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Resumo 
 

A presente tese investiga estratégias alternativas, ou estratégias que não usam contratos futuros de 
moeda, para gestão do risco cambial. Os capítulos 1 e 2 investigam o uso de contratos futuros de 
commodities, ou cross-hedging, para gestão do risco cambial. Estudos recentes constataram a existência 
de prêmios de risco ao se investir em commodity currencies, o que atrai carry traders. Entretanto, 
moedas com prêmios de risco podem desincentivar tanto instituições financeiras quanto não financeiras 
a investirem em países com commodity currencies, devido ao retorno esperado negativo do hedge 
cambial com contratos futuros de moedas. Estratégias alternativas para gestão do risco cambial que 
possuam melhores retornos esperados talvez possam aumentar os investimentos nestes países, 
justificando pesquisas nesta área.  

A tese começa investigando quatro estratégias distintas de gestão do risco cambial para nove 
commodity currencies: total, parcial, nenhum e cross-hedging. A estratégia de cross-hedging consiste no 
uso de contratos futuros de commodities para se proteger do risco cambial. A cesta de contratos futuros 
de commodities utilizados para cross-hedging é determinada através da análise da cesta individual de 
exportação de cada país. A principal conclusão do capítulo é que, para muitas aversões a risco, o cross-
hedging é a estratégia ótima de proteção do risco cambial.  

Em seguida são utilizadas técnicas de otimização quantitativa de portfolios para construir a cesta de 
contratos futuros de commodities utilizada para cross-hedging. São utilizadas três matrizes de 
covariância distintas e otimização de média variância. As matrizes de covariância são baseadas na 
variância e covariância amostral, na técnica do exponentially weighted moving average (EWMA) e no 
modelo dynamic conditional correlation-generalized autoregressive conditional heteroscedasticity (DCC-
GARCH). Baseado nos resultados empíricos e em dados brasileiros, a principal conclusão é que a melhor 
estratégia para se construir a cesta de commodities para cross-hedging é utilizando os dados de 
exportação, em detrimento de técnicas quantitativas de construção de portfolios. 

O capítulo 3 trata da redução do risco cambial através da diversificação e a simples construção de 
portfolios. Investidores globalmente diversificados podem preferir investir em moedas com risco 
idiossincrático alto ao invés de baixo, uma vez que o risco idiossincrático pode ser minimizado através 
da diversificação. O modelo de dois fatores proposto por Lustig et al. (2011) é utilizado para determinar 
o risco idiossincrático de uma moeda. Partindo de 54 moedas, são identificadas 15 moedas que podem 
ser particularmente interessantes para investidores diversificados. 

 

Palavras chave: risco cambial, cross-hedging, futuros de commodities 

  



  

Abstract 
 

This thesis examines alternative strategies, or strategies that do not rely on currency future contracts, to 
manage exchange rate risk. In chapters 1 and 2, I explore cross-hedging using commodity futures to 
manage the exchange rate risk of commodity currencies. Recent studies have revealed that commodity 
currencies provide currency risk premiums, attracting carry traders. However, currency risk premiums 
may disincentivize financial and nonfinancial institutions from investing in countries with commodity 
currencies due to the negative expected returns of hedging exchange rate risk with currency future 
contracts. Alternative strategies to manage exchange rate risk that have better expected returns may 
increase investments in these countries justifying research in this area. 

I start by investigating four different hedging strategies to manage exchange rate risk for nine 
commodity currencies: full, partial, no and cross-hedging. The cross-hedging strategy consists of using 
commodity future contracts to hedge exchange rate risk. The commodity future contracts used for 
cross-hedging are determined through the analysis of the export basket of each individual commodity 
country. My main finding is that for many risk aversions, cross-hedging is the optimal hedging strategy 
for exchange rate risk. 

I then utilize quantitative portfolio optimization methods to build the commodity futures basket used 
for cross-hedging. I use three different covariance matrixes and mean variance optimization. The 
covariance matrixes are based on historical variance and covariance, on the exponentially weighted 
moving average (EWMA) method and on the dynamic conditional correlation-generalized autoregressive 
conditional heteroscedasticity (DCC-GARCH) model. Based on the empirical results and Brazilian data, 
my main finding is that the best strategy to build the commodity basket for cross-hedging is to use 
export data, compared to quantitative portfolio optimization methods. 

In chapter 3, I explore reducing exchange rate risk through diversification and simple portfolio 
construction. Globally diversified investors may seek investing in currencies with high relative to low 
idiosyncratic risk, as idiosyncratic risk can be minimized by diversification. I use the two-factor model 
proposed by Lustig et al. (2011) to assess the idiosyncratic risk of an exchange rate. Among 54 exchange 
rates, I identify 15 that may be particularly interesting for diversified investors.  

 

Keywords: exchange rate risk, cross-hedging, commodity futures 
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Is cross-hedging an optimal hedging strategy for commodity currencies? 
 

1.1 Introduction 
Currencies of countries that adopt the floating exchange rate regime and are heavily dependent on 
commodity exports, or commodity currencies, have two particular properties. Commodity currencies 
may co-move and forecast commodity prices, see Chen & Rogoff (2003) and Chen et al. (2010). They 
may also provide opportunities for carry-traders or currency risk premiums due to their relatively high 
interest rates, see Ready et al. (2017). 

I show that currencies with risk premiums provide a negative expected incremental return to hedgers 
using future contracts of the underlying currency. In currencies with risk premiums, the economy may 
suffer from decreased levels of investment because foreign equity investors or domestic institutions 
with foreign debt may face a trade-off decision of either negative expected incremental returns from 
hedging or high risks due to unhedged exposures. This motivates research on alternative hedging 
strategies to using the future contracts of the underlying currency. 

The co-movement of commodity currencies with commodity prices may allow exchange rate risk 
management using commodity futures, or cross-hedging.  I compare different hedging strategies for 
managing foreign exchange risk, specifically hedging using currency and commodity future contracts. 
Four strategies are compared: no hedging, partial hedging, full hedging, and cross-hedging.  

My main findings are that cross-hedging reduced the variance and tail risk compared to the no hedging 
strategy and that, in most cases, the incremental return of cross-hedging with commodity futures was 
slightly positive. For investors with a quadratic utility function, cross hedging was the optimal hedging 
strategy for the most common risk aversions. 

This empirical study supports the asset pricing literature that suggests that currency and commodity 
futures risk premiums are governed by different systematic risk factors. This could explain why, while 
hedging with currency futures yielded a negative incremental return, cross-hedging with commodity 
futures yielded in most cases a positive incremental return. 

Cross-hedging strategies have been most commonly used to manage agricultural risk; for example, see 
Kim et al. (2015). Cross-hedging exchange risk with other currencies has been studied by authors 
including Aggarwal & Demaskey (1997) and Chang & Wong (2003). Only a limited number of papers, 
such as Benet (1990), (1992) and Bowman (2005), have studied cross-hedging currency risk with 
commodity futures. This study, different from previous studies, compares cross-hedging using 
commodity futures and hedging strategies using future contracts of the underlying currency.  

The remainder of the chapter is organized as follows. In section 2, I describe the expected returns of and 
variance in different hedging strategies, nominal and real exchange rate models and the utility function 
used to compare hedging strategies. In section 3, I describe the data, and in section 4, I show the main 
results. Section 5 features robustness tests with different hedging horizons and transaction costs, and 
the last section concludes. 

 

1.2 Background 
Expected returns of and variance in different hedging strategies 
I start by discussing the expected returns and variance of different hedging strategies: no hedging, 
partial hedging, full hedging and cross-hedging. Throughout this chapter, I follow the convention that 
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spot exchange rate 𝑆  reflects the value of one unit of producer country currency or foreign currency in 
commodity currency or domestic currency. An increase (decrease) in 𝑆  means an appreciation 
(depreciation) in the foreign country currency relative to the commodity currency. 

I define a commodity currency hedger as an entity with a long exposure to the commodity currency or 
short exposure to the foreign currency. Increases (decreases) in the spot exchange rate will result in 
losses (gains). A commodity currency hedger would typically be a foreign financial or nonfinancial 
corporation that owns an asset in a commodity exporting country whose prices are in domestic 
currency. Another example would be a corporation located in a commodity country that purchases raw 
materials priced in foreign currency. 

I assume that an investor has a long or short exposure to a commodity currency generated by an asset 
or liability and that the returns of this asset or liability are fixed or uncorrelated to the returns of the 
spot exchange rate or to the returns of commodity futures. For example, a foreign investor purchasing 
domestic currency denominated fixed rate government debt of a commodity country.  

I abstract the returns of the asset or liability and define the expected return of the portfolio consisting of 
the currency exposure and a financial instrument used as hedging vehicle as: 

 

𝐸 [𝑅] ≡ 𝑤 𝐸 𝑅 + 𝑤 𝐸 [𝑅 ] − |𝑤 |𝑇𝐶             (1) 

where R is the simple return of the combined portfolio composed of the hedged item and the hedging 
vehicle; 𝑤  is the weight of the hedged item or the exposure to the commodity currency rate; 𝑅  is 

the simple return of the spot exchange rate or ;  |𝑤 | is the weight of the hedging vehicle; Rhv is 

the simple return of the financial instrument used as a hedging vehicle; and TC is the return due to 
transaction costs incurred in the period due to hedging when |𝑤 | = 1 . The expected return is similar 
to the expected return of a portfolio with two assets. 

The transaction costs include the cost to maintain collateral in futures exchanges, the net interest result 
on resources sent or received due to daily price adjustments on futures contracts, losses due to bid ask 
spreads, and fees to brokers and futures exchanges. I assume that TC is known ex ante and that financial 
institutions can provide this particular arrangement for the hedger. 

Due to our definitions, a commodity currency hedger has a long exposure to a commodity currency and 
will have a negative wspot. I further define that wspot =-1 and that the 𝑤  is the notional value of the 
financial instruments used for hedging relative to the exposure to the commodity currency. 

In this chapter, four alternative hedging strategies will be investigated. The first strategy consists of no 
hedging at all or when whv =0. Under this strategy, the expected return of a long exposure to a 
commodity currency is: 

𝐸 [𝑅] = −𝐸 𝑅  

An expected increase (decrease) in the spot exchange rate will result in a negative (positive) expected 
return for the commodity currency hedger. 

The second hedging strategy consists of taking a long position on foreign currency using currency futures 
contracts equivalent to the commodity currency exposure or when whv =1 and currency future contracts 
are used for hedging. I call this strategy the full hedging strategy. 

I can compute the return of a long position in currency futures contracts that matures at t+n as follows: 
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𝑟 , = 𝑠 − 𝑓  

where 𝑠  is the log of the exchange rate at time t+n and 𝑓  is the log exchange rate for delivery at t+n 
at time t. Throughout this chapter lower case are used for log returns and upper case for simple returns. 

I can compute the expected return of the currency future contract as: 

𝐸 [𝑅 ] = 𝐸 𝑅 − 𝐹𝑃  

where FP is the forward premium and the forward premium is the difference between the future and 

spot exchange rate divided by the spot or . 

The expected return for the full hedging strategy is known in advance and depends on the forward 
premium and the transaction costs: 

𝐸 [𝑅] = −𝐸 𝑅 + 𝐸 [𝑅 ] − 𝑇𝐶 = −𝐸 𝑅 + 𝐸 𝑅 − 𝐹𝑃 − 𝑇𝐶 

𝐸 [𝑅] = −𝐹𝑃 − 𝑇𝐶 

I define −𝛵  as the return of the full hedging strategy relative to the no hedging strategy or simply the 
incremental return of full hedging. In other words, −𝛵  is the expected incremental return of the full 
hedging strategy including transaction costs: 

−𝛵 = −𝐹𝑃 − 𝑇𝐶 − −𝐸 𝑅 = 𝐸 𝑅 − 𝐹𝑃 − 𝑇𝐶  (2) 

Let us call 𝛵  as the incremental cost of full hedging and 𝐹𝑃 − 𝐸 𝑅  as the currency risk premium 
under covered interest parity or CIP. The incremental cost of full hedging is the currency risk premium 
plus the transaction costs incurred in full hedging versus no hedging. The higher the currency risk premium, 
the higher the incremental cost of full hedging. 

The third hedging strategy with currency futures occurs when 0<whv <1. The partial hedging strategy 
occurs when futures contracts are used for hedging but the notional value of the contracts is smaller than 
the exposure to the spot exchange rate. 

When currency futures contracts are used for hedging, I call the weight of the hedging vehicle the 
hedging ratio (HR) or 𝐻𝑅 = 𝑤 . The HR reflects the notional of currency futures contracts used relative 
to the spot exchange rate exposure. A HR=0 would imply no hedging, a HR=1 implies full hedging, and 
0 ≤ 𝐻𝑅 ≤ 1 implies partial hedging. A generalized equation for the expected returns of a combined 
portfolio of a long exposure to the spot exchange rate and futures currency contracts given a HR can be 
computed as follows, based on equation (1): 

𝐸 [𝑅] = −𝐸 𝑅 + 𝐻𝑅. 𝐸 𝑅 − 𝐻𝑅. 𝐹𝑃 − 𝐻𝑅. 𝑇𝐶 

𝐸 [𝑅] = 𝐸 𝑅 (𝐻𝑅 − 1) − 𝐻𝑅(𝐹𝑃 + 𝑇𝐶)     (3) 

The fourth hedging strategy consists of using a portfolio of commodity futures to cross-hedge exchange 
rate risk. I call this strategy the cross-hedging strategy. The expected returns of the hedged or combined 
portfolio can be computed by equation (1), where Rhv are the returns of a long position on commodity 
future contracts used to cross-hedge commodity currency risk and whv reflects the notional value of the 
commodity future contracts relative to the value of the long exposure to the commodity currency. 

Now, I further assume that a full hedging strategy eliminates commodity currency risk. Given equation 
(3), the variance in the returns of a combined portfolio long on commodity currency and short on 
commodity currency futures contracts is: 
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𝑉𝑎𝑟(𝑅) = (1 − 𝐻𝑅) 𝑉𝑎𝑟 𝑅  (4) 

For any hedge ratio above 0 and below or equal to one or 0 < 𝐻𝑅 ≤ 1, the result will be a reduction in 
variance. 

The variance in a long exposure to a commodity currency hedged with commodity futures, given 
equation (1), is: 

𝑉𝑎𝑟[𝑅] = 𝑤 𝑉𝑎𝑟 𝑅 + 𝑤 𝑉𝑎𝑟[𝑅 ] + 2𝑤 𝑤 𝐶𝑜𝑣 ,  

Cross-hedging will reduce the variance relative to an unhedged exposure to a commodity currency when 

𝑤 𝑉𝑎𝑟[𝑅 ] < 2𝑤 𝑤 𝐶𝑜𝑣 ,    (5) 

The sign of the covariance can be used to determine whether a short position (𝑤 < 0) or long 
position (𝑤 > 0) on commodity futures is used by the hedger. Therefore, the absolute value of the 
covariance is of fundamental importance. The intuition is that the gain in variance due to adding a 
portfolio of commodities to the unhedged position must be more than fully offset by two times the 
common variation. 

Mean-variance optimizers will analyze the expected returns and variance of different hedging strategies 
when making hedging decisions. Now that the expected returns and variance of different hedging 
strategies have been decomposed, I review the existing literature related to the expected returns and 
variance of the main components of each hedging strategy. 

Currency risk premium 
Nominal exchange rate models and asset pricing theory may provide insights into currency risk 
premiums and on expected spot exchange rates. I start by reviewing models of the nominal exchange 
rate related to our empirical study. The flow perspective stresses the current account and capital 
account flows as the determinants of exchange rates. One example is the Mundell-Fleming model. The 
flow perspective was largely superseded in the 1970s; see Chinn (2012).  

One of the dominant models in wake of the collapse of the Bretton Woods system is the monetary 
model under uncovered interest parity (UIP). According to Engel (2015), a useful feature for 
understanding monetary models is the following: 

𝑠 ≡ −(𝑖 − 𝑖∗) + 𝐸 [𝑠 ] + 𝜆  

where 𝑠  is the log of the spot exchange rate or 𝑠 ≡ log (𝑆 ); 𝑖  is the nominal interest rate on a riskless 
deposit held in domestic currency between periods t and t+1; 𝑖∗ is the equivalent interest rate for 
foreign currency deposits; 𝐸 [𝑠 ] is the rational expectation for the log spot exchange rate; and 𝜆  can 
be called the deviation from UIP, the expected excess return of the currency or the currency risk 
premium. 

Under UIP, 𝜆 = 0. An increase (decrease) in the domestic-to-foreign short-term interest differential 
ceteris paribus is associated with an appreciation (depreciation) in the spot exchange rate or the 
domestic currency given a constant 𝐸 [𝑠 ]. 

By iterating the equation forward and setting 𝜆 = 0, I obtain the following: 

𝑠 ≡ 𝐸 𝑖 − 𝑖∗ + lim
→

𝐸 [𝑠 ] 
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The equation shows the importance of interest rates on exchange rates. Monetary models have largely 
focused on the role of monetary policy in setting interest rates and determining inflation. 

I now compare the results of different hedging strategies using the monetary model under UIP. The 
expected return of no hedging will be as follows: 

𝐸 [𝑟] = −𝐸 𝑟 = −𝐸 [𝑠 ] + 𝑠 = −(𝑖 − 𝑖∗) 

If the UIP holds, the expected return of no hedging is determined by the differential between foreign 
and domestic interest rates. 

Covered interest parity (CIP), which is a common assumption and requires only nonarbitrage conditions, 
states that the interest rate differential between two currencies in the cash money markets should 
equal the differential between the forward and spot exchange rates. 

𝑓𝑝 = 𝑓 − 𝑠 = (𝑖 − 𝑖∗) 

Given equation (2), the expected return of full hedging considering no transaction costs would be: 

𝐸 [𝑟] = −𝑓𝑝 = -(𝑖 − 𝑖∗) 

Under monetary models with UIP and no transaction costs, the expected returns of no hedging and full 
hedging are equal. Transaction costs could make the expected returns of full hedging lower, but 
transaction costs are typically small. Due to the low expected marginal cost, if monetary models with 
UIP hold and investors are risk averse, I expect full hedging to be the optimal hedging for investors who 
maximize mean variance. 

There are several empirical studies that show that UIP does not hold or 𝜆 ≠ 0. Studies such as Lustig et 
al. (2011), Menkhoff et al. (2012), Corte et al. (2016), and Menkhoff et al. (2017) show that simple carry 
trade strategies have yielded historically high excess returns. More precisely, authors conclude that 
carry traders earn equity-like risk-adjusted returns or Sharpe ratios. 

When interest parity does not hold, the expected return of no hedging will be as follows: 

𝐸 [𝑟] = −𝐸 𝑟 = −𝐸 [𝑠 ] − 𝑠 = −(𝑖 − 𝑖∗) + 𝜆  

When a positive currency risk premium exists or 𝜆 > 0, the expected return of no hedging will be 
higher than that of full hedging. This result is in line with the interpretation of equation (2). Higher 
currency risk premiums bring incentives not only for no hedging but also for alternative methods of 
hedging such as cross-hedging. 

I now address the works of Lustig et al. (2011) and Ready et al. (2017) that are based on asset pricing 
theory, assume that UIP does not hold, and provide more on currency risk premiums and therefore on 
the optimal hedging strategy. 

Lustig et al. (2011) identify a two-factor model that accounts for most of the cross-sectional variation in 
currency risk premiums, the average excess returns of currencies, or the return on borrowing in foreign 
currency and lending in domestic currency. The first component is a level factor because it does not 
command a risk premium. It is the average excess return of all currencies relative to the US dollar and is 
called the dollar risk factor or RX. The second component commands a risk premium. It is constructed by 
going long on currencies with high interest rates and short on currencies with low interest rates. It is 
called the carry trade risk factor or 𝐻𝑀𝐿 . 

𝑅 , = 𝛼 + 𝛽 𝐻𝑀𝐿 , + 𝛽 𝑅𝑋 + 𝜀   (6) 
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Under the authors’ asset pricing model, the expected currency excess return or 𝛬 is as follows: 

𝐸 [𝛬 ] = 𝐸 [𝛽 𝐻𝑀𝐿 , ] 

According to this study, the currency risk premium of commodity currencies will depend basically on the 
loading of each currency on the HML factor. Currencies with higher (lower) loadings, will have higher 
(lower) currency premiums.  

Ready et al. (2017) specifically study the risk premium of commodity currencies. They show that 
commodity exporters typically have currencies with high risk premiums relative to the currencies of 
producer countries or countries where commodities do not comprise most exports. The authors develop 
a theoretical model that stems from the fact that “commodity currency consumption is relatively 
insulated from (global) productivity shocks: a relative decline in producer-country productivity reduces 
global output, but since the commodity country can shift local resources into producing the final good 
domestically, its consumption declines by less than that of the producer country”. “This difference in 
exposure also leads to a stronger precautionary motive for saving in the producer country so that, all 
else equal, the producer country has a lower interest rate”. 

The authors suggest that differences in interest rates do not translate into a depreciation of the 
currency of the commodity exporter. Rather, they will provide investors who borrow in the currencies of 
producer countries and invest in the commodity currency with positive average returns. In other words, 
carry trade where the basket currencies, or currencies with high interest rates, are commodity 
currencies and the funding currencies, or currencies with low interest rates, are producer currencies will 
provide a risk premium. The currency will earn a risk premium, as the commodity currency will tend to 
appreciate in “good” times and depreciate in “bad” times. Empirical work by the authors supports their 
theoretical findings. The findings of Ready et al. (2017) consist of one of the main motivations of this 
study.  

In currency with risk premiums, while carry traders receive positive excess returns in exchange for 
exposure to currency risk, hedgers must pay for these risk premiums to avoid exchange rate risk. Carry 
traders and currency hedgers are both affected by currency risk premiums, but in opposite directions. 
The vast majority of academic studies, including Ready et al. (2017), focused on currency risk premiums 
from a carry trade perspective. The other side of the coin, or hedging currencies with risk premiums, has 
received little attention from the academic community. 

Covariance of commodity prices and spot exchange rates 
Theoretical and empirical support for the cross-hedging strategy or for the covariance of commodity 
prices and spot exchange rates comes primarily from models of the real exchange rate. I now review a 
real exchange rate model that helps understand the transmission channels of commodity prices to real 
exchange rates. 

The predominant approach to the real exchange rate is to assume that the real exchange rate is 
constant or that purchasing power parity (PPP) holds; see Chinn (2012). The common price of an 
identical bundle of goods is equalized: 

𝑠 = 𝑝 − 𝑝∗ 

where 𝑠  is the common currency price of an identical bundle of goods, 𝑝  is the log price level, and the 
asterisk denotes foreign variables. I further define: 

𝑞 ≡ 𝑠 − 𝑝 + 𝑝∗ 
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where 𝑞  is the real exchange rate and measured in domestic units of the domestic basket of goods 
required to purchase a single basket of foreign goods. If absolute PPP holds, then the log real exchange 
rate should be zero and, if relative PPP holds, the log real exchange rate should be constant. 

I now assume the presence of nontradable goods and decompose the general price index into tradables 
and nontradables: 

𝑝 = 𝛼𝑝 + (1 − 𝛼)𝑝  

where α is the weight of the nontradables sector, the N superscript denotes nontradables, and the T 
superscript denotes tradables. Assuming the weights in the domestic and foreign price indexes are 
identical, I obtain the following expression: 

𝑞 = 𝑠 − (𝛼𝑝 + (1 − 𝛼)𝑝 ) + 𝛼𝑝
∗

+ (1 − 𝛼)𝑝
∗

 

The real exchange will deviate from zero if either tradable prices differ, or the relative price of 
nontradables versus tradables differ across countries. 

Assuming the law of one price on tradables and that the prices of foreign nontraded goods relative to 
traded good remain constant, the real exchange rate will decrease (increase) when the relative prices of 
nontraded domestic goods increase (decrease). Following our measurement of the real exchange rate, a 
decrease (increase) in the real exchange rate can be interpreted as an appreciation (depreciation) of the 
domestic currency. This simple model provides a simple and useful framework for understanding the 
income and Balassa-Samuelson effects on the real exchange rate. 

The income effect assumes that higher (lower) commodity prices will lead to higher (lower) disposable 
income in commodity-producing countries. This, in turn, will trigger an expansion (reduction) in 
aggregate demand and, given the law of one price for tradables, will culminate in higher (lower) relative 
prices of nontradables. As a result, the domestic currency will appreciate (depreciate). 

The income effect was first suggested by Dornbusch (1980) and Corden & Neary (1982). The latter paper 
investigated the potential harmful impact of a natural resource sector boom on the economy, which is 
known as the “Dutch disease”. It assumes a dependent economy and is also known as the Salter-Swan-
Corden-Dornbusch model; see Acosta et al. (2009). 

The Balassa-Samuelson effect assumes that an increase (decrease) in productivity in the commodity 
sector will tend to increase (decrease) wages; see Balassa (1964), Samuelson (1964) and Cashin et al. 
(2004). As wage rises tend to diffuse across sectors, when assuming the law of one price of tradables, an 
increase (decrease) in the relative price of nontraded goods will ensue. Finally, the domestic currency 
will respond by appreciating (depreciating). 

Even if both previous effects are felt in the long term, market participants may anticipate this movement 
and bid up (down) the currency as soon as commodity prices rise (fall). In fact, a large number of 
empirical studies confirm that the real exchange rates of commodity-producing countries comove with 
spot commodity prices; see Chen & Rogoff (2003), Cashin et al. (2004), Chen et al. (2010), Kohlscheen 
(2010), Coudert et al. (2015). 

Although the theoretical models and empirical studies discussed provide support for cross-hedging, they 
are based on studies involving the real exchange rate and spot commodity prices. On the other hand, 
cross-hedging involves nominal exchange rates and commodity futures. Nominal exchange rates may 
vary differently from the real exchange rate due to the inflation differential. Future prices may vary 
differently from spot prices due to changes in basis. Basis consists of the difference between futures and 
spot prices. If the theoretical and empirical models discussed hold and issues related to inflation and to 
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basis are of second order, then I expect the cross-hedging strategy to result in a reduction in the 
variance of the combined portfolio or inequality (5). 

 

Commodity futures risk premium 
The optimal hedging strategy depends not only on the currency risk premium, given that UIP does not 
hold, on the covariance of commodity prices with spot exchange rates, but also on the expected returns 
of commodity futures. I now review studies that are based on asset pricing theory of the expected 
return of commodity futures. 

I begin by explaining how commodity future returns are computed. Since the futures price converges to 
the spot price at the delivery date, I can compute the return of a long position in a short-term 
commodity future contract that matures at t+1 as follows: 

𝑟 ,
( )

= 𝑠 − 𝑓
( ) 

where 𝑠  is the log price of the underlying commodity at time t+1 and 𝑓( )is the log futures price for 
delivery at t+n. An investor who invests in a one-period futures contract for n consecutive periods, that 
is, adopts a short roll strategy, has the following expected return: 

𝑆ℎ𝑜𝑟𝑡 𝑟𝑜𝑙𝑙: 𝐸 [ 𝑟 ,
( )

] 

Now I discuss the existing literature that is based on asset pricing theory of expected commodity future 
returns. The literature on the expected returns of the commodity futures portfolio can be divided into 
two strands. The first strand consists of standard asset pricing models such as the capital asset pricing 
model (CAPM) or consumption CAPM, which can be used to price any asset. The CAPM and 
consumption CAPM imply that risk premiums should be explained by the market factor or consumption 
risk, respectively. The expected returns of assets with no covariance, or zero-beta, with the market 
portfolio or consumption are zero. 

Several studies suggest that commodity returns are unrelated to market and consumption factors; see 
Dusak (1973), Black (1976), Jagannathan (1985), Bessembinder (1992), Erb & Harvey (2006), and 
Daskalaki et al. (2014). These studies suggest that a portfolio built with commodity futures will have zero 
covariance with the market portfolio. If these studies and standard asset pricing theory hold, then the 
unconditional expected returns of the commodity portfolio will also be zero, and the expected returns 
of the cross-hedging strategy will be similar to those of the no hedging strategy. Given the similar 
expected returns, I expect cross-hedging to be a very appealing strategy. 

𝐸 𝑟 ,
( )

= 0 

Another strand of the literature uses commodity-specific factors to explain unconditional risk premiums 
for commodity futures. Studies have identified that the basis, hedging pressure and momentum, among 
other factors, lead to predictable variation in the futures risk premium; see Fama & French (1987), 
Bessembinder (1992), Erb & Harvey (2006), Miffre & Rallis (2007), Gorton et al. (2013) and 
Szymanowska et al. (2014). 

Based on Szymanowska et al. (2014), the returns on a one-period or short term commodity future can 
be expressed as a single basis factor model: 
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𝑅 ,
( )

= 𝛼 + 𝛽
( )

𝐻𝑀𝐿 ,
( )

+ 𝜀
( )     (7) 

where 𝐻𝑀𝐿 ,
( )

  is the factor-mimicking portfolio consisting of a long position on commodity 

futures with a high basis and a short position on commodity futures with a low basis and 𝛽( ) is the 
sensitivity of commodity future returns to the HML basis risk factor. Basis is the difference of the future 
price and spot price. 

𝐸 [𝑅 ,
( )

] = 𝐸 [𝛽
( )

𝐻𝑀𝐿 ,
( )

] 

The model suggests that the expected returns for a commodity portfolio will depend on the loading on 
the HML factor or beta of all the commodities used in the portfolio. 

Portfolios that concentrate on commodity futures with positive and negative betas will tend to have 
positive and negative expected returns, respectively. If this asset pricing model holds, then the adoption 
of cross-hedging may be conditional on the basis of the necessary commodity futures. Hedgers could 
use (not use) cross-hedging when the basis of the necessary commodity future is low (high). Portfolios 
of commodity futures could have a zero-expected return, as suggested by the CAPM and consumption 
CAPM, as long as the sum of HML loadings is equal to zero. 

I now review empirical studies on the returns of equally weighted portfolios of commodity futures. 
Gorton & Rouwenhorst (2006) reported that short rolling an equally weighted portfolio of 36 individual 
commodity futures from 1959 to 2004 would result in excess returns statistically equal to zero. The 
excess returns were -0.51%, with a standard deviation of 30.10%. This paper also reports that based on 
an analysis of individual commodity futures, only a single commodity, corn, had a statistically significant 
excess return, of -2.25%. For the remaining commodities, the excess returns were not significantly 
different from zero. Erb & Harvey (2006) and  Szymanowska et al. (2014) confirm that the average of the 
log returns of rolling over equally weighted commodity futures was close to zero. Based on these studies 
well diversified basket s of commodity futures would have a expected return close to zero. 

According to the literature reviewed, currency and commodity returns may be governed by different risk 
factors. Currency returns can be governed by the carry trade and dollar factors, and commodity futures 
returns governed by the commodity risk, which reflects the basis. In fact, Daskalaki et al. (2014), show 
that the carry trade factor of Lustig et al. (2011) does not explain the cross section of commodity futures 
returns. If excess returns of currencies and commodity futures are governed by different risk factors, 
even if the returns of a long position on a commodity currency and a short position on its commodity 
futures basket have a positive correlation, the long position on the currency may have a negative 
expected return while the short position on the commodity futures basket may have a positive expected 
return.  

It may be counterintuitive to hedge an asset with another that is governed by different risk factors. 
However, as equations (6) and (7) show, the returns of the spot exchange rate and commodity futures 
have both nondiversifiable or systematic and diversifiable or idiosyncratic components. Even when the 
systematic risk factors have little correlation, if the error terms of the spot exchange rate and 
commodity futures returns are correlated, then it would be reasonable for cross-hedging to result in a 
reduction in variance. 

This study contributes to asset pricing literature by providing further insight on common risk factors on 
currencies and commodity future returns. The effectiveness or not of exchange rate risk management 
by cross-hedging commodity currencies using commodity futures provides insights on the systematic 
risk factors and on the idiosyncratic components of currency and commodity future returns. 
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In this empirical study, I do not test cross-hedging with other commodity currencies. When a short 
position on a commodity currency is used to cross hedge, a long position on another commodity 
currency should significantly reduce the loading on the dollar risk factor and carry trade risk factor for 
the combined portfolio. However, a short position on a commodity currency should yield a negative 
expected return, as suggested by Ready et al. (2017). Furthermore, real exchange rate models suggest 
that commodity prices have a first-order effect on the spot exchange rate of a commodity currency. 
Although commodity currencies depend on commodities, it is very difficult to find two countries that 
depend on the same commodities. 

Utility analysis 
To compare hedging strategies, I assume that hedgers have a quadratic utility function and are mean-
variance optimizers. Following Anderson & Danthine (1981) and Chang & Wong (2003), utility is defined 
as follows: 

𝑈 = 𝐸[𝑅] −  𝐴.   (8) 

where A is the level of risk aversion, E[R] are the expected returns of the portfolio, and   is the 
expected variance of the portfolio. 

Taking equations (3) and (4) and substituting into utility function (8), I find that the utility for hedgers 
using currency future contracts will be equivalent to the following: 

𝑈 = −𝐸 𝑅 + 𝐻𝑅 𝐸 𝑅 − 𝐹𝑃 − 𝑇𝐶  −  
1

2
𝐴. (1 − 𝐻𝑅) 𝑉𝑎𝑟 𝑅  

By replacing equation (2) in the above equation, I obtain the following: 

𝑈 = −𝐸 𝑅 − 𝐻𝑅(𝛵) −  𝐴 . 𝑉𝑎𝑟 𝑅 + 𝐴. 𝑉𝑎𝑟 𝑅 𝐻𝑅 −  𝐴. 𝑉𝑎𝑟 𝑅 𝐻𝑅   (9) 

Hedgers will choose the HR that maximizes their utility. The optimal hedging condition can be identified 
by first taking the first-order condition of the utility relative to the HR and then solving for the HR. 

1 −
.

= 𝐻𝑅∗   (10) 

The higher the risk aversion of the hedger or the variance in the spot exchange rate is, the higher the 
optimal HR (HR*). The higher the full hedging incremental cost is, the lower the HR*. 

The utility function with the optimal hedging ratio or HR* can be obtained by substituting equation (10) 
into equation (9) and simplifying as follows: 

𝑈 = −𝐸 𝑅 − 𝛵 +
.

   (11) 

As A approaches infinity, the utility will tend toward the lower bound of -(FP +TC). The intuition is that 
entities with high risk aversion tend to adopt the full hedging strategy that eliminates variance and 
provides a fixed utility. 

I now proceed to determine the utility for the cross-hedging strategy. Substituting equation (1) into 
equation (8) and considering 𝑤 = −1, I obtain the utility function for the cross-hedging strategy: 

𝑈 = −𝐸 𝑅 + 𝑤 (𝐸[𝑅 ] + 𝑇𝐶) −  𝐴 . 𝑉𝑎𝑟[𝑅 ]   (12) 

where  𝑤  is the weight of the commodity portfolio used as a hedging vehicle; 𝑅  are the returns of a 
long position on commodity futures; 𝑉𝑎𝑟[𝑅 ] is the residual variance in a cross-hedging strategy; and 
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𝑤 (𝐸[𝑅 ] + 𝑇𝐶) reflects the difference in the expected returns of the cross-hedging strategy and the 
no hedging strategy or the incremental return of cross-hedging. 

As shown in the section on nominal and real exchange models, there is most likely a negative correlation 
between the spot exchange rate of a commodity currency and the prices of commodity futures. This 
correlation would imply that when the price of commodities falls (increases), spot exchange rate 𝑆  will 
tend to increase (decrease). This implies that, for 𝑤 = −1, 𝑤  tends to be negative to 
counterbalance movements of the spot exchange rate. In other words, a short exposure to the foreign 
currency should be cross-hedged with a short position on commodity future contracts. 

The utility of the cross-hedging strategy will be superior to that using currency futures contracts when 
equation (12) is larger than equation (11): 

0 > 𝛵 − 2 𝛵 + 𝑤 (𝐸[𝑅 ] + 𝑇𝐶) 𝑉𝑎𝑟 𝑅 𝐴 +  𝑉𝑎𝑟[𝑅 ]𝑉𝑎𝑟 𝑅 𝐴    (13) 

I define 𝑎 = 𝑉𝑎𝑟[𝑅 ]𝑉𝑎𝑟 𝑅 , 𝑏 = −2(𝛵 + 𝑤 (𝐸[𝑅 ] + 𝑇𝐶))𝑉𝑎𝑟 𝑅  and 𝑐 = 𝜏 . There will 
be a risk aversion where cross-hedging is optimal as long as  𝑏 − 4𝑎𝑐 ≥ 0: 

( 𝛵 + 𝑤 (𝐸[𝑅 ] + 𝑇𝐶) 2𝑉𝑎𝑟 𝑅 ) − 4. 𝑉𝑎𝑟[𝑅 ]𝑉𝑎𝑟 𝑅 𝛵 ≥ 0 

𝛵 + 𝑤 (𝐸[𝑅 ] + 𝑇𝐶)

𝛵
≥

𝑉𝑎𝑟[𝑅 ]

𝑉𝑎𝑟 𝑅
 

To interpret the inequality above, let us define the incremental cost of cross-hedging as the negative of 
the incremental return of cross-hedging, and κ as the ratio between the incremental cost of cross-
hedging and the incremental cost of full hedging.  

𝜅 =
−𝑤 (𝐸[𝑅 ] + 𝑇𝐶) 

𝛵
 

I expect κ to be smaller than 1, as previous studies suggest that there are risk premiums associated with 
commodity currencies (𝛵 > 0) and that returns of equally weighted commodity portfolios are zero 
𝑅 ≅ 0. Conditional on κ <1, I obtain the following: 

(𝛵 − 𝜅𝛵)

𝛵
≥

𝑉𝑎𝑟[𝑅 ]

𝑉𝑎𝑟 𝑅
 

𝜅 ≤ 1 −
[ ]


   (14) 

By comparing the relative incremental costs of cross-hedging to full hedging and the relative standard 
deviation of cross-hedging to no hedging, it is possible to conclude whether cross-hedging is the optimal 
strategy. When κ is smaller than the reduction in standard deviation brought by the cross-hedging 
strategy, cross-hedging will be the optimal strategy. 

For example, if the ratio of the standard deviation of the cross-hedging and no hedging strategies is 70%, 
then κ must be below 30% to justify cross-hedging. In other words, if cross-hedging reduces the 
standard deviation by 30%, then the ratio of the total cross-hedging cost and the total full hedging cost 
must be smaller than 30%. 

Given that equation (13) is satisfied for some risk aversions, the interval of risk aversion where cross-
hedging is optimal is given as follows: 
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𝐴 =
√  and 𝐴 =

√  

In this case, I can represent equation (13) graphically as a U-shaped parabola, as shown below: 

 

 
Figure 1. Illustration of a risk aversion interval where cross-hedging is optimal 

The intuition is that risk neutral investors or investors with little risk aversion will prefer no hedging, as 
the larger variance will not be an issue. These investors may even want to adopt a negative HR and sell 
rather than buy hedges. Investors with high risk aversion will prefer no volatility at all and will prefer a 
large partial hedging or full hedging strategy. Investors who do not have extreme risk aversion will 
prefer cross-hedging as the optimal hedging strategy. 

From equation (10), investors with 𝐴 ≤
  or small risk aversion will have zero or negative HRs. 

Negative HRs will mean that they prefer selling rather than buying hedges. I do not allow a negative HR 
and set a lower bound for the HR* at zero. 

When HR* is at the lower bound, the condition for cross-hedging can be obtained when the utility with 
the cross-hedging strategy or equation (12) is larger than equation (9) given HR =0: 

−𝐸 𝑅 + 𝑤 (𝐸 [𝑅 ] + 𝑇𝐶) −  
1

2
𝐴 . 𝑉𝑎𝑟[𝑅 ] > −𝐸 𝑅 −  

1

2
𝐴 . 𝑉𝑎𝑟 𝑅  

Table 1 provides a summary of the conditions that must be satisfied for cross-hedging to be optimal for 
an HR of zero and 0 < 𝐻𝑅∗ ≤ 1. 

 

Table 1 
Risk aversions where cross-hedging” is optimal 

This table reports (1) the levels of risk aversions where the optimal hedging ratio with currency futures contracts is 
zero and where it is larger than zero and equal to or smaller than 1; and (2) the risk aversion interval where cross-
hedging yields a superior utility than hedging with currency futures contracts. 
Optimal Hedge 
Ratio 

𝐻𝑅∗ = 0 0 < 𝐻𝑅∗ ≤ 1 

Risk Aversion of the 
Optimal HR 𝐴 ≤

 𝛵

𝑉𝑎𝑟 𝑅
 𝐴 >

 𝛵

𝑉𝑎𝑟 𝑅
 

Cross-hedging 
Condition 𝐴 ≥

2(𝑤 (𝐸 [𝑅 ] + 𝑇𝐶))

(𝑉𝑎𝑟[𝑅 ] − 𝑉𝑎𝑟 𝑅 )
 

0 > 𝛵 − 2 𝛵 + 𝑤 (𝐸 [𝑅 ] + 𝑇𝐶) 𝑉𝑎𝑟 𝑅 𝐴 
+ 𝑉𝑎𝑟[𝑅 ]𝑉𝑎𝑟 𝑅 𝐴  
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1.3 Data 
I use empirical data and a standard quadratic utility function (see equation (8)) to compare four 
different hedging strategies: no hedging, partial hedging, full hedging and cross-hedging. The second 
and third strategies employ currency futures contracts, and the last employs commodity future 
contracts. The empirical data include spot exchange rate returns, one-month forward rates and the 
returns of commodity future contracts. 

Coudert et al. (2015) identified 68 commodity exporters; some of the major economies on their list 
include Argentina, Australia, Brazil, Canada, Chile, India, Indonesia, Malaysia, Mexico, New Zealand, 
Nigeria, Norway, Pakistan, the Philippines, Saudi Arabia, South Africa, Thailand and Turkey. Commodity 
exporters form a large and economically significant group. I start with the list of 68 commodity 
exporters of Coudert et al. (2015).  

Although the cross-hedging strategy may be useful within these countries, I focus on economies with a 
sufficiently long history of market-based floating exchange rates. Our sample includes countries that 
figure in Chen et al. (2010), Kohlscheen (2010), Ready et al. (2017): Australia, Canada, Chile, Indonesia, 
Mexico, New Zealand, Norway, South Africa and Thailand. My final sample consists of 9 countries from 6 
different continents. 

Spot and forward exchange rates reflect the value of one US dollar in commodity currency. I obtain the 
daily spot and one-month forward exchange rates from Barclays and Reuters via Datastream. In 
principle, real exchange rate shocks, such as shocks from commodity price movements, may not affect 
the nominal exchange rate when a country adopts a fixed-exchange rate regime. As mentioned by Chen 
et al. (2010), “if the monetary authorities stabilize the exchange rate, the real-exchange rate response 
will pass through to domestic prices, inducing employment effects in the short run if prices are not fully 
flexible”. The adoption date of the market-based floating exchange rate for our sample countries was 
obtained from Chen et al. (2010), Kohlscheen (2010) and Alstadheim (2016). 

The starting date of the sample varies from country to country and depends not only on the adoption 
date of the floating exchange rate but also on the availability of forward premiums. According to Ready 
et al. (2017), forward premiums before 1988 display frequent CIP violations, which may be the result of 
a lack of liquidity and effects from the Plaza Accord. I therefore use January 1988 as the starting date for 
Australia, Canada and New Zealand. In addition, I begin analyzing South Africa in December 1996 and 
Indonesia in August 2000 due to turbulence in the transition to the floating exchange rate regime. The 
final month of the sample is March 2018. 
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Table 2 
Beginning of the sample period by country 

This table reports the month and year in which the sample period begins for each sample 
country. Key: Dev denotes the level of development according to the IMF: A denotes an 

advanced country; I denotes an intermediate (emerging or developing) country. 
 Adoption of 

Floating Forex 
Forward Premium 
Availability 

Start of Sample Dev 

Australia Jan/84  Dec/84 Jan/88 A 
Canada Jan/73  Dec/84 Jan/88 A 
Chile Jul/89  Mar/04 Mar/04 I 
Indonesia Aug/97 Dec/96 Aug/00 I 
Mexico Dec/94 Dec/96 Dec/96 I 
New Zealand Jan/87  Dec/84 Jan/88 A 
Norway Dec/92  Dec/84 Dec/92 A 
South Africa Mar/95 Oct/83 Dec/96 I 
Thailand Jul/97 Dec/96 Jul/97 I 

 

Although our main results consider a hedging horizon for 52 weeks, our robustness tests consider 5 
hedging horizons ranging from 52 to 256 weeks. The realized spot return is the change in the spot 
exchange rate during the hedging horizon. 

𝑅 , =  
(𝑆 − 𝑆 )

𝑆
,     

where h is the hedging horizon in weeks and 𝑅  is the spot return for one period or for the hedging 
horizon.  

The average spot exchange rate return is the simple average of all realized spot returns. 

𝑅 =
∑ 𝑅 ,

𝑛
 

where n is the number of observations. The standard deviation of 𝑅  reflects the dispersion of spot 
returns for the given hedging horizon. 

The forward premium for a hedging horizon depends on the expectations of domestic and foreign 
interest rates on cash money markets for the entire hedging horizon under CIP. Due to data availability 
issues, I estimate the forward premium for a hedging horizon based on daily observations of one-month 
forward premiums during the hedging horizon. For example, to estimate the forward premium of a 
future contract on January 1st of 2000 for delivery in 52 weeks, I use daily observations of the one-
month forward premiums from January 1st of 2000 to January 1st of 2001. 

I compute forward premiums for a hedging horizon as: 

𝑓𝑝 = ∑  ,  

where n is the number of working days in the hedging horizon. In chapter 3, I analyze currency risk 
premiums with actual forward premiums instead of estimated forward premiums. 

The average incremental return of the full hedging strategy relative to the no hedging strategy or −𝛵  is 
computed in a similar way to the average spot exchange rate return: 
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−𝛵 =
∑ 𝑅 , − 𝐹𝑃 − 𝑇𝐶

𝑛
 

where n is the number of observations. 

I now discuss how the weight and return of the basket of commodity futures for every week or how 
𝑤 , 𝑅 ,  was obtained. 

I start by extracting the annual export data for the sample countries from comtrade.org. The export data 
are based on the Standard International Trade Classification (SITC) Revision 1 coding system. I obtain 
data on commodity future contracts from Reuters. The full list of the 36 commodity future contracts 
available is in Appendix A. For every SITC 4-digit code, I identify the corresponding commodity future 
contract whenever available. Correspondence occurs when the 4-digit code and a futures contract have 
the same underlying commodity. In Appendix B, I show the average exports in US dollars as a 
percentage of the total exports that were “mapped” to each commodity future contract for every 
country in the sample. I also show the standard deviation of the annual percentages by commodity and 
country. 

Individual commodity returns are computed by rolling over the futures contract of the commodity. 
Returns consist of the weekly return of the nearest-to-maturity futures contract of the commodity that 
has at least 6 weeks to maturity. Future contracts are rolled at least 6 weeks before maturity for 
liquidity reasons, as short interest tends to be low in the last 6 weeks; see Szymanowska et al. (2014). 
The available delivery dates of commodity future contracts are unevenly spread over the calendar year 
and vary from 4 to 12 months per year. 

The returns of the commodity portfolio or the cross-hedging vehicle for a week t are equivalent to the 
sum of the individual commodity return (𝑅 , ) multiplied by the previous year’s exports of the 
commodity relative to total exports in USD: 

𝑅 , = ∑ , ( )

 ( )
𝑅 ,  (15) 

where n represents the total number of available commodity future contracts, t is the week, and y(t) 
provides the year in which the week falls. 

The impact of changes to the prices of commodities on the nominal exchange rate may depend on 
multiple factors. According to Balassa-Samuelson transmission channel theory, it will depend not only 
on the resulting changes to the terms of trade and inflation but also on the productivity differentials of 
export and import (foreign) sectors and local and foreign nontraded sectors; see Cashin et al. (2004). 

The weight of commodity portfolio 𝑤 ,  should reflect the contemporaneous sensibility of the spot 
exchange rate to changes in the prices of the commodity portfolio. I use the beta of an ordinary least 
squares (OLS) regression to determine the weight, as this methodology will also produce the maximum 
reduction in the in-sample variance according to Ederington (1979). The sample window for the 
regression always ends one week before the weights are defined. Weights are redefined every week. 

An upper bound of zero is imposed on the weight of the commodity portfolio, which implies that only 
short positions can be used for cross-hedging currency exposure. The reason is that theoretical models 
of the real exchange rate shown in the previous section suggest that a reduction (appreciation) in 
commodity prices will lead to losses (gains) for a long position on the commodity currency. 
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Currencies of countries with an intermediate level of development may be more affected by factors 
other than commodity prices, such as social and political issues. This suggests the use of a larger sample 
period for these currencies.  

I run tests using out-of-sample methodology and compare predicted and realized elasticity of the 
exchange rate to commodity prices and confirm that the regression sample period should be larger for a 
country with an intermediate level of development compared to a country with an advanced level of 
development. Table 2 shows the level of development of each country, according to the IMF. 

For countries with an intermediate level of development, a regression of the returns of spot returns on 
commodity futures basket returns using all weekly returns available starting 3 years after the country 
adopted the floating exchange rate regime determines 𝑤 , . During the first 3 years of the floating 
exchange rate, I simply use the percentage of total exports that were matched to a commodity future 
contracts as 𝑤 , . 

For countries with an advanced level of development, I use a smaller and more recent sample. I use a 
moving window consisting of the last 4 years of spot weekly returns, regardless of the exchange rate 
regime adopted. 

Return for a hedging horizon is computed by accumulating weekly returns. 

𝑤 , 𝑅 , + 𝑇𝐶 = 1 + 𝑤 , 𝑅 , + 𝑇𝐶 − 1 

where t is the number of weeks in the hedging horizon 

The average incremental return of cross-hedging is the simple average of the returns for the specified 
hedging horizon: 

𝑤 (𝑅 + 𝑇𝐶) =
∑ 𝑤 , 𝑅 , + 𝑇𝐶

𝑛
 

where n is the number of observations. 

1.4 Main results 
Our main results are for a hedging horizon of 52 weeks and no transaction costs. I start by investigating 
the currency risk premiums for our sample. As predicted by Ready et al. (2017), all commodity-
producing countries display positive currency risk premiums. The results are shown in Table 3. The 
annual average currency risk premiums varied from 1.0% for Norway to 17.5% for South Africa. The 
presence of risk premiums represents evidence against UIP theory and favors no hedging strategies in 
commodity currencies; see section 1. 
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Table 3 
Spot returns and currency risk premiums 

The table reports the average and standard deviation (Std) of the yearly spot 
returns and currency risk premium. Obs is the number of observations. 

Country Obs Spot Returns Std Risk Premium  Std 
Australia 33 0.3% 11.5% 4.0% 12.3% 
Canada 33 0.1% 7.5% 1.2% 7.7% 
Chile 14 0.8% 13.5% 2.9% 11.5% 
Indonesia 17 1.9% 10.7% 1.9% 14.8% 
Mexico 21 4.4% 8.7% 3.1% 9.3% 
New Zealand 31 0.2% 13.7% 4.7% 14.1% 
Norway 25 1.3% 12.7% 1.0% 12.1% 
South Africa 21 6.2% 17.2% 17.5% 57.8% 
Thailand 20 -0.9% 7.9% 3.1% 7.9% 

 

The risk premiums occurred despite the devaluation of the commodity currency, which implies that the 
forward premiums were partially offset by the movement of the spot rates. Except for Thailand, all the 
commodity currencies faced devaluation relative to the USD on average for a 52-week horizon. The 
South African rand had an average return of 6.2%, the largest devaluation among the sample countries. 

Although the South African rand displayed the highest currency risk premium, 17.5%, it also displayed a 
standard deviation of spot returns or 𝑅  of 17.2%, the highest in the sample. A no hedging strategy 
yielded relatively high volatility, but a full hedging strategy paid a relatively high-risk premium. These 
extreme results suggest that partial hedging and cross-hedging are important strategies for exposure to 
the South African rand. 

Although the optimal hedging strategy in South Africa seems to greatly depend on the risk aversion 
function, there seems to be an incentive for full hedging in Norway. Norway had the lowest average risk 
premium among all the countries, 1.0%, but an above average volatility of the spot exchange rate, 
12.7%. 

One may have expected higher volatility and lower risk premiums of the currencies of developed 
countries compared to currencies of intermediate developed countries. However, there does not seem 
to be a relation between the level of development and the currency risk premiums or spot standard 
deviation of spot returns.  

I now turn to the returns of individual commodities and commodity portfolios. The individual returns of 
short rolling a long position on 36 individual commodity future contracts are reported in Appendix C.  

I test if weekly returns are significantly different from zero using mean tests and log returns. The sample 
period for the mean tests was the entire period with available data. The start and end dates for each 
commodity are available in Appendix A. 

The mean tests show that the returns were significantly different from zero for a minority of 
commodities, 5 out of 36 or 13.9% of the commodities. Among the commodities with returns that were 
significantly different from zero, there were slightly more negative than positive average returns. Rough 
rice, wheat and lumber had negative average geometric returns, while natural gas and unleaded 
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gasoline had positive average geometric returns. The results are in line with those of Gorton & 
Rouwenhorst (2006). 

For each year, I create a total of nine different baskets, one for each currency, that are used as cross-
hedging vehicles. The weekly return of a commodity basket is determined according to equation (15). 
Appendix B shows information on the composition of the commodity portfolios for each individual 
country. 

Blended gasoline (RB) future contracts replaced unleaded gasoline (NHU) future contracts, and copper 
(HG) future contracts replaced new copper NCU future contracts. As a result, I use the returns of 
unleaded gasoline (NHU) future contracts as the returns of RB future contracts before October 12, 2005, 
and do not map exports to NHU. I use the returns of NCU future contracts as the returns of HG future 
contracts before August 10, 1988, and do not map exports to NCU. 

The countries where the link between exports and commodity future contracts was the strongest were 
Norway and Chile. In these countries, the total amount of exports that have the same underlying asset 
of commodity future contracts relative to total exports were 61.8% and 56.9%, respectively. They were 
lowest for Thailand and Mexico, 8.8% and 13.7%, respectively. 

The weights of the commodity portfolio are determined by linear regression and receive an upper 
bound of zero. The average weekly weights or 𝑤 ,  are shown in Table 4. Negative weights imply that 
short positions are held on commodity futures. The average weight of the commodity portfolio is 
highest for Mexico and Chile, -3.7% and -7.7%, and lowest for South Africa and Australia, -17.8% and -
22.2%, respectively. The average weekly weights suggest that the elasticity of spot returns to changes in 
the price of the export commodity index is smaller than one. This result is in line with that of Cashin et 
al. (2004), who reported a median value of elasticity of 0.42 of spot commodity prices and real exchange 
rates. 

In Appendix D, I plot the weekly weight of the cross-hedging vehicle 𝑤 ,  throughout the sample period 
for each individual country. As the sample period for the linear regression is generally more recent and 
shorter for developed countries than for intermediate development countries, it is expected that the 
weights of the cross-hedging vehicle for developed countries will vary more significantly than those for 
intermediate development countries. The graphs in Appendix D and the standard deviation of the 
weights in Table 4 confirm that this was the case. 

Table 4 also shows the average annual incremental returns of the cross-hedging strategy. For 6 out of 9 
currencies, the cross-hedging strategy yielded a positive incremental return or negative incremental 
cost. The implication is that most short positions on commodity portfolios produced a positive, rather 
than negative, incremental cash flow. The currencies for which cross-hedging yielded a negative 
incremental return where the Chilean peso, New Zealand dollar, and South African rand. 

In Appendix E, I plot the cumulative spot returns versus the cumulative incremental returns of the cross-
hedging strategy throughout the sample period. The start of the graph for every currency follows Table 
2. The graphs show that the standard deviation of spot returns is significantly superior to the 
incremental returns of cross-hedging. This result is confirmed by Tables 3 and 4. 
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Table 4 
Weight and returns of the commodity portfolio 

The table reports the average and standard deviation of the weight and yearly 
incremental return of cross-hedging (CH). 

Country Obs 

Average 
weight of 
commodities Std 

Incremental 
return of 
CH Std 

Australia 33 -22.2% 10.1% 0.7% 6.0% 
Canada 33 -10.3% 9.0% 0.6% 3.8% 
Chile 14 -7.7% 2.5% -0.3% 2.1% 
Indonesia 17 -11.2% 2.4% 0.3% 3.3% 
Mexico 21 -3.7% 3.9% 0.2% 1.4% 
New Zealand 31 -12.2% 13.0% -0.2% 3.5% 
Norway 25 -9.9% 9.5% 1.2% 5.0% 
South Africa 21 -17.8% 12.3% -0.4% 4.0% 
Thailand 20 -10.2% 1.1% 0.2% 2.1% 

 

In Table 5, I report the variance for a no hedging strategy and for a cross-hedging strategy. I also report 
the hedging effectiveness ratio proposed by Ederington (1979) or 1 − 𝑉𝑎𝑟(𝐻𝑒𝑑𝑔𝑒𝑑) 𝑉𝑎𝑟(𝑈𝑛ℎ𝑒𝑑𝑔𝑒𝑑)⁄ . 
For all currencies, the cross-hedging strategy reduces the variance in the portfolio. In other words, 
equation (4) holds for every country. The largest Ederington ratios were for Norway and Canada, 43.2% 
and 44.2%, and the smallest Ederington ratios were for South Africa and New Zealand, 15.1% and 18.2%, 
respectively. 

The reduction in variance with the cross-hedging strategy confirms that the comovement between real 
spot exchange rates and real commodity prices reported by Chen & Rogoff (2003), Cashin et al. (2004), 
Chen et al. (2010), Kohlscheen (2010), and Coudert et al. (2015) is also present when nominal exchange 
rates and commodity future prices are analyzed. 

I also find that the ratio of exports mapped to commodity futures relative to total exports has a positive 
correlation with the Ederington hedging effectiveness ratio. There is a positive R2 value of 0.28 between 
the two. This result suggests that cross-hedging is most effective for countries where the major 
exported commodities have commodity future contracts traded in major future exchanges. 

Given that variance was reduced for all cross-hedged portfolios and that all commodity currencies 
displayed risk premiums, equation (14) suggests that there will be risk aversions where the cross-
hedging strategy will be optimal for at least 6 out of 9 currencies, where the cross-hedging vehicle 
yielded positive returns. 

In fact, when “cross-hedging” results in a lower expected variance and higher expected returns than the 
no hedging strategy and there are positive currency risk premiums, the cross-hedging strategy will 
dominate the no hedging strategy. As a result, regardless of the utility function, there will be risk 
aversions where cross-hedging is optimal as long as the investor is a mean-variance optimizer. 
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Table 5 
Residual variance and risk aversion intervals with cross-hedging 

This table reports the variance in the no hedging and cross-hedging strategies using 
yearly data. The Ederington hedging effectiveness ratio represents the reduction in 
variance with cross-hedging (CH). The minimum and maximum risk aversion for cross-
hedging denote the interval of risk aversions where “cross-hedging” is the optimal 
strategy. 

Country Obs 
Variance 
Spot 

Variance 
Cross-
Hedged 

Ederington 
Hedging 
Effective- 
Ness 

Min Risk 
Aversion 
for CH 

Max 
Risk 
Aversion 
for CH 

Australia 33 1.3% 0.9% 32.2% 0.00 8.91 
Canada 33 0.6% 0.3% 44.2% 0.00 10.75 
Chile (1st interval) 14 1.8% 1.4% 25.0% 1.34 1.58 
Chile (2nd interval)     1.63 2.35 
Indonesia 17 1.2% 0.9% 19.4% 0.00 3.99 
Mexico 21 0.8% 0.6% 20.2% 0.00 8.60 
New Zealand 31 1.9% 1.5% 18.2% 1.05 3.95 
Norway 25 1.6% 0.9% 43.2% 0.00 4.58 
South Africa 21 3.0% 2.5% 15.1% 1.62 9.08 
Thailand 20 0.6% 0.5% 17.6% 0.00 9.50 

In Appendix F, I compare the utility for different risk aversions using currency futures, considering 
investors adopt the optimal hedging ratio, and the cross-hedging strategy. Utility is calculated based on 
the empirical results shown in Tables 3, 4 and 5 and according to equations (11) and (12). For hedging 
with currency futures, the utility tends toward the lower bound of -(FP +TC) as risk aversion approaches 
infinity. With cross-hedging, the utility is linear in relation to risk aversion; see equation (12). 

The cross-hedging strategy is optimal when the utility (disutility) from the cross-hedging strategy is 
higher (lower) than the utility (disutility) from hedging with currency futures. Table 5 shows that, not 
only where cross-hedging vehicle yielded positive returns, but for all currencies there are risk aversions 
where the cross-hedging is optimal. 

When the commodity portfolio has a negative expected return, or for Chile, New Zealand and South 
Africa, although there are risk aversions where cross-hedging is optimal, the advantage seems to be 
more subtle relative to other countries. In these countries, the no hedging strategy is not dominated by 
the cross-hedging strategy, and the preference for cross-hedging does not begin at a risk aversion of 
zero.  

Figure 2 shows our main graphs. It contains hedging recommendations for a hedging horizon of one year 
and no transaction costs. The continuous line plots the optimal hedging ratio HR* using currency futures 
for different risk aversions. The optimal hedging ratio HR* used is based on the quadratic utility 
function; see equation (10). For the risk aversions in the shaded area, it is optimal to adopt a cross-
hedging strategy. For the risk aversions outside of the shaded area and where the HR* is zero, it is 
optimal to adopt a no hedging strategy. In the remaining areas, partial hedging is optimal. A full hedging 
strategy or 100% HR is never optimal. 

The risk aversion interval where the optimal hedging ratio is zero is largest for South Africa and lowest 
for Norway. The optimal hedging ratio at a risk aversion of 15 is the lowest for South Africa and highest 
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for Norway. The currency risk premium helps explain the curve: South Africa has the highest currency 
risk premium, and Norway has the lowest.  

The HR* curves of Thailand and Mexico are not very different from the curve of South Africa, even 
though South Africa has a higher currency risk premium than Thailand and Mexico. This result may be 
explained by the standard deviation of spot returns, which are significantly lower. 

 

Figure 2. Optimal hedging strategies. The shaded area shows the risk aversion interval 
where cross-hedging is optimal. 

 

The interval of risk aversions in the shaded area where cross-hedging is optimal not only seems large but 
also, most importantly, contains common risk aversions found within the population. Studies reveal 
that, based on the actual willingness to pay for insurance against catastrophic loss, degrees of risk 
aversion from 2 to 4 are the most common. For 8 out of 9 currencies, the optimal strategy for this 
interval of risk aversion is cross-hedging. For Australia, Canada, Mexico, and Thailand, the cross-hedging 
risk aversion interval spans significantly from 0 to above 8. In addition, for 6 out of 9 currencies, cross-
hedging is optimal for risk-neutral agents. Because many nonfinancial corporations are arguably risk 
neutral, cross-hedging would be common among them as well. 
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The country with the smallest interval of risk aversion for cross-hedging is Chile. In Chile, there are two 
intervals where the cross-hedging strategy is optimal, from 1.34 to 1.58 and from 1.63 to 2.35. There are 
two intervals instead of one, as suggested by figure 1, due to the imposition of a lower bound of HR* of 
zero. This finding may be a result of a below average Ederington hedging effectiveness ratio and a 
negative expected return of the commodity portfolio. 

 

1.5 Robustness tests 
Overlapping data 
In Table 6, I now show the results using hedging horizons of 52, 104, 156, 208 and 260 weeks, no 
transaction costs and overlapping data. Overlapping data implies that the same weekly return may be 
used in more than one observation. For example, the first observation for a hedging horizon of 52 weeks 
consists of the cumulative return from week 1 to 52, the second observation from week 2 to 53, the 
third observation from week 3 to 54, and so on. The number of observations with no overlapping data 
and a hedging horizon of 52 weeks for Australia was 33, and with overlapping data, I have 1685. 

There are no significant changes in the main results when overlapping data and the same hedging 
horizon of 52 weeks are used. For longer hedging horizons, Benet (1992) suggests that cross-hedging 
should produce better results due to noise in prices. Our results slightly differ. I notice that the 
Ederington ratio climbs almost monotonically for larger hedging horizons in all intermediate 
development economies except for Chile. On the other hand, the opposite happens for the economies 
that have an advanced level of development, except for Australia. This result suggests that cross-
hedging is more effective in the short term for developed economies and in the long term for 
intermediate economies. 

For the 45 combinations of hedging horizons and countries, cross-hedging brought a reduction in 
variance. I perform a two-sample variance F-test to compare the variance in the cross-hedged versus 
unhedged portfolio. Except for hedging horizons above 52 weeks in New Zealand, or for 41 out of 45 
tests, there are statistically significant reductions in variance with the cross-hedging strategy. 

I further perform a standard one-sample mean t-test on the incremental return of the cross-hedging 
strategy. For 43 out of 45 tests, I reject the null hypothesis that the incremental return is zero.  

The overlapping sample boosts the number of observations, allowing us to verify the impact of the 
cross-hedging strategy on tail risk. I compare the observation in the 5th percentile among weekly 
returns. Doing so is similar to comparing the historical value at risk (VaR) considering a confidence 
interval of 95% and a period of one week for the unhedged portfolio and the cross-hedged portfolio.  

In all 45 combinations of countries and hedging horizons, the 5% percentile is higher, or tail risk is lower, 
with the cross-hedging strategy. The only exception is for a hedging horizon of 52 weeks in Thailand, 
where the 5th percentile with cross-hedging was -11.0% and the 5th percentile with no hedging was -
10.3%. 
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Table 6 
Robustness tests using overlapping data and different hedging horizons 

This table reports the average cumulative risk premium for the hedging horizon, the Ederington hedging effectiveness 
ratio, the two-sample variance F-test of the cross-hedged and unhedged returns, the cumulative incremental returns of 

cross-hedging for the hedging horizon, the one-sample mean t-test of the CH incremental returns where the null 
hypothesis is that the returns are equal to zero, the cross-hedging risk aversion interval, and the 5% percentile for 

cumulative spot returns and cross-hedged returns.  
 

horizon 
weeks Obs 

risk 
premium Ederington 

var 
test 

incremental 
returns CH  

mean 
test CH min CH max 

5% 
percentile 

5% 
percentile 

Australia           
52 1685 4.0% 26.3% *** 0.6% *** 0.0 7.6 -17.8% -15.4% 

104 1633 8.3% 29.0% *** 1.3% *** 0.0 9.1 -25.5% -22.1% 
156 1581 12.3% 32.1% *** 1.9% *** 0.0 10.0 -29.2% -26.7% 
208 1529 16.7% 31.3% *** 2.4% *** 0.0 9.5 -30.4% -28.7% 
260 1477 20.9% 29.0% *** 2.9% *** 0.0 9.9 -32.7% -29.5% 

Canada           
52 1685 1.2% 38.0% *** 0.7% *** 0.0 9.9 -11.8% -10.7% 

104 1633 2.4% 32.7% *** 1.4% *** 0.0 9.0 -16.9% -16.2% 
156 1581 3.6% 30.8% *** 2.1% *** 0.0 7.9 -21.0% -20.6% 
208 1529 5.0% 27.0% *** 2.5% *** 0.0 7.1 -25.5% -24.6% 
260 1477 6.5% 21.6% *** 3.0% *** 0.0 6.7 -27.9% -27.0% 

Chile           
52 679 2.6% 27.1% *** -0.3% *** 1.7 1.9 -13.5% -11.8% 

       2.0 2.9   
104 627 3.8% 27.8% *** -0.4% *** 1.3 1.6 -17.9% -14.4% 

       1.7 2.7   
156 575 4.6% 25.6% *** -0.3% ** 0.6 1.3 -19.0% -14.7% 

       1.3 2.2   
208 523 5.6% 24.0% *** -0.2% ** 0.5 1.3 -23.7% -19.2% 

       1.4 2.4   
260 471 8.4% 25.8% *** -0.5% *** 0.8 3.5 -15.2% -12.3% 

Indonesia           
52 871 1.6% 11.9% ** 0.2% ** 0.0 3.2 -13.8% -12.5% 

104 819 4.4% 9.7% * 0.2%  0.0 3.5 -18.7% -15.5% 
156 767 5.1% 22.6% *** 0.4% ** 0.0 3.7 -16.7% -13.7% 
208 715 6.3% 31.8% *** 0.6% *** 0.0 4.3 -11.2% -10.7% 
260 663 8.5% 34.0% *** 1.1% *** 0.0 5.2 -12.0% -10.3% 

Mexico           
52 1062 3.1% 15.9% *** 0.3% *** 0.0 5.7 -7.8% -7.4% 

104 1010 6.0% 22.7% *** 0.6% *** 0.0 7.3 -7.7% -7.0% 
156 958 8.9% 26.0% *** 0.9% *** 0.0 9.4 -6.0% -6.0% 
208 906 11.9% 27.6% *** 1.0% *** 0.0 12.3 -5.7% -4.4% 
260 854 14.2% 31.9% *** 1.1% *** 0.0 17.9 -2.0% -0.8% 

New Zealand          
52 1576 4.5% 14.1% *** -0.2% ** 1.6 3.7 -19.0% -18.8% 
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horizon 
weeks Obs 

risk 
premium Ederington 

var 
test 

incremental 
returns CH  

mean 
test CH min CH max 

5% 
percentile 

5% 
percentile 

104 1524 8.7% 5.4%  -0.4% *** NA NA -27.7% -24.8% 
156 1472 13.4% 1.3%  -0.6% *** NA NA -34.1% -33.2% 
208 1420 18.8% 2.5%  -0.8% *** NA NA -37.7% -35.0% 
260 1368 24.2% 2.6%  -0.8% *** NA NA -36.5% -33.4% 

Norway           
52 1271 1.0% 32.8% *** 1.2% *** 0.0 4.7 -16.3% -15.6% 

104 1219 1.8% 28.1% *** 2.5% *** 0.0 4.5 -20.6% -20.5% 
156 1167 2.2% 25.2% *** 3.9% *** 0.0 4.1 -23.9% -24.2% 
208 1115 3.7% 25.1% *** 4.9% *** 0.0 4.1 -26.9% -26.3% 
260 1063 5.8% 21.8% *** 5.9% *** 0.0 4.5 -29.6% -28.2% 

South Africa          
52 1062 17.6% 15.9% *** -0.4% *** 1.5 9.1 -25.3% -22.0% 

104 1010 52.1% 16.7% *** -0.8% *** 1.4 12.8 -35.0% -34.4% 
156 958 92.1% 19.2% *** -1.2% *** 1.2 14.9 -33.8% -32.4% 
208 906 130.7% 21.9% *** -2.0% *** 1.1 14.7 -29.8% -26.5% 
260 854 171.3% 26.3% *** -3.0% *** 1.1 16.7 -31.3% -25.2% 

Thailand           
52 1032 3.0% 8.8% * 0.2% *** 0.0 7.7 -10.3% -11.0% 

104 980 5.1% 24.0% *** 0.2% *** 0.0 10.8 -16.3% -15.2% 
156 928 7.1% 35.3% *** 0.3% *** 0.0 14.2 -17.1% -14.9% 
208 876 10.8% 35.2% *** 0.2%  0.0 15.4 -18.9% -16.8% 
260 824 15.1% 36.5% *** -0.2% * 0.7 20.1 -22.9% -20.3% 

 

Transaction costs 
The inclusion of transaction costs does not significantly change our main results. In Table 7, when 
transaction costs or TC are equivalent to 0.25% and 0.5% per year of the dollar value of the commodity 
currency exposure per year, I report the interval of risk aversions where cross-hedging is optimal. 

As explained in section 1, higher transaction costs were expected to make the no hedging strategy more 
attractive. In fact, the minimum risk aversions for cross-hedging in Chile, New Zealand and South Africa 
are larger than those without transaction costs. For the remaining countries, as the lower bound of risk 
aversion was set at zero, the effect of transaction costs on the minimum risk aversion level for cross-
hedging is not visible. 

Table 7 also shows that the maximum risk aversion for cross-hedging increases when transaction costs 
increase. The reason for this result is that the weight of transaction costs is determined by the notional 
value of the futures contracts used for hedging relative to the dollar value of the currency exposure. As 
the notional amount of future contracts is larger with full hedging than with cross-hedging, see table 4, 
adding transaction costs increases the attractiveness of cross-hedging. The increase in the levels of 
maximum risk aversion does not significantly change our main results. Note that for Chile, after adding 
transaction costs, the two intervals of risk aversion for cross-hedging cease to exist, and they become 
only one interval. 
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Table 7 
Robustness tests with transaction costs 

This table reports the interval of risk aversions where cross-hedging is 
optimal for different transaction costs. 

Country Obs 

Min Risk 
Aversion 
for CH 
TC@0.25% 

Max Risk 
Aversion 
for CH 
TC@0.25% 

Min Risk 
Aversion 
for CH 
TC@0.50% 

Max Risk 
Aversion 
for CH 
TC@0.50% 

Australia 33 0.0 9.2 0.0 9.5 
Canada 33 0.0 11.9 0.0 13.1 
Chile 14 1.4 2.6 1.5 2.8 
Indonesia 17 0.0 4.3 0.0 4.6 
Mexico 21 0.0 9.2 0.0 9.7 
New 
Zealand 31 1.2 4.1 1.4 4.3 
Norway 25 0.0 5.0 0.0 5.4 
Thailand 20 0.0 10.1 0.0 10.6 
South 
Africa 21 1.8 9.1 2.0 9.2 

 

1.6 Conclusion 
Our empirical paper suggests that a cross-hedging strategy can reduce the variance in a long exposure to 
a commodity currency and, in most cases, yield a positive incremental return. As a result, the cross-
hedging strategy is not only an optimal hedging strategy, but also the optimal hedging strategy for the 
most common risk aversions. These conclusions are based on a sample of nine currencies of commodity-
exporting countries, a sample period that basically starts when the floating exchange rate regime is 
adopted and a quadratic utility function. 

This empirical study supports the asset pricing literature that suggests that currency and commodity 
futures risk premiums are governed by different systematic risk factors. This would explain why, even 
though returns of a short position on a commodity currency and a short position on its commodity 
futures basket have a positive correlation, the short position on the currency may have a negative 
expected return while the short position on the commodity futures basket may have a positive expected 
return.  

As commodity currencies and commodity future returns are governed not only by systematic risk factors 
but also by idiosyncratic factors, it is expected that the comovement of returns is due to the correlation 
of idiosyncratic factors that do not command risk premiums. 

Previous studies have uncovered the existence of comovement between real exchange rate returns and 
real spot commodity prices. Our study is the first to find a comovement between nominal spot returns 
and the prices of commodity future contracts. This comovement enables a reduction in variance and tail 
risk when the cross-hedging strategy is adopted. 

Although our paper assumes entities have a quadratic utility function, as long as the investor is a mean-
variance maximizer, there will be risk aversion where cross-hedging is optimal. The reason is threefold: 
risk premiums exist for commodity currencies; cross-hedging strategy reduces the variance in a 
commodity currency exposure compared to the no hedging strategy; and in most cases yielded a 
positive or zero expected return.  
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Previous studies reveal that cross-hedging exchange rate risk with commodity future contracts is not a 
widespread practice. The absence of previous empirical studies, such as this one, in the financial 
literature may be one of the reasons. In addition, market frictions may prevent the widespread use of 
cross-hedging. The liquidity and size of the commodity futures market is relatively small compared to 
the exchange rate market. This may represent an obstacle especially for large financial and nonfinancial 
institutions. Last, nonfinancial institutions are not allowed to adopt hedge accounting with the cross-
hedging strategy, according to generally accepted accounting principles (GAAP). Hedge accounting may 
result in tax and credit rating benefits for corporations, as it reduces the volatility of profits. Finally, 
institutions may not be mean-variance maximizers and use other kinds of utility functions. 
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Appendix A 

The data on commodity future contracts were obtained from Reuters via Datastream. The data 
were retrieved based on the Reuters instrument code (RIC) or mnemonic (MN) of the futures 
contract. The RIC or MN selected was the one for which a larger number of returns could be 
computed. 

Commodity 
Name Exchange Symbol ID Start date Final date 
Soy oil CBOT BO RIC 17/01/1973 28/03/2018 
Oats CBOT O RIC 17/01/1973 28/03/2018 
Rough rice CBOT RR RIC 22/04/1981 28/03/2018 
Wheat CBOT W RIC 17/01/1973 28/03/2018 
Soy meal CBOT SM RIC 17/01/1973 28/03/2018 
Soybeans CBOT S RIC 17/01/1973 28/03/2018 
Butter CME 1CB RIC 28/09/2005 28/03/2018 
Milk CME DCS RIC 24/01/1996 28/03/2018 
Feeder cattle CME FC RIC 02/08/1978 28/03/2018 
Lumber CME LB RIC 02/08/1978 28/03/2018 
Lean hogs CME LH RIC 17/01/1973 28/03/2018 
Cocoa ICE CC RIC 17/01/1973 28/03/2018 
Orange juice ICE OJ RIC 17/01/1973 28/03/2018 
Sugar ICE SB RIC 17/01/1973 28/03/2018 
Crude oil NYMEX/COMEX CL RIC 13/04/1983 28/03/2018 
Gold NYMEX/COMEX GC RIC 08/02/1978 28/03/2018 
Copper NYMEX/COMEX HG RIC 10/08/1988 28/03/2018 
Platinum NYMEX/COMEX PL RIC 17/01/1973 28/03/2018 
Blended 
gasoline NYMEX/COMEX RB RIC 12/10/2005 28/03/2018 
Silver NYMEX/COMEX SI RIC 17/01/1973 28/03/2018 
Corn CBOT C MN 17/01/1973 28/03/2018 
Live cattle CME LC MN 10/01/1979 28/03/2018 
Pork Bellies CME PB MN 10/01/1979 01/06/2011 
Cotton ICE CT MN 02/11/1977 28/03/2018 
Coffee ICE KC MN 16/11/1977 28/03/2018 
Aluminum LME MAL MN 21/07/1993 28/03/2018 
Nickel LME MNI MN 21/07/1993 28/03/2018 
Lead LME MPB MN 21/07/1993 28/03/2018 
Tin LME MSN MN 21/07/1993 28/03/2018 
Zinc LME MZN MN 21/07/1993 28/03/2018 
Heat oil NYMEX/COMEX HO MN 29/11/1978 28/03/2018 
Old Copper NYMEX/COMEX NCU MN 10/01/1979 13/12/1989 
Natural gas NYMEX/COMEX NG MN 11/04/1990 28/03/2018 
Unleaded 
Gasoline NYMEX/COMEX NHU MN 12/12/1984 15/11/2006 
Palladium NYMEX/COMEX PA MN 23/11/1977 28/03/2018 
Coal NYMEX/COMEX QL MN 25/07/2001 12/10/2016 
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Appendix B 

This table reflects the average and the standard deviation of exports mapped to a futures 
contract relative to total exports. The proportion is calculated for every year based on data on 
exports in the previous year. The starting date for each currency is available in Table 2. The 
data are from comtrade.org. 

Name 
AUST 
DOL 

CN 
DOLLR 

CHIL 
PES 

INDO 
RUP 

MEX 
PESO 

NZ 
DOLLR 

NOR 
KRON 

THA 
BAHT 

COM 
RAND 

BO avg 0.00% 0.01% 0.00% 0.00% 0.00% 0.00% 0.03% 0.01% 0.03% 
BO std 0.00% 0.01% 0.00% 0.00% 0.01% 0.00% 0.02% 0.01% 0.04% 
O avg 0.84% 0.27% 0.02% 0.00% 0.00% 0.04% 0.00% 0.00% 0.01% 
O std 0.50% 0.18% 0.01% 0.00% 0.00% 0.09% 0.00% 0.00% 0.02% 
RR avg 0.24% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 2.72% 0.04% 
RR std 0.17% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.63% 0.03% 
W avg 4.07% 1.94% 0.06% 0.02% 0.11% 0.04% 0.00% 0.04% 0.17% 
W std 2.20% 1.09% 0.03% 0.01% 0.06% 0.03% 0.00% 0.01% 0.08% 
SM avg 0.09% 0.13% 0.87% 0.19% 0.02% 0.29% 0.15% 0.04% 0.07% 
SM std 0.02% 0.09% 0.43% 0.09% 0.01% 0.11% 0.08% 0.03% 0.06% 
S avg 0.00% 0.16% 0.01% 0.00% 0.00% 0.00% 0.00% 0.00% 0.02% 
S std 0.00% 0.16% 0.01% 0.00% 0.00% 0.00% 0.00% 0.00% 0.03% 
1CB avg 0.19% 0.01% 0.01% 0.00% 0.00% 4.19% 0.01% 0.00% 0.01% 
1CB std 0.09% 0.00% 0.01% 0.00% 0.00% 0.71% 0.01% 0.00% 0.01% 
DCS avge 0.91% 0.07% 0.16% 0.07% 0.02% 10.58% 0.00% 0.09% 0.14% 
DCS std 0.35% 0.05% 0.04% 0.04% 0.01% 4.45% 0.01% 0.03% 0.06% 
FC avg 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 
FC std 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 
LB avg 0.05% 3.16% 1.77% 0.41% 0.07% 2.11% 0.23% 0.28% 0.05% 
LB std 0.02% 1.45% 0.76% 0.15% 0.08% 0.69% 0.17% 0.12% 0.02% 
LH avg 0.08% 0.58% 0.59% 0.04% 0.10% 0.01% 0.01% 0.04% 0.02% 
LH std 0.06% 0.12% 0.08% 0.01% 0.02% 0.01% 0.01% 0.03% 0.02% 
CC avg 0.00% 0.01% 0.00% 0.81% 0.01% 0.00% 0.00% 0.03% 0.00% 
CC std 0.00% 0.00% 0.00% 0.20% 0.01% 0.00% 0.00% 0.01% 0.00% 
OJ avg 0.18% 0.02% 0.45% 0.03% 0.11% 0.17% 0.00% 0.22% 1.07% 
OJ std 0.07% 0.00% 0.08% 0.01% 0.03% 0.04% 0.00% 0.06% 0.18% 
SB avg 0.91% 0.01% 0.00% 0.00% 0.15% 0.05% 0.00% 1.22% 0.66% 
SB std 1.06% 0.01% 0.00% 0.00% 0.10% 0.01% 0.00% 0.42% 0.37% 
CL avg 3.69% 7.66% 0.01% 7.97% 10.08% 2.02% 37.39% 0.67% 0.73% 
CL std 1.38% 5.09% 0.01% 1.99% 3.25% 1.47% 6.46% 0.38% 0.65% 
GC avg 0.58% 0.15% 2.43% 0.69% 0.29% 0.21% 0.05% 1.58% 2.17% 
GC std 0.32% 0.04% 1.61% 1.02% 0.10% 0.09% 0.03% 0.15% 0.66% 
HG avg 2.48% 1.18% 49.28% 3.98% 0.73% 0.25% 0.25% 0.31% 0.81% 
HG std 1.03% 0.31% 6.81% 1.39% 0.17% 0.15% 0.09% 0.14% 0.27% 
PL avg 0.01% 0.03% 0.00% 0.00% 0.00% 0.00% 0.16% 0.00% 7.64% 
PL std 0.01% 0.02% 0.00% 0.00% 0.00% 0.00% 0.06% 0.00% 5.42% 
RB avg 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 
RB std 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 
SI avg 0.27% 0.36% 0.60% 0.16% 0.56% 0.11% 0.04% 0.03% 0.65% 
SI std 0.22% 0.23% 0.18% 0.22% 0.31% 0.17% 0.01% 0.01% 0.37% 
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Name 
AUST 
DOL 

CN 
DOLLR 

CHIL 
PES 

INDO 
RUP 

MEX 
PESO 

NZ 
DOLLR 

NOR 
KRON 

THA 
BAHT 

COM 
RAND 

C avg 0.02% 0.08% 0.26% 0.02% 0.04% 0.04% 0.00% 0.13% 0.74% 
C std 0.01% 0.06% 0.11% 0.03% 0.04% 0.06% 0.00% 0.04% 0.43% 
LC avg 4.47% 0.74% 0.07% 0.00% 0.33% 6.39% 0.04% 0.02% 0.15% 
LC std 1.25% 0.15% 0.03% 0.00% 0.14% 1.52% 0.02% 0.02% 0.08% 
PB avg 0.00% 0.03% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 
PB std 0.00% 0.01% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 
CT avg 1.13% 0.01% 0.00% 0.41% 0.08% 0.00% 0.00% 0.14% 0.05% 
CT std 0.49% 0.01% 0.00% 0.15% 0.06% 0.00% 0.00% 0.05% 0.02% 
KC avg 0.04% 0.06% 0.03% 0.72% 0.33% 0.01% 0.00% 0.09% 0.03% 
KC std 0.02% 0.04% 0.01% 0.24% 0.28% 0.01% 0.00% 0.07% 0.02% 
MAL avg 3.42% 2.01% 0.06% 0.59% 0.11% 3.37% 4.05% 0.33% 2.41% 
MAL std 1.15% 0.24% 0.01% 0.20% 0.06% 1.07% 0.89% 0.08% 1.12% 
MNI avg 1.12% 0.95% 0.00% 0.91% 0.00% 0.00% 1.15% 0.00% 0.60% 
MNI std 0.43% 0.38% 0.00% 0.61% 0.00% 0.00% 0.34% 0.00% 0.38% 
MPB avg 0.84% 0.11% 0.02% 0.01% 0.15% 0.03% 0.00% 0.01% 0.14% 
MPB std 0.27% 0.04% 0.01% 0.01% 0.16% 0.03% 0.00% 0.01% 0.04% 
MSN avg 0.11% 0.01% 0.00% 0.86% 0.00% 0.00% 0.00% 0.13% 0.00% 
MSN std 0.12% 0.01% 0.00% 0.30% 0.01% 0.00% 0.01% 0.06% 0.00% 
MZN avg 1.46% 0.53% 0.07% 0.01% 0.22% 0.00% 0.31% 0.03% 0.07% 
MZN std 0.46% 0.25% 0.04% 0.00% 0.07% 0.00% 0.11% 0.02% 0.03% 
HO avg 0.74% 0.09% 0.00% 0.12% 0.03% 0.04% 0.24% 0.04% 0.12% 
HO std 0.82% 0.15% 0.00% 0.37% 0.06% 0.07% 0.34% 0.10% 0.37% 
NCU avg 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 
NCU std 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 
NG avg 3.44% 4.36% 0.07% 9.21% 0.06% 0.05% 16.45% 0.18% 0.05% 
NG std 2.21% 1.90% 0.06% 1.86% 0.06% 0.05% 8.08% 0.15% 0.02% 
NHU avg 0.44% 0.49% 0.00% 0.04% 0.03% 0.18% 1.16% 0.17% 0.21% 
NHU std 0.56% 0.53% 0.00% 0.11% 0.06% 0.38% 1.60% 0.37% 0.59% 
PA avg 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 
PA std 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 
QL avg 14.53% 1.24% 0.02% 7.91% 0.00% 0.32% 0.02% 0.25% 6.45% 
QL std 3.37% 0.51% 0.03% 4.36% 0.00% 0.27% 0.01% 0.16% 0.85% 
Total avg 46.35% 26.45% 56.86% 35.16% 13.67% 30.51% 61.79% 8.80% 25.34% 
Total std 3.71% 4.60% 6.80% 4.34% 3.49% 3.86% 5.43% 0.90% 6.08% 
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Appendix C 

Commodity returns represent the result of short rolling a long position in the nearest-to-
maturity futures contract that has at least 6 weeks to maturity. The weekly average returns are 
annualized. The sample period for the correlation matrix varies from country to country and 
begins when a country adopts a floating exchange rate regime. The correlation is computed 
based on weekly returns, and the rates are the amount of commodity currency for one US 
dollar. 

    Correlation Matrix 

 Obs 
Avg Geom 

Return 
AUST 
DOL 

CN 
DOLLR 

CHIL 
PES 

INDO 
RUP 

MEX 
PESO 

NZ 
DOLLR 

NOR 
KRON 

THA 
BAHT 

COM 
RAND 

BO 2359 0.3%  -0.25 -0.23 -0.26 -0.15 -0.21 -0.24 -0.28 -0.10 -0.20 
O 2351 -5.0%  -0.15 -0.16 -0.14 -0.10 -0.12 -0.16 -0.14 -0.05 -0.09 
RR 1836 -9.9% *** -0.10 -0.10 -0.12 -0.05 -0.11 -0.09 -0.12 -0.06 -0.10 
W 2359 -6.7% * -0.16 -0.15 -0.13 -0.01 -0.09 -0.15 -0.14 -0.03 -0.11 
SM 2359 3.0%  -0.17 -0.11 -0.15 -0.08 -0.12 -0.15 -0.14 -0.05 -0.12 
S 2359 1.0%  -0.22 -0.17 -0.20 -0.11 -0.18 -0.20 -0.22 -0.08 -0.17 
X1CB 653 2.9%  -0.03 -0.02 0.01 0.02 -0.04 -0.03 -0.07 -0.05 0.02 
DCS 1146 3.2%  -0.01 -0.04 0.01 -0.08 0.01 -0.03 -0.09 0.01 -0.01 
FC 2070 1.7%  -0.04 -0.06 -0.08 -0.03 -0.11 -0.04 0.00 -0.01 -0.06 
LB 2070 -9.1% ** -0.10 -0.11 -0.11 -0.05 -0.11 -0.07 -0.01 -0.07 -0.09 
LH 2358 -2.4%  -0.07 -0.05 -0.07 -0.01 -0.05 -0.06 -0.05 0.06 -0.03 
CC 2359 0.9%  -0.18 -0.14 -0.10 -0.10 -0.13 -0.17 -0.24 -0.07 -0.15 
OJ 2359 -0.8%  -0.11 -0.12 -0.11 -0.12 -0.08 -0.13 -0.10 -0.07 -0.06 
SB 2341 -3.9%  -0.15 -0.10 -0.19 -0.07 -0.14 -0.14 -0.17 -0.06 -0.17 
CL 1825 3.3%  -0.19 -0.28 -0.23 -0.16 -0.22 -0.17 -0.32 -0.04 -0.21 
GC 2089 0.2%  -0.31 -0.30 -0.25 -0.17 -0.13 -0.28 -0.38 -0.18 -0.31 
HG 1545 6.5%  -0.31 -0.27 -0.35 -0.12 -0.26 -0.25 -0.27 -0.10 -0.29 
PL 1936 2.5%  -0.32 -0.28 -0.37 -0.21 -0.20 -0.28 -0.34 -0.15 -0.23 
RB 651 -1.3%  -0.34 -0.41 -0.25 -0.19 -0.27 -0.26 -0.46 -0.10 -0.29 
SI 2349 -2.2%  -0.32 -0.32 -0.34 -0.19 -0.21 -0.27 -0.36 -0.17 -0.30 
C 2359 -5.3%  -0.20 -0.16 -0.19 -0.07 -0.13 -0.18 -0.18 -0.08 -0.12 
LC 2039 1.4%  -0.05 -0.04 -0.06 -0.05 -0.09 -0.05 -0.02 -0.04 -0.07 
PB 1683 -7.9%  -0.02 0.01 -0.03 0.03 -0.03 0.01 0.00 0.09 0.05 
CT 2094 -1.6%  -0.17 -0.16 -0.19 -0.11 -0.11 -0.14 -0.18 -0.06 -0.15 
KC 2107 -5.3%  -0.15 -0.12 -0.19 -0.13 -0.13 -0.14 -0.12 -0.04 -0.13 
MAL 1289 -2.4%  -0.35 -0.29 -0.33 -0.15 -0.23 -0.29 -0.31 -0.14 -0.27 
MNI 1289 3.6%  -0.28 -0.25 -0.25 -0.10 -0.22 -0.23 -0.22 -0.13 -0.23 
MPB 1289 6.2%  -0.32 -0.30 -0.29 -0.15 -0.26 -0.28 -0.31 -0.09 -0.27 
MSN 1289 6.0%  -0.30 -0.28 -0.28 -0.10 -0.27 -0.28 -0.29 -0.12 -0.34 
MZN 1289 1.7%  -0.34 -0.32 -0.34 -0.16 -0.26 -0.28 -0.27 -0.11 -0.27 
HO 2049 2.9%  -0.19 -0.29 -0.25 -0.13 -0.22 -0.16 -0.30 -0.03 -0.19 
NCU 532 -1.1%  -0.14 -0.04 NA NA NA 0.02 NA NA NA 

NG 1460 
-

13.9% ** -0.10 -0.11 -0.07 -0.08 -0.10 -0.06 -0.07 -0.02 -0.03 
NHU 1145 12.8% * -0.04 -0.09 0.07 -0.09 -0.06 0.00 -0.09 0.01 -0.01 
PA 1778 4.4%  -0.26 -0.24 -0.30 -0.11 -0.19 -0.21 -0.23 -0.14 -0.15 
QL 784 -9.8%  -0.20 -0.17 -0.03 -0.14 -0.11 -0.16 -0.18 -0.02 -0.12 



40 
 

 

Appendix D 

The graphs plot the time variance in weights with the opposite sign applied on the commodity 
portfolio. The weights are determined by a regression using out-of-sample data and receive an 
upper bound of zero. 
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Appendix E 

The graphs plot the cumulative returns of the spot exchange rate (dark line) and the 
cumulative returns of the commodity portfolio times the weight applied (light line). 
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Appendix F 

The graphs plot the quadratic utility function or equation (1) for different risk aversions. The 
parameters used in equation (1) are in Tables 3-5. The continuous line represents the utility 
using currency futures contracts, while the dashed line represents the utility using commodity 
future contracts. 
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Should quantitative methods be used when cross-hedging 
exchange rate risk with commodity futures? 
 

2.1 Introduction 
In this chapter, I utilize portfolio optimization methods to build commodity future baskets to 
cross-hedge commodity currency exposure. In commodity currencies, exchange rates may 
comove with the prices of commodities, which may allow cross-hedging exchange rate risk 
with commodity future contracts. I use quantitative portfolio optimization methods and three 
different covariance matrixes. The covariance matrixes are based on the historical variance 
and covariance, the exponentially weighted moving average (EWMA) method and the dynamic 
conditional correlation-generalized autoregressive conditional heteroscedasticity (DCC-GARCH) 
model. 

I compare the empirical results of cross-hedging where the commodity basket is determined 
through quantitative portfolio optimization, analysis of exports and when the cross-hedging 
vehicle is simply the CRB index. I further contribute to the hedging literature by comparing the 
incremental returns of cross-hedging to partial hedging using currency futures given the same 
ex post variance. 

This chapter uses Brazilian data. Previous studies have revealed that the Brazilian currency can 
be considered a commodity currency. Further, I show that forward premiums have been 
historically high. High forward premiums imply significant incremental hedging costs using 
future currency contracts. This justifies studies of alternative hedging strategies such as cross-
hedging with commodity futures. 

In section 2, I describe the methodology used to build the commodity future baskets. In 
section 3, I describe the data used. In section 4, I report the main findings, and the last section 
concludes. 

 

2.2 Background 
Returns and variance of combined portfolio 
I assume that an investor has a long or short exposure to a commodity currency generated by 
an asset or liability and that the returns of this asset or liability are fixed or uncorrelated to the 
returns of the spot exchange rate or to the returns of commodity futures. For example, a 
foreign investor purchasing domestic currency denominated fixed rate government debt of a 
commodity country.  

I abstract the returns of the asset or liability and define the expected return of the portfolio 
consisting of the currency exposure and financial instruments used for hedging as: 

𝑅 = 𝑤 𝑅 + 𝑤 , 𝑅 ,  

where 𝑅  is the simple return of the combined portfolio composed of the hedged item, 
the currency exposure, and the hedging vehicle, financial instruments used for hedging; 𝑤  

is the weight of the exposure to the Brazilian real; 𝑅  is the simple return of the spot 
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exchange rate or ; n represents the number of financial contracts used, 𝑤 ,  is the 

weight of each financial instrument; Rhv,n is the simple return of the financial instrument used 
as a hedging vehicle. The expected return is similar to the expected return of a portfolio with 
multiple assets. 

I define that the spot exchange rate reflects the amount of foreign currency equivalent to one 
unit of the Brazilian real and that wspot =1 or that the portfolio holds a long position on the 
Brazilian real. The 𝑤 ,  is the notional value of the financial instruments used for hedging 
relative to the exposure to the Brazilian real. 

The expected variance of a combined portfolio can be computed as: 

𝑉𝑎𝑟(𝑅 ) = 𝑤 Ω 𝑤 

where 𝑤 is the vector of weights of the combined portfolio including 𝑤  and 𝑤 ,  and Ω  is 
the covariance matrix. 

Cross-hedging vehicles 
The first cross-hedging strategy consists of shorting the CRB index to hedge a long position on 
the Brazilian real.  

The CRB index is an index based on commodity futures and is traded on the New York Board of 
Trade. It was significantly revised in 2005, as shown in Figure 1. Prerevision, the index was 
equally weighted, and postrevision weights were designed to reflect the significance of each 
commodity. 

  EW SW 
A RBOB Gas 0 5 
B Corn 6 6 
C Soybeans 6 6 
D Aluminum 0 6 
E Copper 6 6 
F Live Cattle 6 6 
G Gold 6 6 
H Sugar 6 5 
I Cotton 6 5 
J Coffee 6 5 
K Wheat 6 1 
L Nickel 0 1 
M Orange J 6 1 
N Silver 6 1 
O Lean Hogs 6 1 
P Cocoa 6 5 
Q Crude Oil 6 23 
R Heating Oil 6 5 
S Natural Gas 6 6 
T Platinum 6 0 

 

Figure 1. The CRB Index. The pie charts show the components of the CRB index from 1995 to 2005 
and from 2005 until this moment. 

 

The second cross-hedging strategy relies on using quantitative methods to select among the 
broad universe commodity future contracts for cross-hedging. 

A conventional and popular method to estimate the optimal hedge ratio is the one proposed in 
Ederington (1979). The slope coefficient of a regression of the change in spot prices on the 
change in a future contract price can be used to determine the optimal hedge ratio. This 
approach was used in chapter 1 to determine the weight of the commodity futures basket. 
Bowman (2005) also uses an OLS multiple regression to determine the hedging ratio of up to 4 
future contracts that comprise the cross-hedging vehicle for the Australian and Papua New 
Guinea currencies. 
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Although not as common, portfolio optimization methods have been used to determine 
individual hedging ratios in composite cross-hedging for other asset classes, see Lien & Tse 
(2002). While the OLS regression will determine the hedge ratio of each future contract that 
minimizes the sum of squared residuals, optimization methods will determine the hedge ratios 
by mathematical minimization of the second moment of the combined portfolio. 

There are some advantages when using optimization methods to determine optimal hedge 
ratios. The OLS method ignores commissions, margins, and contract “lumpiness”; prevents 
agents from investing in other activities and from borrowing and lending; and does not 
account for estimation risk, according to Lence (1995). On the other hand, transaction costs, 
minimum hedge ratios, and even borrowing and lending may be easily imposed during 
portfolio optimization. Maximum hedging ratios can also be added, forcing portfolio 
diversification. Furthermore, there are well-known methods to manage estimation risk for 
portfolio optimization; see Chan et al. (1999) and Michaud & Michaud (2008).  

Portfolio optimization methods generally rely on a covariance matrix to estimate the variance 
of the final portfolio. There are several methods to estimate the covariance matrix. The 
simplest method is to use the sample variance and covariance. 

Some authors argue that models that account for conditional information should yield a better 
result than models based on unconditional information, such as the standard Ederington 
(1979) linear regression, or the historical variance and covariance. 

Baillie & Myers (1991) suggest using a GARCH model to estimate a time varying optimal hedge 
ratio, as future and spot price changes seem to display a weak dependence at higher 
moments. For a relatively large amount of assets, multivariate GARCH models are more 
appropriate.  

The DCC GARCH has a clear computational advantage over other multivariate GARCH models, 
as a series of univariate GARCH models are first estimated, standardized residuals are 
constructed, and finally the correlations are estimated between standardized residuals and a 
small number of parameters. 

 = 𝐷 𝑟  ,   𝑅 = 𝐸 (  ), Ω = 𝐷 𝑅 𝐷  , 𝑟 |F ~𝑁(0, 𝐻 )     

where 𝑟  is a vector of returns, 𝐷  a diagonal matrix with standard deviations on the diagonal, 
𝑅  is a time-varying correlation matrix, and Ω  is the conditional covariance matrix of returns. 

Another alternative to the historical covariance matrix, or sample variance and covariance, is 
the exponentially weighted moving-average method. The EWMA conditional covariance matrix 
Ω  is given by: 

Ω = (1 − λ)𝑅 𝑅 + λΩ  

where Rt is the vector of asset returns at time t, λ is the decay factor and 0<λ<1. 

I use three different covariance matrixes to estimate the variance of the combined portfolio. 
The covariance matrixes are: sample variance and covariance; the exponentially weighted 
moving average (EWMA) method; and the dynamic conditional correlation-
generalized autoregressive conditional heteroscedasticity (DCC-GARCH) model. 

I start by computing commodity future returns. Past commodity futures returns are computed 
as follows. I roll over futures contracts only at the end of even months, or 6 times per year, 



46 
 

 

limiting transaction costs. I roll futures contracts at least 6 weeks before maturity for liquidity 
reasons because short interest tends to be low in the last 6 weeks; see Szymanowska et al. 
(2014). Therefore, initially, instead of shorting the nearest-to-maturity futures contract, I take 
a position on the closest futures contract with at least three and a half months to maturity. 

The available delivery dates for commodity future contracts are unevenly spread over the 
calendar year. The delivery dates vary from 4 to 12 months per year. Depending on the 
available delivery dates, I short from the second nearest contract to maturity to the fourth 
nearest contract to maturity. To estimate the covariance matrix, I use weekly returns ending 
on Wednesday. The commodity future returns and spot exchange rate changes are taken from 
6 different exchanges located in the US, the UK and Brazil, and daily returns may suffer from 
synchronization issues. 

I then use the commodity future returns and spot exchange returns to compute the three 
different covariance matrixes. Given the covariance matrix, the weights of each individual 
commodity future contract are estimated so that the combined portfolio will have the 
minimum expected variance. 

A set of restrictions is also imposed to determine the weights: I impose some restrictions on 
the combined portfolio: there must be a full long position on the spot exchange rate; only 
short positions are allowed on commodity futures; each individual commodity future may not 
surpass 20% of the total to ensure a minimum of diversification; and the sum of short positions 
cannot exceed the long position. 

I end with three commodity future baskets. I call the basket of futures contracts that is 
optimized using the sample covariance and variance the MV cross-hedging vehicle or 
commodity future basket. The commodity baskets that used the EWMA and DCC-GARCH 
covariance matrixes are called the EWMA and DCC cross-hedging vehicles or commodity future 
baskets, respectively. 

I rebalance the commodity future baskets every 2 months given the data from the previous 52 
weeks for the MV and EWMA portfolios and the data from the previous 104 weeks for the DCC 
portfolio. The EWMA portfolio uses a decay factor of 0.94, and the DCC portfolio uses an 
autoregressive moving average order of ARMA(2,1). 

The third and last cross-hedging strategy consists of building a commodity futures basket to 
act as a hedging vehicle based on the country’s exports. 

Building such a basket can be done by associating 4-digit Comtrade harmonized system (HS) 
product codes with commodity future contracts whenever the latter are available. I then 
proceed to sum the total exports associated with commodity future contracts. The weight of 
an individual commodity future contract is defined every year based on the previous year’s 
export data. The weight is given by the total exports associated with a specific commodity 
future divided by the total exports associated with all commodity futures. 

The initial notional value of the cross-hedging vehicles equals the value of the currency 
exposure, except for commodity portfolios that are optimized, where the total initial notional 
value can at maximum be the same amount as the currency exposure. The optimized 
commodity future baskets are rebalanced every two months, but the export portfolio is 
rebalanced every twelve months due to data availability. Rebalancing changes only the 
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components of the cross-hedging vehicle and does not increase or decrease the notional value 
of commodity futures. 

Compared to previous strategies, using export data to determine the hedging vehicle has the 
strongest theoretical support. From a theoretical standpoint, terms-of-trade shocks affect 
exchange rates through transmission channels including the income effect of Dornbusch 
(1980) and the Balassa–Samuelson effect, see Balassa (1964) andSamuelson (1964). Both 
transmission channels are widely accepted by the academia. 

This strategy is also supported by previous empirical studies of commodity currencies such as 
Chen & Rogoff (2003), Cashin et al. (2004), and Chen et al. (2010). These papers focus on the 
cointegration of the spot prices of exported commodities with real exchange rates. 

I consider four different hedging horizons: 2, 12, 42 and 56 months. According to Benet (1992), 
“longer hedges” manage to reduce the price risk better than “shorter hedges”. Cashin et al. 
(2004) estimated the half-life of adjustment of the real exchange rate to its equilibrium with 
commodity prices as 10 months. Due to these studies, our main results consider hedging 
horizons of 12, 42 and 56 months. 

To compare different strategies, I analyze the average incremental returns of and variance of 
each cross-hedging strategy. To support my conclusions, I conduct one-sample mean tests on 
average returns of the cross-hedging vehicles and F-tests to compare hedged and unhedged 
variance. I further compare Ederington’s hedging effectiveness ratio and the excess returns of 
the cross-hedging vehicle to the incremental returns of a partial hedging strategy with the 
same ex post variance. 

According to Ederington (1979), hedging effectiveness can be measured simply by comparing 
the variance in the cross-hedged portfolio to that in the unhedged portfolio. Ederington’s 
hedging effectiveness is defined as 1 − 𝑉𝑎𝑟(𝐻𝑒𝑑𝑔𝑒𝑑) 𝑉𝑎𝑟(𝑈𝑛ℎ𝑒𝑑𝑔𝑒𝑑)⁄ . 

To compare the excess returns of the cross-hedging vehicle to the incremental returns of the 
partial hedging strategy using currency future contracts with the same ex post variance, I first 
estimate the forward premium of a currency future contract for the entire hedging horizon. 
The forward premium is estimated by compounding the monthly average forward premium 
from June 2004 to December 2016. 

Second, I estimate the hedging ratio or notional value of currency future contacts relative to 
the exposure to the commodity currency that would provide the same ex post variance as 
cross-hedging. I assume that a full hedging strategy eliminates commodity currency risk. 

Considering that foreign currency future contracts are used for hedging and that exchange 
rates reflect the amount of foreign currency to acquire one unit of local currency, I can 
compute the return of a currency future contract as: 

𝑅 , = 𝐹𝑃 − 𝑅 ,  

where FP is the forward premium and the forward premium is the difference between the 

future and spot exchange rate divided by the spot or . I can express the returns of the 

combined portfolio as: 

𝑅 , = 𝑤 𝑅 , + 𝑤 𝐹𝑃 − 𝑤 𝑅 , ! 

Considering 𝑤 ≡ 𝐻𝑅, 𝑤 = 1 and rearranging: 
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𝑅 , = 𝑅 , (1 − 𝐻𝑅) + 𝐻𝑅. 𝐹𝑃  

where HR is the hedging ratio. The variance in the returns of the combined portfolio is: 

𝑉𝑎𝑟 𝑅 = (1 − 𝐻𝑅) 𝑉𝑎𝑟 𝑅   

In other words, a HR using currency futures of 50% will reduce the variance in the combined 
portfolio by 25%. This is a rather conservative estimate, as spot prices are not perfectly hedged 
by futures markets; see Ederington (1979).  

Rearranging we have that the hedging ratio that provides the same ex post reduction in 
variance as the cross-hedging will depend on the standard deviation of the cross-hedged 
portfolio and the unhedged exposure: 

𝐻𝑅 = 1 −
[𝑅 ]

[𝑅 ]
 

where 𝑅  are the returns of a combined portfolio of a long exposure to a commodity 
currency and a short position on commodity futures. 

Finally, the incremental return of the partial hedging strategy with the same ex post variance 
of cross-hedging is: 

𝑅 , =  𝐻𝑅 𝑥 𝐹𝑃  

 
2.3 Data 
I use Brazilian data from January 2003 to December 2016. Brazil adopted a floating exchange 
rate in 1999, and this adoption was followed by a massive devaluation of the local currency. 
Studies that include the early years of the floating exchange system in Brazil do not find 
cointegration between the exchange rate and commodities; see Kohlscheen (2010). The 
Brazilian exchange rate possibly experienced an adjustment period after the change in 
exchange rate regime. Veríssimo et al. (2012) report that for the subperiod 2003-2009, there is 
evidence that the Brazilian real displays the features of a commodity currency. Therefore, 
empirical tests will be conducted using data starting in 2003 and ending in 2016. 

I define the exchange rate for the USD in Brazilian currency to be the inverse of the closing 
Ptax rate. Until 30/6/2011, the Ptax rate was calculated as the average rate, weighed by 
volume, of all interbank operations traded on that day. Starting on 1/7/2011, the Ptax rate 
calculation corresponds to the arithmetic average of four daily quotes provided by the Central 
Bank of Brazil’s foreign exchange dealers.  

The Ptax rates were collected from the Economatica database. The futures prices on 34 
commodities were obtained from Reuters, and a summary of the data is provided in Appendix 
A of this chapter. The Thomson Reuters/Jefferies Commodity Research Bureau (CRB) 
commodity index and export data were obtained from Bloomberg and the United Nations 
Comtrade database, respectively. 

The forward premium for one month is calculated using the nondeliverable forward (NDF) rate 
for one month. Data on the NDFs of the Brazilian exchange rate were collected from Reuters 
and are available from June 2004 to December 2016. 
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Each observation consists of the cumulative return that starts at the end of every even month 
and is held for a hedging horizon. The returns for hedging horizons of 12, 42 and 56 months 
are computed using overlapping and nonoverlapping data. 

Using overlapping data is similar to using moving averages. For example, for a hedging horizon 
of 12 months, I compute the cumulative return of the spot exchange rate, the cross-hedging 
vehicle and the combined portfolio from the end of December 2002 to the end of December 
2003, from the end of February 2003 to the end of February 2004, from the end of April 2003 
to the end of April 2004, and so on. In the overlapping sample, our 84 bimonthly observations 
result in 79, 64 and 57 observations for hedging horizons of 12, 42 and 56 months, 
respectively. Using nonoverlapping data, our 84 bimonthly observations result in 14, 4 and 3 
observations for hedging horizons of 12, 42 and 56 months, respectively. 

The chosen horizons of 12, 42 and 56 months or 6, 21 and 28 two-month periods are factors of 
our total number of observations, 84, permitting us to use all bimonthly excess returns in the 
nonoverlapping form. 

Using overlapping data may create bias on the mean and on the standard deviation. When 
performing the two-sample variance F-test, I must assume that the bias on the standard 
deviation of the unhedged exchange rate and the bias of the standard deviation of the cross-
hedged portfolio cancel out.  

 
2.4 Main results 
Hedging effectiveness for a two-months horizon 
I start by reporting bimonthly returns for commodity futures and for the Brazilian exchange 
rate from January 2003 to December 2016. Although it is common to quote the Brazilian 
exchange rate using the US dollar as the base currency, as mentioned previously, I will report 
the inverse of the conventional exchange rate to improve graph visualization. Bimonthly 
returns are computed at the end of every even month when commodity future contracts are 
generally rolled over. 

The Brazilian real had, on average, a nominal appreciation of 0.3% relative to the US dollar 
every two months, and the nominal USDBRL exchange rate went from 0.2830 to 0.3068 during 
the entire sample period. Using the conventional notation, the BRLUSD exchange rate went 
from 3.533 to 3.259. The spot exchange returns are not statistically significant, and a standard 
one-sample t-test does not reject the null hypothesis that the mean exchange rate return is 
equal to zero. 

The excess kurtosis of 2.07 indicates that currency speculators and selective hedgers face a 
considerable amount of tail risk, even if there is symmetric risk. Given the high excess kurtosis, 
it is unsurprising that the Jarque-Bera test rejects a normal distribution for the spot exchange 
rate returns. The Jarque-Bera test is a joint test; in the null hypothesis, the skewness is zero, 
and the kurtosis is 3. 
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Table 8 
Summary data on the returns of the Brazilian exchange rate and commodity futures 

  Mean Sig Std dev Skewness Excess Kurtosis JB Test R2 
USDBRL 0.3%            0.07  0.03 2.07 ** 1.00 
Propane -0.7%            0.17  -0.05 0.60  0.05 
Crude oil 0.6%            0.14  -0.41 0.38  0.17 
Gold 1.4% *           0.08  0.37 0.38  0.07 
Copper 2.5% *           0.13  0.31 3.44 ** 0.19 
Heat oil 1.2%            0.14  -0.22 0.20  0.14 
Natural gas -3.1%            0.19  1.24 3.44 ** 0.02 
Palladium 2.0%            0.15  0.01 1.01  0.09 
Platinum 1.1%            0.11  -0.40 4.63 ** 0.20 
Coal -0.1%            0.12  1.59 5.15 ** 0.06 
Blended gasoline 1.1%            0.14  -0.72 0.99 ** 0.33 
Silver 2.1%            0.14  0.32 0.10  0.15 
Aluminum 0.1%            0.09  -0.12 0.82  0.23 
Nickel 2.0%            0.16  0.29 -0.01  0.09 
Lead 3.2% **           0.14  -0.24 0.22  0.14 
Tin 2.8% **           0.12  -0.21 -0.01  0.17 
Zinc 1.7%            0.12  -0.13 0.55  0.15 
Sugar 1.2%            0.14  0.77 1.35 ** 0.08 
Orange juice 0.5%            0.11  0.17 0.48  0.11 
Coffee -0.1%            0.13  1.37 4.32 ** 0.12 
Cotton 0.2%            0.12  0.72 2.48 ** 0.11 
Cocoa 0.4%            0.11  0.34 0.77  0.09 
Butter 1.2%            0.09  0.33 -0.86  0.01 
Milk 0.9%            0.09  -0.07 0.97  0.02 
Feeder cattle 0.7%            0.06  0.01 -0.64  0.01 
Lumber -1.1%            0.11  -0.03 -0.34  0.09 
Live cattle -0.1%            0.06  0.22 0.40  0.01 
Lean hogs -1.4%            0.09  0.18 -0.06  0.00 
Soy oil 0.6%            0.11  0.08 2.32 ** 0.20 
Corn 0.0%            0.12  0.36 0.04  0.05 
Oats 0.3%            0.13  0.52 1.56 ** 0.07 
Rough rice 0.1%            0.10  0.65 0.72 ** 0.08 
Soybeans 2.2% *           0.12  0.06 0.11  0.16 
Soy meal 3.3% **           0.13  0.15 -0.43  0.09 
Wheat -0.9%            0.12  0.32 0.66  0.04 

With a 5% confidence interval, only long positions on 3 out of 35 commodity future contracts 
had excess returns above zero in the whole sample period. This result is basically in line with 
that of Erb & Harvey (2006) and supports a zero expected return for an individual commodity 
future when the horizon is long. With the same confidence interval, I cannot reject that returns 
follow a normal distribution for 23 out of 35 commodity futures. 

Finally, I show the R2 between individual commodity future returns and spot returns. Blended 
gasoline and aluminum have the highest R2 relative to the Brazilian real among individual 
commodities, 0.33 and 0.23, respectively, supporting the feasibility of cross-hedging. 
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I now report the descriptive statistics of the cross-hedging vehicles or commodity portfolios. A 
long position on all the commodity portfolios would provide positive excess returns in the 
period, but none of them were statistically significant. The hedging vehicle with the lowest 
average return was the CRB portfolio. A long position on the CRB portfolio would lead to an 
excess return of 0.31% every two months. 

The cross-hedging vehicle with the highest average return was the DCC portfolio, which is 
based on a covariance matrix estimated using the DCC-GARCH model. The two other portfolios 
that were obtained through mean-variance optimization also have higher average returns 
relative to the CRB and the export basket. This result may be related to the concentration of 
the portfolios. During almost the entire sample period, portfolios that were optimized carried 
only 6 commodities, while the CRB index contained at least 17, and the export basket had, on 
average, 28 futures contracts. 

The cross-hedging vehicle with the highest R2 relative to spot exchange changes was the 
export-based cross-hedging vehicle and was 0.34. The remaining R2  were equal to or greater 
than 0.20. I also report the R2 between the forward premiums and spot exchange rates, and it 
is close to zero. There seems to be no current relation between the level of forward premiums 
and changes in the spot exchange rates. 

The forward premium had an average of 1.59% using bimonthly data, which is a statistically 
significant positive return. The average forward premium compared to the average spot 
exchange return suggest that there is a negative expected return when full hedging and justify 
studies that investigate alternative hedging strategies, such as the current study. 

 

Table 2 
Spot, commodity futures basket and combined portfolio returns 

The table summarizes returns of the spot exchange rate, a long position on commodity 
futures baskets for cross-hedging constructed using different methods, and a combined 
portfolio long on the exchange rate and short on commodity basket for a period of two 

months.  

 Mean Sig Std dev Skewness Kurtosis JB Test R2 
USDBRL 0.31%  0.066 0.03 2.07 ** 1.00 
CROSS-HEDGING VEHICLES 
CRB 0.31%  0.078 -0.69 1.91 ** 0.26 
MV 0.85%  0.072 -0.15 0.90  0.25 
EWMA 0.74%  0.072 -0.19 0.90  0.24 
DCC 1.21%  0.072 0.11 2.01 ** 0.20 
Export 0.58%  0.074 -0.60 2.63 ** 0.34 
FULL HEDGING COST 
Forward Premiums 1.59% ** 0.006 0.33 -0.59  0.00 
HEDGED PORTFOLIOS 
USDBRL-CRB 0.01%  0.072 1.05 3.65 ** 0.13 
USDBRL-MV -0.54%  0.069 -0.03 1.21 ** 0.19 
USDBRL-EWMA -0.42%  0.070 -0.03 1.07 * 0.19 
USDBRL-DCC -0.90%  0.073 0.23 3.84 **  0.22 
USDBRL-Exp -0.26%  0.064 0.48 1.97 ** 0.13 
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Figure 2. Spot exchange rate vis a vis commodity futures basket. The graphs show the 
evolution of a long position on the spot exchange rate in comparison to a long position on 
different commodity future baskets. Base 100 is on December 31st, 2002. 
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In the last section of the table, I report the returns of portfolios that are long on the USDBRL 
and that short the cross-hedging vehicles. The mean excess returns of these portfolios are 
computed as the sum of the return of the USDBRL minus the excess return of the cross-
hedging vehicle. 

Two-sided F-tests show that all five cross-hedged portfolios have equal variance compared to 
an unhedged dollar exposure. Considering also that the mean excess returns of the cross-
hedging vehicles are statistically equal to zero, I conclude that cross-hedging using commodity 
baskets does not seem to have any advantages or disadvantages for a two-month horizon. 

Although there do not seem to be benefits in short-term cross-hedging, Benet (1992) and 
Cashin et al. (2004) argue that the benefits are higher when the horizon is longer. The graphs 
above support their arguments, as the time series display signs of long-term cointegration. All 
graphs show the cumulative returns of a long position on USDBRL and a long position in a 
basket of commodities with equal values of 100 at the end of 2002. 

Hedging effectiveness for a year or more 
Tables 3 and 4 show our main results for hedging horizons of 12, 42 and 56 months using 
overlapping and nonoverlapping data, respectively.  

I start by analyzing the CRB index as a cross-hedging vehicle. The cumulative mean excess 
return for a short position on the CRB index based on overlapping data was -1.33%, 0.40% and 
0.77% for 12, 42 and 56 months, respectively. For two out of the three horizons, shorting the 
CRB portfolio yielded a profit or positive cash flow. However, none of the excess returns, 
including from the nonoverlapping sample, are significantly different from zero.  

In the overlapping sample, the two-sample variance F-test confirms that the reduction in 
variance is statistically significant at the 1% level for all horizons. In the nonoverlapping 
sample, the F-test confirms the reduction in variance, except for the 42-month horizon. I 
choose to ignore this, as the hedging effectiveness ratio was considerable at 0.59 and the 
sample size consists of only 4 observations. 

In the overlapping sample, the hedging effectiveness ratio was 0.42 for twelve months, 0.60 
for 42 months and 0.53 for 56 months. Cross-hedging has resulted in a considerable reduction 
in risk, proxied by the variance, of the combined portfolio. In the nonoverlapping sample, I find 
that the hedging effectiveness ratio is equal or even better and was 0.77, 0.59 and 0.95 for the 
three horizons in ascending order. 

I also report the minimum, or maximum loss, and the 5% percentile, which is similar to the 
value at risk (VaR) with a 95% confidence interval, to compare tail risk. In the overlapping 
sample, the 5% percentile improved for all hedging horizons. Using the nonoverlapping, I find 
even better results, the imporovement in the 5% percentile was at least 40%. 

I conclude that cross-hedging the Brazilian real with the CRB index would have allowed a 
reduction in variance and tail risk and that the average return of the cross-hedging vehicle was 
zero. To achieve the same reduction in variance with partial hedging would imply costs or 
payment of forward premiums. The incremental return of partial hedging would have been -
2.35%, -14.32% and -17.28% for 12, 42 and 56 months, respectively. 

Now I discuss the results for the MV and EWMA cross-hedging vehicles. In a manner similar to 
the CRB, I conclude that excess returns of the cross-hedging vehicles were zero. In most cases, 
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the null hypothesis of excess returns equal to zero was not rejected. The only exceptions were 
in the overlapping sample for 12 and 42 months and significance levels of 10%.  

For the variance of the combined portfolio, I obtain mixed results for hedging horizons of 12 
and 42 months. For the overlapping sample, the F-test shows a reduction in variance at the 
10% level for cross-hedging with the MV portfolio. However, this result is not confirmed using 
nonoverlapping data. For 42 months and overlapping sample, the variance is reduced in the 
full sample at a statistically significant level, but this result is not confirmed in the 
nonoverlapping. For tail risk, the results are again mixed. Given the mixed results, I conclude 
that hedging with the MV and EWMA portfolios does not reduce variance for hedging horizons 
of 12 and 42 months. 

For the longest hedging horizon, there is a significant reduction in variance for cross-hedged 
portfolios with the MV and EWMA cross-hedging vehicles. This reduction in variance is 
confirmed by F-tests on the nonoverlapping and overlapping samples. The hedging 
effectiveness ratio was 0.39 and 0.38 for the MV and EWMA portfolios, respectively on the 
overlapping sample. Tail risk also improved with cross-hedging. While the 5th percentile of 
excess returns of an unhedged portfolio is -54.8%, the same percentile is -47.2% and -44.7% 
for the MV and EWMA cross-hedged portfolios on the overlapping sample. The results are 
even better for the nonoverlapping sample.  

I conclude that the MV and EWMA portfolios had an average excess return of zero. For 
horizons of either 12 or 42 months, cross-hedging would not have brought a reduction in 
variance relative to an unhedged exposure. However, for a hedging horizon of 56 months, 
cross-hedging would have reduced variance.  

Now, I discuss the results of the DCC cross-hedging vehicle. The DCC cross-hedging vehicle 
displayed a statistically significant average return in both the overlapping sample and the 
nonoverlapping sample for all horizons. 

For 12 months, the short position on the DCC-based commodity basket resulted in a negative 
excess return of -4.8% on the overlapping sample. However, partial hedging producing the 
same reduction in variance would have an incremental return of -3.27%. For 42 and 56 
months, the DCC cross-hedging vehicle had a negative return of -16.29% and -20.76%, 
respectively on the overlapping sample, but incremental partial hedging had a negative return 
of -13.02% and -17.02%. Although the returns of cross-hedging are lower, the differences are 
not statistically significant. Two-sample mean t-tests confirm the same results for the 
nonoverlapping. 

Variance was reduced in all F-tests in the overlapping sample and in 2 out of 3 F-tests in the 
nonoverlapping sample at a statistically significant level. I conclude that the DCC cross-hedging 
vehicle is effective in reducing variance. As the average return of the cross-hedging vehicle is 
similar to the incremental return of partial hedging, I conclude that there are no advantages or 
disadvantages of the DCC cross-hedging strategy relative to partial hedging. 

Finally, the results of cross-hedging with the export-based commodity basket were similar to 
those using the CRB portfolio. The excess returns of the commodity baskets were close to zero 
and were not statistically significant for either the overlapping or nonoverlapping sample. 

In the overlapping sample, the reductions in variance were all significant at the 1% level. The 
variance F-tests on the nonoverlapping sample showed results similar to those for the CRB 
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portfolio. The hedging effectiveness ratio was 0.42, 0.55 and 0.52 for 12, 42 and 56 months, 
respectively on the nonoverlapping sample. I conclude that cross-hedging with commodity 
future contracts that represent Brazilian exports significantly reduced exchange rate risk and 
that the export-based commodity future basket had a zero average return. 

Partial hedging producing the same reduction in variance would have an incremental return of 
-2.35%, -12.91% and -17.15% for horizons of 12, 42 and 56 months, respectively on the 
overlapping sample. For the nonoverlapping sample, the incremental returns of partial hedging 
would have been even lower. Thus, from another perspective, using cross-hedging instead of 
partial hedging would have brought economic benefits. 

2.5 Conclusion 
Our empirical study using Brazilian data supports cross-hedging exchange rate risk with a 
basket of commodity future contracts. By cross-hedging, it was possible to reduce exchange 
rate risk while incurring in an incremental return to the portfolio that, at worst, was similar to 
those incurred by partial hedging given the same ex post variance. 

This chapter’s main finding is that using export-based commodity baskets as cross-hedging 
vehicles seems to be the most appropriate strategy when cross-hedging. Not only is using 
export-based commodity basket for cross-hedging supported by empirical studies but also by 
theoretical models. 

By using this method, it was possible to reduce the variance of the exchange rate by at least 
42%, 55% and 52% for 12, 42 and 56 months, respectively.  

In addition, the incremental return of cross-hedging was statistically equal to zero. Partial 
hedging producing the same reduction in variance would have an incremental return of at best 
-2.35%, -12.91% and -17.15% for horizons of 12, 42 and 56 months, respectively. Thus, using 
cross-hedging instead of partial hedging would have brought economic benefits. 

 The chapter also shows that baskets of commodity futures that were more diversified had 
average returns closer to zero, and last, the longer the horizon was, the more effective the 
cross-hedging of exchange rate risk with commodities. 
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Table 3 
Spot, commodity future baskets and combined portfolio returns using overlapping data 

The table summarizes returns of the spot exchange rate, commodity future baskets for cross-hedging constructed using different methods, and a cross-hedged 
exchange rate using overlapping data for longer hedging horizons: 12, 42 and 56 months. Returns are for the entire period. Ederington’s HE is 1 −
𝑉𝑎𝑟(𝐻𝑒𝑑𝑔𝑒𝑑) 𝑉𝑎𝑟(𝑈𝑛ℎ𝑒𝑑𝑔𝑒𝑑)⁄ . Traditional hedge consists of the estimated return in order to achieve the same reduction in variance using partial hedging and 
currency future contracts. 
 Unhedged Short CRB  Short MV Short 

EWMA 
Short  
DCC 

Short 
Export 

USDBRL-
CRB 

USDBRL-
MV 

USDBRL-
EWMA 

USDBRL-
DCC 

USDBRL-
Export 

12 Months            
Obs 79 79 79 79 79 79 79 79 79 79 79 
Mean 1.05% -1.33% -4.04%* -3.30% -4.80%*** -3.40% -0.28% -2.99% -2.25% -3.75% -2.34% 
Std 18.2% 21.3% 19.30% 19.6% 15.3% 20.9% 13.9%*** 15.53%* 15.9% 12.2%*** 13.9%*** 
5% Percentile -29.0% -31.0% -31.3% -31.5% -28.4% -36.9% -23.6% -30.0% -29.8% -21.3% -27.4% 
Minimum -38.6% -46.6% -53.2% -54.2% -31.2% -41.6% -34.7% -44.1% -45.2% -29.3% -40.3% 
Ederington’s HE       0.42 0.27 0.24 0.55 0.42 
Traditional hedge       -2.35% -1.46% -1.25% -3.27% -2.35% 
42 Months            
Obs 64 64 64 64 64 64 64 64 64 64 64 
Mean 4.48% 0.40% -8.07%* -4.86% -16.29%*** -6.42% 4.88% -3.59% -0.39% -11.81% -1.94% 
Std 36.2% 30.9% 33.69% 32.8% 26.1% 30.8% 23.0%*** 29.09%** 29.2%** 24.2%*** 24.3%*** 
95% Percentile -47.7% -51.0% -71.1% -65.9% -60.3% -53.8% -29.2% -38.6% -34.6% -44.3% -38.7% 
Minimum -53.1% -78.2% -113.5% -107.3% -81.0% -73.3% -39.2% -50.2% -44.0% -49.7% -53.6% 
Ederington’s HE        0.60   0.35   0.35   0.55   0.55  
Traditional hedge       -14.32% -7.71% -7.59% -13.02% -12.91% 
56 Months            
Obs 57 57 57 57 57 57 57 57 57 57 57 
Mean 6.97% 0.77% -7.59% -3.50% -20.76%*** -8.88%* 7.74% -0.61% 3.47% -13.79% -1.91% 
Std 42.1% 36.5% 35.64% 34.5% 27.7% 35.9% 29.0%*** 33.01%** 33.2%** 29.2%*** 29.1%*** 
95% Percentile -54.8% -80.6% -91.4% -82.8% -83.1% -81.5% -33.4% -47.2% -44.7% -55.6% -45.4% 
Minimum -60.8% -106.8% -106.4% -100.3% -88.8% -105.1% -37.7% -55.4% -50.2% -61.9% -47.9% 
Ederington’s HE        0.53   0.39   0.38   0.52   0.52  
Traditional hedge       -17.28% -11.99% -11.74% -17.02% -17.15% 
*significant at the 10% level, ** significant at the 5% level, ***significant at the 1% level. Asterisks are shown when the mean excess returns of short positions were 
different from zero and when the variances in the long short portfolio were lower than the variance in the unhedged portfolio. 
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Table 4 
Spot, commodity future basket and combined portfolio returns using nonoverlapping data 

The table summarizes returns of the spot exchange rate, commodity future baskets for cross-hedging constructed using different methods, and a cross-hedged 
exchange rate using nonoverlapping data for longer hedging horizons: 12, 42 and 56 months. Returns are for the entire period. Ederington’s HE is 1 −
𝑉𝑎𝑟(𝐻𝑒𝑑𝑔𝑒𝑑) 𝑉𝑎𝑟(𝑈𝑛ℎ𝑒𝑑𝑔𝑒𝑑)⁄ . Traditional hedge consists of the estimated return in order to achieve the same reduction in variance using partial hedging and 
currency future contracts. 
 
 

Unhedged Short 
CRB  

MV EWMA DCC Short 
Export 

USDBRL-
CRB 

USDBRL-
MV 

USDBRL-
EWMA 

USDBRL-
DCC 

USDBRL-
Export 

12 Months            
Obs 14 14 14 14 14 14 14 14 14 14 14 
Mean 2.37% -1.72% -5.29% -4.60% -7.41%*** -3.59% 0.64% -2.92% -2.23% -5.05% -1.23% 
Std 19.4% 19.0% 18.85% 19.2% 18.0% 19.1% 9.3%*** 14.13% 14.7% 8.4%*** 9.2%*** 
5% Percentile -26.9% -23.1% -29.9% -30.9% -30.1% -28.4% -10.1% -23.0% -23.6% -14.7% -14.7% 
Minimum -32.0% -23.5% -30.9% -31.0% -31.2% -29.6% -12.9% -24.9% -26.3% -14.9% -23.3% 
Ederington’s HE        0.77   0.47   0.43   0.81   0.78  
Traditional hedge       -5.17% -2.70% -2.41% -5.63% -5.22% 
42 Months            
Obs 4 4 4 4 4 4 4 4 4 4 4 
Mean 8.53% -6.78% -23.15% -20.04% -25.74%*** -11.86% 1.76% -14.62% -11.51% -17.21% -3.33% 
Std 43.9% 48.9% 62.19% 60.3% 37.2% 42.8% 28.1% 44.23% 43.3% 29.4% 26.4% 
95% Percentile -30.4% -66.0% -98.3% -92.8% -70.7% -63.3% -18.1% -47.8% -42.3% -40.3% -25.7% 
Minimum -32.0% -78.2% -113.5% -107.3% -81.0% -73.3% -18.7% -50.2% -44.0% -41.5% -28.5% 
Ederington’s HE        0.59  -0.02   0.03   0.55   0.64  
Traditional hedge       -14.14% 0.30% -0.54% -12.97% -15.66% 
56 Months            
Obs 3 3 3 3 3 3 3 3 3 3 3 
Mean 13.95% -6.95% -28.70% -24.68% -35.42%*** -15.86% 7.00% -14.76% -10.74% -21.47% -1.91% 
Std 61.7% 48.4% 67.95% 66.3% 44.4% 47.5% 13.2%* 16.91%* 15.1%* 17.3%* 18.0%* 
95% Percentile -37.4% -52.9% -95.7% -90.0% -77.4% -57.4% -3.9% -26.0% -20.1% -35.5% -14.8% 
Minimum -42.0% -58.8% -106.4% -100.3% -82.8% -61.6% -4.9% -26.4% -20.2% -36.6% -15.5% 
Ederington’s HE        0.95   0.92   0.94   0.92   0.91  
Traditional hedge       -43.65% -40.31% -41.94% -39.96% -39.33% 
*significant at the 10% level, ** significant at the 5% level, ***significant at the 1% level. Asterisks are shown when the mean excess returns of short positions were 
different from zero and when the variances in the cross-hedged portfolio were lower than the variance in the unhedged portfolio. 
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Appendix A 

The data on commodity futures contracts were obtained from Reuters via Datastream. The 
symbol and exchange of the commodity future contracts are listed below, as well as the period 
of data availability. 

Commodity name Exchange Symbol 
Period of daily data 
availability 

Propane NYMEX/COMEX PN Oct/2012 to Dec/2016 
Crude oil NYMEX/COMEX CL Jan/2003 to Dec/2016 
Gold NYMEX/COMEX GC Jan/2003 to Dec/2016 
Copper NYMEX/COMEX HG Jan/2003 to Dec/2016 
Heat oil NYMEX/COMEX HO Jan/2003 to Dec/2016 
Natural gas NYMEX/COMEX NG Jan/2003 to Dec/2016 
Palladium NYMEX/COMEX PA Jan/2003 to Dec/2016 
Platinum NYMEX/COMEX PL Jan/2003 to Dec/2016 
Coal NYMEX/COMEX QL Jan/2003 to Oct/2016 
Blended gasoline NYMEX/COMEX RB Nov/2005 to Dec/2016 
Silver NYMEX/COMEX SI Jan/2003 to Dec/2016 
Aluminum LME MAL Jan/2003 to Dec/2016 
Nickel LME MNI Jan/2003 to Dec/2016 
Lead LME MPB Jan/2003 to Dec/2016 
Tin LME MSN Jan/2003 to Dec/2016 
Zinc LME MZN Jan/2003 to Dec/2016 
Sugar ICE SB Jan/2003 to Dec/2016 
Orange juice ICE JO Jan/2003 to Dec/2016 
Coffee ICE KC Jan/2003 to Dec/2016 
Cotton ICE CT Jan/2003 to Dec/2016 
Cocoa ICE CC Jan/2003 to Dec/2016 
Butter CME BA Sep/2005 to Dec/2016 
Milk CME DE Jan/2003 to Dec/2016 
Feeder cattle CME FC Jan/2003 to Dec/2016 
Lumber CME LB Jan/2003 to Dec/2016 
Live cattle CME LC Jan/2003 to Dec/2016 
Lean hogs CME LH Jan/2003 to Dec/2016 
Soy oil CBOT BO Jan/2003 to Dec/2016 
Corn CBOT C Jan/2003 to Dec/2016 
Oats CBOT O Jan/2003 to Dec/2016 
Rough rice CBOT RR Jan/2003 to Dec/2016 
Soybeans CBOT S Jan/2003 to Dec/2016 
Soy meal CBOT SM Jan/2003 to Dec/2016 
Wheat CBOT W Jan/2003 to Dec/2016 
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What does the carry trade risk factor tell us about the management 
of exchange rate risk? 
 

3.1 Introduction 
Global investors and multinationals commonly share exposure to more than one exchange rate 
risk and must choose strategies to manage them. Global investing has become increasingly 
popular as language, capital and cost barriers have fallen considerably, and in principle it 
allows portfolio diversification. 

One form of active management of exchange rate risk is to build a short position using 
currency futures to offset long positions on currencies. Although doing so is a common way to 
manage exchange rate risk, it is important to consider the expected incremental return of this 
strategy. This chapter provides an empirical contribution to this discussion. 

Another approach would be to construct portfolios and to reduce exchange rate risk through 
diversification. One method of assessing the benefits of diversification, as well as portfolio 
construction and risk management, is to use factor models. Factor models are widely 
supported by asset pricing theory; see Cochrane (2009). 

The idiosyncratic risk, or variance not explained by factors, of an asset will receive a lower 
weight as the number of assets in a portfolio increases. Furthermore, the higher the 
idiosyncratic risk of an asset is, the lower, in principle, the correlation of the asset with the 
remainder of the portfolio. Therefore, the assets that will most benefit from inclusion in a 
portfolio are arguably those with high idiosyncratic risk. 

In equities, a one-factor model, the capital asset pricing model (CAPM), is commonly used for 
portfolio construction and risk management. For exchange rates, I use the two-factor model 
proposed by Lustig et al. (2011) and support this choice through principal component analysis. 

Lustig et al. (2011) explain the cross section of currency returns with two common risk factors: 
the US dollar factor, which is essentially the average excess currency return of all currencies 
relative to the US dollar, and the carry trade risk factor. The carry trade risk factor’s mimicking 
portfolio may be obtained by maintaining a long position on currencies with high interest rates 
or basket currencies and a short position on currencies with low interest rates or funding 
currencies. 

This empirical study makes contributions to the literature by providing further evidence 
against uncovered interest parity (UIP) and by arguing that currency risk premiums may be 
considered the incremental return of hedging using currency contracts. Further, this chapter 
identifies, among 54 exchange rates, 15 that may be particularly interesting for diversified 
investors. Idiosyncratic risk is determined using the two-factor model of Lustig et al. (2011) and 
from 2007 to 2017. While Amihud et al. (2013) and Ang et al. (2006), (2009) suggest that 
idiosyncratic risk may be used to predict mutual fund performance and stock returns, to the 
best of our knowledge, our study is the first to suggest that global investors and multinationals 
should use idiosyncratic risk when building currency hedging strategies. 

This chapter is organized as follows. In section 2, I derive the incremental return of hedging, 
present the two-factor model and discuss the benefit of diversification regarding currency 
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exposure. In section 3, I introduce the data, and in section 4, I show our main results. In section 
5, I run a principal component analysis as a robustness test. I conclude in section 6, and the 
references are found in section 8. 

3.2 Background 
Throughout this chapter, I define spot exchange rate 𝑆  as the value of one unit of foreign 
currency, the currency in which investments are made, in domestic currency, the base 
currency of the investor. An increase (decrease) in 𝑆  means an appreciation (depreciation) in 
the foreign country currency relative to the domestic currency. 

An investor who has a long exposure to a currency produced by and an asset or liability with 
zero or nonidentifiable returns and adopts a passive management of exchange rate risk or 
does not hedge the exchange rate risk will have the following expected return: 

𝐸 [𝑅 ] = −
𝐸 [𝑆 ] − 𝑆

𝑆
 

An increase (decrease) in the exchange rate will result in a loss (profit) for the investor. 

An investor who fully hedges exchange rate risk with currency futures will have the following 
return: 

𝑅 = −
𝐹 − 𝑆

𝑆
 

where 𝐹  is the forward exchange rate at time t. 

The incremental return of hedging exchange risk is the difference between the expected 
return of hedging and not hedging: 

𝐸 [𝑅 ] = − +
[ ]

=
[ ]

 (16) 

The excess return or −𝐸 [𝑅 ] is often addressed as the currency risk premium. One 
contribution of this chapter to the hedging literature is that the incremental return of hedging 
using currency future contracts is equal to the currency risk premium. 

Under UIP, the expected spot exchange rate at t+1 is determined by the interest rate 
differential and the spot rate at t: 

𝐸 [𝑆 ] =
(1 + 𝑖 )

(1 + 𝑖∗)
𝑆  

where i is the nominal interest rate and the asterisk denotes foreign variables. 

Under no arbitrage or covered interest parity (CIP), 𝐹  is the spot exchange rate adjusted by 
the interest rate differential. Under UIP, 𝐹  is equal to 𝐸 [𝑆 ], and there is no incremental 
return to hedging using futures contracts; see equation (1). In this case, exchange rate risk 
management is not a major issue, as hedging and not hedging basically lead to the same 
expected return. 

However, there is significant evidence against UIP. Studies such as Lustig et al. (2011), 
Menkhoff et al. (2012), Corte et al. (2016), and Menkhoff et al. (2017) find that simple carry 
trade strategies have delivered historically high currency premiums. More precisely, authors 
report that carry traders earn equity-like risk-adjusted returns or Sharpe ratios. 



62 
 

 

Currencies with negative risk premiums offer higher incentives to hedge with futures 
contracts, as hedging will not only reduce or even eliminate the exchange rate risk of the 
exposure but also provide a positive expected return. On the other hand, currencies with 
positive currency risk premiums will offer lower incentives to hedge due to their negative 
expected returns. Specifically, in countries with such currencies, diversification can be an 
alternative to manage exchange rate risk. 

To address the effectiveness of diversification, I turn to factor models. According to factor 
models, excess returns are given as follows: 

𝐸 [𝑅 ] − 𝑅 = 𝛽 (𝐸 [𝑓 ] − 𝑅 ) 

where there are k systematic risk factors, Ri is the rate of return of asset i, Rf is the risk-free 
rate, βn is the sensitivity or load of asset i on risk factor n, and fn is the return of factor n. 

Assuming that the factors are not correlated with the residual return and that the residual 
returns are not correlated, the covariance matrix for N assets according to Chan et al. (1999) is 
as follows: 

𝛴 = 𝐵Ω𝐵 + 𝐷 

where B is the factor sensitivity matrix, Ω is the covariance matrix of the factors, and D is a 
diagonal matrix containing the residual variances in the return. 

From the above equation, it is possible to conclude that the more assets, the less the final 
variance tends to depend on the residual variance or variance not explained by the factors of 
its assets. I can therefore argue that assets with large residual variance or idiosyncratic risk 
benefit the most from portfolio construction. 

The factor model investigated in this chapter was proposed by Lustig et al. (2011). The authors 
identify a two-factor model that accounts for most of the cross-sectional variation in the 
average excess returns of currencies. The first component is a level factor because it does not 
command a risk premium. It is the average excess return of all currencies relative to the US 
dollar and is called the dollar risk factor (RX). The second component commands a risk 
premium. It is constructed by going long on currencies with high interest rates and short on 
currencies with low interest rates. It is called the carry trade risk factor or 𝐻𝑀𝐿 . 

𝑅𝑋 = 𝛼 + 𝛽 𝑅𝑋 + 𝛽 𝐻𝑀𝐿 , + 𝜀  

Excess currency returns differ from changes in spot exchange rates or spot returns. Excess 
currency returns are the result of rolling a long position on the currencies’ shortest forward 
contract. Returns depend on the currency forward premium and changes in the spot rate. 

Factor analysis provides the idiosyncratic risk of currency excess returns and not exactly of 
spot exchange rates. I argue that as forward premiums are known ex ante, the risk factors of 
Lustig et al. (2011) can also be used for spot returns. In other words, changes in the spot 
exchange rate are the channel by which the volatility of the dollar and carry trade risk factors 
generates volatility in currency returns. 
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3.3 Data 
There are 54 countries in the sample: Argentina, Australia, Austria, Belgium, Brazil, Canada, 
Chile, China, Colombia, Croatia, the Czech Republic, Denmark, Egypt, Estonia, Eurozone, 
Finland, France, Germany, Greece, Hong Kong, Hungary, Iceland, India, Indonesia, Ireland, 
Israel, Italy, Japan, Kazakhstan, Latvia, Lithuania, Malaysia, Mexico, Morocco, New Zealand, 
Norway, the Philippines, Poland, Portugal, Russia, Singapore, Slovakia, Slovenia, South Africa, 
South Korea, Spain, Sweden, Switzerland, Thailand, Tunisia, Turkey, Ukraine, the United 
Kingdom, and Venezuela. 

I identify episodes where CIP deviations were substantial (generally over 25%) and likely not 
tradable. In some tests, these observations are eliminated: Argentina from September 2008 to 
April 2009 and from May 2012 to June 2014; Egypt from November 2011 to August 2013; 
Indonesia from December 1997 to July 1998 and from February 2001 to May 2005; Malaysia 
from May 1998 to June 2005; Turkey from November 2000 to November 2001; South Africa for 
August 1985 and from January 2002 to May 2005; Russia from December 2008 to January 
2009; Ukraine from November 2008 to February 2009 and July 2014 to the end of the sample; 
and Venezuela from March 2008 to the end of the sample. I remove the Eurozone countries 
and replace them with the euro after they start adopting the euro currency. 

The sample period is from January 1997 to December 2017, and I obtained data from Reuters 
Eikon and Datastream. The sample used by Lustig et al. (2011) is composed of 35 different 
currencies and is from November 1983 to December 2009. 

Figure 3 
Number of currencies during the sample period 

 

 

The graph shows the number of currencies 
in the sample in every period. The total 
number of currencies varies over time. 
There were two sharp changes. In 1999, 
the sample decreased sharply, as the euro 
replaced 9 currencies. Starting in May 
2004, the sample increases, as data on 10 
countries became available: Argentina, 
Egypt, Estonia, Latvia, Lithuania, Slovenia, 
Tunisia, Ukraine, and Venezuela. 
 

 
 

3.4 Main results 
Currency risk premiums 
Table 1 shows the average monthly excess currency return as well as the average spot return 
and forward premium for the full sample. The base or domestic currency is the US dollar. 
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Table I 
Currency risk premiums at the country level  

The table reports the number of months the currency was allocated to each portfolio. Portfolio 1 has the 
lowest interest rates, and portfolio 6 has the highest. The table also reports the statistics for the excess 
return, spot change and forward premium for all the sample exchange rates. The returns are based on 

monthly observations. 
 

 Portfolios Excess Return Spot Change 
Forward 
Premium 

Countries 1 2 3 4 5 6 Sum mean  Std mean  Std Mean Std 
ARGENTINA 3 3 3 10 16 97 132 0.8% 2.7% 1.3% 7.7% 2.0% 4.0% 
AUSTRALIA 0 5 109 63 74 0 251 0.1% 3.6% 0.1% 3.6% 0.2% 0.1% 
AUSTRIA 7 17 0 0 0 0 24 -0.5% 2.9% 0.1% 2.9% 0.0% 0.1% 
BELGIUM 10 14 0 0 0 0 24 -0.5% 2.9% 0.1% 2.9% 0.0% 0.1% 
BRAZIL 0 0 1 1 32 133 167 0.6% 4.7% 0.6% 6.1% 0.8% 0.3% 
CANADA 22 129 96 4 0 0 251 0.0% 2.5% 0.0% 2.5% 0.0% 0.1% 
CHILE 19 22 20 76 33 9 179 0.2% 3.4% 0.2% 3.1% 0.2% 0.2% 
CHINA 92 24 25 39 8 1 189 0.1% 0.6% -0.1% 0.5% 0.0% 0.3% 
COLOMBIA 14 18 21 50 51 12 166 0.1% 4.0% 0.5% 3.6% 0.2% 0.3% 
CROATIA 84 6 11 7 5 80 193 0.7% 3.9% 0.1% 3.0% 0.5% 2.3% 
CZECH 98 71 43 17 13 9 251 0.1% 3.7% 0.0% 3.7% 0.1% 0.3% 
DENMARK 81 120 50 0 0 0 251 -0.1% 2.9% 0.1% 2.9% 0.0% 0.1% 
EGYPT 0 0 1 10 27 105 143 0.6% 7.3% 0.8% 6.8% 1.6% 2.6% 
ESTONIA 0 38 19 24 0 0 81 0.1% 3.3% 0.0% 2.9% 0.0% 0.1% 
EURO 86 129 12 0 0 0 227 -0.1% 2.9% 0.1% 2.9% 0.0% 0.1% 
FINLAND 18 6 0 0 0 0 24 -0.6% 3.0% 0.1% 2.9% -0.1% 0.1% 
FRANCE 17 7 0 0 0 0 24 -0.5% 3.0% 0.1% 2.9% 0.0% 0.1% 
GERMANY 21 2 1 0 0 0 24 -0.6% 2.9% 0.1% 2.9% -0.1% 0.1% 
GREECE 0 0 1 17 29 1 48 -0.5% 3.3% 0.1% 3.0% 0.1% 0.2% 
HONG KONG 113 56 53 27 2 0 251 0.0% 0.1% 0.0% 0.1% 0.0% 0.1% 
HUNGARY 3 30 15 10 125 58 241 0.2% 4.2% 0.3% 4.1% 0.4% 0.3% 
ICELAND 1 3 6 45 81 72 208 0.3% 4.2% 0.2% 4.0% 0.5% 0.2% 
INDIA 5 3 20 61 89 63 241 0.1% 2.2% 0.3% 2.1% 0.4% 0.2% 
INDONESIA 0 0 0 17 100 62 179 0.9% 5.4% 1.0% 8.2% 2.1% 4.6% 
IRELAND 0 0 10 14 0 0 24 -0.5% 2.9% 0.1% 2.9% 0.0% 0.1% 
ISRAEL 24 73 47 29 5 12 190 0.2% 2.4% 0.1% 2.4% 0.1% 0.2% 
ITALY 0 0 13 7 4 0 24 -0.3% 3.0% 0.1% 2.9% 0.0% 0.1% 
JAPAN 246 5 0 0 0 0 251 -0.2% 3.1% 0.0% 3.1% -0.2% 0.2% 
KAZAKHSTAN 58 37 31 8 19 44 197 -0.1% 3.4% 0.7% 3.7% 0.4% 1.0% 
LATVIA 15 47 25 18 8 4 117 0.1% 3.1% 0.0% 2.5% 0.0% 0.2% 
LITHUANIA 27 59 31 12 0 0 129 0.0% 3.1% -0.1% 2.6% 0.0% 0.1% 
MALAYSIA 11 31 34 84 6 3 169 -0.2% 3.1% 0.3% 3.9% 0.7% 4.7% 
MEXICO 0 0 4 74 92 81 251 0.2% 3.1% 0.4% 3.0% 0.6% 0.5% 
MOROCCO 10 11 43 79 26 6 175 0.2% 2.4% 0.1% 2.3% 0.2% 0.2% 
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 Portfolios Excess Return Spot Change 
Forward 
Premium 

Countries 1 2 3 4 5 6 Sum mean  Std mean  Std Mean Std 
NEW ZEALAND 1 12 44 117 66 11 251 0.1% 3.9% 0.1% 3.9% 0.2% 0.1% 
NORWAY 14 80 84 62 11 0 251 -0.1% 3.2% 0.2% 3.2% 0.1% 0.2% 
PHILIPPINES 7 25 36 67 81 35 251 0.0% 2.4% 0.3% 2.4% 0.3% 0.3% 
POLAND 0 4 79 55 47 4 189 0.2% 4.2% 0.2% 4.0% 0.2% 0.2% 
PORTUGAL 0 10 10 4 0 0 24 -0.5% 2.8% 0.1% 2.9% 0.0% 0.1% 
RUSSIA 10 17 17 47 61 82 234 -0.3% 6.2% 1.1% 6.8% 0.5% 0.7% 
SINGAPORE 112 86 43 8 2 0 251 -0.1% 1.8% 0.0% 1.8% -0.1% 0.1% 
SLOVAK 2 23 22 11 22 2 82 1.1% 3.3% -0.1% 3.0% 0.0% 0.2% 
SLOVENIA 0 6 12 15 0 0 33 0.2% 2.3% 0.2% 2.9% 0.0% 0.1% 
SOUTH AFRICA 0 0 0 0 146 65 211 -0.4% 4.5% 0.5% 4.6% 0.6% 0.2% 
SOUTH KOREA 17 13 114 45 0 0 189 0.1% 3.4% 0.2% 4.6% 0.1% 0.2% 
SPAIN 0 8 13 3 0 0 24 -0.4% 2.9% 0.1% 2.9% 0.0% 0.1% 
SWEDEN 75 99 76 1 0 0 251 -0.2% 3.3% 0.1% 3.3% 0.0% 0.1% 
SWITZERLAND 249 2 0 0 0 0 251 -0.1% 3.1% -0.1% 3.1% -0.2% 0.1% 
THAILAND 13 57 105 37 26 13 251 0.1% 3.0% 0.1% 3.1% 0.2% 0.5% 
TUNISIA 0 1 10 66 47 40 164 0.0% 2.3% 0.4% 2.2% 0.4% 0.4% 
TURKEY 2 0 0 0 36 200 238 0.3% 6.1% 1.5% 4.9% 0.2% 9.3% 
UK 3 106 51 87 4 0 251 -0.1% 2.6% 0.1% 2.6% 0.1% 0.1% 
UKRAINE 2 1 7 16 29 67 122 0.0% 3.8% 1.0% 5.6% -2.2% 6.9% 
VENEZUELA 2 7 15 20 2 1 47 0.5% 8.3% 10.8% 122.0% -4.0% 13.0% 
 

 

Importantly, the mean excess returns in the above table are not always equivalent to the mean 
forward premium minus the spot change. The reason for this result is that I report excess 
returns only when I have both the forward premium and the spot returns and there is no 
significant violation of CIP. On the other hand, I report all forward premiums and spot returns 
available. For Brazil, I have 251 observations of spot returns but only 167 observations of the 
forward premium and excess returns, and there are no significant violations of CIP. 

The above results provide further evidence against UIP, as most countries had excess monthly 
returns different from zero. The countries where UIP held during the sample period were 
Canada, Hong Kong, Lithuania, the Philippines, Tunisia and Ukraine. In these countries, 
investors will basically be indifferent between hedging with futures contracts and not hedging 
at all. 

For 26 out of 54 countries or approximately half the sample, there were positive currency risk 
premiums. These premiums imply negative expected incremental returns for hedgers and 
lower incentives for hedging. Using the country categorization adopted by the International 
Monetary Fund (IMF) in its 2014 World Economic Outlook (WEO), 38.4% of the countries were 
advanced economies, and 61.5% were emerging economies. Although emerging economies 
represent most of the currencies with risk premiums, the proportion of advanced economies is 
by no means insignificant. 

From January 2004 to November 2017, hedging in Brazil yielded a negative average excess 
return of 0.6% per month or 7.2% per year. In Venezuela, Indonesia, Argentina, and Egypt, 
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there were even higher average excess returns that were associated with an even higher 
standard deviation of spot returns. 

For 22 out of 54 countries, the currencies had negative currency premiums, providing a 
stronger incentive to hedge with currency futures. Not all countries were advanced 
economies, and 18.1% were classified as emerging economies. The emerging economies in this 
group are South Africa, Russia, Malaysia and Kazakhstan. 

 

Benefits of diversification 
Every month or at the end of each period t, I allocate currencies to six portfolios based on their 
forward premiums. Portfolio 1 contains the currencies with the lowest forward premiums or 
smallest interest rate differential relative to the United States. Portfolio 6 contains the 
currencies with the largest forward premiums or the largest nominal interest rate differential 
relative to the US. The excess return for each portfolio is computed as an equally weighted 
average of the currency excess returns within that portfolio. In Table I, I present the number of 
times a currency was allocated to each portfolio. 

The factor-mimicking portfolio of the carry trade risk factor is obtained by going long on 
Portfolio 6 and short on Portfolio 1. The return of this strategy is 1.02% per month or 12.95% 
per year in US dollars and a Sharpe ratio of 0.35. These large returns are further evidence 
against UIP and reflect the potential gains that can be tapped by carry traders. The dollar risk 
factor is obtained by taking the average return of all currencies in the sample for each month. 

I now identify how much of the exchange rate volatility of each country in the sample may be 
explained by the carry trade risk factor, the US dollar factor and idiosyncratic factors. Our 
identification strategy consists of regressing changes in spot rates on HMLfx and RX factor 
realizations on a country level. The assumption is that nonorthogonal comovements of the 
currency relative to the factors can be attributed to the risk factors. 

The table below shows the R2 of a linear model of the two factors on spot returns on a country 
level and the partial correlation coefficient for RX and HMLfx. It also shows the intercept and 
spot returns loading on the risk factors or the RX beta and the HMLfx beta. I sort the table in 
descending order based on the explanatory power of the common factors on spot returns or 
R2. I use all spot returns available for the regressions below instead of spot returns only when 
the forward premium is available. 

I argue that the lower (higher) the R2 is, the higher (lower) the benefits of diversification for 
that particular currency. The reason is that currencies with high (low) R2 values have a high 
(low) residual variance and the residual variance will receive a small weight on well-diversified 
po`xrtfolios. 
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Table 2 
Idiosyncratic and systematic risk of spot returns by country 

The table shows the variance explained by systematic and idiosyncratic factors. R2 is the 
variance explained by the two factors, R2 RX is the partial R2 for risk factor RX, R2 HML is the 
partial R2 for risk factor HML, Beta RX is the loading on risk factor RX per currency, and 
Beta HML is the loading on risk factor HML per currency. 

 

 Country R2 R2RX R2HML Intercept Beta RX 
Beta 
HML 

1 FINLAND 0.791 0.788 0.230 0 -1.28** 0.25** 
2 EURO 0.789 0.786 0.231 0 -1.28** 0.25** 
3 SPAIN 0.789 0.786 0.234 0 -1.28** 0.25** 
4 GERMANY 0.789 0.786 0.231 0 -1.27** 0.25** 
5 AUSTRIA 0.789 0.786 0.231 0 -1.27** 0.25** 
6 PORTUGAL 0.789 0.786 0.226 0 -1.27** 0.25** 
7 FRANCE 0.789 0.786 0.233 0 -1.28** 0.25** 
8 BELGIUM 0.789 0.786 0.231 0 -1.27** 0.25** 
9 ITALY 0.789 0.786 0.229 0 -1.28** 0.25** 

10 DENMARK 0.788 0.785 0.229 0 -1.27** 0.25** 
11 ESTONIA 0.784 0.782 0.226 0 -1.27** 0.25** 
12 IRELAND 0.772 0.769 0.204 0 -1.26** 0.24** 
13 SLOVENIA 0.770 0.768 0.223 0 -1.27** 0.26** 
14 GREECE 0.745 0.743 0.154 0 -1.28** 0.22** 
15 LATVIA 0.739 0.738 0.141 0 -1.06** 0.18** 
16 SWEDEN 0.728 0.727 0.120 0 -1.38** 0.22** 
17 SLOVAK 0.712 0.711 0.109 0 -1.27** 0.2** 
18 MOROCCO 0.702 0.701 0.116 0 -0.95** 0.16** 
19 TUNISIA 0.695 0.693 0.143 0** -0.92** 0.17** 
20 HUNGARY 0.691 0.689 0.007 0* -1.68** 0.07 
21 CROATIA 0.684 0.683 0.113 0 -1.23** 0.21** 
22 AUSTRALIA 0.677 0.659 0.034 0* -1.42** -0.13** 
23 POLAND 0.658 0.651 0.002 0 -1.57** -0.03 
24 NORWAY 0.657 0.657 0.032 0 -1.29** 0.12** 
25 LITHUANIA 0.648 0.648 0.046 0 -1.03** 0.12** 
26 SWITZERLAND 0.638 0.621 0.232 0** -1.17** 0.35** 
27 CZECH 0.630 0.630 0.022 0 -1.46** 0.12* 
28 SINGAPORE 0.607 0.605 0.007 0 -0.69** 0.03 
29 NEW ZEALAND 0.599 0.592 0.000 0 -1.46** -0.02 
30 MEXICO 0.445 0.316 0.181 0.01** -0.76** -0.37** 
31 SOUTH AFRICA 0.429 0.422 0.000 0.01** -1.48** -0.02 
32 CANADA 0.407 0.392 0.006 0 -0.76** -0.05 
33 UK 0.390 0.385 0.053 0 -0.8** 0.17** 
34 INDIA 0.330 0.305 0.016 0** -0.56** -0.08* 
35 COLOMBIA 0.326 0.266 0.059 0.01** -0.89** -0.26** 
36 TURKEY 0.307 0.247 0.057 0.02** -1.15** -0.34** 
37 CHILE 0.290 0.243 0.040 0* -0.74** -0.19** 
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 Country R2 R2RX R2HML Intercept Beta RX 
Beta 
HML 

38 SOUTH KOREA 0.279 0.264 0.005 0 -1.15** -0.09 
39 ICELAND 0.270 0.251 0.010 0 -0.97** -0.11 
40 PHILIPPINES 0.222 0.166 0.047 0** -0.46** -0.16** 
41 THAILAND 0.204 0.193 0.003 0 -0.66** -0.05 
42 BRAZIL 0.197 0.133 0.054 0.01** -1.07** -0.45** 
43 ISRAEL 0.193 0.192 0.002 0 -0.52** 0.03 
44 JAPAN 0.189 0.120 0.117 0 -0.51** 0.35** 
45 RUSSIA 0.187 0.062 0.115 0.02** -0.78** -0.76** 
46 INDONESIA 0.119 0.099 0.011 0.01** -1.27** -0.28 
47 CHINA 0.081 0.076 0.001 0* -0.07** -0.01 
48 EGYPT 0.080 0.017 0.054 0.01** -0.42* -0.54** 
49 MALAYSIA 0.071 0.070 0.000 0 -0.51** 0.03 
50 HONG KONG 0.047 0.045 0.006 0 -0.01** 0 
51 UKRAINE 0.033 0.032 0.000 0.01** -0.49** -0.02 
52 VENEZUELA 0.018 0.018 0.002 0.12 7.99* -1.96 
53 KAZAKHSTAN 0.017 0.016 0.000 0.01** -0.23* -0.01 
54 ARGENTINA 0.002 0.001 0.001 0.01* -0.13 0.07 

 

The average variance explained by risk factors or the average R2 was 48.4%. The group with R2 
above and below the average consisted of 77.8% and 33.3% developed countries, respectively. 
The sample proportions suggest that developed countries tend to have negative country risk 
premiums and above average R2. 

A regression of currency risk premiums on R2 reveals that currency risk premiums explain only 
17.3% of the cross-sectional variation in R2. This supports the literature that argues that 
currency risk premiums and idiosyncratic risk provide different information to investors, 
confirming the studies of Amihud et al. (2013) and Ang et al. (2006), (2009). For example, the 
currencies with the highest idiosyncratic risk were those of Argentina, Kazakhstan, Venezuela, 
Ukraine and Hong Kong. Two of these currencies had a positive risk premium, two currencies 
had a zero-risk premium, and one currency had a negative risk premium. 

Idiosyncratic risk seems to have different drivers among the group with the 5 lowest R2. 
Argentina, Venezuela and Ukraine faced significant political instability and macroeconomic 
turbulence during the sample period, which are typical reasons for idiosyncratic risk; their 
exchange rates were mostly the result of these high idiosyncratic risks and faced high standard 
deviations of 7.7%, 122.0% and 5.6%, respectively. 

Kazakhstan and Hong Kong seem to have almost no variance explained by factors for different 
reasons. While Kazakhstan adopted the floating exchange rate regime only in 2015, Hong Kong 
is still under a currency board according to the 2018 edition of the Annual Report on Exchange 
Arrangements and Exchange Restrictions by the IMF. Countries that adopt fixed or strictly 
managed exchange rate regimes are relatively insulated from risk factors. However, the in-
sample results can sometimes be misleading because there is always the risk of a change in the 
exchange rate regime, as occurred in Kazakhstan in 2015. 
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3.5 Robustness tests 
As a robustness test, I perform a principal component analysis. Two factors explain 
approximately 85% of the variation in the returns of the six portfolios. The first principal 
component explains approximately 71% of the variation in returns and has a high correlation 
coefficient with RX, an R2 value of 99.9%. The second principal component explains 
approximately 14% of the variation in returns and has an R2 value of 94.7% with HMLfx. These 
results support the use of the two-factor model of Lustig et al. (2011) for the construction of 
currency portfolios. 

Table 3 
Principal component analysis of spot returns 

The table reports the loadings per principal component for Portfolios 1 to 6 and 
the percentage of total variance explained by each principal component. 

Portfolios PC1 PC2 PC3 PC4 PC5 PC6 
1 0.332 0.467 -0.552 -0.574 0.19 0.003 
2 0.377 0.323 -0.082 0.317 -0.728 -0.34 
3 0.409 0.127 0.059 0.282 -0.016 0.856 
4 0.421 0.095 0.031 0.504 0.649 -0.371 
5 0.456 -0.028 0.742 -0.479 -0.018 -0.108 
6 0.442 -0.807 -0.365 -0.086 -0.106 -0.04 

% of Variance 71.42% 13.57% 5.68% 5.29% 2.27% 1.78% 
 

 
3.6 Conclusion 
In this empirical study, I address exchange rate risk management for global investors and 
multinationals. Based on a sample period from 2007 to 2017, our main suggestions are 
summarized in Table 4. 

For 28 out of 54 countries, the currency risk premium based on the sample period was 
negative or zero. For this group of countries, hedging with currency future contracts would 
have been appropriate because risk from exposure to foreign currency would be basically 
eliminated without having to pay a premium or having a negative expected return. 

Among this group of countries, 8 are emerging economies, and 20 are developed economies. 
There are stronger benefits or positive incremental expected returns from hedging for 22 
countries and weaker benefits or zero incremental expected returns for 6 countries. 

For 26 out of 54 countries, diversification to manage exchange rate risk could have been 
adopted, as the currency risk premium was positive, and the incremental return of hedging 
was negative. Among this group of countries, 16 have emerging economies, and 10 have 
developed economies. Diversification can decrease idiosyncratic risk at no cost. As Harry 
Markowitz said, “diversification is the only free lunch in finance”. 

I argue that currencies with higher idiosyncratic risk relative to total risk will benefit the most 
from diversification. I rank the currencies in our sample based on the idiosyncratic variance 
from the two-factor model proposed by Lustig et al. (2011) relative to total variance. 

I classify countries for which the R2 or the coefficient of determination of spot returns on the 
two factors is below average as countries that would have received stronger benefits from 
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diversification. I classify countries for which the R2 is above average as countries that would 
have weaker benefits. The average R2 for the group of countries with stronger benefits was 
0.41. The final group which may be particularly interesting for diversified investors is 
composed of 15 countries: Argentina, Venezuela, Egypt, China, Indonesia, Israel, Brazil, 
Thailand, Iceland, South Korea, Chile, Turkey, Colombia, India and Mexico. 

 

Table 4 
Summary of the main recommendations by country 

Hedging with future contracts is suggested when the currency risk premium is negative or 
zero. When currency risk premiums are negative, this strategy yields stronger benefits 
compared to when currency risk premiums are zero. Hedging through diversification is 

suggested when the currency risk premium is positive. When the idiosyncratic risk is above 
this group’s average, this strategy yields relatively stronger benefits compared to when 

idiosyncratic risk is below average.   
Hedging with future contracts Hedging using diversification 
Stronger benefits 

AUSTRIA KAZAKHSTAN 
BELGIUM MALAYSIA 
DENMARK NORWAY 
EURO PORTUGAL 
FINLAND RUSSIA 
FRANCE SINGAPORE 
GERMANY SOUTH AFRICA 
GREECE SPAIN 
IRELAND SWEDEN 
ITALY SWITZERLAND 
JAPAN UK 

Weaker benefits 
CANADA PHILIPPINES 
HONG KONG TUNISIA 
LITHUANIA UKRAINE 

 

Stronger benefits 
ARGENTINA ICELAND 
VENEZUELA SOUTH KOREA 
EGYPT CHILE 
CHINA TURKEY 
INDONESIA COLOMBIA 
ISRAEL INDIA 
BRAZIL MEXICO 
THAILAND  

Weaker benefits  
NEW ZEALAND MOROCCO 
CZECH SLOVAK 
POLAND LATVIA 
AUSTRALIA SLOVENIA 
CROATIA ESTONIA 
HUNGARY  
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