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Abstract
Investments in futures contracts show a fast growth in the period, which shows that individuals look 
for higher and safer returns, in the face of the growing volatility offered by interest rates and the ex-
change rate. ARCH and GARCH methods were used as instruments to identify the volatility degree in 
underlying assets of these contracts. Because of the results, volatility was reflected in the fact that it 
was persistent in the period, not so high, and even then that did not determine that the operations and 
amounts of investments in futures were higher or rising.

JEL code: G12, C51, C22, C16
Keywords: Hedges; GARCH model; Underlying assets; Degrees of volatility

Resumen
Las inversiones en contratos de futuros muestran un crecimiento rápido en el periodo, lo que evidencia 
que los individuos buscan rendimientos más altos y seguros, frente a la creciente volatilidad que ofrecen 
las tasas de interés y el tipo de cambio. Se empleó el método ARCH y GARCH, como instrumentos de 
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identificación del grado de volatilidad en activos subyacentes de estos contratos. Por los resultados, la 
volatilidad quedó reflejada de que sí fue persistente en el periodo, no tan alta, y aun así eso no determinó 
que las operaciones y los montos de inversiones en futuros fuesen mayores o crecientes.

Código JEL: G12, C51, C22, C16
Palabras clave: Coberturas; Modelo GARCH; Activos subyacentes; Grados de volatilidad

Introduction

The growth of risks and uncertainty make futures trading more and more frequently. It is an 
investment alternative available in an organized market. As a result of increased capital mo-
bility, trade, and investment flows have intensified with the use of these derivatives1. Losses 
are reduced, despite fluctuations, and it is a useful hedging instrument (Verchik, 2000). It 
becomes an ideal mechanism for risk management in the face of different financial assets, 
which makes it possible to face the high volatility of the markets.

The objective of this work is to verify the benefits of the GARCH (Generalized Autore-
gressive Conditional Heteroscedasticity) and ARCH (Autoregressive Conditional Heterosce-
dasticity) methods as alternatives to identify the degree of volatility with respect to certain 
underlying assets, such as the Índice de Precios y Cotizaciones (IPC) (Stock Exchange Prices 
and Quotations Index) and the CETES interest rates. In the use of these methods, the starting 
point is assuming a normal distribution in errors and other characteristics, thus, given that the 
error normality is not such, there are doubts about the consistency of their estimates.

For Miller (1992) and others (Hull, 2017; Ontiveros, 1994), financial futures are the most 
successful risk contracts, leading to the development of new innovations. Each contract is 
subject to particular contexts of negotiation, securities, settlement, compensation of profits or 
losses, and risks (Elvira & Larraga, 2008). It is distinctive that, in Mexico, risks and opposite 
positions are taken simultaneously in the stock market and in the futures market. This resulted 
in growing futures transactions, whose most used underlying asset is based on stock market 
indices, achieving a significant reduction in intermediation costs.

1 For John Hull (2009,2017), these are underlying asset-backed securities. A yield or premium is earned, deriving from the original 
price or purchase price.
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Review of the literature

With the development of financial markets, the stochastic methods for analyzing trends and 
processes of volatility have also been improved2. Assuming a normal distribution in yields 
and their application in futures contracts, this is neither desirable nor satisfactory. For the 
formation of portfolios, volatility is crucial, and it is said that if a large volatility persists, in 
long-term series, it justifies the application of GARCH-type processes (González, G., Mora, 
A., and Solano, 2015; Dyhrberg, 2015; Bariviera et al., 2017; Katsiampa, 2017). One of the 
advantages of the GARCH models is that they do not require an exact knowledge of the dis-
tribution function of a variable, which makes its instrumentation and application in a study 
possible (Arango et al., 2017).

In some cases, the ARCH model was discontinued due to instrumentation problems, 
large number of delays, and iterations involved in the estimation of the conditioned variance 
(Abascal, 2016). A tool of this method is the use of moving averages in the square residuals 
of the variable in past periods. The works by Bollerslev (1986) and Bollerslev, Engle, and 
Nelson (1994) describe the benefits of the GARCH process, as it achieves an improvement 
in the estimation of parameters, with it being highly stationary and convergent.

The GARCH method has been successfully applied to measure the volatility of finan-
cial series, such as stock market indices, exchange rates, interest rates, the price of bitcoin, 
gold, and other assets. Although there are other estimation methods for the volatility of the 
GARCH group, this allows the use of a procedure of maximum likelihood, thus the estimators 
or parameters are consistent regardless of the fact that the error distribution is not normal.

In essence, the GARCH process is a key tool for analyzing the volatility of a variable and 
verifying the risk exposure present in the markets; additionally, it is used when the volatility and 
behavior of some assets is unstable, due to many factors, sometimes outside the market itself.

Behavior of the futures market

Beyond changes in regulatory provisions and financial liberalization, it was possible for 
financial and banking groups to seek higher profits (Orhangazi, 2015; Mettenheim, 2013; 
Girón, 2010; Ang, 2010; Soto, 2010) through the operation of futures contracts, despite them 
being hedging practices with high risks. The volatility of the exchange rate and of the interest 
rates forced the creation of the Mercado Mexicano de Derivados S.A. (MexDer) (Mexican 
Derivatives Exchange) in 1998. This led to large futures transactions, with it being the most 
important organized market today.

2 Volatility is identified by the conditional variance of returns on certain assets, such as the underlying assets in futures contracts 
(Tsay, 2002; Aguirre et al., 2013).
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This greater initial speculation, open and without restrictions, in which banks participate 
with capital and funds, generated the formation of bubbles and new financial assets. This 
was accompanied by an intense process of speculation and financial accumulation (Chesnais, 
2000). The speculative rise came from international markets and injections of public funds 
and credits. The rise in stock prices did not take long to come, especially for those companies 
linked to innovations, telecommunications, information technology, mobile telephony, and 
Fideicomisos de Inversión en Bienes Raíces (FIBRA) (Real Estate Investment Trusts).

According to MexDer data, futures contracts are becoming more frequent transactions, 
reaching the highest cash flows in the market. In 2010, transactions showed an annual amount 
of 3.96 trillion, then 4.27 trillion in 2011, only to then fall to 0.76 trillion pesos in 2016. When 
compared to the GDP, it can be seen that this decline was gradual and steady. From a 29.8% 
of GDP in 2010, it fell to 9.7% in 2013, then dropped to 4.0% in 2016 (Figure 1).

Figure 1. Annual Amount of Futures Transactions in relation to GDP (%)
Source: elaborated with data from INEGI and MexDer.

This speculative process of banking institutions and treasuries of large companies should 
not ignore that more unstable financial markets allow for the development of a variety of 
futures contracts. These derivatives manage to hedge the risk to institutions and investors 
(Mishkin, 2014), as the contract provides an underlying asset (Commodities, exchange rate, 
interest rate, etc.) that is standardized, set at a future date, and at a price agreed to in the pre-
sent. This generated liquidity and financial engineering processes in favor of the companies3. 
And the markets turn out to be a viable modality when investments or the level of leverage 
are associated with risks and uncertainty, issues that traditional markets do not solve. In the 

3 It is the use of financial engineering to “translate” gains and losses over a time horizon from derivatives, from hypothetical to 
future value. This made it possible to “manipulate financial statements and pay less taxes” (Soto, 2010: 54-55).
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period, futures transactions were generally made on 91-day CETES rates, stock index (IPC), 
28-day TIIE, and Federal Government Development Bonds (M10 and M20). In 2016, the 
main contracts were for the 28-day TIIE and the IPC, in addition to contracts with various 
term bonds.

Methodology

The volatility analysis was carried out with monthly statistical series of futures contracts for 
the January 2010 to December 2016 period, with a total of 84 observations. The source of 
information was Mercado Mexicano de Derivados S.A. (MexDer) (Mexican Derivatives Ex-
change). It must be considered that the volatility in this work was applied taking the monthly 
amounts of the futures contracts, and then both the fluctuations of the Stock Exchange Index 
(IPC) and the interest rate of 28-day CETES were used as underlying assets.

The degree of volatility can be identified by applying processes such as GARCH (Gener-
alized Autoregressive Conditional Heteroscedasticity), a first-order estimation model. In the 
GARCH process (1.1) it is observed that the volatility in time t depends on the volatility in the 
immediate past (t-1), thus it is deduced that these models are appropriate in the face of large 
fluctuations. Since the volatilities of a past period are included, they become useful in long 
periods of instability and calm (Aguirre et al., 2013). The advantage of this method is that it 
is not necessary to know the distribution function of a variable, in the case of an underlying 
asset, in order to achieve good instrumentation and measurement.

In the case of residuals, the GARCH model allows proving the existence of volatility, which 
makes its estimates more efficient than those obtained with the ARCH model. In Bollerslev 
(1986), a variance of estimates from previous periods was added to the equation in order to 
obtain a GARCH-type dynamic volatility (p, q)4. In Bollerslev, Engle, and Nelson (1994), they 
state that the GARCH process is applied to a conditional volatility of two regression equations:

Where k is the variable or the yield of the underlying asset in time t, and Ɛ is the disturbance 
term, or white noise, whose residuals have zero mean and the variance is constant. In a long 
period of time, σ is the coefficient of volatility in time t, and Z is the random or stochastic 

4 The GARCH model (p,q) considers p to be the number of terms lagging from the squared error and q to be the terms of the 
lagged conditional variances. The GARCH model (1.1) has proven to be extremely useful for predicting conditional variance, and 
hence volatility (Engel, 2001).
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variable with an ARMA (Autoregressive–moving-average model) structure, which is specified 
in the second equation (Arango and Arroyave, 2016; De Jesús, 2008; Aguirre et al., 2013).

To have a strictly positive volatility with the GARCH process, the estimated parameters 
need to comply with αo> 0, α1≥0, and β1≥0, as well as the sum α1 + β1 ≤1. The uncondi-
tional variance of error terms ε will be finite, with a strictly stationary and ergodic estimation 
of parameters5. It is necessary to verify that the series of the contract amounts, in the face of 
different assets, are shown correlated the error term ε and with the past in order to determine 
that it was stationary.

In some cases, ARCH (Autoregressive Conditional Heteroscedasticity) processes were 
applied to be able to compare with the estimated GARCH parameters. It happens with ARCH 
that although the moving averages of the square residuals are used, these are based on the 
yields from one or more periods that have many lags. The ARCH (p) process is consistent 
with the use of the following variance polynomial (Engle, 1982, 2001):

The parameters are αo>0 and the rest tend to be positive αi ≥ 0.

In general, the quasi-maximum likelihood method and Stata software were used for a 
better estimation of parameters with the ARCH and GARCH processes. This resulted in more 
robust standard errors, and in the assumption that the variations follow a normal distribution.

Valuation and volatility in futures contracts

The valuation of these contracts is largely dependent on the behavior of the underlying asset, 
mainly bonds and stock indices; every time the interest rate becomes a risk and has an erratic 
movement, it leads to a stochastic process (De Jesus & Diaz, 2011), consequently, investment 
preferences lean towards 3 and 10, or more, year bonds.

The significant flow of funds in futures contracts is explained not only by the volatility of 
the markets, but also by the need to ensure a level of liquidity in the future. Risks are raised 
by market swings in oil prices, stock market cracks, exchange rate devaluations, and interest 
rate adjustments (Gamboa and Vega, 1998). The creation and use of these instruments, ac-
companied by the use of various underlying assets, turn out to be an investment mechanism, 

5 These conditions are fulfilled under the ergodic theorem, an independent distribution of the mean where the mean has conver-
gence towards that point, in light of larger samples (Grimmet & Stirzaker, 1992).
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while at the same time conserving value over time, liquidity, and fixing future prices, thus 
becoming a form of risk transfer (Chorafas, 1996; Gamboa and Vega, 1998).

The way trades move, and the prices that contracts have are crucial in the futures market. 
This price can be expressed based on the following equation:

F: Futures price

S: Price of the underlying asset

Rt: Base risk (difference between the former price and the current price)

C: Implicit transaction costs6

R0: Zero-time risk assessment

εt-1: Error term, delayed by one period

In statistical work, the current futures and spot prices have small deviations. This is attribu-
ted to the good functioning of the arbitration mechanisms and, consequently, the negotiations 
become efficient and viable. When there is a difference between the futures price and the 
current spot value, the “base risk” (Rt) appears. This should be zero when approaching the 
delivery date, but this is not the case in the reality of how markets operate. Therefore, the 
lack of arbitrage opportunities leads to greater risk (Hull, 2017:75).

For Elvira and Larraga (2008), a valuation of the futures contract under the backing of a 
stock exchange index has another formulation. It is based on the conditions of a stock market, 
considering that this index presents adjustments in those shares, whose issuers have capital 
increases, but do not grant rights to dividends. The value of the futures contract must reflect 
the fluctuations of a portfolio of investment assets, the underlying value of which is the price 
index. Based on Hull (2009:108), the contract price is subject to the expression:

F = St . Zt    (6)

Zt=e (r-d)t     (7)

6 For Ronald Coase (1937), transaction costs have to be considered in exchanges, because they represent an externality, but this 
externality opens the possibility of an innovation process and market efficiency.
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F: Futures value or price on a stock index

St: Price of the underlying asset (Price Index)

r: Risk-free interest rate in term

d: Dividend rate in term

t: Delivery term

Zt: Variables that are not implicit in the underlying asset (r, d, etc.)

In this formulation, if F>St.Zt, it is advisable to invest in the futures contract, encouraged 
by probable profits; conversely, if F<StZt it is advisable not to invest because of expected 
losses. This could help in the representation of the ups and downs that occur in the markets, 
but it has limitations. Futures transactions and arbitration transactions, which actually occur 
in the markets and happen between buyers and sellers of contracts, are not contemplated.

Discussion of the results

The free flow of capital abroad creates the conditions to generate sufficient confidence and 
certainty regarding the stability of the exchange rate. Nevertheless, some authors establish that 
this marks the priority in the economic policy, that of avoiding speculation and of preventing 
“unhinging” the capital markets and currencies (Huerta, 2009). Stability in the markets should 
be supported by fiscal discipline and a controlled management of the exchange rate, despite 
the adjustments that took place at the end of 2016 and throughout 2017.

The efficient management of financial assets and liabilities is certainly subject to the ups 
and downs of the markets and the search for greater valuation of securities, accompanied by 
an updated flow of future returns. Nevertheless, it is possible that, given the volatility of the 
markets, it may be preferable to maximize returns or to fix the price of the foreign currency 
today until a certain future date (Kozikowski, 2000; Pacheco and Urzúa, 2003), based on the 
purchase of a derivative instrument, such as futures.

Structure and composition of futures transactions

Initially, futures investments were based on the interest rates of 91-day CETES and then they 
moved to equilibrium interbank interest rates. This shift in futures contracts was caused by 
falling oil prices and increasing exchange rate fluctuations. The predominance of uncertainty 
made investors prefer migrating to other types of contracts. According to MexDer data, the-
re were futures transactions totaling 3.9 trillion current pesos in 2010, most of which were 
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earmarked for equilibrium interbank interest rates (TIIE) and 91-day CETES. While in 2016 
they totaled $756.9 billion pesos, and were earmarked to strong investments backed by the 
stock index (IPC), but not on interest rates (Table 1).

This management and distribution of risks falls on the configuration of futures contracts, 
which, from 2010 to 2016, showed a dynamic in favor of underlying assets such as interest 
rates known as 28-day TIIE, which absorbed 65.9% in 2010 and fell to 7.2% in 2016, because 
the volatility of the exchange rate had a greater impact and there was no longer certainty in 
the direction of currency prices. On the other hand, futures based on stock indices (IPC) were 
the most promising and growing investment alternative, moving from 11.1% of the total in 
2010 to 59.4% in 2016.

Concerning bonds as underlying assets, futures absorbed 13.5% of the total resources in 
2010, and 27.3% in 2016 (Table 2). The most important instruments in these futures contracts 
were 3-year bonds (M3), 10-year bonds (M10), 20-year bonds (M20), and in 2016 the bonds 
maturing in December rebounded (DC24). When it came to shares and Certificados de Par-
ticipación Ordinaria (CPO) (Ordinary Participation Certificates) included in the operations 
of the MexDer, the futures did not really show that there were strong investments in them. 
However, there were reports of movements and futures transactions of América Móvil, Cemex 
CPO, Grupo Mexico B, and Walmex V, among others.



F. Gaona Montiel, et al. /  Contaduría y Administración 65(1) 2020, 1-23
http://dx.doi.org/10.22201/fca.24488410e.2018.1752 

10

Ta
bl

e 
1

C
om

po
si

tio
n 

of
 fu

tu
re

s c
on

tra
ct

s b
y 

ty
pe

 o
f u

nd
er

ly
in

g 
as

se
t, 

20
10

-2
01

6 
(M

ill
io

ns
 o

f c
ur

re
nt

 p
es

os
)

 C
O

N
C

EP
T

20
10

%
 o

f t
he

 

To
ta

l

20
11

%
 o

f t
he

 

To
ta

l

20
12

%
 o

f t
he

 

To
ta

l

20
13

%
 o

f t
he

 

To
ta

l

20
14

%
 o

f t
he

 

To
ta

l

20
15

%
 o

f t
he

 

To
ta

l

20
16

%
 o

f t
he

 

To
ta

l
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

ST
O

C
K

 IN
D

IC
ES

 

SU
B

TO
TA

L

44
1,

26
5.

8
11

.1
44

1,
01

7.
7

10
.3

42
2,

14
5.

9
12

.0
39

7,
54

1.
0

25
.3

42
2,

78
7.

7
33

.8
51

8,
09

5.
0

41
.6

49
6,

33
4.

3
65

.6

IP
C

44
1,

26
5.

8
11

.1
44

1,
01

7.
7

10
.3

42
2,

14
5.

9
12

.0
39

7,
54

1.
0

25
.3

41
4,

77
4.

4
33

.2
48

0,
30

2.
8

38
.6

44
9,

68
6.

8
59

.4

M
in

i I
PC

 
 

 
 

 
 

 
 

8,
01

3.
2

0.
6

37
,7

92
.2

3.
0

46
,6

47
.6

6.
2

R
AT

ES
 S

U
B

TO
TA

L
2,

98
6,

01
5.

9
75

.4
3,

17
4,

48
9.

2
74

.4
2,

69
7,

92
6.

1
76

.5
1,

00
3,

97
6.

4
63

.9
70

5,
68

3.
7

56
.5

56
7,

59
6.

7
45

.6
54

,3
41

.0
7.

2

C
ET

ES
 9

1
37

5,
85

6.
9

9.
5

32
7,

82
7.

1
7.

7
16

7,
88

0.
2

4.
8

46
,1

40
.9

2.
9

4,
66

0.
0

0.
4

0.
0

 
0.

0
0.

0

TI
IE

 2
8

2,
61

0,
15

9.
0

65
.9

2,
84

6,
66

2.
1

66
.7

2,
53

0,
04

5.
8

71
.7

95
7,

83
5.

4
60

.9
70

1,
02

3.
7

56
.1

56
7,

59
6.

7
45

.6
54

,3
41

.0
7.

2

B
O

N
D

S 
SU

B
TO

TA
L

53
4,

05
9.

6
13

.5
65

3,
94

1.
6

15
.3

40
6,

60
5.

4
11

.5
16

9,
82

8.
1

10
.8

12
0,

80
7.

9
9.

7
15

8,
70

0.
4

12
.8

20
6,

28
4.

2
27

.3

SH
A

R
ES

 S
U

B
TO

TA
L

40
.3

0.
0

16
9.

3
0.

0
1.

9
0.

0
17

5.
1

0.
0

16
2.

2
0.

0
37

.9
0.

0
38

.5
0.

0

SU
M

3,
96

1,
38

1.
7

10
0.

0
4,

26
9,

61
7.

7
10

0.
0

3,
52

6,
67

9.
3

10
0.

0
1,

57
1,

52
0.

6
10

0.
0

1,
24

9,
44

1.
4

10
0.

0
1,

24
4,

43
0.

0
10

0.
0

75
6,

99
7.

9
10

0.
0

So
ur

ce
: e

la
bo

ra
te

d 
ba

se
d 

on
 th

e 
da

ta
 fr

om
 th

e 
M

ex
ic

an
 D

er
iv

at
iv

es
 E

xc
ha

ng
e 

(M
ex

D
er

).



F. Gaona Montiel, et al. /  Contaduría y Administración 65(1) 2020, 1-23
http://dx.doi.org/10.22201/fca.24488410e.2018.1752 

11

Ta
bl

e 
2

Fu
tu

re
s c

on
tra

ct
s b

y 
ty

pe
 o

f b
on

d 
an

d 
st

oc
k,

 2
01

0-
20

16
 (M

ill
io

ns
 o

f c
ur

re
nt

 p
es

os
)

 
C

O
N

C
EP

T
20

10
%

 o
f t

he
 

To
ta

l
20

11
%

 o
f t

he
 

To
ta

l
20

12
%

 o
f t

he
 

To
ta

l
20

13
%

 o
f t

he
 

To
ta

l
20

14
%

 o
f t

he
 

To
ta

l
20

15
%

 o
f t

he
 

To
ta

l
20

16
%

 o
f t

he
 

To
ta

l
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

B
O

N
D

S 
SU

B
TO

TA
L

53
4,

05
9.

6
13

.5
65

3,
94

1.
6

15
.3

40
6,

60
5.

4
11

.5
16

9,
82

8.
1

10
.8

12
0,

80
7.

9
9.

7
15

8,
70

0.
4

12
.8

20
6,

28
4.

2
27

.3

D
C

18
 

 
 

 
 

 
 

 
 

 
3,

68
1.

5
0.

3
38

,1
00

.8
5.

0

D
C

24
 

 
 

 
 

 
 

 
 

 
14

5,
75

4.
0

11
.7

16
8,

18
3.

4
22

.2

3-
ye

ar
 b

on
d 

(M
3)

11
6,

42
1.

3
2.

9
21

,3
33

.5
0.

5
29

,4
23

.5
0.

8
32

,4
92

.5
2.

1
28

,7
49

.6
2.

3
2,

49
7.

2
0.

2
 

 

10
-y

ea
r b

on
d 

(M
10

)
25

9,
15

8.
9

6.
5

33
5,

57
2.

6
7.

9
19

2,
55

4.
7

5.
5

38
,7

87
.6

2.
5

6,
18

0.
9

0.
5

19
.1

0.
0

0.
0

 

20
-y

ea
r b

on
d 

(M
20

)
15

8,
47

9.
4

4.
0

25
2,

01
2.

2
5.

9
14

8,
61

7.
8

4.
2

98
,4

27
.2

6.
3

16
,8

52
.8

1.
3

0.
0

 
0.

0
 

30
-y

ea
r b

on
d 

(M
30

)
 

 
45

,0
23

.3
1.

1
36

,0
09

.4
1.

0
12

0.
9

0.
0

2,
26

3.
0

0.
2

1,
86

5.
3

0.
1

0.
0

 

D
C

24
 b

on
d

 
 

 
 

 
 

 
 

57
,2

07
.9

4.
6

 
 

 
 

M
Y

31
 b

on
d

 
 

 
 

 
 

 
 

9,
55

3.
8

0.
8

4,
88

3.
4

0.
4

 
 

SH
A

R
E 

SU
B

TO
TA

L
40

.3
0.

0
16

9.
3

0.
0

1.
9

0.
0

17
5.

1
0.

0
16

2.
2

0.
0

37
.9

0.
0

38
.5

0.
0

A
m

ér
ic

a 
m

óv
il

1.
3

0.
0

16
.0

0.
0

0.
2

0.
0

48
.3

0.
0

3.
4

0.
0

0.
0

 
 

 

B
rtr

ac
0.

0
0.

0
0.

0
0.

0
0.

0
0.

0
0.

0
 

0.
0

 
0.

0
 

 
 

C
em

ex
 C

PO
0.

0
0.

0
15

.2
0.

0
1.

7
0.

0
0.

0
 

2.
7

0.
0

2.
3

0.
0

 
 

Fe
m

sa
L

0.
0

0.
0

 
 

 
 

 
 

 
 

8.
7

0.
0

 
 

Fe
m

sa
 U

B
D

 
 

0.
0

 
0.

0
 

0.
0

 
0.

0
 

 
 

 
 

G
ca

rs
o 

A
1

 
 

0.
0

 
0.

0
 

0.
0

 
0.

0
 

12
.7

0.
0

0.
0

 

G
m

ex
ic

o 
B

 
 

31
.3

0.
0

0.
0

0.
0

12
0.

1
0.

0
15

0.
0

0.
0

1.
1

0.
0

38
.5

0.
0

Ilc
tra

c
 

 
1.

7
0.

0
0.

0
 

0.
0

 
0.

0
 

0.
0

 
 

 

M
ex

tra
c

 
 

0.
0

0.
0

0.
0

 
0.

0
 

0.
0

 
0.

0
 

0.
0

 

W
al

m
ex

 V
39

.1
0.

0
10

4.
9

0.
0

0.
0

0.
0

6.
7

0.
0

6.
1

0.
0

 
 

 
 

W
al

m
ar

t
 

 
 

 
 

 
 

 
 

 
13

.1
0.

0
0.

0
 

co
rn

 
 

 
 

 
 

0.
0

 
0.

0
 

0.
0

 
0.

0
 

So
ur

ce
: e

la
bo

ra
te

d 
ba

se
d 

on
 d

at
a 

fr
om

 th
e 

M
ex

ic
an

 D
er

iv
at

iv
es

 E
xc

ha
ng

e 
(M

ex
D

er
).



F. Gaona Montiel, et al. /  Contaduría y Administración 65(1) 2020, 1-23
http://dx.doi.org/10.22201/fca.24488410e.2018.1752 

12

GARCH process and general results analysis

In the futures market, the analysis of the series of monthly contract amounts in the 2010 to 
2016 period shows an average of 26,403.3 million current pesos per month (Table 3). There 
is enormous variability in contract amounts; from a minimum of 5,108.6 to a maximum of 
122,935.6 million pesos per month. The asymmetry was of 3.0 and a coefficient of kurtosis 
of 12.7, the distribution of which managed to possess a high concentration around the mean 
and a great peak towards the side (leptokurtic) (Figure 2).

Table 3

Basic Indicators, 2010-2016

Descriptive Statistic

Mean: 26,403.3

Standard Deviation: 17,698.1

Asymmetry: 3.0

Kurtosis: 12.7

Median: 22,959.8

Minimum: 5,108.6

Maximum: 122,935.6

Q 1: 17,004.6

Q 3: 31,510.7

Source: elaborated with data from the MexDer

 

Figure 2 Distribution of data throughout the 2010-2016 period

Source: own elaboration with data from the MexDer.
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Taking the monthly amounts of the futures contracts, which comprises 84 observations, the 
linear GARCH method was applied between 2010 and 2016, resulting in positive conditional 
volatility, and the conditional variance was not constant. Three rules are met:

a) The parameter estimation is positive (αo=996.3 million, α1=0.01, and β1=0.01) 
for the three cases of GARCH (1,1): normal distribution, t-student, and general-
ized error distribution (GED) (Table 4).

b) These estimated parameters (α1 + β1) <1 imply that there is persistence in terms 
of the speed of error reversal concerning the mean. The GARCH process (1,1) is 
strictly stationary and ergodic, as the conditions of being convergent and congru-
ent with a greater approach to the mean are met as the size of the sample grows.

c) In particular, parameter β1 is different from 0, although it is close to zero. This 
indicates that the distribution of the amount series of the monthly contracts does 
not have a thick tail towards one of the sides.

The non-negativity of parameters α and β, as well as the other rules, means that there 
is no impediment in accepting the estimates through the GARCH process. The hope of the 
GARCH model (p, q) is zero, and the variance will be distributed in a homoscedastic manner 
throughout the period.

Based on these parameters, the GARCH models produce estimates within the sample for 
the daily yields of futures prices for the period, using the quasi-maximum likelihood method, 
which provides more robust standard errors, assuming that the variations follow a normal 
distribution. From the results of the near-maximum likelihood parameters of the GARCH 
model, it is possible to see that all the estimators are statistically significant at the different 
levels of significance.

Similarly, for the parameters of the conditional variance equation, the GARCH model 
(1,1) of these futures contracts does not show dynamic patterns of conditional volatility, such 
as financial belief. The estimated parameters are statistically significant in the most common 
confidence intervals.
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Table 4 

GARCH application in futures: estimated parameters

Parameters
GARCH-values (1,1) 
[Normal Distribution]

GARCH-values (1,1) 
[T-Student]

GARCH-values (1,1) [General-
ized Error Distribution (GED)]

µ 26,403.31 26,403.31 26,403.31

a0 996,318,857.56 996,318,857.56 996,318,857.56

a1 0.01 0.01 0.01

b1 0.01 0.01 0.01

v - 5.00 2.00

 

Tests p-Value Significance  

White noise 37.41% True

Normal Distribution? 0.00% False

ARCH effect? 99.28% False

  

Residual Objective
P-Value Significance

Significance test at 5.00%

0 0.00% True

0 0.00% True

0 0.00% True  

Source: elaborated based on data from the MexDer.

In this analysis the evaluation of the null hypothesis is carried out. Considering the p-value, 
the white noise test provides a determining result on the yields generated by the movements 
in the amounts of the futures contracts. The low significance of the GARCH model clearly 
shows that there is no serial autocorrelation in the futures price yields, and thus accepts the 
null hypothesis of white noise process in the series, particularly in the yields for any level 
of significance.

Conversely, the parameters obtained with the application of the normal distribution and the 
ARCH effect provide unsatisfactory results. When analyzing the residuals, the error term (εt) 
follows a conditional normal distribution, with zero mean and constant variance (σ2), which 
allows inferring that the estimates are significant. Consequently, the results show strong evi-
dence of a high degree of persistence in the process of conditional volatility in futures prices.
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Volatility when the underlying asset is the stock market index (IPC)

The analysis of conditional volatility and the stochastic processes deserve scrupulous attention 
when the underlying asset is the Stock Exchange Prices and Quotations Index (IPC). The 
yields and volatility of this index are representing investment opportunities, valued in futures 
contracts. In essence, futures trading depends more on how the prices of the underlying assets 
move (Zhong, Darrat, and Otero, 2004). This is the case with the stock index, which reflects 
all the movements of the shares7. As a result, futures valuations no longer have an exclusive 
underlying asset in reference to spot commodity prices, under the belief of ensuring a future 
price of these products.

The relation of the conditional volatility and the stochastic processes of the amounts in 
futures with the movements of the stock market index is observed. The monthly series of 
the IPC are taken, with 84 observations, which are analyzed with the GARCH process for 
the 2010-2016 period. This results in a mean of 40,521.7 points (Table 5). There is a marked 
variability in the behavior of the IPC, ranging from a minimum of 31,333 to a maximum 
of 48,011 points. The value of the asymmetry is -0.46, with a kurtosis of 2.13 (leptokurtic), 
reflecting a distribution with pointing.

Table 5

Descriptive statistic: stock index (IPC)

Mean 40,521.7

Standard deviation 4,507.3

Variance 20,300,000.0

Variation coefficient 0.11

Asymmetry -0.46

Kurtosis 2.13

Range 16,677.9

Minimum 31,333.6

Maximum 48,011.5

No. of observations 84

Source: elaborated with data from the MexDer.

7  There are works (Zhong, Darrat, and Otero, 2004) that show that the futures market uses the stock market index as an underl-
ying asset, and it is a faithful reflection of stock prices; however, its volatility becomes a source of instability.
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The use of the ARCH process on the monthly amounts of these contracts leads to the 
estimation of positive parameters, such as: αo=1.10, α1=0.18, and β1=6.03. This reflects that 
the conditional volatility is positive, and that the conditional variance is not constant; this 
means that there is heteroscedasticity8 in consideration of lagging periods (t-1), and that the 
estimates may not be significant.

As for the application of GARCH (1,1) for the monthly series of amounts of the 2010-
2016 futures contracts, a non-positive conditional volatility and the non-consistent conditional 
variance are described. This is based on three rules:

a) The estimation of parameters is not all positive: αo=0.00, α11=0.02, and β1=-0.26, 
if a normal distribution of errors is considered. (Table 6).

b) These estimated parameters do not comply with: (α1 + β1) <1. This implies that the 
GARCH process (1,1) is not strictly stationary for the analyzed period.

c) The β1 parameter is different from 0 and has a negative value. This reflects 
that the distribution of the series of monthly amounts presents thick tails, 
but with tendencies towards values lower than the average and the median. 

Table 6  

ARCH and GARCH methods at stock market indices (IPC): estimated parameters

Parameters ARCH Values (1,1) GARCH Values (1,1)

µ 40,759.87 40,759.87

α0 1.10 0.00

α1 0.18 0.02

β1 6.03 -0.26

v 0.00 0.79

 

Source: elaborated with data from the MexDer.

8 If the variance of errors is not constant it is known as Heteroscedasticity, and may give incorrect estimates of the coefficients 
(Engel, 2001).
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In this occasion, the non-negativity of the estimated parameters is not met, because β<0 
leads to not accepting the ARCH or GARCH estimates when the underlying asset incorporates 
the stock market index. Therefore, there is a heteroscedastic distribution of errors throughout 
the period.

The GARCH process, when the underlying asset is the IPC of the Stock Market, and 
considering the lagged terms of errors and variances, becomes a useful method based on the 
following observations:

a) It is able to predict the conditional variance and, therefore, volatility (Engel, 2001).

a) As a precondition, it is necessary to be sure that there is heteroscedasticity.

a) If the volatility is perceived to be high and persistent, then it becomes more dan-
gerous.

This method is a tool that can provide reliable indications in the exposure to risk behavior 
of a stock market.

In this case, the 2010-2016 period implies the use of more than 2000 daily observations, 
which shows the unstable and volatile behavior by sections. The most significant changes in 
price variability occurred between 2014 and 2015—surmised in the sequence from 1450 to 
1600 observations in Figure 3—due to strong fluctuations in the stock market index, in the face 
of sharp falls in oil prices and the influence of other variables. To identify the non-consistency 
of the variance and the growth of the volatility, the ARCH model was used first, followed 
by the GARCH model, which was the most useful in estimating the variances by means of a 
weighted average of the square of the residuals and the series of past lags.

Figure 3 shows the series of daily volatilities, which reflect financial yields and have more 
or less stable periods of minimal differences in the variability of the price index (IPC). These 
volatilities are interspersed with high variability and instability from pronounced fluctua-
tions, and then return to smaller and symmetrical fluctuations around the mean. It is possible 
to distinguish a grouping of volatility, with relative persistence and reversion to the mean. 
Conditional homoscedasticity is evident in certain sections, which then returns to conditional 
dispersion or heteroscedasticity, which is known as clustering or volatility in agglomerations 
(Engle, 1982; Bollerslev, 1986).
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Figure 3. Evolution of daily yields of futures contracts based on the Stock  
Exchange Prices and Quotations Index

Source: elaborated with data from the MexDer.

In addition to this situation, there are changes in the variance from one period to another, 
which do not occur randomly. There are periods of low volatility and equal variance, followed 
by periods of rising volatility, then declining again and being stable. All this implies that the 
variance of errors and volatility are unavoidably associated for the case of futures and the 
Stock Exchange Prices and Quotations Index.

Volatility of futures with respect to interest rates

Based on the 28-day CETES interest rates of the Bank of Mexico as the underlying futures 
value, the stochastic process of these monthly average rates became determinative in the 
amounts of the futures contracts. A low volatility of interest rates was observed, with a va-
riation coefficient of 16.7% with respect to the average. This average ranged between 2.67% 
and 5.61% in the period, its maximum value. The mean was of 3.82%. The variance of the 
sample was 0.41 and had a kurtosis of -0.70, which reflects a less targeted distribution (pla-
tykurtic) with thicker tails (Table 7).
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Table 7

Descriptive Statistics: 28-Day Cetes Rates

Mean 3.82

Typical error 0.07

Median 4.04

Mode 3.02

Standard deviation 0.64

Variance of the sample 0.41

Variation coefficient 0.16

Kurtosis -0.70

Asymmetry Coefficient -0.10

Range 2.94

Minimum 2.67

Maximum 5.61

No. of Observation 84

                                      Source: elaborated with data from the MexDer

The GARCH method applied to the monthly series of interest rates from 2010 to 2016, 
to estimate the behavior of conditional variance, square residuals, and conditional volatility, 
will be strictly positive and adhere to the GARCH process (1,1). For this, at least two rules 
must be followed:

a) The parameters αo=0, α1=0.51, and β1=0.51 are positive in the three GARCH situa-
tions (1,1): normal distribution, t-student, and generalized error distribution (GED) 
(Table 8).

b) As the estimated parameters (α1 + β1)>1, the unit is slightly exceeded, which means 
that the GARCH process (1,1) gives a slight non-persistent variance. There is no 
strictly stationary process for the determination of the conditional variance.



F. Gaona Montiel, et al. /  Contaduría y Administración 65(1) 2020, 1-23
http://dx.doi.org/10.22201/fca.24488410e.2018.1752 

20

With the compliance of these rules, given the non-negative parameters α and β, it is possi-
ble to accept the GARCH estimates with respect to the three conditions: normal distribution, 
t-student, and generalized error distribution.

There is a kurtosis of -0.70 and a parameter of β1=0.51, which is b1 different from 0. It is 
evident that the queues of the distribution of the interest rates are thicker than normal in light 
of the description of an almost flat kurtosis, without peak.

Table 8

GARCH method at CETES interest rates: estimated parameters

Parameters
GARCH-Values (1,1) 
[Normal Distribution]

GARCH-Values (1,1) 
[T-Student]

GARCH-Values (1,1) [General-
ized Error Distribution (GED)]

µ 3.82 3.82 3.82

a0 0.00 0.00 0.00

a1 0.51 0.51 0.51

b1 0.51 0.51 0.51

v - 5.00 2.00

 

Tests p-value Significance  

White Noise 0.00% False

Normal Distribution? 37.22% True

ARCH effect? 0.00% True

  

Residual Objective
P-Value Significance

Significance Test at 5.00%

0 0.00% True

0 36.21% False

0 7.21% False  

Source: elaborated based on data from Bank of Mexico.

An evaluation of these parameters, if the existence of white noise is considered, shows 
futures not achieving decisive results on yields and volatility, taking into consideration interest 
rates. On the other hand, the parameters resulting from the normal distribution and the applica-
tion of the ARCH Effect, which contemplates the most recent past to estimate the variance of 
a period, do present determining results on the yields of interest rates. The significance test at 
5% of the squared residuals, for the error term (εt) follows a conditional normal distribution, 
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with zero mean and a constant variance (σ2); this warns of a strong confidence and precision 
in the estimated parameters.

Conclusions

The use of the GARCH method and, in certain cases the ARCH method, provides a satisfac-
tory estimate of the degree of conditional expected volatility in relation to various underl-
ying assets in futures contracts. The estimated parameters show that the GARCH process is 
more acceptable, even if the errors are not distributed normally. It should be noted that the 
volatility measurement involved the monthly amounts of the contracts. However, the results 
move significantly when the statistical series changes and the Stock Exchange Index and the 
CETES interest rates are used.

With persistent volatility in the price index and bond yields, investors have an unpredictable 
behavior as to whether this will help them make decisions regarding futures contracts. Investors 
expect a higher return when there is a higher, risk-adjusted profitability (Crane et al., 1995). 
As has already been shown, futures contracts depend on how volatile the stock market is in 
order for the price index of this instrument to be taken as a reference for the underlying asset.

Despite criticism and comments, the GARCH model is useful and is a key tool in analyzing 
the behavior of risk exposure in futures markets in particular. Perhaps in other financial mar-
kets it is not as useful, due to the degree of volatility and because it is more persistent and 
dangerous. In emerging economies, it is attributed to a strong weakness in their institutional 
and financial structures.

Futures transactions reflect investment opportunities, depending on whether the futures 
price is a good investment alternative. These contracts had an upward behavior in terms of 
amounts of investments and as a result of the fact that the decisions are supported with the 
certainty in the future price. Indeed, this should not represent a loss in the negotiation of 
a futures contract. In addition, futures investments may yield possible expected profits, as 
contracts include one or more underlying assets, whose interest rate generates encouraging 
expectations in the long term.
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