Bex
Jenkingnethodology to identify the behavior of
the time series of the Mexican Monetary Base.
With the help of several libraries belonging to
the R system of statistical computing, the aim is
to design a procedure that allows obtaining the
optimal model, for which we will use one of the
most important real variables of any economy,
such as the Monetary Base.

Since the reform of the Bretton Woods
agreement in 1976, it was established that
exchangerate regimes would be determined
flexibly by supply and demand. In this way, the
creation of international liquidity remained in
the hands of international financial markets. This
agreement has generated international liquidity
faster than the growth dfi¢ world economy and
international trade (Mantey, 2013: 63). The
disproportionate increase in the currency
induces mainly speculative capital flows that
perniciously burst from one economy to another,
and mainly affecting the emerging economies.

Internatonal shortterm capital flows
cause volatility in exchange rates, in which
emerging economies through their central banks
must intervene in their foreign exchange markets
in order to avoid strong appreciation of their
currency and subsequently sterilize clsu
interventions with which avoids inflationary
pressures. Sterilization is the process by which
the monetary authority ensures that interventions
of the exchange rate will not affect the domestic
monetary base, which is one of the components
of the money supply in general. The
accumulation of international assets has become
the main support of the monetary base in the
Mexican economy, while the share of domestic
credit that the central bank grants to the
government and commercial banks has been
reduced.

ROSASROJAS, Eduardo, ARIASSUZMAN, Ericka Judith, GAMEZ
ARROYO, Jessical APA-GUZMAN, Javier and GAVINGORTIZ,
Gabriela. Prognosis of the monetary base of Mexico. Algorithm for
box-jenkins methodology (1988015). RINOE Journal
Macroeconomics and monetary economy. 2017



Article

44
RINOE Journal

In the simplified balance sheet of any
monetary authority, the monetary base is the sum
of the credit of the central bank (government and
commercial banks) plus its international
reserves. In such a way that an increase in any of
them will cause an increasethe money supply
and vice versaln a country like Mexico,
determining the optimal economic policy in an
environment of considerable income from
speculative capital is a difficult task. Opting for
a policy of intervention in the exchange market
generags an increase in the currency of local
currency, which could lead to a higher level of
inflation, however, the Bank of Mexico can
reduce these inflationary pressures by sterilizing
interventions.

If inflation is high, sterilization of
interventions may@®necessary to meet a certain
inflation target and not to affect the credibility of
monetary policy (Borensztein, 2015: 13). On the
other hand, Hufner (2004) points out that, in
developing countries, sterilized interventions
can contribute to a better couoitof inflation than
would be possible using the interest rate as the
sole instrument of monetary policyAny nation
that adopts a fixed exchange rate regime or
managed float, and also performs a continuous
accumulation of international reserves, resgilti
in an increase in the monetary base, must
inevitably rely on the exchange interventions
made by its monetary authority as a means to
maintain the stability of the exchange rate, and
thereby achieve your inflation goal.

Description of Data

The monetarypase consists of the bills and coins
in circulation and the total net balance of the
current accounts that the credit institutions
maintain in the Bank of Mexico. In our country
the behavior of the monetary base is very similar
to that of banknotes and iog in circulation
because, as a rule, banks do not try to maintain
positive balances in their accounts in the issuing
institute (Banxico, 1998: 4).
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The Bank of Mexico satisfies daily
fluctuations in the demand for banknotes from
the public. To do this, ihas to create (buy
currencies, securities and grant credit to
commercial banks) or destroy (sell currencies,
securities and become a debtor to the bank)
monetary base, as the case may be. All the
changes in the supply and demand of Monetary
Base, are nesegarily reflected in variations in
the balances of the current accounts of the bank
in the Bank of Mexico. To avoid pressure, the
central institute balances the supply daily with
the demand for monetary base through its daily
interventions in the money niaat. This is done
every working day from 12:00 hours (Banxico,
1998: 8).

The database from which the time series is
compiled is: International Financial Statistics
(IFS) of the International Monetary Fund. The
periodicity is monthly and includes the petio
from December 1985 to September 2015, the
units of the 358 data are given in millions of
pesos, with this it is sought to have a
considerable length in the database, which
allows obtaining more estimates precise.

T T T T
2000 2005 2010 2015

Afio

T T T
1985 1990 1995

Grph 1 Monetary Base of Mexico
Source: Prepared by the author with data from the
InternationalFinancial Statistics of the IMF
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The monetary base (grapl) firesents a
very defined seasonal pattern, through which it
increases drastically towards the end of the year,
when bonuses apaid and sales increase during
the Christmas season. At the beginning of the
cycle, demand decreases immediately and then
suffers smaller variations. Even, it increases
depending on the payment of the fortnights of
the companies, the payment of taxes, the
entrance of vacations and other effects of the
calendar (Heath, 2012: 318)

Estimation of the BoxJenkins methodology

According to the BoxJenkins methodology, in
the first stage of the algorithm the Stationarity
and Seasonality Analysis must be perfodme
Using the "stI" command we decompose the
series into its components: teerseasonality and
noise (graph 2 What is observed is that the time

Decembef017 Vol.1 No.1 363

The Augmented Dickey Fuller test is also
carried out in the algorithm to identify whether
the time series has a unit root. Using the
"urdfTest® command from the library
"fUnitRoots" (Wuertz, 2009), it is verified that
the Monetary Base is a natationary sees.
The "forecast” library developed by Hyndman
(2008) provides the commands "ndiffs" and
"nsdiffs” that allow estimating the number of
differences required for a series of time to
become stationary, in the same way the number
of differences can be estiteal seasonal The
results of both tests indicate that the series must
be differentiated ordinarily and seasonally, in
both cases the order is one.

Considering the previous analysis, we
proceed to stabilize the variance applying
Neperian logarithms, the trd is eliminated by
ordinary differentiation and the model is

series of the monetary base has a strong seasonalrepresented with a seasonal component. The

component, a clear positive trend and a remnant
whose varidon has increased since 1999.
Likewise, the simple and partial correlograms
were calculated and showed that the series
behaves as nestationary.
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Graph 2 Components of the time series of the Mongta
Base
Source: Own elaboration with R 3.3.3
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results of the Augmented Dickey Fuller test are
presented in Table 3.

Variable Condicionantes | Tau Statistic |p-value
Monetary bas{ Without Intercept |4,5321 NA
Intercept 2,8239 NA
Intercept and Tren(-0,1049 0,9165
!l o g ( M{Without Intercept |-13,8685 0,0000
y base) Intercept -15,5037 0,0000
Intercept and Tren(-15,9514 0,0000

Table 3Augmented DickeyFuller test to identify Unitary
Root
Source: Own program elaboration R 3.3.3

In the second stage of the algorithm, the
simple and partial correlogram of the variable
transformed with logarithmic differences are
used, this allows to identify the pattern that
represents the stochastic processd in this
way, to propose the appropriate ARIMA model.
There is also a marked seasonal variation, which
is present in the twelfth month of each year.
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As already mentioned, the "forecast"
library has the function "auto.arima" that allows
defining the parameters p, d, q considering
different information criteria such as Akaike
(AIC, for its acronym in English) and Schwartz
Bayesiano (BIC, for its acronym in English)
the latter will always select a more parsimonious
model than the first one (Ender§15: 69).

For the time series of the Monetary Base
of Mexico the function indicates that it is a
model Y0 'Y "Obply ¢ ripls . This means
that the stochastic process is represented by an
order of integration one, a component of
ordinary moving averages of order two and
another component of seasonal integration, in
addition to a component of seasonal moving
averages of order three. The above corroborates
what was established in the first stage, with
respect to the strong presendetlze seasonal
component (graph )3

Grph 3 Function of Simple and Partial Autocorrelation of
the Monetary Base
Source: Own program elaboration R 3.3.3

Yy g4zl T2# 21
Y #4ZT T2 12114
Where n=number of estimated parameters (p + q + constant term) and
T= number of observations used.
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In the third stage of the algorithm, the
estimated coefficients of the proposed model are
presented, and two other possible models are
presented to confirm that the stochastic process
indicated by the "auto.arima" function
effectively provides the optimahodel for the
time series. The method programmed in the
algorithm is Maximum Likelihood.

Dependent variable: oplog
Model(1) Model(2) Model(3)
SARIMA SARIMA SARIMA
(0,1,2)x(0,1,3)[12| (0,1,2)x(0,1,2)[12] (0,1,2)x(0,1,4)[12
] ] ]
MA(1) -0.2728*+* -0.2870*** -0.2752*+*
-0,0555 -0,0552 -0,0556
MA(2) 0.1616*** 0.1971*** 0.1638***
-0,0566 -0,0552 -0,0564
SMA(1) [-0.6031*** -0.6003*** -0.6136***
-0,0647 -0,0625 -0,0675
SMA(2) [-0,1325 0,1702 -0,1263
-0,0858 -0,052 -0,0931
SMA(3) |0,3419 0.3231***
(0.0810)*** -0,0914
SMA(4) 0,0304
-0,0584
Observati 358 358 358
ons
AIC 7077,98 7088,99 7079,71
BIC 7101,05 7108,21 7106,62
log -3532,99 -3539,49 -3532,86
likelihoo
d
ME 779,739 803,3763 778,3933
RMSE |6561,751 6737,466 6554,812
MAE 3980,888 4175,795 3968,208
MPE 0,2931 0,2877986 0,2931

Table 4 Results of the SARIMA Regression (Maximum
Likelihood)
Source: Own program elaboration R 3.3.3

Table 4 presents the results of the
coefficients for the different proposals for
stochastic processes. The model (1) is the one
proposed as optimal, while model (2) has been
constructed without considering the term of the
seasonal moving average for month 36, and for
the model (3)
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