
Exchange rate. Level and volatility

During 2015, the dollar gradually rose 13.9 MXN/USA from December 2014 to 17.21 
at the end of the year. It later showed a further rally up to 19.14 on February 11th. 
Aftertwards it has been declining; at the end of April, the exchange rate stood at 

 

 Comentario 17.31 MXN/USA.

Two issues cause attention concerning the performance of the exchange rate: the 
behavior of exchange rate volatility and the possible effects of depreciation on infla-
tion, monetary policy objective of the Bank of Mexico.The purpose of this note is to 
model the behavior of the peso to the dollar. 1 / Empirical evidence shows that the 
behavior of the exchange rate in the short term can be modeled as a "random 
walk"; this is consistent with the assumption in its weak form of efficient markets, 
which states that all information required to forecast future changes in the exchange 
rate focuses on the historical contributions, so that the expected return of a long 
position in dollars, given the available information, is:

Where:
R(t+1)= Expected performance for the given period t+1.
Ωt = Available information in t. 
St = = Spot exchange rate.

In the absence of capital controls, default risk and credit availability, the theory of 
efficient markets states that E (Rn (t + 1) / Ω_t) = 0, 2 / that is, the mean changes in 
the exchange listing is not predictable. The following table shows the main statisti-
cal of the exchange rate log returns, assuming different time windows:

Highlights include the following results:
 · The mean of the log returns is (approximately) zero, regardless of the window 

size returns; a result that is consistent with the theory of efficient markets, ie, it 

is not possible to obtain extraordinary profits by designing investment strate-
gies.

 · The distribution shows a positive bias and fat tails; distributions have excess 
kourtosis and this kurtosis decreases as the window expands yields; however, 
even in these cases the distributions are far from tending to a normal distribu-
tion.

 · From the graph of daily log returns highlights its conditional dependence on 
time; periods of stability and high volatility clusters are observed. Despite the 
unrest in the foreign exchange market, the variation in log returns in 2015 did 
not reach the levels seen in 2008 and 2012.The distribution shows a positive 
bias and fat tails; distributions have excess kourtosis and this kurtosis decreases 
as the window expands returns; however, even in these cases the distributions 
are far from tending to a normal distribution.

These characteristics of fat tails and conditional dependence contrast with:
 · The theory of efficient markets, which do not refer to the third (bias) and fourth 

moment (kurtosis) of the distribution of returns.
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 ·  With the random walk model which states that the returns are independent and 
identically distributed.

 ·  Therefore, the presence of fat tails and that dispersion of the log returns is con-
ditional in time is inconsistent with the random walk model; however, it does 
not violate the efficient market hypothesis (property of martingale differences).

To validate the hypothesis of random walk, two exercises were conducted: one sta-
tistical and the other, where the results of simulations of the random walk against the 
behavior of the observed change compared effectively. Regarding the statistical 
exercise we concluded that the hypothesis of efficient markets can not be rejected 
3/, which is to consider the random walk model to model the behavior of the 
exchange rate in the short term is reasonable.
Meanwhile, comparison between simulations and observed prices are shown in the 
following graphs 4 /. Comparisons are made for each month from January 2015 to 
April 2016. Highlights include the following results:

 ·  In most months: January to July 2015, September to November 2015 and Feb-
ruary to April 2016, the observed exchange rate (red line) was within the limits 
of the scenarios simulated based on the model random walk. As shown, sce-
narios generated for January and November 2015 and February 2016 are pre-
sented (the results of the other months mentioned are similar).
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is not possible to obtain extraordinary profits by designing investment strate-
gies.

 · The distribution shows a positive bias and fat tails; distributions have excess 
kourtosis and this kurtosis decreases as the window expands yields; however, 
even in these cases the distributions are far from tending to a normal distribu-
tion.

 · From the graph of daily log returns highlights its conditional dependence on 
time; periods of stability and high volatility clusters are observed. Despite the 
unrest in the foreign exchange market, the variation in log returns in 2015 did 
not reach the levels seen in 2008 and 2012.The distribution shows a positive 
bias and fat tails; distributions have excess kourtosis and this kurtosis decreases 
as the window expands returns; however, even in these cases the distributions 
are far from tending to a normal distribution.

These characteristics of fat tails and conditional dependence contrast with:
 · The theory of efficient markets, which do not refer to the third (bias) and fourth 

moment (kurtosis) of the distribution of returns.
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3/, which is to consider the random walk model to model the behavior of the 
exchange rate in the short term is reasonable.
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narios generated for January and November 2015 and February 2016 are pre-
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St

E (R(t+1) /Ωt ) = (E (S(t+1) /Ωt ) - St )         (1)

  Daily Weekly Biweekly Monthly 
Mean 0.000 0.001 0.002 0.003 
Stan. Dev. 0.008 0.016 0.022 0.030 
Skew 0.605 1.029 1.303 1.466 
Kurtosis 10.460 10.576 9.626 8.964 
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in the short term exchange rate.

 

  Sólo en algunos meses: agosto y diciembre de 2015 y enero de 2016 el tipo de cambio 

 · Only in a few months: August and December 2015 and January 2016 the 
observed exchange rate was at the limits of simulated scenarios. However, the 
random walk still seems a reasonable model to simulate the changes expected 
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in the short term exchange rate.
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· However, the model is not reasonable when an extreme event occurs, such as 

depreciation observed in October 2008 with the credit crunch. While the sce-
narios reach peak levels of 11.60 MXN/USA (given the volatility at the begin-
ning of the month), the exchange rate depreciated to settle at 14.0 MXN/USA.
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The fact that the exchange rate can be modeled based on a random walk during 
2015-2016 confirms the fact that despite the depreciation of approximately 20%, 
the characteristics of the distribution of the returns did not change significantly 5/. It 
is therefore very important to distinguish the effects on the level and volatility; the 
exchange rate is an aditional price in the economy, so that an increased level does 
not necessarily mean an unstable exchange market.6/  
One way to solve the problem of estimating the exchange rate in unstable periods 
of fat tails is to consider any non-normal distribution, such as T or Pareto or assume 
that the conditional distribution of returns is normal, implying that the not condition-
al distribution will not be symmetrical but has excess kurtosis. This assumption is 
consistent with the information implied volatilities in prices "at the money forward" 
of plain vanilla options on the exchange rate, which highlights that volatility shows a 
conditional behavior over time.
To model the volatility of the exchange rate, a GARCH (1,1)7/ model was used. The 
results of the estimates indicate:

 ·The regression parameters are statistically significant.
 · The values of the parameters indicate that the measure of persistence is 0.89, 

which means that the degree of memory is shorter than usually assumed in the 
Mexican market, where most traders and risk managers use a 0.94 weighted to 
estimate volatility models using exponentially weighted moving averages.

 ·  If we analyze the following graph highlights that the observed levels of volatility 
Garch are very similar to the levels implied volatilities at the money forward. 
This result contrasts with models of historical volatility (as the exponentially 
weighted moving average), showing persistently lower volatility levels than the 
values of implied volatilities.

 · The fat tails and volatility conditionality can be satisfactorily represented by a 
GARCH (1,1) process.
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 · Therefore, random walk models can be used to generate the different paths; 
however, the scenarios should be built based on the updated values Garch vol-
atility. Another advantage of Garch (1,1) models is that they allow to determine 
the long-term level, to which the volatility must reverse. The long-term volatility 
is determined by the following equation:

 · This implies that the long-term level is 14.2%. 8/ A level that could serve as a 
reference for taking long and short positions on options, betting on changes in 
the level of volatility.
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Footnotes
1/ The effects on inflation are evaluated in note no. 3 FxRates.

2/ Condition known as martingale property differences.

3/Test Unit Roots Phillips and Perron was used. The variable is the daily returns of 
January 4, 2006 to April 27, 2016 (2691 observations). The test results, includ-
ing trend and 22 lags (working days of the month) are (the results do not 
change if the intercept and trend excluded):
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Garch Implícita De largo plazo

Sig Level Crit Value 
1%(**)     -3.9669 
5%(*)      -3.4141 
10% -3.1288 
Lags: 22 
T Statistic: -54.9889 ** 



 

4/ To realize the comparision, the following steps are performed:
 · The simulations are performed with the information of interest rates, exchange 

rates and the current volatility at the beginning of each month. Volatilities infor-
mation corresponds to the Garch volatilities.

 · 50 scenarios with a horizon of 20 days were generated consistent with the 
number of labor days.

 ·The simulations are performed based on the random walk model, ie, the 
exchange rate for the period t + 1 depends on a trend component (carry) and 
a random one. Random numbers are assumed to be normally distributed with 
zero mean and unit variance.

 
5/ This result is consistent with the results of backtesting in positions of changes 

in financial institutions, where non-recurring violations of limits value at risk 
observed in recent months, despite the "instability" of the exchange rate.

6/ The increase in the level of the exchange rate may have other implications, 
such as inflation and production.

7/ Regarding this, we considered the suggestions of Bollervev and Baillie (1989). 
A description of the volatility models, including Garch models, are available on 
Sánchez (2001). The results of the model estimates Garch are:

FxRates 11

        No. 02/may 2016Comentario Económico y Financiero

!

GARCH Model - Estimation by BFGS 
Daily(5) Data From 2006:01:03 To 2016:04:27 
Usable Observations                      2692 
Log Likelihood                      9839.4992 
     

Variable Coeff Std Error T-Stat Signif 

Media -1.2755e-005 1.0219e-004 -0.12482 0.90066841 

C   5.2677e-007 1.5658e-007 3.36421 0.00076763 

A 1 0.1009 0.0121 8.32548 0.00000000 

B 2 0.8925 0.0126 70.98912 0.00000000 



 

8/ This figure is obtained by removing the square root to 0.080%. Remember that 
models Garch approximate volatility through variance returns, unlike market 
participants, where volatility is approximated by the standard deviation. Once 
the standard deviation is estimated for one day, it is scaled by the root of 252, 
which corresponds to the number of working days in a year, to express the vol-
atility in annual terms.
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