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The study explored performances of cross-hedging emerging/frontier
market currency risk with developed market currencies from Thai investors’
perspective. The results showed that Thai investors can use a cross-hedging strategy
to reduce currency risk and improve risk adjusted return from their emerging
market investment. Single cross hedging can reduce portfolio risk significantly as
confirmed by the F-test. Multiple cross-hedging showed signs of improvement from
single cross-hedging both in currency risk reduction and risk adjusted return
improvement, but the statistical test failed to prove that the improvement is
significant. While the portfolio return was penalized by the hedging cost. The risk
reduction justified the hedging cost and improved risk adjusted return performance
indicators; Sharpe ratio and Sortino ratio. The improvement was confirmed by
standard paired bootstrap test of the ratios.

The study also revealed that, in some cases, Ederington hedge
effectiveness and Sharpe/Sortino ratio can be contradicting, both measures must be
considered before making a hedging decision. When investment risk is significantly
higher than the FX risk, the improvement will not be as prominent as when
investment risk and FX risk are in the same level. Thus, in this study, cross-hedging
bond investment showed more significant risk adjusted return than stock
investment. In our study, the rebalancing strategy affects the cross-hedging
performance, 3-month rebalancing strategy produced a significantly higher risk
adjusted return than 1-month rebalancing strategy. Sharpe ratio and Sortino ratio
were equally effective and always went in the same direction. The results are
sensitive to market conditions and situations, thus selection of recent data set and
continuous monitoring in the actual implementation of currency cross-hedging will
be crucial.
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1. INTRODUCTION

In 2019, Thai Ministry of Finance (MOF) and the Bank of Thailand (BOT)
decided to relax regulations to facilitate capital outflows to help promote capital flow
balance and lessen pressure on the baht. This relaxing scheme encouraged Thai
investors, whether they are corporations, financial institutions, or individual investors,
to invest in foreign assets. In 2020, the BOT further relaxed regulations to allow
residents to freely deposit funds in Foreign Currency Deposit (FCD) accounts, further
relaxed regulations regarding investment in foreign securitiesand allow the listing in
Thailand of foreign securities such as Exchanged Traded Funds (ETF) that track

foreign securities.

Currency risk, also referred to as exchange-rate risk, arises from the change in
price of one currency in relation to another. Corporations, financial institutions, or
individual investors that hold foreign investment are exposed to currency risk that
may create unpredictable profits and losses. Institutional investors, such as hedge
funds and mutual funds, and multinational corporations use forex, futures, options
contracts, or other derivatives to hedge currency risk. For developed market investors
who invest in other developed markets, currency hedging instruments between hard
currencies, also referred to as major currencies, are available in various forms and
very liquid. Direct hedge can be a perfect toel'to manage currency risk. However, for
developed market investors who.invest in foreign developing market such as
emerging market, their concern is that currency risk hedging instruments for emerging
market currency are still‘costly even in developed market. For fund managers in these
countries, currency crass hedging with other major currency can be an alternative way

to manage currency risk in their emerging country investment.

Cross hedging refers to the practice of hedging risk using two distinct assets with
positively correlated price movements by taking opposite positions in each investment
to mitigate the risk from market movement. Currency cross hedging is a common
form of cross hedging, an investor sells short a different correlated currency,
effectively but imperfectly reducing currency risk. For example, the EUR/USD
exchange rate and GBP/USD exchange rate had a strong positive correlation of 0.95,



when a US investor buys EUR bond, pays EUR for the transaction, and exposes to
EUR/USD exchange rate risk, the US investor can short GBP forward contract as a
cross hedge. This is the case where the hedging instrument between major currencies
are used to cross hedge other major currencies. Another example, when a US investor
buys Thai baht bond, pays Thai baht (THB) for the transaction, and exposes to
USD/THB exchange rate risk, the investor can short Japanese yen (JPY) forward
contract as a cross hedge. This is the case where the hedging instrument between

major currencies are used to cross hedge emerging market currencigs.

Researchers conducted a few similar studies in this topic. Eaker and Grant (1987)
studied how cross hedging can reduce currency risk for investors from developed
countries. The studies provided empirical evidence that supports effectiveness of
cross hedging. This study used hedging effectiveness, which focus only risk reduction
ability of hedging strategy without considering hedging cost. Aggarwal and
Demaskey (1997) documented that cross hedging by using futures and options in
developed country currencies effectively reduced currency risk in investments in
Asian emerging markets. Wong (2013). examined the behavior of a competitive
exporting firm that exports to a foreign country and faces currency risk. This paper
concluded that firms that expose themselves to less developed currencies should find
cross hedging useful in managing currency risk. These studies were conducted in
perspective of developed country investors, most of them focused on major
currencies, either cross hedging between major currencies or cross hedging between
major currencies and emerging market currencies. In these studies, the local
currencies of the investors are usually major currencies. The hedging instruments
between major currencies are liquid and not costly. These studies mostly focus on

hedging effectiveness, not the risk adjusted return after cross hedging.

Frontier market is increasingly appealing to fund managers globally, due to the
high growth opportunities. Frontier currency risk adds return volatility into
investment portfolio. For fund manager from emerging market countries who would
like to invest in frontier market assets, their currency risk situation is more severe.
Hedging instrument between frontier market currency and emerging market currency

is usually unavailable. Since hedging instruments between emerging market



currencies and major currencies, though not as liquid and in many forms as in
developed countries, are more accessible in local FX market. Cross hedging can be a

solution to work around the problem.

Thai fund managers also started to expand investment universe to cover frontier
market as alternatives for Thai investors. As an emerging country, hedging
instruments between Thai Baht and Frontier market currencies are not available, even
in OTC market for institutional investors. The customized derivatives between Thai
baht and frontier market currencies may be available but they are very costly.
However, FX forward between Thai Baht and Major currencies are more accessible at
lower cost. Cross hedge can be an answer to reduce currency risk. For example, when
Thai investor buys Vietnam bond, pay Vietnam Dong (VND) for the transaction and
exposes to VND/THB exchange rate risk, Thai investor may decide to sell forward

contract of USD/THB which is available in the local market, as a cross hedge.

This study aims to assess effectiveness of cross hedging strategy for Thai fund
manager, who invest in frontier market stocks and bonds, to reduce currency risk

using major currency forward contracts.

In this study, first objective is to assess risk reduction potential of cross hedging
frontier market currency risk in investment with major currency/local currency
forward contract. In the earlier study, market environment can be different between
developed country investors and Thai investors. Hedging tools for developed country
investors are derivatives between two major currencies which are very liquid,
however, for Thai investors, the hedging tools are derivatives between major
currencies and THB, which are less liquid in the market. Hedging effectiveness of the
available tools can be different. Hedging effectiveness can be measured as H.E.
(Ederington’s Hedge' effectiveness). This hedge effectiveness was proposed by
Ederington (1979), which is defined as a reduction in portfolio variance. The hedging
technique used in this study, is the minimum variance hedge (MV hedge), that is
widely used in many studies. The minimum variance hedge ratio is an important
factor in determining the optimal number of futures contracts to purchase to hedge a

position to minimize the variance of the position return.



In other studies, multiple cross hedging showed superior risk reduction
performance to single cross hedging. Multiple cross hedging is a composite hedging
strategy that employs multiple derivative hedge instruments to reduce risk associated
with a position. Chen and Sutcliffe (2012) used multiple cross hedging which
demonstrated a statistically significant increase in effectiveness from composite
hedging of the Amex Oil Index using S&P500 and New York Mercantile Exchange
crude oil futures. Multiple cross hedging concept can be applicable to currency risk
hedging. For example, when a Thai investor buys Indian rupee (INR) bond, pays INR
for the transaction, and exposes to INR/THB exchange rate risk,the investor can short
combination of USD and Singapore dollar (SGD) forward contracts and as a cross

hedge.

Alvarez-Diez et al. (2015) studied multiple currency cross hedging within mean-
VAR hedge ratio framework. This framework calculates the mean-VAR hedge ratio
for cross-hedging a long pesition with long or short positions in other currencies by
solving the multi-objective problem to obtain either the smallest risk value for a given
return, or the highest return for a certain risk level. The risk mentioned was defined as
the value at risk (VaR) of the portfolio. This study found that multiple currency cross
hedging could reduce the value at risk (VaR) and the conditional value at risk (C-
VaR), also known as expected short fall, of the portfolio of loan and deposit of

foreign currencies.

For frontier and emerging market countries, exchange rate management is an
effective tool to stabilize their exchange rate to offset external shocks and facilitate
trade. we hypothesize that, for each emerging market country, there might be
relationship between local currency and basket of currencies of the trading
counterparties of each country, that is strong enough to exploit in multiple cross
hedging strategy. In our study, we aim to assess benefit of multiple cross hedging in
reducing frontier market currency risk. The hedge ratios of multiple currencies are
determined using the minimum variance concept by solving for a set of hedge ratios

that minimized variance of currency portfolio returns.

The second objective of this study is to assess that multiple cross hedging frontier

market currency risk, using basket of major currencies of the import/export


https://scholar.google.com/citations?user=1MjuoC0AAAAJ&hl=th&oi=sra

counterparties of frontier market country, can further reduce frontier market currency

risk in investment portfolio.

As mentioned earlier, foreign exchange (FX) forward between Thai Baht and
some Major currencies are available at some cost. Sharpe (1966) proposed Sharpe
ratio, a simple yet theoretically meaningful measure that considers both return and
risk simultaneously, to measure performance of investment portfolio. Ederington
(1979) suggested hedging effectiveness (H.E.), a method that measures effectiveness
as a proportionate decline in portfolio variance after being hedged. However, Hedge
effectiveness alone can measure only ability to reduce risk of the cross-hedge
strategy. The risk reduction for cross hedging may not justified the incurred cost.
Aggarwal and Demaskey (1997) used Sharpe ratio as risk-return performance
indicator. Alvarez-Diez et al. (2015) also consider return versus risk reduced by cross
hedging strategy. Meier (2019) empirically analyzed the risk reduction performance
of eight currency hedging strategies using a mean-variance framework and found that
currency hedging succeeds in reducing the risk of global equity portfolios. Meier also
used Ederington hedge effectiveness and Sharpe ratio to compare performance of
hedging strategies. The last question that this research aims to answer is whether the

risk reduction from multiple cross hedging, if any, worth the hedging cost.

The third objective of this study is to compare risk-return performance hedging
cost included of the non-hedged, naive hedge (fully hedged) and single/multiple cross
hedged portfolios using Sharpe ratiorand Sortino ratio as a risk-return performance

indicator.


https://scholar.google.com/citations?user=y1hrzaAAAAAJ&hl=th&oi=sra

2. LITERATURE REVIEW

2.1 Background

The collapse of Bretton Woods exchange rate system (1973) led to significant
investment from developed countries in emerging markets. Foreign portfolio
investment (FPI) is one type of investment that can improve risk-return characteristics
and diversify investment portfolio. However, FPI adds foreign exchange rate risk in
the investment portfolios. Changing in exchange rates have been a major risk for
investors and fund managers. Currency risk management became topic of interest for
investor from developed countries. Eun and Resnick (2009) decomposed the variance
of international securities in US dollar term. The country in the studies included
Australia, Canada, Germany, Japan, U.K., and Switzerland. The decomposition
results revealed that the exchange rate variance accounted for 60.90% to 87.89%
variance of bond return in US dollar term, while the exchange rate variance accounted
for 13.44% to 41.16% variance of stock return in US dollar term. Since currency risk
can be a significant part of overall risk. Reducing currency risk can significantly
improve risk-return profile of the portfolio. Compared with foreign bond markets,
the risk of investing in foreign stock markets is attributable to currency risk to a lesser
degree. However, stock investment was focused in many literatures but bond was less

in focus.

In the earlier stage, developed country investors had a few market instruments
to managing exchange rate risk such as forward and option, however they are only
available for developed market currencies. When developed country investors
invested in emerging market countries whose financial markets were less developed,
and the currency hedging instruments were either not available or lack of liquidity and

costly, cross hedging strategy was examined by researchers.

Eaker and Grant (1987) provided empirical evidence on the effectiveness of
cross hedging to reduce foreign exchange risk. In the paper, single cross-hedges,
multiple cross-hedges (basket of currency forward contracts) and commodity cross-
hedges (gold forward contract) were examined. Those cross hedges were found to be

less effective than traditional direct hedges, inter-temporal instability increased risk in



cross hedged positions instead of decreasing. However, the cross hedges, except the
commodity cross hedge, were shown to be a useful risk reduction technique when
direct hedge is not an option or not cost effective. The paper suggested that
understanding and monitoring the underlying economic relationships between the
cross-hedged currencies are essential in order that cross-hedging strategies can be
implemented with good results. Aggarwal and Demaskey (1997) stated that
investments in the developing and emerging markets are often difficult to hedge, as
derivative markets in such currencies were nonexistent, relatively underdeveloped,
and often not very liquid. They examined the effectiveness of cross-hedging portfolio
investments in emerging markets by using derivatives denominated in the more liquid
developed market currencies. Demaskey and Pearce (1998) presented empirical
evidence on the effectiveness of currency and commodity futures cross-hedging. The
study examined single, multiple, and joint currency and commodity futures cross-
hedges for five Southeast Asian currencies. The performance of the cross-hedged
portfolios was estimated within the mean-variance framework and was compared
using the widely accepted Ederington hedge effectiveness. The results supported the
cross-hedging strategies for all minor ASEAN currencies. Wong (2013) studied cross-
hedging with currency forward and concluded in his study that when there are no
hedging instruments between the home and foreign currencies, the third countries that
have well-developed currency forward markets to which fund managers can access,
can be a solution to hedge currency risk. Therefore, developed country fund managers
had to exploit cross-hedging strategy using future, forward, option on developed
currencies to reduce exchange rate risk in their emerging market portfolios. Cross-
hedging is one technique pursued by researchers to reduce currency risk when

hedging instruments are limited.

Frontier market countries are currently in spotlight for investment opportunity.
Credit Suisse Research Institute forecasted that the frontier markets are to deliver
superior investment growth to emerging market over the next five years (Credit Suisse
Research Institute, 2016). Investment into this area has been increased in the last 3
years (2018-2020), Net ETF flow increased 8,371 USD million in Asia Pacific
exclude Japan, 33,482 USD million in China and 4,247 USD million in India (Data



Source: Bloomberg Feb,2021). During early COVID situation in the first half of 2020,
foreign portfolio investment FPI into emerging market has been on downward trend,
however in the last quarter of 2020, FPI into the four selected countries has shown
reviving sign. India Foreign Portfolio Investment increased by 2,170 USD million in
Dec 2020 (all-time high), compared with an increase of 7,736 USD million in the
previous quarter. Philippines Foreign Portfolio Investment increased by 3,564 USD
million in Dec 2020, compared with an increase of 1,779 USD million in the previous
quarter. Indonesia Foreign Portfolio Investment increased by 2,605 USD million in
Dec 2020, compared with a drop of 1,708 USD million in the previous quarter. As of
Mar 2021, Indonesia Foreign Portfolio Investment increased further by 5,225 USD
million. However, Vietnam Foreign Portfolio Investment fell by 255 USD million in
Dec 2020, compared with a drop of 16 USD million in the previous quarter (Data

Source: Ceicdata).

At the same time, the bank of Thailand (BOT) relaxed rules and opened
opportunity for Thai investors to invest offshore, to facilitate capital outflow and
lesson pressure on the Thai baht. Thus, Thai fund managers started to look for higher
return and are interested to invest in frontier and other emerging market countries.
Thailand Foreign Portfolio investment abroad increased significantly from 53,191
USD million in 2017 to 79,410 USD million in 2020, which composed of equity and
investment fund share 53,096 USD million, and Debt securities 26,314 USD million.

For fund manager from emerging market countries such as Thailand, the
obstacle in managing frontiers-market currency risk is more severe than investors in
developed market. Hedging instrument between frontier market currency and
emerging market currency is usually unavailable, even in OTC market for institutional
investors. However, FX forward between Thai Baht and major currencies are more
accessible at some cost. In this study, first objective is to assess risk reduction
potential of cross hedging frontier market currency risk in investment with
major currency/local currency forward contract. Cross-hedging strategy is
studied in the perspective of Thai investors (fund managers) to reduce the
currency risk. when forward contract of frontier market currency versus Thai

baht is not accessible in the market. For example, Thai fund managers who invest in



Vietnam stock market, want to protect the exchange rate risk, but exchange rate
forward contract between Thai baht (THB) and Vietnamese Dong (VND) is not
available in local market. As the emerging market perspective, Thai investors can use
developed market currency exchange rate forward to cross hedge and reduce the
currency risk in Vietnamese Dong (VND) investment. In this study, we aim to
provide alternative solution for Thai fund managers to manage frontier market
currency risk in their investment. In this study, cross hedging for both bond
investment and stock investment will be studied. Return volatility of bond investment
is usually lower than return volatility of stock investment, thus risk reduction from FX
hedging bond investment may be more prominent in reducing overall risk than stock
investment. Also, Karoui (2006) examined the relationship between the volatilities of
equity indexes returns and FX rates for a set of emerging countries and found a
positive relationship between the FX rate volatility and the stock return volatility in a
large part of the sector indexes studied. This correlation may affect the effectiveness
of FX cross hedging in reducing overall risk. Such correlation was also be examined
in this study.

2.2 Hedge ratio and Multiple hedge ratio

Johnson (1960) was the first to derive the number of derivative contracts that
can minimized the variance of the hedged portfolio. Since then, minimum variance

(MV) strategy has been widely used, analyzed, and discussed.

Anderson and Danthine (1980) presented the theory of optimal hedging with
one cash good and many futures markets and the risk minimizing position sizes of
futures are given by the slopes of regressions. Chen, Lee and Shrestha (2004) showed
that, under some normality and martingale conditions, most of the hedge ratios based
on other criteria (e.g., expected utility, extended mean-Gini coefficient, and
generalized semi variance) converge to the MV hedge ratio. Cross hedging using MV

strategy was widely in focus in may studies and in practical used.

As mentioned earlier, Aggarwal and Demaskey (1997) proved that cross
hedging of currency risk improves the risk-return performance of the portfolio. This


https://scholar.google.com/citations?user=DAlG86YAAAAJ&hl=th&oi=sra
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study stated that investment in Asian emerging markets can be effectively hedged by
using futures and options in developed country currencies to minimize currency risk
in the investment portfolio. Such hedging was shown to increase portfolio
performance measured by the Sharpe performance index. Moreover, not only the
single cross hedge strategy was used to manage the currency risk, but also multiple

cross hedged was used and proven to be superior strategy in many situations.

Seelajaroen, R. (2000) studied hedging performance of the SPI (share price
Index) futures contract with two optimal hedging models, Working's model and the
Variance Minimization model and found in support of the usefulness of the SPI
contract as a hedging tool for the AOI (All Ordinary Index) portfolio. On the
standpoint of profit maximization, Working's strategy Is found to be a viable strategy
in the long run. The Variance Minimization model is found to be very applicable from
the risk reduction standpoint. The study confirmed that even the simple use of the

hedge ratio calculated from past data can reduce risk by up to 90%.

Chen and Sutcliffe (2012) studied-the effectiveness of equity portfolio cross
hedges with multiple hedging using financial and eommodity futures and concluded
that multiple hedging is superior to single hedging. Alvarez-Diez et al. (2015)
concluded that multi-currency cross hedging is useful as a risk reducing alternatives.
Also, within mean-risk framework, an optimal mean-risk hedge ratio accounting for
the trade-off between return and risk, differed.from the minimum risk hedge ratio, and

it was more efficient as the number of currencies to hedge increased.

Foreign currency hedging has long been studied for developed market
investors and fund managers. Multiple currency hedging can even improve hedging
performance. In our study, basket of multiple currencies is studied as hedging

instruments. However, which currencies should be selected for the hedging basket.

Bank of international settlement (BIS) (2005) concluded in BIS paper that
emerging market countries do intervene exchange rate of their currency, presumably
because they believe exchange rate management is an effective tool in the
circumstances and for the situations they face. Emerging market countries need to

stabilize their exchange rate to offset external shocks and facilitate trade. Central
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banks of these countries intervene and influence their exchange rate or buying power
of their currency on the market through issuing new currency, setting interest rates,
and managing foreign currency reserves. Survey evidence indicates that central banks
believe that exchange market intervention is an efficient tool to manage currency
values and trends (Neely, 2008). Chit et al. (2010) provided evidence, for both
developed and less developed countries, that exchange-rate volatility in emerging East
Asia economies has a significant negative impact on their export flows. Fratzscher et
al. (2019) documented that foreign exchange intervention polices are widely used, not
only by countries that describe themselves as floaters but also countries that explicitly
manage the value of their exchange rate within bands. In-our study, we hypothesize
that, for each emerging market country, there might be relationship between local
currency and basket of currencies of the trading counterparties of each country, that is
strong enough to exploit in multiple cross hedging strategy. In our study, the second
objective aim to improve cross hedging performance by looking into multi-

currency cross hedge strategy using trade counterparty currencies.

2.3 Measure of performance and Transaction cost

Hedging cost will be added into the hedged portfolio return through the
bid/ask of the forward exchange rate. The bid-ask spread of spot rate and the bid-ask
spread of forward point will add up into. FX forward price. the hedging cost through
the mark to market process. In Thai financial market, the US dollar is intermediary
currency, forward contract of other non-USD major currency will be more expensive
than the USD forward contract. In addition, for investors who are not in the interbank
market, the extra cost of 1 forward point will be charged into forward point. Thus, for
non-USD forward contract, this extra cost will be charged twice. The cost of the

forward contract will penalize the portfolio return through the mark to market process.

Sharpe (1966) proposed Sharpe ratio, a simple yet theoretically meaningful
measure that considers both return and risk simultaneously, to measure performance
of investment portfolio. Since then, Sharpe ratio has been widely used. Ederington

(1979) suggested hedging effectiveness, a method that measures effectiveness as



12

proportionate decline in portfolio variance. Ederington hedge effectiveness has been
used extensively in many studies to compare effectiveness of hedging strategies.
Sortino and Price (1994) came up with an improved measure for risk-adjusted returns.
The Sortino ratio is a modified version of the widely used Sharpe index. This new
ratio uses only the negative portion of the standard deviation as the measure for
volatility. Some investors argue that we should only concern with downside risk, not
the upside volatility. By using only, the downside volatility, Sortino ratio can be a
solution for this group of investors.

Aggarwal and Demaskey (1997) used Sharpe ratio as risk-return performance
indicator in hedging performance study. Alvarez-Diez et al. (2015) also considered
return versus risk reduced by cross hedging strategy. Meier (2019) empirically
analyzed the risk reduction performance of eight currency hedging strategies using a
mean-variance framework and found that currency hedging succeeds in reducing the

risk of global equity portfolios.

Efron (1979) introduced bootstrapping which is a non-parametric resampling
methods for estimating the sampling distribution of an estimator. The method was
inspired by the previous success of the Jackknife procedure which is used to estimate
the variance and bias of a large population. It was the earliest resampling method,
introduced by Quenouille (1949) and named by Tukey (1958). Efron and Tibshirani
(1986) examined the theoretical basis of bootstrap approximate confidence interval
for complicated situations developed:by Efron (1984 and 1985). The study included
the application for ratio estimation. Kunsch (1989) extended the jackknife and the
bootstrap method of estimating standard errors in case of the observations came from
a general stationary sequence. Kunsch proposed the moving block bootstrap method,
an alternative approach that does not require fitting a parametric model to deal with
dependent time series data.

Daniel and Titman (1999), in their study about market efficiency in an
irrational world, they assumed that the empirical distribution represents the true
distribution of returns, and assuming that returns are serially uncorrelated. Standard
bootstrap was used with 100,000 bootstrap iterations to study the return of portfolio.

They included an additional robustness check by performing a block-bootstrap of the
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returns with nearly identical results. Cogneau and Zakamouline (2010) stated that the
common obstacles to estimate the risk and return of an asset, are a lack of sufficient
data and the uncertainty in the nature of the data generating process, and researchers
rely on statistical bootstrap methods to overcome the obstacles.

Lo (2002) stated that the building blocks of the Sharpe ratio are expected
returns and volatilities, both are unknown quantities that must be estimated
statistically and are subjected to estimation error. The Sharpe ratios could not be
compared naively. Ledoit and Wolf (2008) suggested to a subsampling simulation
technique to statistical test difference of two Sharpe ratios by constructing a
studentized time series bootstrap confidence interval. If zero Is not contained in the

obtained interval, the difference of the two Sharpe ratios can be declared different.

In this study, the improvement of Sharpe ratio after cross-hedging investment
portfolio is statistically test the ratio using standard bootstrap method, the simplest

method which assumes no serial correlation within observations.

Because both risks and returns of a portfolio change when the portfolio is
hedged, both dimensions should be used in evaluating performance of the hedging
strategies. To add cost perspective into this study, Sharp ratio is used to compare the
cost effectiveness of naive hedged, minimum variance single cross hedged and
minimum variance multiple cross hedged portfolios with non-hedged portfolio. FX
dealers include their margin into forward.price, thus return performance of the hedged
portfolio already price in the hedging cost. Thus, Sharpe ratio of hedge portfolio
already take the hedging cost into account. The Sortino ratio, which is improved
version of Sharpe ratio‘but uses downside deviation rather than standard deviation as
a measure of risk, is also used. The significance of the difference between ratio is
statistical tested using the standard bootstrapping simulation technique proposed by
Efron to test the difference of performance ratio between each strategy. The third
objective of this study is to compare risk-return performance (hedging cost
included) of the non-hedged, naive hedge (fully hedged) and single/multiple cross

hedged portfolios using Sharpe ratio as a risk-return performance indicator.
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2.4 Further studies related to this topic.

Opiea and Riddiough (2020) developed a new method to dynamically hedge
foreign currency risk in international equity and bond portfolios. The method exploits
the time-series predictability of currency returns, exploiting a forecastable component
in global factor returns. The hedging strategy outperforms leading alternative
approaches delivered a high risk-adjusted return. This method employed currency
carry, value, and momentum investment strategies, to timing hedging positions. This
innovative method went beyond traditional hedging method by using currency

exchange rate prediction to improve hedging timing.

Alvarez-Diez (2015) conducted study using multi=currency cross hedging within
mean-risk framework, an optimal mean-risk hedge ratio accounting for the trade-off
between return and risk, which differs from the minimum risk hedge ratio. The results
showed that the optimal hedge strategy can be achieved by minimizing VaR given
level of return, through a multi-objective genetic algorithm (GA). This study went on

to employ optimization algorithm to improve risk adjusted return of hedging ratio.

3 RESEARCH QUESTION AND HYPOTHESIS

From the literature review, we found a few studies related to our area of interest.
However, those study were conducted more‘than a decade and most of them were
conducted from perspective of developed market investors who invested in emerging
market countries. The hedging instrument used was derivative between major
currencies which was_diquid, while hedging instruments available to Thai fund
manager, will be derivatives between Thai baht and major currencies which are less
liquid and more expensive. When hedging cost is substantial, risk reduction alone
may not be sufficient in making hedging decision. The overall risk-return profile of
the portfolio must be considered. We should include risk adjusted return measures
such as Sharpe ratio into our study. For some investors, downside risk may be their
major concern. We will add Sortino ratio into this study for comparison. Since
currency risk can be a significant part of overall risk. The risk of investing in foreign
stock markets is attributable to currency risk to a lesser degree than in foreign bond
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markets. We should also add bond investment into this study for comparison. We

would like to add contributions into this area of interest as the followings.

1. This study is conducted from the perspective of an emerging country investor
(Thai fund managers) who invested in frontier market. For developed country
investor, the hedging instruments use exchange rate between two developed
currencies as underlying. In this study, the hedging instruments use exchange
rate between developed currencies and emerging market currency (THB) as
underlying, which are more expensive. The cost of hedging will be included in
the risk adjusted return performance indicators, such as Sharpe ratio and
Sortino ratio, will be used and statistically compared by standard paired
bootstrap test.

2. This study is conducted in different time frame, and the idea of choosing
hedging currencies in the basket, from import export trade counterparties of
our target investment, will be examined.

3. In this study, both stock investment and bond investment will be studied since
return volatility of stock is generally higher than bond. It is expected that
overall risk adjusted return improvement from hedging FX in bond investment

should be more prominent than the stock investment.

As discussed in the introduction and literature review section, the main question

of this paper is conducted as follows.

Can Thai fund managers use a basket of major currencies of import and

export trade counterparties to hedge their currency risk in their investment

portfolios investing in frontier/emerging market stocks or bonds? Results of our

study aims to provide an evidence whether risk adjusted return of frontier market
investment can be improved by cross-hedging with single and/or multiple forward

contracts of trade counterparty’s currencies.

To answer research question, we determine three hypotheses with supporting

reasons as follows.
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In the first hypothesis, we conjecture that variance of the frontier/emerging
market equity/bond portfolio can be reduced by cross-hedging with single FX

forward contracts of import-export counterparties ’currencies.

In earlier study, when an investor from developed country invests in emerging
country asset and exposes to FX risk and uses FX forward, between two major
currencies, which is very liquid to cross hedge the position, there is sufficiently high
correlation between investing FX rate and hedging instrument that we can exploit to

significantly reduce currency risk in the investment portfolio.

The alternative hypothesis is that when Thai investor invests in frontier market
country asset and exposes to FX risk and uses FX forward, between a major currency
and the Thai baht which is emerging market currency, which is less liquid to cross
hedge the position, there is no sufficiently high correlation between investing FX rate
and hedging instrument that we can exploit to significantly reduce currency risk in the

investment portfolio.

Second hypothesis, we conjecture that cross hedging the frontier/emerging
market equity/bond portfolio using multiple FX forward contracts of import-
export counterparties ’currencies, can outperform single currency cross hedging,

in reducing currency risk.

In some case in earlier study, multiple cress hedging currency risk forward
contract can further improve hedge effectiveness. We expected that we can also use a
basket of import-export counterparties ’currencies as a multiple hedging tools and

improve hedge effectiveness comparing to single hedging strategy.

Alternatively, we cannot find significant improvement in hedge effectiveness

when we increase to more than one hedging instruments.

Third hypothesis, we conjecture that the risk reduction provided by cross
hedging the frontier/emerging market equity/bond portfolio using single/multiple
FX forward contracts of import-export counterparties ’currencies, is sufficiently
significance to improve risk-return of the portfolio when hedging cost is

considered.
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We also conjecture that the risk reduction from the first or second hypothesis, if
any, is significant enough to justify the cost incurred from taking hedge position. In
this case, not only the hedge effectiveness has to be improved, but also the risk
adjusted return measures; Sharpe ratio and Sortino ratio.

Alternatively, the cost incurred from taking hedge position outweighs the risk
reduction from the first or second hypothesis and the risk adjusted return measures;

Sharpe ratio and Sortino ratio, cannot be significantly improved.

4 DATA

To reflect the most recent situation as possible, the most recent data was
selected and went back for a period of ten years. This data was right after the last
global financial crisis in 2008. The data used in this study are collected from August
26, 2010, to Dec 30, 2020 The 10-year data that covered the QE effect was split into
two 5-year data sets to examine the consistence of the strategy throughout the study
period. The first half data covered August 26, 2010, to April 27, 2016, the second half
data covered April 28, 2016, to Dec 30, 2020. The second half data started after the
ECB announced its non-standard monetary policy measures buying assets from
commercial banks known as quantitative easing or QE in March 2015 to support
economic growth across the euro area. Also, the-data started after the end of Chinese
stock market turbulence in early February 2016. There may be changes in monetary
policies in both developed markets and Asian markets that may affect the exchange

rates in the second half of the data of this study.

We set up investment portfolios, one for bond investment and one for stock
investment in each of 'the four countries, investing in Stock and Bond index of those
countries. We select Asian countries with GDP growth higher than Thailand. High
growth countries in focus includes Vietnam (GDP growth 7.02% in 2019), India
(4.20% in 2019), Indonesia (5.03% in 2019) and Philippines (6.04% in 2019) (Data
Source: World Bank)
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We identify major trading counterparties by ranking both import and export
counterparties by trade amount in 2019 (only for Vietnam, 2018 data is used instead).
Trade counterparties that use EURO as national currency, are counted as euro trade
counterparties. The euro is the national currency of the EU member states who have
adopted it, including Austria, Belgium, Finland, France, Germany, Greece, Ireland,
Italy, Luxembourg, the Netherlands, Portugal, Spain, Cyprus, Estonia, Latvia,
Lithuania, Malta, Slovakia, and Slovenia.

Table 1: Investing countries versus major import/export.counterparties.

Country Top 4 Trading Counterparty
1. Vietnam China USA Japan Euro zone
2. India China USA Euro Zone Singapore
3. Indonesia China Singapore USA Japan
4. Philippines China USA Japan Euro zone

Appendix 1 Data source: https://tradingeconomics.com/ * we rank counterparty according to
import/export amount (only currency that is major currency and FX forward is available in the Thai FX

market).

The top four of export/import trading counterparties are selected into the
above list. The counterparty that their currencies forward contract is not available in
Thai FX market will be excluded.and replaced by the next counterparty in the list.

Table 2: List of investing'and trading currencies

Investing Currency Hedging Currency

1. Vietnamese Dong (VND)

1. US Dollar (USD)

2. Indian Rupee (INR)

2. European Currency (EUR)

3. Philippine peso (PHP)

3. Japanese Yen (JPY)

4. Indonesian rupiah (IDR)

4. Chinese Yuan (CNH)

5. Singapore dollar (SGD)



https://www.investopedia.com/terms/n/national-currency.asp
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Daily market data of exchange rate and forward point are retrieved from
Bloomberg Database including last mid-price, bid- price, ask-price, forward point,
spot rate, interest rate and equity portfolios. The last mid-price stands for the
exchange rate in the mid between the bid and ask price at the end of the day. Bid price
is the exchange rate that quoted by the dealer, ask price is the exchange rate accepted
by buyer. Forward point is the mark up on the spot exchange rate, in basis point basis
form, to become forward exchange rate. The spot-rate represents current exchange
rate that settled in two business days. The Bloomberg database also provides the
forward point in the basis form. Then, we can calculate the outright forward rate, as

shown in the following formula.
Ask forward exchange rate, = Ask spot rate  + Ask forward point; ,,
Bid forward exchange rate , = Bid spot rate; + Bid forward point, ,,

The above formula reflects the hedging cost for interbank market. The bid-ask
spread of spot rate and the bid-ask spread of forward point will add up into the
hedging cost through the mark to market process. Hedging cost will penalize the
hedged portfolio return.

Since US dollar is the intermediary currency, the USD forward contract will
be cheaper than forward contract of other non-USD major currency. For example, to
sell SGD/THB forward contract, we must sell SGD/USD forward contract and sell

USD/THB forward contract. The total spread will make the transaction more costly.

For fund manager that IS not in the interbank market, the extra cost of 1
forward point will be.charged into forward point. Thus, for non-USD forward

contract, this extra cost will be charged twice.

Currency return is calculated as shown below and will be used for volatility

calculation and Hedge ratio calculation. The mid exchange rate is used in the formula.

) — (Exchange rategyq

Currency return (% —1)x 100

Exchange rateg

Portfolios return from investment are calculated by investment total return Index

in each country, data are collected from Bloomberg database.
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Table 3: Investment Asset and Definitions.

Investment Asset Definition
Index name (Bloomberg Ticker)

1. Vietnam stock Vietnam Ho Chi Minh Stock Index / VN-Index (VNINDEX
Index)

2. Philippine stock | Philippines Stock Exchange PSEi Index (PCOMP Index)

3. Indonesia stock | Jakarta Stock Exchange Composite Index (JCI Index)

4. India stock NSE Nifty 50 Index: The Index tracks the behavior of a
portfolio of blue-chip companies, the largest and most liquid
Indian securities domiciled in India-and listed on the NSE
(NIFTY INDEX)

5. Vietnam Bond Bloomberg Barclays EM USD Aggregate: Vietnam Total
Return Index Unhedged USD"(101438US Index)

6. Philippine Bond | Bloomberg Barclays EM Local Currency: Philippines Total
Return Index Unhedged PHP (120284PH Index)

7. Indonesia Bond | Bloomberg Barclays EM Local Currency: Indonesia Total
Return Index Unhedged IDR (120283ID Index)

8. India Bond Bloomberg Barclays EM Local Currency: India Total Return
Index Unhedged INR (120280IN Index)

*101438US Index was converted from USD to VND by daily spot exchange rate.

Investment Total Return Index s collected in every trading day, and the

Investment return in each period iscalculated as the following formula.

Investment Total Return Index;,
Investment return (%) = (

—1) x100
Investment Total Return Index; )

Foreign Investment return into THB(%)

Investment Total Return Index;,; X Spotrates,, 1 100
— -1) x
( Investment Total Return Index, X Spot rate; )

Spot rate is the foreign exchange bid rate of Thai baht per Investment currency unit.
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Table 4: Interest rate and Definitions.

Interest rate Definition
1. Thai Baht (THB) THBFIX rate 1,3 and 6-month
2. European Currency (EUR) Euribor rate ACT/360 1,3 and 6-month
3. Japanese Yen (JPY) ICE LIBOR JPY 1,3 and 6-month
4. Chinese Yuan (CNH) CNH Deposit 1,3 and 6-month
5. Singapore dollar (SGD) SGD Deposit 1,3 and 6-month
6. US Dollar (USD) ICE LIBOR USD 1,3 and 6-month

5 METHODOLOGY

In this study, we mostly follow methodology used in Meier (2019). Our portfolio
follows return of stock/bond indexes, single/multiple forward contracts of currencies
are used for hedging position. Cross-hedging performance measures by hedging
effectiveness (HE) proposed by Ederington (1979), Sharpe ratio proposed by Sharpe
(1966) and Sortino ratio proposed by Sortino (1994). Standard paired bootstrapping

method proposed by Efron (1979) is used in statistical test for ratio differences.

However, the objectives of our study follow are different from Meier (2019).
Instead of multi-currency investment position, our study focuses on single currency
investment position but hedged with both single currency forward contract and basket
of currency forward contracts as in_the studies by Eaker and Grant (1987) and
Aggarwal and Demaskey (1997). We also include the Sortino ratio proposed by

Sortino (1994) as risk return measure.

5.1 Construction of stock and bond investment portfolio

We setup four types of portfolios, non-hedged, naive hedged (Full hedge), single
cross hedged, and multiple cross hedged. Risk and risk adjusted return of each
portfolio are measured for performance comparison. The details of each portfolio are

shown as the followings.


https://scholar.google.com/citations?user=b5sYQi8AAAAJ&hl=th&oi=sra
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Initial position of each portfolio is stock/bond index investment position in one of
each country of interest (Vietnam, India, Philippines, and Indonesia) with value of
one billion THB, marked to the market (MTM) at the t,. Growth of these portfolios in
local currency are assumed to be according to stock/bond index return. Then, these
portfolios are marked to market into THB every day. Details of each portfolio are as

the following.

1. Non hedged portfolio assumes that investment in target market is not hedged
for currency risk. The portfolio does not contain any position of forward
contract in hedging currency (Hedge ratio = 0).

2. Naive hedged (Full hedge) assume that investment in target market is fully
hedged for currency risk. The portfolio always contains a position of
forward contract in hedging currency. Notional amount of forward contract
at the beginning of every rebalancing period, equals to the MTM value in
THB of the stock/bond of the portfolio. The hedging position are rebalanced
every month and every three months (Hedge ratio = 1).

3. Single cross hedged assumes that investment in target market is minimum
variance (MV) hedged for currency risk. The portfolio always contains a
position of forward contract in hedging currency with notional amount of
forward contract at the beginning of every rebalancing period, equals to the
amount according to the MV hedge-ratio. The hedging position are
rebalanced every month and every three months (Hedge ratio = MV hedged
ratio).

4. Multiple cross hedged assumes that investment in target market is MV
hedged for currency risk. The portfolio always contains multiple position of
forward contracts in hedging currencies with notional amount of each
currency forward contract at the beginning of every rebalancing period
equals to the MV hedge ratio of each currency. The hedging position are
rebalanced every month and every three months.

In ours study, fund managers are assumed to rebalance their hedge at the
beginning of rebalancing period, if hedging ratio for rebalancing is required, each

hedging ratio is estimated using weekly returns from previous one year period as
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explained by figure (1). Formula for hedge ratio calculation is as shown in equation
(7). Return of the portfolio, calculated during each rebalancing period composes of
return from stock/bond investment and return from exchange rate change. Calculation
details are as shown in equation (5). Portfolio risk is estimated by return volatility of
the portfolio as shown in equation (8). Sharpe ratio and Sortino ratio are used to
estimate risk return performance of the portfolio, formula is provided in equation (11)
and (12).

Figurel: Visual explanation of how historical data is used to estimate hedge ratio.
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5.2 Mark to market formula

As in the process explained above, monthly mark to market formular is as the

following.

Mark to market according to investment movement in target currency is calculated in

equation (1)

MTM,,, in target currency = MTM, in target currency X (1 + Investment return,,,(%)) (1)
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Mark to market according to exchange rate movement in THB is calculated in
equation (2)

MTM,,,inTHB = (MTM,  target currency X ysp R L — ) (2)

THBt+1,bid target currency ;41 g5k

Notional of hedging position in hedging currency unit is calculated in equation (3)

MTM¢in THB Xhedge ratiogm

N, = - 3
b forward price in hedging currency{)’#ld ©)

Mark to market from hedging is calculated in equation (4)

MTM hedging, = N,D,(t,T)Xg = NgDq(t,T) 4)

Where, t = valuation date

T = payment date

X, = spot FX rate: base/quote

D, (t, T)= discount factor of base currency from valuation date to forward date

D, (¢, T)= discount factor of quote currency from valuation date to forward date

N ,= notional principal amount for guote currency

Return of hedged portfolio (%) is calculated in equation (5)

MTM¢4q in THB+MTM hedgingi+q+Realizesqq
MTM¢in THB+MTM hedgings+Realize;

Return of hedged portfolio(%):y1 = ( —1) x100 (5)
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5.3 Minimum variance hedge ratio and Portfolio value calculation

2 _ Y-, (weekly currency return;—Avg(weekly currency return))?
aweekly currency return — n—1 ®)

where,

n = number of weeks to calculate variance (52)

Hedge ratio can be calculated by varying parameter h to minimize variance

according to the following equation.

2 n 2 2 n n
Ope = Di=1 hit0i + Xizq Xj=1j%i Richj e Covij e )

where,

o}« = the currencies portfolio variance during period t
aiz_t = the currency variance returns during period t
Cov;; . = the Co-variance of currency (i, j) during period t
h; . = the hedge ratio of currency j during period t

h; + = the hedge ratio of curreneyi during period t

hedge ratio h < O representing a short position and h > 0 representing a long
position in currency. By_.nature, the exchange rate of target currencies and the
exchange rate of hedging currencies relative to baht should go in the same direction.
We expect to see h <=0, for h >0 that we do not have any rational explanation for the

occurrence. We use h equal to zero.

In this study, Visual Basic for Application (VBA) program is developed to be
used in combination with EXCEL spreadsheets to generate the back test results of
each cross-hedging strategy for each investment portfolio. The test will be realistic,

using out-of-sample test concept, hedge ratio will be calculated using 1-year data and
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will be used to hedge the investment position throughout the next rebalancing period

(1-month or 3-month).

Within VBA program, solver tool in EXCEL will vary a set hedge ratio as shown
in equation (7) until variance of currency hedge position is minimized. This concept is
in line with the least square principle in linear regression analysis where the sum
square of error is minimized. In the case that the hedge ratio (HR) is positive the
result will be the same. Since we force the HR to be non-negative, the solution will be
the same as non-negative least square regression (NNLS). This minimization problem
has quadratic objective function that is convex, the generalized reduced gradient
(GRG) method in EXCEL solver will be able to find-the global minima which is

unique.

5.4 Performance indicators

Two performance ‘indicators are used to compare hedging performance of each
hedging strategy. Hedging effectiveness, as shown in the following formula, indicates
risk reduction of each strategy. Sharp ratio also shown as in the following formula,

indicates risk adjusted return performance of each strategy.

. Z?=1(Return ofportfolio(%);—Avg(Return ofportfolio(%))?
Gportfolio return — n—1 (8)

where,

n = number of portfolio return

Variance of portfolio = ( Gporefotio return)’ 9)

variance of hedged portfolio

Hedging ef fectiveness = 1 — (10)

variance of nonhedged portfoio
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Hedging effectiveness is interpreted according to the following concepts.

1. Negative hedging effectiveness means the cross-hedging strategy is fail

2. Positive hedging effectiveness means the cross-hedging strategy can reduce
portfolio currency risk.

3. If the full hedged, single cross hedge and multiple cross hedged are positive, the
one with higher hedging effectiveness will be more efficient to reduce portfolio

currency risk.

Avg(Return ofportfolio(%))—Risk free return(%)

Sharpe ratio = (11)
p Oportfolio return(%)
. . Avg(Return of portfolio(%))—Risk free return(%
Sortino ratio = 224 Jf portfolioCRs / > &) (12)
Odown side portfolio return (%)
2
Yt Min(0,Return of portfolio(%)—Risk free return(%))
Odown side portfolio return(%) S \/ - n-1 (13)

Sharpe/Sortino ratio represents the additional amount of return that fund
manager receives per unit<of increase in risk. Higher Sharpe/Sortino ratio means

better risk adjusted performance.

We calculate Sharpe ratio and Sortino ratio for both non-hedged portfolios and
hedged portfolios. For the hedged portfolios, the Sharpe ratio and Sortino ratio will
reflect the hedging cost. It is market practice for dealers to include profit margin to
calculate short forward price as explained in the previous section. Since the forward
price which includes profit margins for dealer is used in calculation of the hedged
portfolio return, the return performance of the hedged portfolio will be penalized by

the hedging cost included in the forward price. If the risk reduction justifies the
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hedging cost, we will see the improvement of the Sharpe ratio and Sortino ratio of the

hedged portfolio over the non-hedged portfolio.

5.5 Standard paired bootstrap test

This standard bootstrap method was the first introduced by Efron (1979). More
formally, this method consists in drawing random resamples with replacement, X* =
(x7, X3,..., Xp) from X = (x4, X5,..., X,) Sample. Note that the number of data points in
a bootstrap resample is equal to the number of data points in the original sample. By
doing this several times and computing for each resample the 8(X*) which is the
estimator of interest, we can obtain an approximate probability distribution of the
estimator (X). The number of boot strap samples is supposed to be as many as

possible, in this study we used 1,000 bootstrap S to estimate the distribution of

the estimator.

In our case, the daily returns for hedged an edged portfolio are paired data

with bivariate distribution. We define X as a set of vector daily return of
hedged and non-hedged portfolio. The estimator of interest (X) in this study is the

difference between Sharpe ratio of the hedged and non-hedged portfolio.

Figure2: Visual explanation of Standard Paired Bootstrap Test
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The standard paired bootstrapping procedure in this study is as the followings.

1. Calculate the daily return of both hedged and non-hedged portfolio, pair them
into return vectors and use them as paired bootstrap samples. The population
sample set for 10-year analysis contains 2,284 samples (n=2,284).

2. Randomly draw 2,284 bootstrap samples from the data in the population
sample set with replacement to form a re-sampled sample set (n equals to the
number of data points in the original sample). Each re-sampled sample set is
called a Bootstrap Sample set. Then, repeat this step for 1,000 times to generate
the total of 1,000 Bootstrap Sample sets.

3. Evaluate the statistic of interest (0) which in our case is difference between
Sharpe ratio of non-hedged and hedged portfolio for each Bootstrap Sample
set. There will be totally 1,000 estimates of 0.

4. Construct distribution of the statistic of Interest with these 1,000 Bootstrap
statistics and use it to make our statistical inference, that is a confidence
interval for 6>0. To declare the two Sharpe ratios difference is significant from

Zero, zero must not be contained in-the confidence interval.

5.6 Limitations of Methodology

1. In this study, the hedge ratio is limited to non-negative to preserve the hedging
position as a short position. Allowingthe hedge ratio to be positive implies
that speculation is allowed..In some case, this can improve hedging
performance.

2. The correlation between stock index returns and FX returns is studied. The
results are presented in the next section. However, the correlation between
stock index returns and FX returns is ignored in this study. The same with the
correlation between bond index returns and FX returns.

3. Serial correlation within daily returns is ignored. The serial correlation may
exist and require more advanced method. For example, the block bootstrap or
a studentized time series bootstrap may improve accuracy of standard paired

bootstrap test.
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6 EMPIRICAL RESULTS

The empirical results will be presented in four sections. The first section is general
analysis results which explains the general observations and some noticeable key
points. The second is the analysis of hedging results. The third section is the answer to
the research question and the three hypotheses in this study. The fourth section covers
the analysis related to this study in addition to the research questions and hypotheses.

6.1 General analysis

Preliminary analysis of the data revealed that FX risk in foreign bond portfolio
investment was larger portion in overall risk than in foreign stock investment.
Correlation between stock index returns and FX returns was generally low. The

correlation between bond index returns, and FX returns was also low.

FX risk in foreign bond portfolio investment was larger portion in overall
risk than in foreign stock investment. From the data the data set collected from
August 26, 2010, to Dec 30, 2020, Volatility of exchange rate of investment
currencies to Thai Baht ranged from 5.13% per year to 7.23% per year, while the
stock index volatility ranged significantly higher from 16.82% per year to 18.66% per
year and the bond index ranged from 3.87% per year to 6.07% per year. After mark to
market with FX, stock investment risk in THB term increased only 4.83% per year to
19.53% per year. However, the bond investment risk increased more after marking to
the market with FX, the investment risk increase ranged from 30.13% to 125.24% (as
shown to Table 5).

Thus, reducing FX risk in bond investment should have more prominent effect in
improving overall risk. As shown in Table 6, Ederington hedge effectiveness (H.E.)
from cross-hedging currency risk in bond investment is always higher than in stock
investment in all currency pairs. The paired t-test was applied to confirm the

difference and it was confirmed statistically (as shown to Table 7).
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Table 5: Investment volatility and FX volatility (% per year).

Country Vietnam India Indonesia Philippines

Stock Volatility 17.06 17.06 16.82 18.66

Bond Volatility 6.07 3.87 5.94 4.83
FX(CCY/THB) Volatility 5.13 7.23 7.20 5.74
Stock MTM THB Volatility 17.89 20.39 19.90 20.19
Bond MTM THB Volatility 7.90 8.72 10.67 8.11
Stock Volatility increase* 4.83 19.53 18.32 8.22
Bond Volatility increase* 30.13 125.24 79.86 67.92

Investment MTM THB Volatility

Investment Volatility

*Investment Volatility increase (%) = ( —1) x 100

Table 6: Hedge effectiveness of single cross-hedging currency risk in Bond vs

Stock investment (%0).

Hedge effectiveness Bond Stock
VND USD 43.17 3.43
VND EUR 9.32 -0.32
VND CNH 12.43 3.38
VND JPY 10.14 -0.84
INR USD 19.02 -2.99
INR EUR 5.34 -1.28
INR SGD 14.91 1.24
INR CNH 9.87 -0.38
IDR USD 1.36 -3.33
IDR SGD 3.13 151
IDR JPY 1.52 -0.19
IDR CNH 2.13 -0.63
PHP USD 15.54 0.44
PHP EUR 0.50 -0.28
PHP CNH 6.96 1.10
PHP JPY 2.20 -1.06




Table 7: Hedge effectiveness Paired t-test.

Paired t- test between H.E. Stock vs. Bond

Stock Bond
Mean -0.0001 0.0985
Vari 0.0004 0.0112
ariance
Observations 16 10
*k*k
P(T<=t) one-tail 0.0006
P(T<=t) two-tail 0.0011***

*** p-value < 0.01, ** p-value < 0.05, * p-value <0.1
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Correlation between stock index returns and FX returns was generally low.

The correlation between bond index returns, and FX returns was also low.

Karoui (2006) found strong correlation between return of some stock sector indexes in

the emerging market and return of FX between local currencies and the USD, as high

as 80 % or more. We examined whether there exists any natural relationship between

stock index returns and FX returns, in both local currency to USD, and local currency

to Thai Baht. However, in this study, no such strong relationship was found (as shown

to Table 8). We also examined the correlation between bond index returns and the FX

returns in the same way, we also did not find such strong relationship (as shown to

Table 9). However, in this study, we only study market indexes not the sector indexes

as in the previous study. We decided to ignore such correlation in our study.

Table 8: Correlation between Stock Total index Return and FX Return

2011-2020 2011-2015 2016-2020
Local Local Local Local Local Local
Country CCY/THB | CCY/USD | CCY/THB | CCY/USD CCY/THB | CCY/USD
Vietnam -0.010 0.060 -0.005 0.044 -0.015 0.080
India 0.298 0.419 0.395 0.469 0.192 0.387
Indonesia 0.236 0.381 0.157 0.322 0.327 0.451
Philippines 0.108 0.191 0.159 0.236 0.062 0.153
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Table 9: Correlation between Bond Total index Return and FX Return

2011-2020 2011-2015 2016-2020
Local Local Local Local Local Local
Country CCY/THB | CCY/USD | CCY/THB | CCY/USD CCY/THB | CCY/USD
Vietnam -0.083 -0.089 -0.060 -0.107 -0.142 -0.059
India 0.094 0.122 0.113 0.125 0.062 0.118
Indonesia 0.253 0.352 0.201 0.314 0.370 0.450
Philippines 0.073 0.109 0.124 0.148 -0.007 0.038

6.2 Analysis of cross-hedging results

In this section, we first show the examples of cross-hedging analysis result table.
The rest of this section provides analysis from cross-hedging results. We examined
results from cross hedging stock investment first, found that the risk adjusted return
for stock investment in Vietnam, Indonesia and Philippines can be improved by cross
hedging with Japanese Yen, but the improvement was from return rather than risk
reduction. The same observation was found in India stock investment with Singapore
dollar. We analyzed the results of cross-hedging bond investment and found that
currency risk reduction from cross-hedging was more prominent in bond investment
than in stock investment. We also found that, throughout the study period, the average
hedge ratios between currency pairs.are all less than 1. After we split the data into two
halves, we found that the results depended on the economic and market conditions.
Another observation is that the improvement from using baskets of currencies as cross

hedging tools is not statistically significant.

We first show the examples of cross-hedging analysis result table. From the
procedures explained in research methodology section, we obtained the cross-hedging
Vietnam stock index investment results and tabulated them as shown in Table 10. The
first column of the table shows the standard deviation of the returns, Sharpe ratio and
Sortino ratio of the non-hedged portfolio, while the subsequent columns show the
standard deviation of the returns of the hedged portfolio, hedge effectiveness, Sharpe

ratio and Sortino ratio for each hedge strategy of single cross hedge. Table 11 shows
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results of the multiple hedging strategy of the same format. We show these Table as a
sample of our full results only. The rest of the results, tabulated in this format, will be
available in the appendix (2-27). However, significant results will be retabulated into

more concise table format for discussion.
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Risk adjusted return for stock investment in Vietnam, Indonesia and
Philippines can be improved by cross hedging with Japanese Yen, but the
improvement was from FX return rather than risk reduction. The same
observation was found in India stock investment with Singapore dollar. Table 12
shows the results of performance indicators of Vietnam portfolios from nonhedged, 1-
month rebalancing and 3-month rebalancing, cross hedging Vietnam stock with
Japanese Yen improved risk adjusted return. Both Sharpe ratio and Sortino ratio
improvement was statistically significance. With Japanese Yen. cross-hedging (1-
month rebalancing), Sharpe ratio and Sortino ratio, from the investment in Vietnam
stock, increased from 0.729 and 0.257 respectively for non-hedging portfolio, to 0.801
and 0.284 after cross hedging. We also observed.the same direction when we cross
hedged Philippines Peso and Indonesia Ringgit with Japanese Yen. For Indonesia
stock investment as shown in Table 13, Japanese Yen cross-hedging (1-month
rebalancing) increased Sharpe ratio and Sortino ratio from 0.087 and 0.033 for non-
hedging portfolio, to 0.260 and 0.048 after cross hedging. For Philippine stock
investment as shown in Table 14, Japanese Yen cross-hedging increased Sharpe ratio
and Sortino ratio from 0.317 and 0.121 for non-hedging portfolio to 0.351 and 0.134
after cross hedging. We did not use Japanese Yen to cross hedge Indian Rupee

because Japanese Yen is not major trade counterparty to India.

However, we noticed that the hedge effectiveness between these currencies;
Vietnam Dong, Indonesian Ringgit and Philippine Peso to Japanese Yen are all
negative, for 1-month rebalancing. The hedge effectiveness between Japanese Yen
and those three currencies; Vietnam Dong, Indonesian Ringgit and Philippine Peso,
were -0.682, -0.242 and -0.242 respectively. We also observed the same pattern for 3-
month rebalancing strategy, the hedge effectiveness was also negative, -0.836, -0.187

and -1.055 respectively.



Table 12: Performance indicators of Vietnam stock portfolio hedged by Japanese

Yen.

Country Vietnam

Hedge Strategy Non-hedged | 1-month Rebalancing 3-month Rebalancing
S.D. (%) 17.889 17.949 17.584
H.E. (%) - -0.682 -0.836
Sharpe ratio 0.729 0.801* 0.815**
Sortino ratio 0.257 0.284** 0.289**

*** p-value < 0.01, ** p-value < 0.05, * p-value < 0.1

Table 13: Performance indicators of Indonesia-stock portfolio hedged by

Japanese Yen.

Country Indonesia

Hedge Strategy Non-hedged | 1-month Rebalancing 3-month Rebalancing
S.D. (%) 19.898 19.922 19.917
H.E. (%) - -0.242 -0.187
Sharpe ratio 0.087 0.260** 0.130**
Sortino ratio 0.033 0.048** 0.049**

*** p-value < 0.01, ** p-value < 0.05, * p-value < 0.1

Table 14: Performance indicators of Philippines stock portfolio hedged by

Japanese Yen.

Country Philippines

Hedge Strategy Non-hedged |~ 1-month Rebalancing 3-month Rebalancing
S.D. (%) 20:190 20.254 20.296
H.E. (%) - -0.635 -1.055
Sharpe ratio 0.317 0.351* 0.351
Sortino ratio 0.121 0.134* 0.135

*** p-value < 0.01, ** p-value < 0.05, * p-value < 0.1
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Cross-hedging Vietnam, Indonesia and Philippines stock investment with
Japanese Yen, significantly improved the risk adjusted return performance indicators;
Sharpe ratio and Sortino ratio statistically, while the hedge effectiveness showed
negative result.  The hedge effectiveness contradicted the risk adjusted return
performance indicators. After examined into the details as shown in Table 15, we
found that the correlations between these currencies to Japanese Yen are low and the
cross hedging could not reduce risk, but the improvement came from the return from
hedging position due to depreciation of Japanese Yen during.the period. This extra
return drove the improvement of risk adjusted return indicators from the return side.
Depreciation of Japanese Yen during the period depended on the market direction and
would not be sustainable. Making hedging decision from risk adjusted return
performance indicator alone may lead to mistake. It is recommended that investors
should take both hedging effectiveness and the risk adjusted return measures into
consideration when making cross hedging decision. Otherwise, the risk adjusted
return improvement from direction return.of the hedging currency can vanish when

market direction changes.

Table 15: Correlation between investing currency and hedging currency
(2011-2020).

usb EUR JPY CNH SGD
VND 0.83 0.16 0.27 0.58
PHP 0.46 0.12 0.13 0.35
IDR 0.44 0.11 0.36 0.25
INR 0.37 0.10 0.32 0.25

For India stock investment, cross-hedging with Singapore dollar (3-month
rebalancing) produced the marginally positive hedging efficiency, but significantly
improved risk adjusted return performance indicators statistically, both Sharpe ratio

and Sortino ratio (as shown in Table 16). Thus, risk adjusted return performance may
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also not be sustainable, because the improvement came from market direction return

instead of the risk reduction.

Table 16: Performance indicators of India stock portfolio hedged by Singapore

dollar.

Country India

Hedge Strategy Non-hedged | 1-month Rebalancing 3-month Rebalancing
S.D. (%) 20.390 20.222 20.263
H.E. (%) - 1.638 1.238
Sharpe ratio 0.404 0.472 0.480*
Sortino ratio 0.156 0.182 0.185*

*** p-value < 0.01, ** p-value < 0.05, * p-value < 0.1

We analyzed the results of cross-hedging bond investment and found that
currency risk reduction from cross-hedging was more prominent in foreign bond
investment than in stock investment. Table 17 - 18 are summary of the results of
cross-hedging currency risk in the bond investment. As expected, since return
volatility of bond investment is usually lower than stock, the improvement of the risk
adjusted return performance indicators from cross-hedging bond investment should be
more prominent than the improvement in cross hedging stock investment. Both
Sharpe ratio and Sortino ratio from investment-in Vietnam bond significantly
increased from 0.662 and 0.152 in non-hedging portfolio to 0.866 and 0.202 after
being cross hedged by Japanese<Yen using MV (minimum variance) hedge ratio.
Also, the Sharpe ratio and.Sortino Ratio of the India bond investment increased from
0.324 and 0.070 respectively for the non-hedging portfolios, to 0.507 and 0.111
respectively, after being cross hedged by Singapore dollar using MV hedge ratio.

For Vietnam bond investment, cross hedging with Japanese Yen significantly
improved both the risk adjusted return performance indicators; Sharpe ratio and
Sortino ratio, but it still could not substantially reduce portfolio risk. The hedging
efficiency was marginally positive at 2.862%. However, the confidence levels of
significance of the improvement were higher in the case of bond investment than in

the case of stock investment, up to 95% and 99%. For India bond investment, cross-
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hedging with Singapore dollar (3-month rebalancing) produced the marginally
positive hedging efficiency, and significantly improved risk adjusted return

performance indicators statistically, both Sharpe ratio and Sortino ratio.

Table 17: Performance indicators of Vietham bond portfolio from single hedging
strategies (3-month rebalancing, 2011-2020)

VND Non-hedged Single MV cross hedged
usD EUR JPY CNH
S.D. (%) 7.898 6.706 7.877 7.785 7.302
H.E. (%) - 27921 0554 2.862 14:531
Sharpe ratio 0.662 | 0.835 0.740 | 0.866** 0.541
Sortino ratio 0.152 | 0.218 0.171 | 0.202*** 0.125

*** p-value < 0.01, ** p-value < 0.05, * p-value < 0.1

Table 18: Performance indicators of India bond portfolio from single hedging
strategies (3-month rebalancing, 2011-2020)

INR Non-hedged Single MV cross hedged
usD EUR SGD CNH
S.D. (%) 8.717 8.413 8.728 8.609 8.554
H.E. (%) - 6.862 -0.239 2.473 3.701
Sharpe ratio 0.324 0.351 0.413 0:507* 0.227
Sortino ratio 0.070 0.077 0.089 0.111* 0.049

*** p-value < 0.01, ** p-value < 0.05, * p-value < 0.1

We went further into more details by examining the details of hedge
ratios used the hedging process. On average, the hedge ratios between currency
pairs are all less than 1. The naive hedging strategy tend to over-hedge the position
in the long run. Theoretically, the MV hedge ratio should be more effective than
Naive hedge strategy in the long run one (as shown in Table 19).
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Table 19: MV Hedge ratio of 3-month Rebalancing (2011-2020)

usb EUR JPY CNH SGD
Avg. | Max | Min | Avg. | Max | Min | Avg. | Max | Min | Avg. | Max | Min | Avg. | Max | Min
VND | 096 | 128 | 0.80 | 0.18 | 0.47 | 0.00 | 0.19 | 0.44 | 0.00 | 0.74 | 1.25 | 0.43
PHP | 066 | 1.04 | 0.27 | 021 | 0.66 | 0.00 | 0.15| 051 | 0.00 | 0.52 | 0.85 | 0.31
IDR 0.34 | 0.87 | 0.00 - - - 0.05| 031 | 000 | 039 | 082 | 0.00 | 050 | 1.25| 0.00
INR 0.46 | 099 | 0.00 | 0.19 | 0.60 | 0.00 - - - 040| 110 | 0.00 | 0.63 | 1.34 | 0.04

Analysis of the spilt data revealed that the results depended on the
economic and market conditions. In the next step, the 10-year data (2011 to 2020)
was split into two 5-year data sets (2011-2015 and 2016-2020) to examine the
consistence of the strategy throughout the study period. As shown in Table 22— 23, for
Vietnam bond investment, only in the first half of the data, Japanese Yen could
statistically improve the risk return performance indicators; both Sharpe ratio and
Sortino ratio. In the second half of the data, cross-hedging bond investment with
Japanese Yen no longer improve risk adjusted return performance indicator. However,
cross hedging Vietnam bond position with US dollar showed positive hedge
effectiveness and statistically significance in improving Sharpe ratio and Sortino ratio.
In the Table 23, in the second half, hedge effectiveness from cross hedging Vietnam
bond investment by the US dollar using MV-hedge effectiveness were positive at
43.17% and significantly increased both Sharpe ratio and Sortino ratio from 0.214 and
0.039 to 0.794 and 0.160, respectively. The improvement was statistically significant.
For Vietnam bond position, cross hedged with US dollar showed robustness in
reducing risk and improving Sharpe ratio and Sortino Ratio at the same time. The
correlation between VND/THB and USD/THB was as high as 0.91, as shown in the
Table 20.

For India bond investment in the first half, Euro showed negative hedge
effectiveness while significantly improved the risk adjusted return performance
indicators (as shown in Table 24). However, in the second half, although each
correlation between currency pairs is moderate, as shown in Table 20. The correlation
between INR/THB and USD/THB is 0.56, while the correlation between INR/THB
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and SGD/THB is only 0.36, both US dollar and Singapore dollar were shown to be
effective cross hedging tools, which could reduce risk (positive hedge effectiveness)
and improved risk adjusted return performance indicators. Using 10-year data and 5-
year data can lead to different decision. The too-long time series data that may not
represent the recent market condition, may lead to wrong cross hedging decision.
Cross hedging decision can depend on conditions, and it is prudent to closely monitor
hedging performance closely in order that hedging strategy can be adjusted in timely
manner. As shown in Table 25, in the second half, hedge effectiveness from cross
hedging India bond investment by the SGD dollar were positive at 14.91% and
significantly increased both Sharpe ratio and Sortino ratio from 0.310 and 0.060 to
0.646 and 0.120, respectively. The MV hedge ratio-in the second half, still showed the
average less than one, as shown in Table 21.

Table 20: Correlation between investing currency and hedging currency
(2016-2020).

usb EUR JPY CNH SGD

VND 0.91 0.24 0.27 0.47

PHP 0.68 0.20 0.17 0.39

IDR 0.43 0.12 0.31 0.34

INR 0.56 0.18 0.38 0.36
Table 21: MV Hedge ratio of 3-month Rebalancing (2016-2020)

usD EUR PY CNH SGD

Avg. | Max | Min | Avg. | Max | Min | Avg. | Max | Min | Avg. | Max | Min | Avg. | Max | Min
VND | 093 | 1.02| 0.80 | 0.20 | 047 | 0.00 | 0.16 | 0.44 | 0.00 | 059 | 0.93 | 0.43
PHP | 0.78 | 1.04 | 047 | 026 | 0.66 | 0.00 | 0.17 | 051 | 0.00 | 0.55 | 0.85 | 0.38
IDR | 034 | 0.87 | 0.00 005 | 031 | 0.00] 039 [ 068 | 0.00 | 0.68| 1.25 | 0.00
INR | 070 | 099 | 0.44 | 0.25 | 0.60 | 0.00 051 | 110 | 027 | 079 | 1.34 | 0.29




Table 22: Performance indicators of Vietham bond portfolio from single hedging

strategies (3-month rebalancing, 2010-2015)

VND Non-hedged Single MV cross hedged
usD EUR JPY CNH
S.D. (%) 9.420 8.337 9.559 9.420 8.669
H.E. (%) - 21.679 -2.968 0.007 1.304
Sharpe ratio 0.990 0.917 1.091 | 1.292*%** 0.698
Sortino ratio 0.262 0.268 0.296 0.352*** 0.191

*** p-value < 0.01, ** p-value < 0.05, * p-value < 0.1

Table 23: Performance indicators of Vietham bond portfolio from single hedging

strategies (3-month rebalancing, 2016-2020)

VND Non-hedged Single MV cross hedged
usD EUR JPY CNH
S.D. (%) 5.998 4.521 5.711 5.682 5.612
H.E. (%) - 43.166 9.325 10.140 12.433
Sharpe ratio 0.214 0.794* 0.247 0.276 0.337
Sortino ratio 0.039 0.160* 0.043 0.049 0.060

*** p-value < 0.01, ** p-value < 0.05, * p-value < 0.1

Table 24: Performance indicators of India bond portfolio from single hedging

strategies (3-month rebalancing, 2010-2015)

INR Non-hedged Single MV cross hedged
Usb EUR SGD CNH
S.D. (%) 9.924 9.911 10.085 10.135 9.907
H.E. (%) - 0.252 -3.271 -4.294 0.347
Sharpe ratio 0.340 0.200 0.443* 0.431 0.171
Sortino ratio 0.080 0.047 0.106* 0.103 0.040

*** p-value < 0.01, ** p-value < 0.05, * p-value < 0.1
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Table 25: Performance indicators of India bond portfolio from single hedging
strategies (3-month rebalancing, 2016-2020)

INR Non-hedged Single MV cross hedged
usD EUR SGD CNH
S.D. (%) 7.319 6.586 7.121 6.751 6.949
H.E. (%) - 19.024 5.342 14.908 9.865
Sharpe ratio 0.310 | 0.592* 0.388 0.646* 0.315
Sortino ratio 0.060 | 0.114* 0.073 0.120* 0.059

*** p-value < 0.01, ** p-value < 0.05, * p-value < 0.1

Another observation is that the improvement from using baskets of
currencies as cross hedging tools is not statistically significant. Using more than
one currency can improve the hedge effectiveness. Theoretically, adding more
currencies must further reduce risk, and the variance must be minimized, however in
practice, the minimum variance hedge ratio Is calculated using historical data and is
used to hedge future FX movement. The out of sample calculation of hedge ratio, in
practice, cannot guarantee the risk reduction. On the contrary, multiple hedging can
increase hedging cost. The multiple hedging tools comprised of collective of smaller
notional forward contracts. They cost more, especially for non-USD hedging tools.
However, in this study, multiple hedging is proven to be an effective tool for cross
hedging foreign investment in this case. Multiple cross hedging can improve both
hedge effectiveness and risk adjusted return indicators for both Vietnam and India.
For, Vietnam bond portfolio, the best performance of multiple cross hedging portfolio
was from using all of(four currencies that related import/export counterparty trading
(USD, EUR, JPY and CNH), the Sharpe ratio and Sortino ratio were highest of all at
0.8184 and 0.1631 (as shown in Table 26). While the highest Sharpe ratio and Sortino
ratio of India bond portfolio came from multiple hedging using the two currencies;
US dollar and Singapore dollar, this hedge strategy produced the highest Sharpe ratio
and Sortino ratio of 0.8690 and 0.1628 (as shown in Table 27), but the F-test failed to
conclude that the improvement from multiple currency hedging over single currency

hedging (USD cross-hedge) was can statistically significant (p-value 1-tail < 0.4529).
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For Indonesian (as shown in Table 28), no single currency cross-hedging can

significantly improve the risk adjusted return ratio, only multiple cross hedging can

improve Sharpe ratio statistically. None of any multiple currency combination can

improve risk adjusted return ratio significantly for Philippines (as shown in Table 29).

In implementing multiple cross hedged, investors should take the complexity of

hedging process into consideration together with the unclear benefit over single cross

hedge before implementing the multiple hedging strategy.

Table 26: Performance indicators of Vietnam bond portfolio from Multiple

hedging strategies (3-month rebalancing, 2016-2020)

VND Non-hedged Single MV cross hedged Multiple cross hedged
usD EUR JPY CNH USD EUR JPY CNH
S.D. (%) 5.998 4521 5.711 5.682 5.612 4.506
H.E. (%) - 43.166 9.325 10.140 12.433 43.566
Sharpe ratio 0.214 0.794* 0.247 0.276 0.337 0.818*
Sortino ratio 0.039 0.160* 0.043 0.049 0.060 0.163*

*** p-value < 0.01, ** p-value < 0.05, * p-value < 0.1

Table 27: Performance indicators of India bond portfolio from Multiple hedging

strategies (3-month rebalancing, 2016-2020)

INR Non-hedged | Single MV cross hedged Multiple cross hedged
usD SGD USD SGD
S.D. (%) 7.319 6.586 6.751 6.456
H.E. (%) - 19.024 14.908 22.202
Sharpe ratio 0.310 0.592* 0.646* 0.869**
Sortino ratio 0.060 0.114* 0.120* 0.163**

*** p-value < 0.01, ** p-value < 0.05, * p-value < 0.1




Table 28: Performance indicators of Indonesia bond portfolio from Multiple

hedging strategies (3-month rebalancing, 2016-2020)

IDR Non-hedged | Single MV cross hedged Multiple cross hedged
uUsD SGD USD SGD
S.D. (%) 9.499 9.301 8.956 8.837
H.E. (%) - 4.136 11.109 13.452
Sharpe ratio 0.343 0.339 0.518 0.582*
Sortino ratio 0.083 0.083 0.121 0.138

*** p-value < 0.01, ** p-value < 0.05, * p-value < 0.1

Table 29: Performance indicators of Philippine bond portfolio from Multiple

hedging strategies (3-month rebalancing, 2016-2020)

PHP Non-hedged | Single MV cross hedged Multiple cross hedged
(UR]B) EUR USD EUR
S.D. (%) 7.010 5.990 6.806 5.945
H.E. (%) - 26.974 5.712 28.077
Sharpe ratio 0.052 0.269 0.063 0.262
Sortino ratio 0.010 0.048 0.011 0.046
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*** p-value < 0.01, ** p-value < 0.05, * p-value < 0.1

6.3 Research question and hypotheses

Can Thai fund managers.use a basket of major currencies of import and
export trade counterparties to hedge their currency risk in their investment
portfolios investing in  frontier/emerging market stocks or bonds? This study
provided strong evidence that risk adjusted return of frontier market investment can
be improved by cross-hedging with single and/or multiple forward contracts of trade
counterparty’s currencies. Table 26 to 28 show currencies or basket of currencies that
show significant risk reduction performance with positive H.E. and significant
improvement in risk adjusted return indicators; Sharpe ratio and Sortino ratio, we
performed the F-test and confirmed that the return variances between non-hedged and
hedged portfolio are significantly different. Sharpe ratio and Sortino ratio were

significantly improved by the cross-hedging. Only for Philippines, there is no
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currency can be used to improve risk adjusted return by cross-hedging investment in

Philippines (as shown in Table 29).

For the first hypothesis, we conjecture that variance of the
frontier/emerging market equity/bond portfolio can be reduced by cross-hedging
with single FX forward contracts of import-export counterparties ’currencies.
There exists a strong evidence (as shown in Table 26) to support that using USD as
hedging instrument can significantly reduce currency risk from investing in Vietnam
bond index. There also exists a strong evidence to support that using USD as hedging
instrument can significantly reduce currency risk from investing in Indian bond index
(as shown in Table 27). For both countries, the H.E. were high, and we used F-test to
confirm that the variances before hedging rand after hedging are statistically
significant. The p-value for Vietnam bond investment cross hedged by USD was <
0.000™". The p-value for Indian bond investment cross hedged by USD was <
0.000™".

For the second hypothesis, we conjecture that cross hedging the
frontier/emerging market equity/bond portfolio using multiple FX forward
contracts of import-export counterparties ’currencies, can outperform single
currency cross hedging, in reducing currency risk. There exists an evidence to
support that using USD and SGD as hedging instrument can significantly reduce
currency risk from investing in Indian bond.index (as shown in Table 27). H.E. was
higher. The F-test to confirm that the variance before hedging and after hedging is
statistically significant (p-value 1-tail < 0.0032***). However, The F-test failed to
conclude that the improvement from multiple currency hedging over single currency
hedging (USD cross-hedge) was can statistically significant (p-value 1-tail < 0.2495).
For Vietnam (as shown in Table 26), the combination of all four currencies can be
used to cross-hedged the Vietnam investment with significant risk reduction (F-test p
value 1-tail < 0.000™) but failed to prove that the return variance is significantly
lower than single cross-hedging (F-test p value 1-tail < 0.453). Indonesian (as shown
in Table 28), no single currency cross-hedging can significantly improve the risk
adjusted return ratio, only multiple cross hedging can improve Sharpe ratio
statistically (F-test p value 1-tail < 0.007***) but failed to prove that the return
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variance is significantly lower than single cross-hedging (F-test p value 1-tail <
0.326).

Third hypothesis, we conjecture that the risk reduction provided by cross
hedging the frontier/emerging market equity/bond portfolio using single/multiple
FX forward contracts of import-export counterparties ’currencies, is sufficiently
significance to improve risk-return of the portfolio when hedging cost is
considered. There exists a strong evidence to conclude that the risk reduction from
currency cross-hedging is sufficiently significance to justify the hedging cost and
significantly improve risk-return of the portfolio. Sharpe and Sortino ratio between
nonhedged portfolio and cross hedged portfolio are statistically different in many

scenarios.

From the analysis of results, there exists a strong evidence that investors can
use major currencies of import and export trade counterparties to hedge their currency
risk in their investment portfolios investing in frontier/emerging market for both stock
and bond investment. Reduction in currency risk Is statistically significant. The
improvement on risk adjusted return from currency hedging is also statistically
significant (as shown in Table 26 to 29).

6.4 Additional analysis

Two analyses were performed in_ addition to those related to research question and
hypotheses. We observed that.Sharpe ratio and Sortino ratio always go into the same
direction. We performed.another analysis to compare the two ratios and found that
Sharp ratio and Sortino ratio worked similarly in our study. The performance of 1-
month and 3-month rebalancing strategy was compared, and we found that in general,
the 3-month rebalancing strategy produced higher risk adjusted return than 1-month

rebalancing strategy.

We observed that Sharpe ratio and Sortino ratio always go into the same
direction. We performed another analysis to compare the two ratios and found
that Sharp ratio and Sortino ratio worked similarly in our study. Return

distributions of both hedged and nonhedged portfolio were examined. The return
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distributions were found to be symmetry; thus, it is not expected that Sharpe ratio and
Sortino ratio will work differently. As shown in Figure 3, return distribution of
Vietnam stock index after marked to the market and return distribution of the Vietnam
stock after being cross hedged by Japanese Yen showed symmetrical distribution. We

found the same observation for stock investments in other countries as well.

In the next step, we examined the difference between the resulted Sharpe ratio and
Sortino ratio in all scenarios. As shown in Figure 4, the scatter plotting between
Sharpe ratio and Sortino Ratio of each scenario of stock investment showed linear
relationship without any outlier and confirmed the similarity between the two ratios.
We applied linear regression to confirm the close relationship between Sharpe ratio
and Sortino ratio. The regression analysis confirmed the close relationship with R-

square close to 1 (as shown in Table 30).

In our case, where the portfolio returns are symmetry for both downside and

upside, Sharpe ratio and Sortino ratio worked equally well.

Figure 3: Return distribution of Vietnam stock index.

VND Stock Return Unhedged VND Stock Return Hedged by JPY
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Figure 4: Scatter plot between Sharpe and Sortino ratio
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Table 30: Linear regression statistics between Sharpe and Sortino ratio

Regression Statistics

Multiple R 0.9973
R Square 0.9947
Observations 60

We found that in general, the 3-month rebalancing strategy produced
higher risk adjusted return than 1-month rebalancing strategy. This step of our
study was to examine the differences in risk adjusted return performances between
rebalancing period of 1-month and 3-month. Firstly, the results of scatter plotting
showed linear relationship without any outlier, as shown in Figure 5. Secondly, we
applied linear regression between Sharpe ratio of 1-month rebalancing and Sharpe
ratio of 3-month rebalancing for all hedging scenarios. The R-square between the two
rebalancing strategies was almost close to 1. The slope coefficient between the two
was also close to one (as shown in Table 31). The average of Sharpe ratios of the 3-
month rebalancing strategy was 0.392, it was 0.009 higher than the average of Sharpe
ratios of the 1-month rebalancing strategy, which was 0.383. The difference of
averages of the Sharpe ratios between the two strategies also confirmed by the
positive linear regression intercept, which was also statistically significant. As shown

in Table 33, the difference was confirmed by paired t-test with high level of
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confidence (p value < 0.000*). The same test process was applied to Sortino ratio, and

the results went into the same direction.

Figure 5: Scatter plot between Sharpe ratio 1m rebalancing vs. 3m rebalancing.

Table 31: Linear regression statistics between Sharpe ratio 1m rebalancing vs.

3m rebalancing.

e o o
S w b

=3
o

Sharpe ratio (3-month Rebalancing)
o © ©o o ©
S T

o

0 0.1

Sharpe 1m vs. Sharpe 3m

0.2 03 04 0.5

y =0.9971x+0.01
R? = 0.9959

0.6 0.7 0.8

Sharpe ratio (1-month Rebalancing)

09

Coefficients | Standard Error t Stat P-value
Intercept 0.0100 0.0038 2.6223 0.0111**
1-month Sharpe 0.9971 0.0084 118.0174 0.0000***
R Square 0.9959 | Observations 60

*** p-value < 0.01, ** p-value < 0.05, * p-value < 0.1

Figure 6: Scatter plot between Sortino-Im rebalancing vs. Sortino 3m

rebalancing.
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Table 32: Linear regression statistics between Sortino ratio 1m rebalancing vs.

3m rebalancing.

Coefficients | Standard Error t Stat P-value
Intercept 0.0042 0.0015 2.8183 0.0066***
1-month Sortino 0.9962 0.0089 111.3653 0.0000***
R Square 0.9953 | Observations 60

*** p-value < 0.01, ** p-value < 0.05, * p-value < 0.1

Table 33: Paired T-test of Sharpe ratio between 1m and 3m rebalancing.

Paired T-test of Sharpe ratio between 1m and 3m rebalancing:
Sharpe 1m Sharpe 3m
Mean 0.3833 0.3923
Variance 0.0596 0.0595
Observations 60 60
t Stat -4.4003
P(T<=t) one-tail 0.0000***
P(T<=t) two-tail 0.0000***

*** p-value < 0.01, ** p-value < 0.05, * p-value < 0.1

Table 34: Paired T-test of Sortino ratio between 1m and 3m rebalancing.

Paired T-test of Sortino ratio between 1m and-3m rebalancing.
Sortino 1m Sortino 3m
Mean 0.1420 0.1457
Variance 0.0075 0.0074
Observations 60 60
t Stat -4.7795
P(T<=t) one-tail 0.0000***
P(T<=t) two-tail 0.0000***

*** p-value < 0.01, ** p-value < 0.05, * p-value < 0.1
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7 CONCLUSION

Cross-hedging strategy can be beneficial for Thai investors to reduce currency
risk and improve risk adjusted return in their emerging market investment. The

hedging currency can be selected by trade counterparties.

Single cross hedging can reduce portfolio risk significantly as measured by

Ederington hedge effectiveness and confirmed by the F-test.

Multiple cross-hedging shows sign of improvement from single cross-hedging
both in currency risk reduction and risk adjusted return improvement in some case,
but the statistical test failed to prove that improvement is statistically significant.
Investors should assess their situation before implementing multiple cross-hedging

strategy.

Bid-ask spread from FX forward contract incurs hedging cost. However, the
risk reduction from cross hedging justified the hedging cost and improved risk
adjusted return. Cross-hedging currency-risk using developed currency as hedging
instruments, reduces currency risk in frontier market investment and improves risk-
return as measured by Sharpe ratio and Sortino ratio. The improvement was

confirmed by standard paired bootstrap test of the ratios.

This study revealed a few points that should be mentioned. The risk adjusted
return measures such as Sharpe ratio or_Sortino ratio can be improved by either
reducing risk or increasing return or'both. The study shows that in some cases, cross
hedging can increase portfolio risk because the hedging ratio calculated from the
historical data may not‘match the actual beta and correlation in the future (out of
sample). However, the improvement came from increasing return due to cross
hedging position generated higher return than the loss from FX in the investment
position. The extra return could drive the improvement of the risk adjusted return
performance indicators into significant. This extra return depends on market direction
of the cross-hedging currencies and may not be sustainable in the future. Historical
market direction may not be repeating. It is recommended that fund manager should
take both hedging effectiveness and the risk adjusted return measures into

consideration when making cross hedging decision.
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In our case, 3-month rebalancing strategy can produce higher risk adjusted
return than 1-month rebalancing strategy, as measured by both Sharpe ratio and
Sortino ratio. More frequent rebalancing can increase cost, also shorter hedging
period may increase risk since market shock can be more prominent in shorter period.
Rebalancing strategy can make difference in risk adjusted return improvement. The 3-
month rebalancing strategy producing higher average of both Sharpe ratio and Sortino
ratio than 1-month strategy. However, it is recommended that fund manager should
re-evaluated situation before making decision, since risk reduction and cost of

rebalancing may be different in different circumstances.

The return of the portfolios, both hedged and non-hedged, are symmetry. We
also observed that Sharpe ratio and Sortino ratio are highly correlated and always go
in the same direction. It is recommended that either Sharpe ration or Sortino ratio can
be used as risk adjusted return measures. Since Sharpe ratio is more widely used as
measurement tool for risk adjusted return, can be equally effective and can be easily
calculated, this study recommended that Sharpe ratio should be used in further study.
However, if any nonlinear hedging instruments such as option, are used, Sortino ratio

should be considered.

When risk of the investment is higher than the currency risk, as shown in the
stock investment cases, it is more difficult to improve the overall risk adjusted return
by reducing currency risk. When the investment risk and FX risk is at the same level,
as shown in bond investment cases. The improvement from cross hedging FX risk can

significantly improve the risk adjusted return.

The cross-hedging decisions are sensitive to market conditions and situations.
Currency market condition changed over time and affected the decision-making
process. We separated the 10-year data set into two of 5-year data sets. The data led to
difference conclusions; both were still statistically significant. The too-long time
series data may not represent the recent market condition and may lead to wrong cross
hedging decision. It is also recommended that investors should continuously monitor
both the market condition and the cross-hedging performance and make strategy

adjustment in timely manner.



8 APPENDIX

Appendix 1: Import/Export in (Indonesia, India, Vietnam, and Philippines)
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No | Indonesia Imports By Country Value Year | No | Indonesia Exports By Country Value Year
1 China* $44.93B | 2019 | 1 China $27.96B | 2019
2 Singapore* $17.59B | 2019 | 2 United States* $17.87B | 2019
3 Japan* $15.66B | 2019 | 3 Japan $16.00B | 2019
4 Thailand $9.47B | 2019 | 4 Singapore $12.92B | 2019
5 United States $9.32B | 2019 | 5 India $11.82B | 2019
6 South Korea $8.42B | 2019 | 6 Euro Zone $11.09B | 2019
No | India Imports By Country Value Year | No | India Exports By Country Value Year
1 China* $68.40B | 2019 | 1 United States* $54.29B | 2019
2 United States $34.92B | 2019 | 2 Euro Zone* $38.53B | 2019
3 United Arab Emirates $30.31B | 2019 | 3 United Arab Emirates $29.54B | 2019
4 Saudi Arabia $27.00B | 2019 | 4 China $17.28B | 2019
5 Iraq $22.09B | 2019 | 5 Hong Kong $11.48B | 2019
6 Euro Zone $21.62B | 2019 | 6 Singapore* $10.74B | 2019
No | Vietnam Imports By Country Value Year | No | Vietnam Exports By Country Value Year
1 China* $65.52B | 2018 | 1 United States* $47.58B | 2018
2 South Korea $47.58B | 2018 | 2 China $41.37B | 2018
3 Japan* $19.04B | 2018 | 3 Euro Zone* $29.67B | 2018
4 United States $12.76B | 2018 | 4 Japan $18.83B | 2018
5 Thailand $12.04B | 2018 | 5 South Korea $18.24B | 2018
6 Euro Zone $8.72B | 2018 | 6 Hong Kong $7.96B 2018
No | Philippines Imports By Country | Value Year | No |-Philippines Exports By Country | Value Year
1 China* $26.76B | 2019 |1 United States* $11.57B | 2019
2 Japan* $11.22B | 2019 | 2 Japan $10.67B | 2019
3 South Korea $8.76B | 2019 | 3 China $9.81B 2019
4 United States $8.56B | 2019 | 4 Hong Kong $9.62B 2019
5 Euro Zone* $7.43B | 2019 | 5 Euro Zone $6.43B 2019
6 Indonesia $7.30B | 2019 | 6 Singapore $3.83B 2019
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