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Abstract: The purpose of this paper is to review and to calibrate the SABR volatility model in order to 

estimate the volatility of foreign currency (US dollar) in the case of Mexican market and applied the model to the 

valuation of the option premium (Oc) specifically for the case of international reserves accumulation of the Central 

Bank on Mexico. It was found that the estimation of volatility and the premium Oc when the historical and implied 

volatilities are used have different estimation respect the SABR volatility case, principally when forward price is 

not the same from strike price.  
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1. Introduction 

Since Black-Scholes original paper (1973) plain vanilla options have been valued using market parameters 

and financial assumptions. However later it was discovered that Black-Scholes model estimated the same 

volatility for different strike prices, a fact not observed in the real world, in other words at different strike prices 

produce different volatilities, this behavior is observed in the market and it is known as skew or volatility smile. 

Market volatilities smiles and skews1 are usually managed by using local volatility models. It was 

discovered that the dynamics of the market smile predicted by local volatility models is opposite of observed 

market behavior. When the price of the underlying decreases, local volatility models predict that the smile shifts to 

higher prices; when the price increases, these models predict that the smile shifts to lower prices. Due to this 

contradiction between model and market, hedges derived from the model can be unstable and may perform worse 

than Black-Scholes hedges. 

The concept of local volatility was developed simultaneously by Dupire (1994) and Derman and Kani (1994). 

This idea represents the greatest advance in the understanding and calibration of the smile and volatility skew. In 

another direction, an important approximation of stochastic volatility was proposed by Hull and White (1987) and 

other model was the volatility model proposed by Heston and Loewentein W. (1993). Finally it is specially 

important for this work the contribution of Hagan, Kumar, Lesniewski and Woodward (2002) on SABR model 

and of course mention the version of SABR of Labordere (2009). 

                                                        
Guillermo Sierra Juárez, Ph.D., Universidad de Guadalajara; research areas: quantitative finance, derivatives, volatility, 

econophysics. E-mail: gsierraj@yahoo.com.mx or gsierraj@cucea.udg.mx. 
1 The smile of volatility of foreign currency and the skew of volatility of equities could be explained by the difference between real 
and lognormal theoretical distribution.  



Application of SABR Model to Strategy of Accumulation of Reserves of Central Bank in México 

 420

The local volatility model is consistent with smiles and volatility skews and also free arbitrage. However it 

has been observed in the market, according to Hagan Lesniewski and Woodward (2002), that dynamic behavior of 

volatility smiles and skews predicted by the local volatility model are opposite to the real observed behavior, 

SABR model volatility try to correct that fails of Hagan Model. 

The most outstanding consequence of this result on the local volatility is that in the Hagan model (2002) the 

hedging often is worse than the Black-Scholes model hedge as they are actually inconsistent with the movement 

of the smile of the market, so that the SABR model is considered better model that the local volatility. In the 

original work of Hagan Lesniewski and Woodward (2002) and Lieke de Jong (2010) used perturbation theory to 

evaluate the price of SABR model and its associated implied volatilities. 

The main themes discussed in the following sections are: In section 2 we present the introduction of volatility 

models and the most important results of the SABR model. In section 3, the paper made a review of the issue of 

international reserves in the case of Mexico. In section 4 this paper proposed a review of the purchase of foreign 

exchange model using put options (Banxico Oc option) and its adjustment in volatility with the model SABR, at 

the end there are the results and conclusions of this work. 

2. SABR Model to Strategies of Accumulation of Reserves of Central Bank in México 

2.1 Antecedents (Black-Scholes and Volatility) 

One option is a financial contract that giving to the holder the right, but not the obligation to buy or sell a 

certain asset at an agreed price at some future time. In particular, a European (an option that could be exercised 

only one time) call option with strike price K and maturity T on an underlying S is a contract that giving the right 

to buy or sell the underlying asset at a price K at time T. 

The Black-Scholes equation was published 1973 and was derived by Fischer Black and Myron Scholes (and 

simultaneously Merton). This equation assumes that the underlying behavior associated with the derivative term 

can be modeled by a stochastic brownian motion and its derivation makes use of at least two basic concepts of 

finance: the hedging and arbitrage. 

For the derivation of the Black-Scholes model is considered the following assumptions: there is a risk-free 

rate and variance (both constants), the market is liquid for the asset underlying and the derivative, there are no 

transaction costs, it can be lent and borrowed at the same rate, no dividends are paid and there are no arbitrage 

opportunities. 

Volatility is a measure of dispersion of information about the mean plus a measure of uncertainty in returns 

and typically is related to the standard deviation of an asset. The volatility varies over time and high volatility 

persists for long periods before reaching a long-run equilibrium, an effect known as clustering. Moreover, the 

volatility increases more than proportionally when yields increase when lower yields and this property is known 

as leverage. There are different ways of modeling the volatility as: parametric estimation, the historical moving 

average, using time series (ARMA, GARCH), the stochastic process with Brownian motions and implied and 

local volatilities. 

For the parametric method volatility is a parameter that not changes over time and maintains the same value 

for the entire sample of size n corresponds to the sample variance or standard deviation. The main disadvantage of 

this model is that the volatility forecast is based in information of the past. 

The moving average historical volatility opens a window of size n. Unlike the previous case, volatility is not 
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a parameter but a process that evolves over time. By using the moving average of a sample of size n for each 

variance estimate is added a new observation at the end of the series and simultaneously eliminates the former. 

Some of the disadvantages of this method is its sensitivity to the number of observations moving average or the 

size of the window and on the other hand the weight to each observation receives is the same regardless of 

whether the information can be recent or distant.  

The ARMA model (an autoregressive and Moving Average) considers that the average yield has a value of 

zero and models the variance of returns or squared returns using a linear regression with the square of the returns 

from previous periods. This model can be thought of as a generalization of the previous case where the 

coefficients or weights are determined through a process of regression. This methodology has the advantage of 

being able to make predictions of the intertemporal structure of volatility and reduce the clustering effect estimate 

and exploit the leverage effect. 

The objective of the GARCH (Generalized Autoregressive Conditional Heteroskedasticity) is to estimate the 

conditional variance of returns on financial assets. The simplest model GARCH (1.1) by linear regression assumes 

that the conditional variance as a function of a term independent of the prior period error and variance of the 

previous period corresponding to the autoregressive term. To be stationary in model requires that the estimators or 

regression coefficients are positive (including the constant term) and the sum of the first two is less than or equal 

to one. To estimate the variance of the mean is required which in turn is also estimated using a regression where 

the current period is explained by the performance of the previous period plus a random term. The main advantage 

of this model is to allow forecast volatility in any future period and thus build the term structure of volatility. 

The stochastic volatility model proposed a Brownian geometric motion, the behavior of the variance consists 

of a drift term and a stochastic term. This model uses the Ito calculus in the derivation. 

Several of the above models are based on historical information and in general in the predictions do not 

incorporate structural changes, extreme events o are far from reality. To correct this you must include the 

information in implied volatility in the price of options. 

The model implied volatility takes prices of options contracts traded on the market and calculate the volatility 

on the market. This model uses the option pricing Black-Scholes method and numerical approaches (such as 

Newton or Newton-Raphson) to estimate the volatility considering the knowledge of the remaining parameters. 

According to this model from the price of European options contracts (call or put) the underlying asset price, the 

expiration of the option and interest rate risk-free estimated volatility for each point in time. 

2.2 SABR Volatility Model  

The SABR Model (by abbreviations of stochastic the parameters alpha beta, rho) proposes a forward rate (f) 

(which may be a forward swap rate, a forward exchange rate, forward actions price etc.) and its volatility 

described by a parameter α, both are described by two stochastic processes. 

It is important to remember the following observations about the SABR model: (1) forward rate and their 

volatility are martingale (2) all the parameters of the model ν, β, ρ are constant (3) each forward rate lives in its 

own measure and does not know anything about the other forward rates. The forward rate and it volatility are 

described by the following stochastic equations: 

݂݀ ൌ ఉ݂݀ߙ ଵܹ                                     (1) 

݂ሺ0ሻ ൌ ݂ 

ߙ݀  ൌ ߙ߭ ଶܹ                                      (2) 

Where dW1, dW2 are Brownian motions, f is the forward rate of some underlying, α is the volatility, and ν is 
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the volatility of the volatility. 
dW1dW2=12dt, െ1 ൏ ߚ ൏ 1 

the value of European call and put options are given by the formula of Black, in the case that the underlying are 

futures assets: 

ܥ ൌ ݁ିሺ்ሻ൫݂ܰሺ݀ଵሻ െ  ሺ݀ଶሻ൯                              (3)݂ܰܭ
ܲ ൌ ܥ  ݁ିሺ்ି௧ሻሺܭ െ ݂ሻ                                  (4) 
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Where T is the expiration date, K is the strike price, f is the forward rate, C and P are the call and put options 

premium. The SABR volatility B(f, K) is taken from Labordere (2009), it should be mentioned that the deduction 

from work is based in Heat Kernel methodology and differential geometry, 
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and x(z) is defined by 
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For special case when the financial options are in money, i.e., if K = f the expression is reduced to 
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and for the gaussian case (β = 0) the volatility becomes: 
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Briefly it is possible to say about parameters and the qualitative behavior of the model, according Labordere 

(2009): 

(1) If the initial volatility increases, 0
T moves the smile curve towards the top 

(2)The β exponent has three effects on the smile curve: a) the first one is a progressive lifting of the smile 

curve as β ranges from 1 to 0 b) the second one is a reduction in the level of the smile as β increases c) the third is 

the introduction of curvature to the smile as β goes from 1 to 0 

(3)If ρ moves from 0 to -0.5 the smile is becoming more negative in its slope 

(4)The increase of  increases the curvature of the smile 

2.3 International Reserves in México 

International reserves are biggest assets of general balance from the Central Bank of México (Banco de 
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México or Banxico2. The objective of accumulation of reserves is to contribute to the stability of the national 

currency purchasing power through the compensation of imbalances of the balance of payments. The reserves are 

used as a kind of insurance to deal with contingencies that could damage trade flows or the balance of payments 

generated by macroeconomic and financial imbalances. The reserves are financial assets that the central bank 

invests abroad from Mexico and that can be easily converted into means of payment in other words whose main 

characteristic is the liquidity. A situation of imbalance in the balance of payments requires that assets are easily 

convertible in means of payment to pay off the obligations in foreign currency. 

International reserves are invested in financial instruments that have with certain attributes in the case of 

Mexico3 which stipulates that reserves are made up of foreign currency, gold and must be free of any tax, have 

total availability, it is in addition to assets that represent obligations of entities not residing in Mexico, as deposits 

in financial institutions from abroad and they must be called in freely convertible currencies. 

The same law of Banxico establishes that international reserves in Mexico are only: banknotes and foreign 

coins, deposits, titles and values payable outside the national territory, considered first-order in the international 

markets, with a relatively high credit rating agencies and liquidity, credit of central bank not more than six months 

which this service current and finally special drawing rights of the International Monetary Fund (IMF). 

Mexican Oil (Petróleos mexicanos or PEMEX) is the main provider of foreign currency. Pemex sold dollars 

directly to Banxico proceeds from the sale of oil and it is the main source of foreign currency, which makes up the 

international reserve. Also occasionally as result of the external debt, the federal Government also sells dollars to 

the Bank of Mexico and finally another important source of foreign currency comes from the policy of 

accumulation of international reserves, which in his case, determines the Commission of changes when instructed 

the central bank to buy foreign exchange in the market. 

The appropriate level of international reserves is not a fixed value in time but it depends on the situation and 

the time for each country and the amount depends is a tradeoff between cost and benefit.  

In the case of high levels of reserves, the benefits are among others: the perception of the strength of the currency 

of a country, the strength of its economy for its obligations with the rest of the world that improves the perception of 

the risk country, lowers the cost of external financing and reduces the vulnerability to exogenous shocks. 

The costs associated with maintaining international reserves, is the maintain a reserve inverted in extremely 

liquid financial instruments (such as notes of treasury of United States notes) instead of investing in instruments 

afforded greater performance as long-term instruments. 

It is necessary to mention that an excessive accumulation of reserves is funded with liabilities issued by the 

Bank of Mexico. If the local rate that the Central Bank must pay for these liabilities is greater than the foreign rate 

that receives of average performance of the reserve assets, generates a cost for the central bank. Reserves 

represent a long position in foreign currency leading to major losses or gains of capital. 

It is necessary to say that almost all central banks of the world, including of Mexico do not follow any 

theoretical model for determining reserves, and do not have any particular indicator in particular. If do not 

primarily based on the analysis cost benefit. 

Since the crisis of the nineties (1994-1995) the balance of reserves in the Bank of Mexico has been increased 

considerably and its evolution is linked to the exchange-rate regime. With a fixed exchange rate, the Central Bank 

                                                        
2 According to article 18 of the law on the same central Institute. 
3 Reserves must comply with the provisions of article 19 of the law of the Bank of Mexico. 
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the type of this change at the bottom of a certain level, in such a way that the single put option can be exercised if 

and only the strike price of the exchange is not higher than the arithmetic average of the price of 20 working days 

before of fix exchange rates. 

In Figure 2 the graph shows the contrast between the spot of foreign US dollar/peso4 and by the other hand 

the amount of put options exercised, in almost all cases when the exchange rate had an appreciation tendency.  
 

 
Figure 2  Spot Exchange Rate Peso/US dollar and Exercise of Options Oc 

 

Galan, Duclaud and García (1996) proposed an approximation to the value of the put option for the sale of 

dollars to the Bank of Mexico considering the history of the fix peso/dollar exchange rate in order to estimate the 

volatility. As mentioned previously the choice of Bank Mexico can be seen as a portfolio of European put options 

“at the money”, maturing to a day with exercise price determined by the survey of Bank of Mexico from the 

previous day, once option is exercised the remaining options are lost. In addition it should be remembered that the 

option only may be exercised when the strike is equal to or less than the arithmetic average of the survey of the 

average of the 20 days prior to the date of exercise. In summary, to determine the value of the portfolio of options 

put in it is necessary shall consider the following factors: 

(1) put Option value “at the money”  

(2) probability to comply with the restriction of the average of the “n = 20” days; 

(3) probability to exercise the put option only on a particular day 
ܱ ൌ ∑ ܿݏ݁݀ כ ሻௌݕ݁݊݉ ݐܣሺݐݑܲ כ ó݊ሻ݅ܿܿ݅ݎݐݏܴ݁ሺܾܰݎܲ כ ܹሺ݆݁݁ݐ ݊݅ ݅ܿ݅ܿݎሻ

௧ୀଵ     (14a) 
or 

ܱ ൌ ∑ ݁ିሺ்ିଵሻ כ ሻௌݕ݁݊݉ ݐܣሺݐݑܲ כ ܰሺ݀ଵሻ כ ܰሺܥሻሺ1 െ ܰሺܥሻሻ௧ିଵ
௧ୀଵ          (14b) 

Where each one of the options are joined in the portfolio and Oc is a product of (1) a discount factor, (2) the 

value of the modified Black-Scholes formula “at the money” that mix up the plain vanilla put option with version 

Garman M. and S. Kohlhagen for currencies and forwards, (3) the term of the probability of exercise in a given 

day and finally (4) the probability of meet the restriction of the option. 

With the formula Galan, Duclaud and García (1996) on the condition that the value of the fix exchange rate is 

lower than the average of the 20 days prior. 
                                                        
4 In all paper pesos refer to Mexican pesos. 
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Where 
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On the other hand, also of Galan, Duclaud and García (1996), W(t) is the probability of exercise in one day t, 

once it has been exercised the option eliminates the possibility of subsequent options. It is noted that there is 

incentive to exercise the options as quickly as possible, once satisfied the above mentioned restriction and utility 

exceeds the value of the option premium, this will be exercised. 

ܹሺݐሻ ൌ ݅ܿ݅ܿݎሺ݆ܾ݁݁ݎ ൌ ሻݐ ൌ ܰሺܥሻሺ1 െ ܰሺܿሻሻ௧ିଵ                      (18a) 

ܰሺܥሻ ൌ
ଵ

√ଶగ
 ݁ିೣమ

మ


ି∞ ݀ଶ ൌ ܰሺ݀ଵሻ                                 (18b) 

ܥ ൌ െ
ሺఓାைሻ

ఙഄ
                                    (18c) 

For equations (14a and 14b) it assumed that the portfolio of the options are of type put “at the money”, with 

maturity of one day with the parameters of the exchange rate.  

An adjustment is proposed in the previous model to the premium Oc of the portfolio of the Bank Mexico Oc, 

instead considering the historical volatility or implied volatility of Black-Scholes model. 

We used in the model SABR volatility. 

3. Results 

In the first part of this section there are the results of the calibration model and which is the best estimation of 

the parameters, in the second part there is a comparative for the premium option Oc using historical, implied and 

SABR volatilities, their sensibilities (delta and vega Greeks)5 and finally the differences for the total premium are 

presented in the cases when strike prices and forward prices are equal and the case when are not the same. 

The data for the estimation of SABR volatility are taken from derivatives Mexican market (Mercado 

Mexicano de Derivados or Mexder6) and with complementary information of the other financial variables on the 

mexican market on one day (August 26, 2011). The parameters of volatility, rho, and niu to calibrate the model 

and the volatility obtained is compared with the implied volatility that is taken of real information (see in the 

Figures 3a, 3b and 3c), the best parameters of the calibration are shown in Table 1 and Figure 4: 

                                                        
5 Sensibility of option Oc to underlying and the volatility respectively.   
6 http://www.mexder.com.mx/MEX/Boletin_Diario.html. 

Zt  1 t  i

n









i1

t

 i



 

 

 

 

 

 
 

 

 

 

Application 

0.0

0

0.1

0

0.2

0.0

0

0.1

0

0.2

0

0

0

0

0

0

0

of SABR Mod

Figure 3a  C

Figure 3b  C

Figure 3c  C

0

05

.1

15

.2

25

12

0

05

.1

15

.2

25

12

.15

.16

.17

.18

.19

0.2

.21

.22

1

el to Strategy o

Calibration of S

Calibration of 

Calibration of 

Report Mexder

(Beta=0)

(Beta=0.5)

2

Report Mexder

rho (0)

rho(-0.5)

2

Report Mexd

(Niu=0)

(Niu =0.5)

12

of Accumulatio

SABR Volatilit

SABR Volatili

SABR Volatilit

Report Me

(Beta=0)

(Beta=0.5

12.5

Report Mexd

rho (0)

rho(-0.5)

12.5

der

Report Mexd

(Niu=0)
(Niu =0.5

12.5

on of Reserves

ty Different Be

ity Different N

ty Different Rh

exder
Report

(Beta

)

(Beta

13

der
Report M

rho (0

rho(-0

13

der

Repor

(Niu=

5)

(Niu =

13

s of Central Ba

eta Parameter 

Niu Parameter 

ho Parameter 

t Mexder

Report 

a=0) (B

a=0.5)

(Be

13.5

Mexder
Report 

0) rho

0.5)

rh

13.5

rt Mexder

Report 

=0)

(N
=0.5)

(N

13.5

ank in México 

Mexder

Beta=0)

eta=0.5)

Mexder

o (0)

ho(-0.5)

Mexder

Niu=0)

iu =0.5)

4277



 428

Parameters 

K (Strike Price

F(Forward rate

Beta 

Sigma(I. Vol.)

Rho 

Niu 

T(Maturity) 
 

 

Now ap

2011) to esti

of them. Equ

exercise the 

order to solv

numerical m

deal with the

shown Figur

Application 

e) 

e) 

 

pplying the S

imate Oc that

uations (18a,

 exchange ra

ve solution eq

methods becau

e historical v

re 5. 

0

0

0

0

0

0

of SABR Mod

Table

12 

12.7 

1 

0.205 

-1 

0.9 

0.8194 

Figure 4  Im

SABR model

t is one portfo

, 18b and 18c

ate peso/dolla

quation and f

use of the fin

volatility deal

Figure

0.16

0.17

0.18

0.19

0.2

0.21

0.22

12

0.01

0.03

0.05

0.07

0.09

0.11

el to Strategy o

e 1  Informat

12.5

12.7

1

0.20

-1

0.9

0.81

mplied Volatilit

l volatility w

olio of option

c) estimate th

ar is lower th

find Oc (14b,

nal equation 

t with the est

e 5  Comparat

12.

Sigma 
SABR
Boletin

12

of Accumulatio

tion of Parame

05 

194 

ty vs SABR Vo

with informati

ns put to 20 co

he probability

han the averag

 15a, 15b, 16

is implied. N

timated SABR

tive of Premiu

.5

12.5

on of Reserves

eters for Calibr

13 

12.7 

1 

0.205

-1 

0.9 

0.8194

olatility the Bes

ion of the M

onsecutive da

y of exercise 

ge of 20 day

6a, 16b, 17a,

Now it is prop

R model and

m Oc Banxico 

13

13

Hist-V
SABR
Implie

s of Central Ba

ration 

 

st Calibration 

Mexican mark

ays with matu

an particular

ys before to p

18a, 18b, 18

pose that the

d comparative

Option 

13.

13.5

Vol Price
R-Vol_Price
ed Vol

ank in México 

13.5 

12.7 

1 

0.205 

-1 

0.9 

0.8194 

 

ket of the day

urities of one

r day and the

perform (15a 

8c) it is neces

e Oc premium

e of the result

 

5

y (26 August

day for each

e condition to

and 15b). In

ssary to use a

m, rather than

ts obtained is

t 

h 

o 

n 

a 

n 

s 



 

The sen

shown on 6a

is when ST

decrease as f
 

 

 

By ano

dollar the di

of 13 pesos/

auction for 

income from

Howev

decrease) ev

premium be

graphs show

option in the

forward rate

estimation h

show that th

                    
7 Sensibilities

Application 

nsibility of o

a and 6b. The

T = K = 12.5

forward rate 

other way wh

ifference is m

/US dollar, th

an amount o

m the premium

ver if the dif

very day one 

ecome more i

w the differen

e case of incr

e. In both ca

historical, imp

he total amou

                    
s in financial op

of SABR Mod

option Oc resp

e maximum s

5 peso/US do

increase. 

hen the forwa

minimal 0.001

he difference 

of $600 milli

m option by 6

fference betw

percent until

important and

nce in the est

rease the forw

ases the prem

plied and SA

unt paid for t

                
ption world are 

-0.1195

-0.119

-0.1185

-0.118

-0.1175

-0.117

-0.1165

-0.1

-0.05

0

0.05

0.1

0.15

0.2

0.25

0.3

0.35

el to Strategy o

pect to chang

ensibility of t

ollar and the

Figure 6a  

Figure 6b

ard price of fo

1 pesos for th

between Bla

ion (the near

600,000 or 1,8

ween the strik

l the last one

d particularly

timation of O

ward rate and

mium Oc alm

ABR (case F =

the holder’s o

known like Gre

12

12

of Accumulatio

ge of underly

the value Oc

e sensibility o

Delta Sensibi

 Vega Sensibil

oreign curren

he premium O

ack-Scholes a

rest day was 

8000,000 pes

ke price and

e day (day 20

y for high va

Oc premium v

d in the Figu

most stay co

= K) increase

option and re

eeks. 

12.5

12.5

on of Reserves

ying (foreign 

option respec

of Oc respect

ility of Oc Opti

lity of Oc Opti

ncy coincides

Oc option, bu

and SABR op

July 1 of 20

sos respective

d the forward

0) the differen

alues of the f

value and in 

res 8a and 8b

onstant while

e with strike p

eceived as pre

13

13

s of Central Ba

currency) an

ct to change o

t to change v

ion 

on 

 with exercis

ut another cas

ption value is

011), would 

ely. 

d price of th

nce among in

forward rate. 

amount for o

b the corresp

e the premiu

price. Moreov

emium for th

13.5

13.5

ank in México 

nd respect to 

of the dollar (

volatility (ve

 

 

se price on 12

se when the e

s from 0.003.

represent a 

he US dollar 

n the valuatio

In Figures 7

one dollars au

pond case for 

um Oc obtain

ver the Figur

he Banxico c

429

volatility are

(Delta greek7

ega greek) is

2.5 pesos/US

exercise price

 For an offer

difference in

increase (or

on for the Oc

7a and 7b the

uction of the

decrease the

ned from the

res 7b and 8b

ould become

9

e 
7) 

s 

S 

e 

r 

n 

r 

c 

e 

e 

e 

e 

b 

e 



 430

important in
 

Figure
 

Figure 7b  C
 

Figure

Application 

n the case whe

e 7a  Premium

Considering the

e 8a  Premium

of SABR Mod

ere strike and

m Option Oc W

e Total Amoun

m Option Oc wh

0

0.02

0.04

0.06

0.08

0.1

0.12

-140,000,000

-120,000,000

-100,000,000

-80,000,000

-60,000,000

-40,000,000

-20,000,000

0

20,000,000

0

0.02

0.04

0.06

0.08

0.1

0.12

el to Strategy o

d forward pric

When the Differ

nt Received by 

hen the Differe

12

Hist-Vol Pr
SABR-Vol_

BS
Inc. 1%

Inc. 2%

Inc. 3%
Inc. 4%

Inc. 5%

12

Differ

Differ

Differ

Differ

Differ

Differ

Differ

12

Hist-Vol Price
SABR-Vol_Pric
BS
Decr. 1%
Decr. 2%
Decr. 3%

of Accumulatio

ce are differen

rence of Strike 

Premium Oc a

ence of Strike P

12.5

rice
_Price

12.5

rence Hist_BS

rence SABR_BS

rence one por_BS

rence two por_BS

rence three por_B

rence Four por_B

rence Five por_B

12.5

ce

on of Reserves

nt.  

Price and For

and One Auctio

Price and Forw

13

13

S

S

BS

BS

S

13

s of Central Ba

rward Strike In

on for US 1,200

ward Strike De

13.5

13.5

13.5

ank in México 

 

ncrease 1% Ea

 

0 Millons (Incr

 

ecrease 1% Ea

ach Day 

rease 1%) 

ach Day 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 8b  

4. Co

It is im

with Differe

In the p

currency (U

There a

Implied, Bla

Howev

futures of fo

The tot

is different f

 

References: 

Black Fischer 
No. 3, pp

Derman E. and

De Jong L. (2

Electrical
Dupire B. (199
Hagan P., Kum
Labordere H. P
Heston S. and 

Financia
Hull and Whit

pages 28
Galan M., Duc

de Méxic

Application 

Considering t

nclusions 

mportant to me

ential Geomet

present work 

S dollar) for 

almost is not d

ack-Scholes o

ver the differe

oreign currenc

al premium re

from the strik

and Myron S. S
p. 637-654. 
d Kani I. (1994

010). “Option p

l Engineering, M
94). “Pricing w

mar D. Lesniew
P. (2009). Analy
Loewentein W
l Studies, Vol. 6
te (1987). “The
1–300. 
claud J. and Gar
co”, Working Pa

of SABR Mod

the Total Amou

ention that th

try is the sam

is presented 

the SABR vo

difference of 

or SABR. 

ence Oc in is i

cy dollar. 

eceived for th

ke price. 

Scholes (1973)

). “Riding on a 

pricing with pe

Mathematics an
with smile”, Risk
wski and Woodw

ysis, Geometry,
W. (1993). “Optio

6, pp. 327-343. 
e pricing of opt

rcia A. (1996). “
aper, Central B

-120,000,000

-100,000,000

-80,000,000

-60,000,000

-40,000,000

-20,000,000

0

20,000,000

40,000,000

60,000,000

el to Strategy o

unt Received b

he volatility fu

me that origina

the calibratio

olatility mode

the premium 

important in a

he issue of pu

. “The pricing o

smile”, Risk, N

ertibartion meth

nd Computer Sc
k, No. 7, pp. 18
ward D. (2002). 
, and Modeling 
ons with Stocha

ions on assets w

“Una estrategia
ank of México.

0

0

0

0

0

0

0

0

0

12

Diff

Diff

Diff

Diff

Diff

Diff

Diff

of Accumulatio

by Premium O

function and p

al proposed o

on of the par

el. 

of Banxico O

all cases diffe

ut options shou

of options and c

No. 7, pp. 32-39

hods”, January 

cience Delft Ins
-20. 
“Managing sm

g in Finance, Ch
astic volatilities

with stochastic 

a de acumulació
.  

12.5

ference Hist_BS

ference SABR_BS

ference one por_B

ference two por_B

ference three por_

ference Four por_

ference Five por_B

on of Reserves

c and One Auc

premium of o

of Hagan usin

rameters of v

Option Oc “At

erent of “at th

uld be much l

corporate liabili

9. 

2010, Thesis of

stitute of Applie

mile risk”, Wilmo
hapman and Ha
s with applicatti

volatilities”, T

ón de reservas m

13

S

BS

BS

_BS

_BS

BS

s of Central Ba

ction for US 1,2

option of to th

ng perturbatio

volatility SAB

t the money” w

he money” esp

less if the futu

ities”, Journal o

f Delft Univers

ed Mathematics

ott Magazine, p
all. 
ions to bond and

The Journal of F

mediante opcion

13.5

ank in México 

200 Millons (D

he SABR mo

on theory. 

BR for the ca

when the vol

pecially for h

ure of the fore

of Political Eco

sity of Technolo

s. 

pp. 84-108. 

d currency optio

Finance, Volum

nes de venta de d

5

431

Decrease 1%)

odel obtained

ase of foreign

atility used is

high values of

eign currency

onomy, Vol. 81,

ogy Faculty of

ons”, Review of

me 42, Issue 2,

dólares: El caso

d 

n 

s 

f 

y 

, 

f 

f 

, 

o 


