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Abstract. This paper investigates the effect of derivatives on the relationship between the foreign
exchange rate and the stock market. A theoretical model is used to extend the understanding of
that relationship. Also, the model is tested with an empirical analysis using the GMM strategy
for the Mexican and Brazilian stock markets for the period 2007 to 2019. Findings reveal that in
addition to the spot exchange rate, exchange rate futures explain the currency exposure, wherein
the derivative effect is the most prominent. The result implies that both risk sources should be
considered in the implementation of risk management or macroeconomic policy. The theoretical
results are extended by applying them to international portfolio management, proposing a strategy
to mitigate foreign exchange exposure with derivatives. This study contributes to the literature by
explaining why the minimum variance hedge ratio plays an essential role in the foreign exchange
rate and stock market nexus.

Keywords: dynamic stochastic programming, portfolio, risk hedging, derivatives, futures market,
foreign assets, foreign exchange markets.
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Introduction

International finance theory states that unsystematic risk may be reduced by increasing the
number of foreign stocks in a portfolio (Salma & Hussain, 2018). Nevertheless, the exchange
rate risk must be considered. Several studies have proved that variations in the exchange rates
affect the present and expected profits of cross-border firms, such as importers-exporters,
manufacturing industries, and multinational enterprises. As a result, there is a plausible im-
pact on expected cash flows. On the other hand, according to efficient market theory, a firm
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stock price is an unbiased estimate of the real value of the investment. The latter implies an
exchange rate effect on stock prices or firm value. In this regard, several empirical studies
have found either a weak or no substantial relationship between the exchange rate and stock
prices (Jorion, 1990; He & Ng, 1998; Nguyen et al., 2007; Makar & Huffman, 2008; Lee & Suh,
2012; Inci & Lee, 2014). In a multinational context, an explanation for this puzzling weak
relationship is that firms have been hedging their exchange rate risk using foreign currency
derivatives (Kambi & Ali, 2016; Singh, 2017; Caves, 2007; Allayannis & Ofek, 2001).

Some authors have performed empirical studies to analyze the effect of hedging strategies
with derivatives on firm value (Guay & Kothari, 2003; Bartram et al., 2011), or on portfolio
allocation (Demange & Laroque, 1999; Branger et al., 2019). Findings have proved the nega-
tive effect of the lack of hedging practices on exchange rate exposure (Bhargava & Malhotra,
2007), suggesting that exchange rate exposure is negatively related to derivatives usage (An-
derson et al., 2004). However, the impact of exchange rate derivatives on the entire stock
market has only been analyzed using derivative volume as a proxy of the derivative market
(Aysun & Guldi, 2011). A detailed analysis that explains why foreign exchange derivatives
moderate the effect of the relationship between the exchange rate and stock markets is lack-
ing, particularly a study with a strong theoretical basis. This paper aims to contribute to that
discussion with a theoretical and empirical analysis not only by explaining the causes and
magnitude of the impact but also by developing a theoretical solution that may also have
a risk management application. Findings would help to extend the understanding of the
sources of uncertainty in an exchange rate market, which would allow more accurate cur-
rency risk management strategies.

To that end, a stochastic model in continuous time is performed for an investor who has
access to a portfolio of foreign stock and exchange rate derivatives. The model is tested by
performing a panel econometric analysis using the Generalized Method of Moments (GMM)
strategy for the Mexican and Brazilian stock markets. There are several reasons why the study
has been carried out for the Mexican and Brazilian stock markets: First; during and after the
2008 financial crisis, high exchange rate depreciation in Latin America was observed. For
example, between September and March of that year, the five biggest Latin America econo-
mies experienced a considerable depreciation in their currencies, e.g., México and Brazil
saw 38.1% and 41.7%, respectively. Second; Duarte and Mascarefas (2014) show that the
major Latin American economies have experienced a change from non-efficiency to mar-
ket efficiency in recent years, which is an important feature in empirical analysis on stock
returns, and is the case for this research. Third; the currency futures of those two countries
are quoted in the Chicago Mercantile Exchange market, a feature that is used in this study
because instantaneous changes in those prices are appropriate for the analysis of a dynamic
stochastic model like the model described in this study.

The main contribution of this research is to extend the theory that explains the impact
of foreign currency on stock markets, considering the moderating effect of the derivative
market. Based on the theoretical model, this analysis reveals why that relationship has two
components: the spot and the futures exchange rate markets. It also explains how the hedge
ratio, or the correlation between a derivative and the spot exchange rate, plays an essential
role in that nexus. In addition, following the theoretical result, the international portfolio
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theory is extended by proposing an optimal hedging strategy on currency risk. In particular,
a closed-form solution is proposed that estimates the optimal weights to hedge the foreign
exchange risks in an international portfolio context. The rest of the paper is organized as
follows: Section 1 provides the literature review. Section 2 describes the theoretical model.
Section 3 describes the data and develops the econometric analysis. Section 4 discusses the
results. The final section provides conclusions and acknowledges limitations.

1. Literature review
1.1. Foreign exchange impact on stock markets

The impact of the exchange rate on stock markets has been defined in literature as economic
exposure or exchange rate exposure. Most empirical analyses have followed Adler and Du-
mas’s approach (1983) estimating exposure by the regression coeflicient of the exchange
rate change on stock returns. In the same sense, Inci and Lee (2014) performed a causality
analysis and found a bidirectional causal relationship from exchange rates to stock returns
before 2008. In the same study, the result proved to be stronger during the 2008 recession.

In the context of a multinational firm, this finding of exposure suggests that the effect
of the exchange rate on stock returns depends on the firm’s characteristics, for example, the
degree of foreign involvement (Jorion, 1990). Some studies show evidence that exposure is
time-variant, and depends on factors like financial distress, growth opportunities, and prod-
uct uniqueness (Wei & Starks, 2013). In a similar approach, Anisak and Mohamad (2019)
emphasize that exchange rate exposure depends on when it is measured, arguing that the
results depend on if exposure is measured before or after a crisis, which was corroborated by
Mahapatra and Bhaduri (2019). Finally, some analyses show evidence that exposure is less
significant for short-term periods due to restrictions on the currency’s daily trading band
and that it is more substantial for longer periods (Tang, 2019).

Regarding Latin American firms, a study for all economic sectors confirms previous find-
ings of an adverse effect of exchange on stock returns, except for Colombia (Santillan-Salgado
et al,, 2019). For Brazilian companies, Rossi’s (2011) study found that the exchange rate
exposure changed when Brazil changed from a fixed to a floating regime, wherein foreign
currency borrowing and the use of derivatives were essential factors.

1.2. Foreign exchange derivatives as moderators of foreign exchange exposure

Empirical literature analyzing the use of foreign derivatives by firms has emphasized that
exposure is negatively correlated to derivative usage. This can be seen in a research for the
emerging economies: Brazil, Chile, Israel, Korea, Mexico, and Turkey, developed by Aysun
and Guldi (2011), in which the volume of foreign derivatives is a proxy variable of exchange
rate derivatives. Previous findings have shown that in addition to risk mitigation, the use of
foreign currency derivatives affects firm value. In this regard, Luo and Wang (2018) highlight
that exposure is higher for firms with more significant profitability and evidence of top in-
vestment opportunities. On the other hand, some literature supports the idea that the effect
of exchange rate derivatives on firm value is weaker during a crisis. The degree of exposure
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may explain those asymmetries. For example, Bae, Kim, and Kwon (2018) explain that highly
exposed firms show lower firm risk but also lower firm values.

Regarding the effectiveness of foreign exchange derivatives in reducing exposure, Sikar-
war (2018) found that since the financial crisis, firms are more exposed to exchange rate
changes. Also, currency derivatives usage has been more productive during the crisis and
post-crisis period, in contrast to the pre-crisis period. Likewise, some studies have analyzed
the proper use of hedging strategies with derivatives. In a study that incorporates family
ownership, Sikarwar and Gupta (2019) explain that the exposure increases for high and low
levels of family ownership. Their findings reveal that under those circumstances, there is no
proper use of hedging strategy with derivatives; meanwhile, for firms that exhibit middle
levels of family ownership, foreign exchange hedging strategies are appropriately applied.

Regarding sales and purchases of foreign equity, Ozimkovska (2018) shows evidence of
causality from real financial market exchange rate volatility to equity flows. The study also
reveals that the real financial market exchange rate volatility negatively impacts purchases
and sales of foreign equity. However, the effect of the real financial market exchange rate
on net purchases of foreign equity impact is positive. In addition, their findings show that
when foreign assets risk increases, sales of assets decrease sharply regarding purchases. The
authors argue that their findings are consistent with the portfolio optimization theory, which
is reviewed in the following section.

1.3. International portfolio theory and foreign exchange derivatives

International finance literature has highlighted the benefits of the foreign portfolio allocation,
claiming that the optimal choice is the portfolio with the lowest spatiotemporal correlation
with other markets. The theory also emphasizes that the exchange rate must be considered
because it contributes to portfolio performance (Mo et al., 2019). Previous findings show that
depending on the currency exchange rate correlations, foreign investors can benefit more
than domestic investors from international trading. Branger, Muck, and Weisheit (2019)
explain that correlations with the exchange rate can affect the utilities of foreign investors
differently, while the impact of relationships between stocks can be symmetric. In that re-
gard, Dwumfour and Addy (2019) found that only depreciation of the Ghana local currency
against the U.S. dollar, but not against Britain Pounds or Euro, reduces the portfolio stock
returns.

In this paper, in addition to performing an empirical analysis, the authors attempt to con-
tribute to the literature by developing a theoretical model that helps to explain the moderat-
ing effect of foreign exchange derivatives on the exchange rate on a stock market relationship.

2. Setting the Theoretical Model

This analysis is based on Cox, Ingersoll and Ross (1985), with a general equilibrium theo-
retical model that incorporates asset prices. In order to relate a macroeconomic variable to
financial assets, in the spirit of Bernal and Venegas-Martinez (2011) and Bakshi and Chen
(1997), the model uses the exchange rate instead of the inflation rate as the underlying as-
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set of the derivative. The proposal is also similar to that of Venegas-Martinez (2006) which
develops a stochastic model to deal with the uncertainty in the dynamic of the exchange rate.

For this research, the first assumption is to consider an economy populated with investors
with the following utility function (preferences or tastes):

U(t,ct,c:)ze’& [(pln(ct)+(l—(p)ln(c;)], (1)

where ¢, and ¢, are the local and foreign consumption, respectively, § is a time-invariant
subjective discount rate (measuring impatience of consumption), and ¢ is the utility share
on the domestic goods. Moreover, the investors in this economy have access to a foreign
stock, whose price is driven by the following first-order stochastic differential equation
(geometric Brownian motion):

dS; :S; (Hgdt‘i‘GSdWS) , (2)

where p, and o, are the drift and volatility parameters, respectively, and W, is a Brownian
motion (perturbations with stationary and independent normally distributed increments
with mean zero and variance s) defined on a fixed probability space (Q, F,P).

In order for the investors to be able to quantify their portfolio performance in local cur-
rency, this model presumes that the exchange rate follows:

dE, =E, (p dt +c,dW,), (€)

where E, is the price of one unit of foreign currency in terms of local currency. As before,
L, and o, are the drift and volatility parameters of the foreign exchange rate. Consistent
with traditional international finance theory, this investor is exposed to two exogenous sourc-
es of risk, the stock market risk driven by W, and the exchange rate risk driven by W, . This
means that to quantify the expected returns of this foreign asset, the investor should consider
the expected return of the foreign asset plus the expected return of the exchange rate. The
covariance between dW, and dW, is supposed to be given by:

Cov(dW,,dW, )= pdt, (4)

where p is the instantaneous correlation between S: and E, . Also, investors incorporate
exchange rate derivatives to minimize the exchange rate exposure. To a better understanding
of the main purpose of the model, it helps to think of it as an Exchange Trade Fund (ETF),
like the iShares Currency Hedged MSCI Eurozone, which aims to reduce the impact of the
Eurodollar on the Eurozone stocks made up of Eurozone shares, EUR cash and EUR/USD
forwards. This research assumes that the investors have access to a foreign exchange rate
derivative driven by the following stochastic dynamic:

dX(E.t) =X, (ndt +c,dW,), (5)

where the drift is:

— ———G2E} |—, 5.1
ot 6E[“6t 2082 "X, G-l
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and volatility satisfies
E, 0X
c,=—— O,
X, OF
Since (5) is driven by dW,, it implies that p is also the instantaneous correlation be-

tween S; and X, . Moreover, investors hold a risk-free foreign asset, for example, a bond,
of price B;, that satisfies:

(5.2)

dB; =i B, dt, (6)

where i is the paid interest rate. Hence, the investor value function (economic welfare) from
maximizing the expected utility is given by:

0 —3s 1
](t,at)z max E _[e [(pn(cs)+

* x * dS | ‘E > (7)
56500, |} (1—(p)ln(cs)

where 0} and 0, are the proportions of wealth invested in assets S; and X, , respectively.
F, stands for all relevant information available at time t. The equation of wealth, a,, of
the representative consumer-investor is:

a, =S; E, +B/E, + X(E,,t)—c, —¢E,. (8)

where S;E,, BE, and c,E, are the foreign asset price, the foreign bond price and the for-
eign consumption at time ¢, respectively, in terms of the local currency. Here, X, is the
derivative price, and ¢, is the local consumption at time t. Therefore, the evolution of the
marginal wealth accumulation follows:

" ¢ ¢,E
da, =a,[0,dR,, +0,dR, +(1-0; -0, )dR, ——Ldt - ~Ldt]. 9)

ay a4
In the previous equation, dR,,, dR, , and dR, denote the rate of return of the foreign
asset, the return derivative, and the return of the risk-free asset, respectively, all in local

terms. The returns satisfy:

_dS E)

dR, _W:(”S* +l, +p)dt + 0 dW, +o,dW, , (10)
t 't
dr, (t _dX(Et) dt +o,dW, (11)
X )_ X(Et,t) = Hy Ox e’
and d(B*E )
de(t):#:(i+ue)dt+cedWe. (12)

t-t

After substituting these returns in the equation of marginal wealth, the result is:

da, =at[;,tadt+cadeS(t)+caedWe(t)], (13)

where:
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. N ¢, cE
ua=(9S(p.5+p—1)+9X(ux—;,te—z)+1+u‘2 —a—t—%; (13.1)
t t
04 =650, (13.2)
.5 =6, (Gx—ce)—i-ce. (13.3)

The next step is to characterize the optimal decisions ¢;,c,, 8; and 6, under the as-
sumption that financial markets clear.!

Proposition 1. In equilibrium, the expected excess return of the foreign asset is as-
sociated with the instantaneous changes in the exchange rate mean return and the excess
return of the exchange rate derivatives as follows:

: O, 6xe( e_l) Oy “x_i
(“s _1): Pee oy (1_u€xe) +B oy Eo‘xe _ )’ for €, #1. (14)
Where,
o Cov(ds", dX) Cov(ds", dE)
s« 5 se = 5
Oy Oe

_EX _EX

€., = , © G.. (14.1)
* X OE * XOE ¢

For simplicity, it is assumed that: B, =f,,. The implications of this assumption and
the conditions under which the assumption could be modified are analyzed in section 3
of this paper.

Sketch of the proof of (14): In order to characterize the optimal solution of (7) subject to
(8), it is convenient to rewrite the indirect utility function, or value function, at time t as:

](t,a; ) = max E{tTte*BS [(pln(cs ) + (l—m)ln(c: )st +
t

€561 05,0,
j o0 [(pln(cs)—k(l—(p)ln(c;)]|]-"t}. (15)
t+dt
After applying the mean value theorem for integrals on the first term and using the Taylor
theorem on the second term:
0= max Efe™® |:(P1n(ct ) + (1 - (p)ln(c; )]dt + o(dt) + d](t,at ) + o(dt) | F1 (16)
s 504,05

If in the previous equation, It6 s lemma is applied, taking expected values, dividing by

dt, and using the fact that o(df)/dt — 0 when dt — 0, then we get:

. o o 10?
0 :ct,lcj;,éaiex{eiss ((pln(ct)+(1—(p)ln(ct ))+6_i+8_a]tatuu +E§£a[2 (cﬁs +02, +20,, Guep)}.

(17)

1 See, for instance, Venegas-Martinez (2008) or Cox, Ingersoll and Ross (1985).
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Now, consider the following solution candidate to the above condition

J(a,.t)=€ [BO +B, ln(at)]. (18)

Hence, the Hamiltonian is given by:

max H(ct,c;,es,ex ) = max {e¥(gln(c, )+
561 505,0, c(t).c".0,.0,

(1-9)In(c; )~ 8¢ (B, +PB, In(a, ) )+

Bie 3 (0] (1, +p 1)+ O, (1 o —1)-+i+p, —~ ) -
a, a
0,(c,—0,)+0,)?+
Zp(escs)(ex (cx —cse)+cse)

Differentiating the above first-order-condition with respect to ¢,, ¢;, 0,, 0,, the opti-
mal decisions for the utility maximization problem is obtained:

%Ble*&[(escs 2+ L 0. (19)

_ 94

¢ = 5 ; (20)
1
& :ﬁ}ﬂ; (21)
1
. _(Hs+p—i)—6"ptx:cie_’) .
o (p* ~1)o?

o _ os(py —1, —i)—o,p(p; —i+p)+(p? —Dolc, +0, (p(us —i+p)—(p? —l)cxcs) -

(p*-1(o, -0, )2 o,

Assuming that in equilibrium the financial markets clears (6, =6, =0), given the defi-

Cov(S;, Et)

nition of p= , and with algebraic manipulation of (22), the equation (14) is

obtained. 0e0s

The intuition of the theoretical results is the following: First; equation (14) is the result
of an optimization decision in a portfolio context where the economic agent takes optimal
portfolio decisions, hedging the exchange rate risk with derivatives. Thus, the implications
for this research are related to that context. Second, as Cuthbertson and Nitzsche (2004)
explain for the CAPM model, equation (14) is not conceived as a predictive equation for
the return of an asset because both variables are defined at the same time ¢. In this sense,
equation (14) implies that the expected excess return of a foreign asset, L, is linked to
both the instantaneous changes in the exchange rate, p,, and the excess return of the ex-
change rate derivative, p, —i.
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Second; equation (14) shows that the partial effect of the exchange rate on the expected
foreign asset returns, p, —i, is the parameter B,,. If, for example, B, <0, it implies that
an increase in the exchange rate return would harm stock returns. However, when portfolio
managers incorporate derivatives for hedging purposes, equation (14) states that, under
certain conditions, the partial effect of the exchange rate return could be compensated
by incorporating a position in an exchange rate derivative. That condition is obtained by
estimating the partial derivate of the excess return against the exchange rate return in (14),
8(l"’s - i)

5 =0. Using also the definition in (5.1), the result of that partial derivate is:
n

e

BSE :BSX 6)68' (24)

The term ¢,, is equivalent to the minimum variance hedge ratio (Chen, Lee, & Shres-
tha, 2003), which is frequently used in derivative pricing to estimate the number of units
of the derivative to hedge the underlying asset. In the empirical section, this research
exemplifies how that parameter could be applied in portfolio hedging strategies.

3. Empirical research

In this section, the previous analysis is used to test the magnitude and composition of the ef-
fect of the foreign exchange market on Mexican and Brazilian stock markets by testing equa-
tion (14). It is important to emphasize that measuring exchange rate exposure with operating
cash flows may not be accurate, because operating cash flows may not account for operat-
ing derivatives (Bartram et al., 2011). Also, the theoretical model developed in this work is
dynamic, so it is a necessary condition to perform the study with instantaneous changes in
prices. Consequently, this work uses high frequency traded assets for the empirical analysis,
like foreign exchange rate assets and stocks traded in the organized market. Thus, exchange
rate exposure is measured as the regression coeflicient of the exchange rate against the stock
market (Adler & Dumas, 1983; Hodder, 1982; Makar & Huffman, 2008). Accordingly, to test
the theoretical model, the empirical analysis follows the equation:

Ry —Ry =B, +Bye; Exc, +Poy,; (Fut ~Ry ) +Bs; Ry —Ry) 1. (25)

The variable R;, is the daily return of the stock in day £, R is the risk-free rate, Exc, is
the arithmetic return of the exchange rate. The variable (Fut -R ﬁ) is the excess return of
currency derivative. Even when the analysis looks for testing the solution in equation (14),

we control for market risk using the respective country’s stock index, incorporating the term,
R

we use the Chicago Mercantile Exchange (CME) futures on the Mexican Peso and Brazilian
Real against the U.S. dollar. To keep track of exchange rate exposure, only companies with
residence in the respective country were considered; then the firms’ tickers were filtered by
country of residence according to the Bloomberg database stock market screener. The arith-
metic return was estimated from daily prices from 2007 to 2019. As a result, the model is on
an unbalanced panel of 116 Mexican tickers and 207 Brazilians. The application Quantitative

mt ~ R which is the market risk premium. For the exchange rate derivative prices, Fu,,
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Financial Modelling Framework (Ryan et al., 2019) was used to gather stock prices and stock
exchange indexes. As a risk-free rate, the short-term Treasury Bill rate from the respective
central bank database was used. The exchange rates were taken as the spot exchange rate from
the Bloomberg platform. In Appendix, descriptive statistics of the variables are presented.
The panel data unit root tests were performed using several methods, and it was concluded
that all variables are stationary, which is a statistical property to avoid spurious relationships.

For the statistical analysis, it must be considered that hedging decisions are correlated
with size and leverage, as well as investment opportunities (Pérez-Gonzalez & Yun, 2013).
Thus, hedging is endogenously determined. In the sample, there are significant differences
in the size of the companies, which is a possible source of endogeneity. Another potential
cause of endogeneity is the measurement error in the independent variable. So, panel data
models can offer an adequate alternative to deal with these problems (Roberts & Whited,
2012). Equation (25) is estimated in a panel data model using the GMM strategy. In addition
to the two countries’ independent analyses, we incorporate a third scenario that combines
both countries, a panel data of 323 stocks.

Table 1. Panel estimation of equation (25)

. . Mexican and Brazil
Mexican case Brazilian case
together
(1) (2) (3) 4) (5) (6)

Exchange rate -0.160*** -0.071*** —-0.098*** -0.030** -0.1037*%%* | -0.0211**
Futures exchange ~0.124%** 0,091+ ~0.1095%%
rate

Market risk 0.676*** | 0.662°* | 0497 | 0492 | 0.5267*** | 0.5198***
premium

Constant 0.000*** 0.000*** 0.000*** 0.000*** 0.0004*** 0.0003***

Note: Dependent variable: stock excess return. Method: Panel Generalized Method of Moments, 2SLS
instrument weighting matrix. Periods included: 3019 (Mexico) and 3036 (Brazil). Cross-sections in-
cluded: 116 (Mexico), 207 (Brazil) and 323 (both). Unbalanced panel observations: 185,144 (Mexico),
458,884 (Brazil) 664,983 (both).

*** Significance at 1%, and ** at 5%.

Columns 1, 3 and 5 of Table 1 show a negative and significant transmission from the
foreign exchange market to the stock market, which is consistent with recent studies for
emerging countries, including these two countries (Chkili, 2012; El Abed, 2017; Santillan-
Salgado et al., 2019). Second, in columns 2, 4, and 6, of Table 1, the parameters associated
with the exchange rate futures return are incorporated. An evident conclusion from these
results is that the coefficients associated with the exchange rate are lower for each scenario,
compared with the scenario without the futures. In addition, the coefficients of the futures
are also negative, significant, and larger than the exchange rate coefficient. This implies that
the effect of the exchange rate on stock markets has two components, the spot exchange rate,
and the futures market effect, both negative for Mexico and Brazil. For the three cases, the
coeflicient associated with the futures is greater than that of the exchange rate. Equation (24)
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explains that the minimum variance hedge ratio causes such a result because of the changes
in the underlying asset causes the futures price variations. To prove that, the minimum vari-

ance hedge ratio parameter is estimated for the sample, according to the following equation:

Fu, =0,; + €, Exc, + u;,. (26)

Table 2. Estimation of equation (26)

Mexican case Brazilian case Mexican and Brazil together
(1) ) (©)
Exchange rate 0.777*** 0.823** 0.813%**
Constant 0.000*** 0.000** 0.000***

Note: Dependent variable: Exchange rate futures return. Method: Least squares.
Periods included: 3019 (Mexico) and 3036 (Brazil). *** Significance at 1%.

For the Mexican case, using the results of column 2 in Table 1, we see that a 1.00%
increase in the exchange rate would imply a decrease of 0.071% in stock prices. Likewise,
because the hedge ratio is reflecting the elasticity of the futures price return concerning
the spot exchange rate, Table 2, column 1, shows that the futures price would increase
by 0.77%, which would have an impact of 0.77% times the coefficient of the futures. As a
result, the stock return would decrease by 0.0963%. If we summarize the total effect of the
two forces, it would be a decrease in the stock return of 0.1673%, which is similar to the
result of the parameter of the exchange rate in Table 1, column 1, which does not consider
the effect of the exchange rate futures. The same applies to the Brazilian case and the
panel for both countries, in which case the total impact would be 0.1049% and 0.1101%
respectively, which is close to the coefficient of the spot exchange rate in columns 3 and 5.

Finally, as an extension of the results in (14), an international portfolio strategy is ap-
plied to examine how to implement an optimal currency hedge. The application consists
of estimating the proportion of currency futures to hedge the exchange risk of an interna-
tional portfolio. The portfolio is a hypothetically dollar-based. It would incorporate stocks
from Mexican and Brazilian stock markets, Mexican Peso, and Real Brazilian cash. Also,
it would include a short position in exchange rate futures on the currencies of those coun-
tries against the U.S. dollar, to mitigate exchange rate exposure; that portfolio would be
similar in its composition to the Eurozone iShares ETF mentioned before. For simplicity,
the portfolio is assumed to be equally weighed.

Using only the minimum variance hedge ratio coeflicient from equation (26) to esti-
mate the proportion of futures contracts to hedge the portfolio would lead to a sub-optimal
hedge. In that regard, based on the result of Table 2, column 3, it would imply shorting an
amount equivalent to 81.3% of the portfolio value. However, in that case, based on column
6 of Table 1, a depreciation of the Mexican or Brazilian currency, which jointly implied
a 1% of that currency depreciation, would lead to a decrease of 0.0211% of the portfolio
value. Also, because of the positive correlation of the spot and futures, an increase in the
futures price of 0.813% is expected, which implies a gain of 0.089% in portfolio value
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(0.813% times the expected loss in the future contract of 10.95%). In that case, should the
position in the currency futures had been 0.813% of the portfolio value, the gain required
to hedge the position would have been overestimated by almost four times. Then, to make
an optimal hedge, this research proposes using the result in equation (24), which implies

BSE

SX EXE
in the portfolio return when the exchange rate changes. In that case, the position needed
is short the exchange rate futures by 23.7% of the total exposure. That position would
imply that given the change by 1% of the exchange rate, the position in the futures would
generate a profit of 0.021% to compensate for the loss of the currency depreciation in the

same amount.2

taking a position of size: . In terms of (14), that is the condition for a zero change

4. Discussion

Regarding the results for both sections, the theoretical model answers the research question
of how the exchange rate derivatives are affecting the relationship between the exchange
rate and stock markets. The findings suggest that the derivative markets are not necessarily
contributing to lower the exchange rate exposure in the stock market. Still, it implies that to
measure exchange rate exposure, we need to consider both the effect of the exchange rates
and the foreign currency derivative effect. An implication of this result is suggested caution
for traders, portfolio managers, and policymakers when estimating the exchange rate expo-
sure in the financial market. It emphasizes the need to account for both sources of risk, and
to make risk management adjustments in that sense. For example, currently, the Mexican
central bank uses forwards by differences when the spot exchange rate volatility reaches a
certain level. The latter suggests that that authority is not necessarily taking actions to manage
the volatility of the more substantial source, or which could imply a more significant impact,
in this case, the futures market. In that regard, further research is needed to analyze if the
demand for foreign exchange futures goes down in response to increased volatility (Bhargava
& Malhotra, 2007). Also, the analytical result of this study supports the idea that the increases
in dollar depreciation, relative to foreign currencies, are positively correlated with increases
in the purchase of foreign exchange forwards (Hodrick & Srivastava, 1986).

The empirical results of this study are consistent with recent evidence that shocks to the
exchange rate volatility lead to increased hedging activity, and that futures contracts trading
activity reflects additional speculation-type activity (Brown & Curci, 2002). In this respect,
the findings of this study contribute with a practical solution to mitigate exchange rate risk
for a foreign asset portfolio. It accurately suggests a passive strategy to estimate the size of a
futures contract to offset the exchange rate risk in international portfolios. This result con-
tributes to solving the problem based on the evidence that novel financial assets, like ETFs,
do not fully replicate the performance of their respective benchmarks (Almudhaf, 2019).

2 The increase in 1% of exchange rate would lead a change in the futures prices of 0.813%, which would cause a
change in the stock portfolio of 0.813% times 10.95%, but if the position in futures is only of 23.7%, then the
portfolio would be compensated by an increase of 0.021%.
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Conclusions

This article analyzes the effect of exchange rate markets on financial markets. For Brazilian
and Mexican stocks, this study found that the negative impact of that relationship is com-
posed of two factors, the exchange rate futures, and the spot exchange rate, where the effect
of the derivative is almost five times the spot one. An explanation of that effect is associated
with the minimum variance hedge ratio parameter, which measures the correlation between
the derivative and the underlying asset. The result implies that if the spot exchange rate
moves, the futures movements are in the same direction, but with a larger magnitude. The
empirical analysis proves that results and also show that a currency depreciation in Mexico
by 1% leads to a negative impact on the stock market by almost 0.16% daily. From which,
0.07% of that effect is from the spot market and 0.095% from the futures market. For the
Brazilian case, the total impact is 0.09%, mainly because of the futures market. However,
under certain conditions, that feature offers an alternative to hedge the exchange rate risk
using foreign futures. The importance of those results is because it extends the understand-
ing of the sources of risk, and is aimed to help risk managers and policymakers to improve
foreign currency risk management practices.

This research contributes to the literature that analyzes exchange rate exposure in the
stock market, which also enhances the use of derivatives to promote financial system sta-
bility. Moreover, these findings support the arguments in favor of strategic positions in
futures, which allow for higher gains while reducing risk conditions. It also offers a meth-
odology for investors that proactively make a trade before large exchange rate movements
in anticipation of changes in the exchange rate. Finally, the practical application presented
in this study reinforces the idea that investors should only partially hedge the underlying
currency risk. The limitation of this study is that the empirical analysis is applied only for
foreign exchange futures and for Latin American economies. Further research is needed
to analyze the effect of other derivatives, like options, and also extended the empirical
analysis to other regions.
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APPENDIX

1. Descriptive statistics of the empirical analysis variables

Mexican case

Futures Stock index | Risk free rate | Return of stock | Exchange rate
Mean 0.021% 0.014% 0.021% 0.049% 0.025%
Median -0.033% 0.035% 0.018% 0.000% -0.011%
Maximum 7.980% 10.310% 0.034% 293.803% 7.651%
Minimum -5.755% -7.008% 0.010% -99.088% -4.588%
Std. Dev. 0.798% 1.134% 0.007% 3.212% 0.752%
Skewness 82.593% -0.719% 31.537% 1154.513% 111.820%
Observations 185,144 185,144 185,144 185,144 185,144
Brazilian case
Futures Exchange rate | Stock index | Risk free rate | Return of stock
Mean 0.03% 0.03% 0.04% 0.04% 0.07%
Median 0.00% 0.00% 0.05% 0.04% 0.00%
Maximum 7.68% 7.37% 13.43% 0.06% 124.50%
Minimum -8.64% -5.79% -11.39% 0.02% -53.72%
Std. Dev. 1.06% 1.07% 1.66% 0.01% 4.22%
Skewness 46.80% 38.78% -0.09% -7.46% 444.14%
Observations 459,113 459,113 459,113 459,113 459,113
Mexican and Brazilian cases
Exchange rate Futures Stock index Res‘[::)ré;(of Risk free rate

Mean 0.03% 0.03% 0.03% 0.07% 0.04%
Median 0.00% 0.00% 0.04% 0.00% 0.03%
Maximum 7.65% 7.98% 13.43% 293.80% 0.06%
Minimum -5.79% -8.64% -11.39% -99.09% 0.01%
Std. Dev. 0.99% 0.99% 1.53% 3.96% 0.01%
Observations 644,257 644,257 644,257 644,257 644,257
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2. Correlation matrix of the empirical analysis variables

Mexican case

FU IPC RF REND EXC
FU 1.0000 —-0.4472 -0.0116 -0.1478 0.7396
IPC -0.4472 1.0000 -0.0305 0.2540 -0.3965
RF -0.0116 -0.0305 1.0000 -0.0189 - 0.0044
REND -0.1478 0.2540 -0.0189 1.0000 -0.1322
EXC 0.7396 - 0.3965 - 0.0044 -0.1322 1.0000
Brazilian case

FU EXC IPC RF REND
FU 1 0.82356285 -0.4677921 -0.006637 -0.119736
EXC 0.82356285 1 -0.5261331 -0.0004968 -0.1283132
IPC -0.4677921 -0.5261331 1 -0.0061202 0.20847885
RF -0.006637 -0.0004968 -0.0061202 1 -0.0021915
REND -0.119736 -0.1283132 0.20847885 -0.0021915 1
Mexican and Brazilian cases

FU EXC IPC RF REND
FU 1 0.82356285 -0.4677921 -0.006637 -0.119736
EXC 0.82356285 1 -0.5261331 -0.0004968 -0.1283132
IPC -0.4677921 -0.5261331 1 -0.0061202 0.20847885
RF -0.006637 -0.0004968 -0.0061202 1 -0.0021915
REND -0.119736 -0.1283132 0.20847885 -0.0021915 1




