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1. INTRODUCTION

Since the collapse of the Bretton Woods exchange system in March 1973, the international currency
market has developed towards currency liberalization. Since then, researchers have studied sources of
currency risk to understand why exchange rates fluctuate, because currency market fluctuations are more
frequent and exchange rate risk prevails. With the globalization of the economy, multinational companies
face this market risk. Therefore, how to manage foreign exchange risk has become important for companies
and researchers [1, 2].

Multinational companies with expected future cash flows in currencies are directly exposed to
exchange rate movements. This is known as exchange rate risk or currency risk. However, the other
companies are exposed indirectly (competitive environment). This exchange exposure also affects the value
of the company. In importing and exporting companies, with direct exposure to foreign exchange risk, the
exposure covers transactions such as accounts receivable or accounts payable in foreign currency. Companies
with indirect exposure, market risk arises from the competitive environment in which the company operates.
Companies that manufacture and sell only locally will be exposed to a strengthening of the local currency as
imports from competing companies become cheaper [3].

From the approach of the valuation of companies and the classical financial theory of Modigliani
and Miller, the financial hedges are not important and are not necessary to realize since the markets are
perfect and do not have frictions. However, from a modern approach where markets are imperfect, financial
hedges increase the value of companies. The above is due to the existence of financial difficulties [4-7].
Financial hedges avoid financial difficulties by obtaining a lower probability of default by reducing exposure
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to foreign exchange risk, this causes companies to obtain more financing, better interest rates and higher tax
shields [8, 9]. From the above, the value of the company increases.

To mitigate foreign exchange risk, two means are used. One is financial coverage using financial
derivatives such as futures and financial options. The second is the operational coverage through the
operation of the organization [10]. When managing long-term currency risk, Ito et al. [11] they affirm that
companies must develop operational coverage strategies and financial coverage strategies. The main reasons
for the hedges are the minimization of the impact of currency movements on the cash flows of the companies
and the reduction of the probability of financial problems. There are different methods to quantify currency
risk. The classic measure is variance, measuring the variance of cash flows, but currently this has focused on
using the value at risk (VaR) and the conditional value at risk (CVaR). VaR is the possible loss with a
probability and a time horizon. CVaR is the conditional expectation of losses above VaR [12-14].

Financial derivatives such as futures and options can be used to hedge exchange rate risk. There is
scientific literature focused on exposure to exchange rate risk in the futures market. However, futures
contracts are standardized in the stock exchanges and this standardization increases the liquidity risk in the
futures market. On the other hand, hedging strategies with financial options are more flexible and varied and
do not require initial margin or margin of daily variation as in the future. In addition, since financial options
are non-linear financial instruments, they could be used to cover non-linear risk [15]. The financial currency
option gives the holder the right to buy or sell an amount of foreign currency at a specific price called strike
at expiration. For hedging purposes, a company can buy purchase options against the appreciation of the
foreign currency and buy a sale option against the depreciation of the foreign currency. In this way, financial
options are widely used to manage foreign exchange risk [16, 17]. Some studies that analyze exchange rate
hedges with financial options, may refer to [2, 18-24].

The objective of this paper is to quantify the exchange risk for importers and exporters in Colombia,
evaluate some hedging strategies with financial options and determine the best strategy that minimizes the
impact of currency variations on companies. The risk is quantified by means of the VaR by the Monte Carlo
simulation method. This paper contributes to the absence of studies in the literature that analyze exchange
hedging strategies with a portfolio of options in the Colombian market. Additionally, the way to quantify the
exchange risk with the VaR is novel because most studies do so based on the variance.

2. RESEARCH METHOD

Depending on the exposure to foreign exchange risk, the way of performing coverage depends.
There are currency buyers who have a risk exposure when the spot price of the currency increases. Likewise,
there is exchange risk with the sellers of the currency when the spot price decreases. This is the market risk
that importers and exporters have, respectively. The OTC (over the counter) market in Colombia offers
financial products to mitigate this risk, which can be done using call or put options. Importers use long call
options and exporters long put options for hedging purposes. In long call options the compensation is St - K
when the difference is positive, otherwise, the compensation is zero. In long put options the compensation is
K - St when the difference is positive, or zero when the difference is negative. The coverage strategies with
these options are the traditional strategies. The result of coverage with these options is shown in (1) and (2),
where St corresponds to the price paid for the currency on the expiration date of the currency, and K; or K5
the strike prices of each of the options. As with these strategies the options are purchased, Calll represents
the value of the Call; option premium with K; and Put; the premium of the Put option with Kj.

Buyer hedge price oy can = |=Sr + Max[Sy — K;; 0] — Call, | 1)
Seller hedge price;ong pye = Sy + Max([K; — Sr; 0] — Put, (2)

There are other options coverage strategies offered in the OTC market in Colombia that make up
financial options portfolios. These portfolios are the combination of two or more options and have an
associated name. The portfolio of options called bull call spread is useful for importers, in this hedging
strategy, call options with a low strike (K1) are purchased and call options with higher strike (K3) are sold.
For the exporters the bear call spread portfolio is offered, this strategy consists of selling Call options with
low strike price (K1) and buying call options with higher strike (K2). The results of the hedges with these two
strategies for importers are shown in (3) and (4).

Buyer hedge pricegyy cau spreaa = |—Sr + Bull Call Spread| 3)

Seller hedge pricepear cau spreaa = St + Bear Call Spread (4)
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The two previous hedging strategies can also be done with only Puts options, these strategies are
called bull put spread for importers and bear put spread for exporters. In (5) and (6) they show the result of
the coverage with these two options portfolios.

Buyer hedge pricegyy pyt spreaa = |=Sr + Bull Put Spread| (5)

Seller hedge pricegear put spreaa = St + Bear Put Spread (6)

The risk profiles of the six coverage strategies mentioned above are shown in Figure 1.
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Figure 1. Coverage strategies

In this paper the six coverage strategies mentioned above were applied, the comparison is made with
the scenario without coverage corresponding to the value of St. In this way, there are seven scenarios. St was
modeled with the geometric brownian movement shown in (7) [25].

ST _ Soe[(u—%z)ATﬂﬂ/ﬁe]

)

In (6) So is the market price of the currency at the time of modeling, W is the expected value of the
continuous returns of a currency history, ¢ is the standard deviation, AT the period of time to model and € is
the continuous random variable that it distributes as a normal Standard [26, 27]. Financial options were
valued by the black-scholes and merton method with the variation for currencies shown in (8), (9) and (10)
[28].

call = S,e™"r*N(d,) — Ke "N (d_) (8)
put = Ke "' N(—d_)—S,e "f*N(-d,) 9)

log (%)ﬂr—rfi%az)t

aVt

dy = (10)
After modeling the spot price and calculating the options premiums, a Monte Carlo simulation with
50,000 iterations was carried out to determine the possible results of the six scenarios with coverage and the
scenario without coverage. The modeling and simulation were carried out for one month, calculating in each
scenario the prices without coverage corresponding to the expected spot price and the six prices with
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coverage. To determine the benefits of coverage, the percentiles of 5% and 95% and the standard deviation
were calculated for both the uncovered price and the six covered prices. For importers the VaR is measured
with the 95% percentile and for exporters with the 5% percentile, this way of measuring the risk corresponds
to the VaR method by Monte Carlo simulation. It is expected that with coverage the VaR will decrease and in
turn the standard deviation. If the above occurs, it would be shown that the risk is reduced with coverage, in
this case the foreign exchange risk, because the volatility of the projected scenarios would be lower and there
would be less losses.

On the other hand, daily historical data of the five-year exchange rate was used from February 2015
to February 2020, obtaining 1,225 data. Because the models used are continuous logarithmic yields were
calculated. With these yields the average represents the drift (i) and the standard deviation represents ¢ for
the geometric brownian movement. For the risk-free rates of Colombia (r), the interbank rate (IBR) in effect
for one month was used, the same was done for the United States free rate (rs), the American Treasury rate in
effect for one month was used. Then, the rates were converted to continuous time and divided by 12 to have
them in the same units as p and c.

3. RESULTS AND ANALYSIS

Three exchange hedging strategies for importers and three strategies for exporters in Colombia were
used. Six scenarios with coverage and one scenario without coverage were obtained. With the seven
scenarios, empirical distributions were obtained using the Monte Carlo simulation. The uncovered scenario
obtained a standard deviation of $ 123, 5% percentile of $ 3,209 and 95% percentile of $ 3,614. The
objective of each proposed coverage strategy is to obtain a smaller standard deviation and depending on
whether it is for exporter or importer, increase the value of the 5% percentile and decrease the value of the
95% percentile, respectively. For the exporter, the mitigated risk is evidenced if a higher value is obtained
from the worst scenarios for a currency seller, that is, the VaR decreases. For the importer, the risk is
mitigated if the worst-case scenario, measured by the VaR (95% percentile), is lower to obtain a purchase of
the currency at a better price, that is, the 95% percentile is lower. The above is evidenced in Table 1 with the
results of the six scenarios with coverage.

Table 1. Results six scenarios with coverage
Buyer Coverage
Call Bull Call Spread  Bull Put Spread

Standard deviation $34 $108 $ 108
5% percentile $3,329 $ 3,246 $ 3,247
95% percentile (VaR)  $ 3,419 $ 3,601 $ 3,601

Seller Coverage
Put Bear Call Spread  Bear Put Spread

Standard deviation $92 $ 108 $ 108
5% percentile (VaR)  $3,324 $ 3,246 $ 3,247
95% percentile $ 3,588 $ 3,601 $ 3,601

Each of the scenarios with coverage manages to mitigate the exchange risk. However, the best
hedging strategy is the traditional one, both for the importer and the exporter because the empirical
distributions of these scenarios have the lowest standard deviation and lower VaR. The strategies with
options portfolio reach similar results for importer and exporter coverage. It is emphasized that the empirical
distributions of the strategies with coverage with portfolio of options have the same breadth because they
have the same standard deviation. The traditional strategies, Long Call and Long Put, are the most efficient in
exchange coverage, although with some strategies with options portfolios lower premiums are paid and in
some cases, money is received for the options premiums. Table 2 shows the value that is paid or received for
each of the coverage strategies.

Table 2. Value of premiums for each coverage strategy

Strategy Premiun
Call -$119.303
Put -$ 25.233

Bull Call Spread  -$ 37.069
Bull Put Spread $12.794
Bear Call Spread  $37.069
Bear Put Spread ~ -$12.794
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A comparison of the empirical distributions is shown in Figure 2. In each graph, the frequency
histogram of the strategy with coverage is shown and the empirical distribution of the scenario without
coverage is superimposed (blue line). The long call and long put strategies have no symmetric distributions.
This is due to the fact that the strikes prices of the compensations make the final result decrease if it is Call
coverage or increases if it is Put coverage. On the other hand, the empirical distributions of the strategies with
options portfolios reach similar results and it is highlighted that they are similar to the empirical distribution
of the scenario without coverage.
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Figure 2. Histogram of frequency scenario without coverage and distribution scenarios with coverage

4.  CONCLUSION

In this paper evaluate exchange rate hedging strategies for importers and exporters in Colombia
using financial options portfolios. To measure the exchange risk, the 5% VaR is applied with a daily time
horizon. Three coverage strategies were proposed for both importers and exporters for a total of six scenarios
with coverage. Traditional Long Call and Long Put strategies and options portfolios called Bull Call Spread,
Bear Call Spread, Bull Put Spread and Bear Put Spread were evaluated. The six hedging strategies manage to
mitigate the exchange rate risk for importers and exporters in Colombia. The above was determined by
minimizing the risk measured by the VaR. The best coverage strategies are the traditional ones, although they
are the most expensive strategies because they have the highest premium values, particularly Long Call. The
other coverage strategies have similar results among them. It is proposed to carry out the research modeling
the price of the currency with a process of jumps or process of reversion to the average with jumps and, in
addition, to evaluate more hedging strategies with financial options that are offered in the OTC market in
Colombia and evaluating them with the premium values found by the Black-Scholes and Merton method and
with a variation of zero cost strategies for the options portfolios.
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