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Introduction

Portfolio diversification presents the ultimate concern for investors. Their primary purpose is to manage their portfolio risk by reducing the volatility. Thus, investors flight to and from quality looking in periods of crises for safe-assets and riskier assets in regular periods. After the sub-prime crisis in the US in 2008, following the European sovereign debt crisis, more and more investors and policymakers started looking for any safe asset to keep in their reserves. Through previous studies, Gold has proven to be good asset protection for most assets. Indeed, Gold has many characteristics that can be the best asset to hedge against devaluation, such as value preserve, inflation resistance, and high acceptance in the markets. A few researchers studied Gold as a safe-haven for the stock market, such as Baur and Lucy (2006), [START_REF] Baur | Flights and contagion -An empirical analysis of stock-bond correlations[END_REF], Baur and Mdermont (2010), Baur and Lucy (2010) and [START_REF] Miyazaki | Exploring the dynamic interdependence between gold and other financial markets[END_REF] and even fewer addressed the issue of hedge or safe-haven for currency. Considering the fact of globalization and the growing importance of international trading, the risk of exchange rates and devaluation of the currency value has risen and turned more the focus of investors to deal with this risk.

As suggested by [START_REF] De Santis | How big is the premium for currency risk?[END_REF], Hau and Rey (2006), and [START_REF] Anderson | Studies of stimulus parameters for seizure disruption using neural network simulations[END_REF], the currency risk is significant enough to pursue safe-haven assets. An asset can be a hedge against the currency in two ways; that is, against the internal and external purchasing power of that currency. Gold can be a hedge against the internal purchasing power of a currency when its appreciation in value offsets the loses due to the inflation of that particular country. Many examined the role of Gold as a hedge for inflation like MCCown and Zimmeran (2006), Faugere and Van Erlach (2006), Lucy and al. (2006), Bolse (2010), Wang and al. (2011), [START_REF] Beckmann | Cross-section dependence and the monetary exchange rate model-A panel analysis[END_REF]. The second approach considered the role of Gold as a hedge against external purchasing power of currency refers to when it can be used to protect against the depreciation in the foreign exchange rates of that particular country. This aspect, however, has received less attention in the literature with some papers confirming the strong relationship between US dollar depreciation and the price of Gold such as [START_REF] Sjaastad | The price of gold and the exchange rate[END_REF], [START_REF] Sjaastad | The price of gold and the exchange rates: Once again[END_REF], [START_REF] Capie | Gold as a hedge against the dollar[END_REF] and some pointing out the role of Gold as a safe haven or hedge against the US dollar (USD) depreciation such as [START_REF] Joy | Gold and the US dollar: Hedge or haven?[END_REF] and [START_REF] Reboredo | Is gold a safe haven or a hedge for the US dollar? Implications for risk management[END_REF].

For years, the combination of the increasing value of the Gold and the decreasing value of USD has fascinated risk managers and financial media. Adding the fact that Gold is expressed in USD advances the opportunity to make use of the Gold as a hedge against the USD value movement or a safe-haven in crisis periods against USD extreme movement. Specifically, since Gold is traded primarily in dollars when the dollar is falling value against other currencies, Gold is relatively cheaper for foreign investors to purchase and increases their demand for this commodity. Then, this increase in foreign demand drives up the dollar price of Gold, giving Gold and the dollar a negative relationship. Besides, Gold is acting as an internationally traded currency and a safe asset for investors, which can explain the increase in demand and theoretically increase in the price of Gold during the turmoil periods.

Most of the previous papers only concern the hedging and safe-haven role of Gold against USD depreciation. Theoretically, because the gold price is fixed in USD, the rise of its price in USD (depreciating currency) means that its price in other currencies (appreciating currencies) will fall. [START_REF] Capie | Gold as a hedge against the dollar[END_REF] study the relationship between the dollar price of Gold and the Pound/Dollar and Yen/Dollar exchange rate. Even though they confirm the negative relationship between the gold price in USD and USD, the same relations between the gold price in other currencies and other currencies' depreciation are not considered. [START_REF] Reboredo | Can gold hedge and preserve value when the US dollar depreciates?[END_REF] analyze Gold's hedging properties against USD exchange rates with a broad set of currencies, but this research only concludes the hedging role of Gold against USD depreciation. Beckmann and Czudaj (2013) broaden the hedging role of Gold against the internal purchasing power of currencies -inflation to three additional major economies besides the USA, they are the UK, the Euro Area, and Japan. They show that this ability is more reliable for the USA and the UK compared to Japan and the Euro Area. Research by Pukthuanthonga and Roll (2011) is one of the few showed the negative relationship between the price of Gold in other currencies -the Euro, Pound, and Yen and those currencies' depreciation. Wang and Lee (2011) focus their study on whether Gold could be an exchange rate hedge in Japan. They found that the effectiveness of Gold as an exchange rate hedge depends on the depreciation rate of the yen. In the present paper, we expect the hedging and safe-haven role of Gold is also exact with other currencies. In other words, we would like to base our research not only on the US dollar but also on the other two currencies: the Euro and the Yen with the application of copulas.

Many econometric methods have been used to investigate this potential relationship between Gold and currencies, mostly with USD. [START_REF] Capie | Gold as a hedge against the dollar[END_REF] studied the role of Gold in the currency market (GBP, USD, and JPY) applying univariate GARCH framework and found that Gold and USD are negatively related. Others used the Dynamic Conditional Correlation (DCC) approach (introduced by Engle ( 2002)). [START_REF] Joy | Gold and the US dollar: Hedge or haven?[END_REF] implements DCC-GARCH to examine the correlation between Gold and USD, allowing feedback between these two assets. He concluded that the hedging property is more substantial than found by [START_REF] Capie | Gold as a hedge against the dollar[END_REF] but no significant safe-haven effect. [START_REF] Pukthuanthong | Gold and the Dollar (and the Euro, Pound, and Yen)[END_REF]Roll (2011) used DCC, andVAR approaches. Zagalia andMorzo (2013) used a bivariate GARCH ( see Engle (1998)) and BEKK model (see [START_REF] Spargoli | The co-movements along the forward curve of natural gas futures: a structural view[END_REF]) and found that co-movement was unaffected by the turmoil of 2007. Those works study the correlation between Gold and the USD [START_REF] Joy | Gold and the US dollar: Hedge or haven?[END_REF]) or examine the marginal impact using threshold regression model (Wang and Lee (2011), [START_REF] Ciner | Hedges and safe havens: An examination of stocks, bonds, gold, oil, and exchange rates[END_REF], Zagalia and Morzo (2013)).

However, all of mentioned papers ignore nonlinear and tail dependence even though it is crucial in the sense that: firstly, linear correlation measures in many cases may disregard potential dependence between two series and end up with a non-relation result; secondly, previous studies address the safe-haven property of Gold against exchange rate fluctuations by considering a threshold model given by specific quantiles of most negative exchange-rate returns [START_REF] Joy | Gold and the US dollar: Hedge or haven?[END_REF]Wang and Lee, 2011); however, the correlation coefficient is insufficient to describe the dependence structure according to [START_REF] Embrechts | Modelling Dependence with Copulas and Applications to Risk Management[END_REF] -especially when the joint distribution of Gold and exchange rates is far from the elliptical distribution. Besides, the marginal effects captured by the threshold approach do not fully account for joint extreme market movements. Therefore, we propose the use of copulas to address the gold property (ability) as a hedge or safe-haven for several currencies, as they provide a more detailed picture of dependence structure and are a more flexible modeling tool than parametric bivariate distributions. This approach also allows us to study safe-haven property in a short period (crisis periods) such as the window of 25 trading days.

The frontier of research on gold price analysis covers several topics. [START_REF] Adewuyi | Analysing the gold-stock nexus using VARMA-BEKK-AGARCH and Quantile regression models: New evidence from South Africa and Nigeria[END_REF] analyze the nexus between Gold and stock for Nigeria and South Africa based on VARMA-BEKK-AGARCH and Quantile regression models. [START_REF] Alameer | Forecasting gold price fluctuations using improved multilayer perceptron neural network and whale optimization algorithm[END_REF] construct a new model to forecast gold price fluctuations based on an improved multilayer perceptron neural network. [START_REF] Bonato | Gold futures returns and realized moments: A forecasting experiment using a quantile-boosting approach[END_REF] resort to quantile boosting to trace out the predictive value of realized volatility and skewness for gold futures returns. Hernandez et al. (2019) model the return distribution of oil concerning some of the most traded agricultural and precious metal commodities using the crossquantilogram approach. [START_REF] Paul | Gold, gold mining stocks and equities-partial wavelet coherence evidence from developed countries[END_REF] investigate the time-frequency co-movement between Gold, Gold Mining Stocks, and Equities in the UK and the US. [START_REF] Salisu | Assessing the inflation hedging of gold and palladium in OECD countries[END_REF] examine the inflation hedging potential of the two most valuable precious metals, namely Gold and palladium. [START_REF] Singhal | Return and volatility linkages among International crude oil price, gold price, exchange rate and stock markets: Evidence from Mexico[END_REF] document the dynamic relationship among international oil prices, international gold prices, exchange rate, and stock market index in Mexico. [START_REF] Wang | Identification of the daily seasonality in gold returns and volatilities: Evidence from Shanghai and London[END_REF] document the daily seasonality in returns and volatilities of gold prices in Shanghai and London.

Recent applications of copula theory in energy economics include citing among few, [START_REF] Awudu | Hedging strategy for ethanol processing with copula distributions[END_REF] for ethanol processing, or [START_REF] Pircalabu | Joint price and volumetric risk in wind power trading: A copula approach[END_REF] in wind power trading. With applications to crude oil, [START_REF] Kayalar | The impact of crude oil prices on financial market indicators: copula approach[END_REF] consider the impacts of financial market indicators, whereas [START_REF] Li | The dependence and risk spillover between the crude oil market and China stock market: New evidence from a variational mode decomposition-based copula method[END_REF] document the dependence between the crude oil market and the Chinese stock market. [START_REF] Zhong | Gold prices fluctuation of co-movement forecast between China and Russia[END_REF] analyze the gold prices' co-movement network structure by using the Chinese and Russian gold prices. [START_REF] Huang | The threshold effect of market sentiment and inflation expectations on gold price[END_REF] study the effects of market sentiment and inflation expectations on the gold price.

The most relevant papers to our research are the work of [START_REF] Reboredo | Is gold a safe haven or a hedge for the US dollar? Implications for risk management[END_REF], who implements different copulas functions to investigate this ability of Gold and found a safe effect, and hedging ability, as well as asymmetric tail dependence and a favorable implication in portfolio diversification. Moreover, [START_REF] Reboredo | Can gold hedge and preserve value when the US dollar depreciates?[END_REF] found a weak safe-haven and an effective hedge for Gold against the USD. He applies extreme value theory to identify extreme returns then uses a likelihood ratio test to distinguish between hedge and safe-haven. Lu (2013) uses a time-varying copula-GARCH model to describe nonlinear and tail dependence between Gold and currency. Finally, we may relate to [START_REF] Reboredo | Quantile causality between gold commodity and gold stock prices[END_REF] who studied quantile causality between gold commodity and gold-stock prices In a nutshell, the central controversy of our article is: Is Gold strongly or weakly a safe-haven or a hedge against the currencies? In this article, we contribute to the literature by modeling the dependence and the extreme dependence for USD, JPY and EUR using copula to study whether the Gold acts as a safe-haven or a hedge for the currencies. We elicit the issue of hedging and safe-haven capacity of Gold and look if this relation is unique in the case of USD as in the paper by [START_REF] Reboredo | Is gold a safe haven or a hedge for the US dollar? Implications for risk management[END_REF]. In particular, the contribution of this present research consists of two main aspects: firstly, we extend the analysis of Gold's hedging and safe-haven properties against other currencies besides the US dollar; and secondly, our extension combines with copula method concerning nonlinear and tail dependence that wasn't studied in the previous literature. Our findings are crucial and of high importance for investors because, by using the Gold price in different currencies, we give a guideline for risk manager not only for the USD investors but also for non-USD investors. Moreover, to our knowledge, no other research used effective exchange rates, which give a critical view on the capacity of Gold to hedge or safe-haven against the overall change in the exchange value of the currency. Furthermore, in this work, we give economic importance by extracting two turbulence subperiods and looking for the safe-haven capacity of Gold in extreme movement and even more in periods with high uncertainty, which was not proven in other articles. This finding is of high interest and importance for investors to deal with risk management during extreme market volatility and have a significant implication in portfolio management. As a matter of fact, investors tend to trade more safe assets, especially Gold, during recessions or financial crises, to secure their investments. That might be the reason why one often experienced a significant rise in gold prices during turbulence periods. In the present paper, we want to examine whether this increase in gold prices is due to the panic reaction of investors as a consequence of the crisis and whether the safe-haven property of Gold is strengthened or weakened during turbulence periods of the economy. The first sub-period is from September 2008 to February 2011 that takes into account not only the period of the subprime crisis starting in the US in August 2008 and quickly spreading to the whole world but also the period of a European debt crisis that caused a constant devaluation of EUR since October 2009 until June 2011. The second period is from August 2014 to June 2017 that considers a dramatic increase in the value of USD equivalent to the depreciation of our other significant currencies EUR and JPY.

To look for the relation between Gold price and different currencies, we deal with exchange rates and effective exchange rates for the period from January 4th, 2000 to March 9th, 2018. We estimate, using the canonical maximum likelihood (CML) method and the copula parameters and validating the adequate dependence structure by a goodness-of-fit test. Furthermore, we extract two crisis periods and look for safe-haven using the same procedure above in fitting and choosing copula. Our empirical evidence indicates that Gold serves as a strong hedge and as a weak safehaven asset against exchange rate devaluation. Furthermore, we also found the strong safe-haven property of Gold during crisis periods. These results confirm the hedging and value preserving properties of Gold over financial media and are useful for investors and policymakers regarding their portfolio design with diversification benefits.

The remainder of the article is composed as follows. Section 2 introduces the model. Section 3 documents the data. Section 4 contains the results. Section 5 concludes.

Model specification

We follow the works of [START_REF] Kaul | Y2K fears and safe-haven trading of the US dollar[END_REF], [START_REF] Baur | Is gold a hedge or a safe-haven? An analysis of stocks, bonds, and gold[END_REF], to distinguish between safehaven and hedge capacity of Gold against several currencies. Also, we add to their definition of discrimination between strong or weak safe-haven and hedge properties.

• Hedge: an asset is considered as a hedge when it is uncorrelated (weak hedge) or negatively correlated (strong hedge) with another portfolio or asset on the average.

• Safe-haven: an asset is considered as a safe-haven when it is uncorrelated (weak safe-haven) or negatively correlated (strong safe-haven) with another asset or portfolio during the extreme movement.

From the previous definition, it is clear that the aim of hedge and safe-haven is the dependence reaction on the average or in crisis periods and the length of this effect. In other terms, the critical property of hedge is the ability to hold on the average, but for the safe-haven case, this property needs to be verified only on a specific period.

In order to study the safe haven and hedge effect of Gold against the EUR, JPY, and the USD, we use the copula theory to study the dependence. The copula is a flexible tool to model a complete dependence structure. So, we link the hedge and safe haven properties of Gold and currencies to the information on average and tail dependence arising from the copula function. The copula is a multivariate cumulative distribution function with uniform marginals U 1 and

U 2 C (u 1 , u 2 ) = P(U 1 ≤ u 1 , U 2 ≤ u 2 )
. The Sklar's theorem present the basis of copula theory and states for a joint distribution function F with margins F 1 and F 2 . Then there exists a copula C such that for all (x, y) in R 2 :

F (x, y) = C (F 1 (x) , F 2 (y)) (1) 
The copula presents two kinds of information on the dependence structure: on average, provided by the dependence parameter of the copula and during extreme movement given by the tail dependence.

The tail dependence presents the probability to have extreme movement simultaneous between the two variables in other terms having a joint upper or lower tail in their bivariate distribution. For X and Y be random variables. F and G represent the marginal, respectively, for X and Y and a copula C. The upper and lower tail dependence coefficients are:

λ u = lim u→1 -P(Y > G -1 (u)|X > F -1 (u)) = lim u→1 - 1 -2u + C(u, u) 1 -u (2) λ 1 = lim u→0 + P(Y ≤ G -1 (u)|X ≤ F -1 (u)) = lim u→0 + C(u, u) u (3) 
λ u and λ 1 measure the asymptotic dependence in the superior and inferior quadrant. So, we develop two hypotheses according to the information obtained from the copula:

-H1: Gold is a (strong/weak) hedge: ρ C => 0 -H2: Gold is a (strong/weak) safe-haven: λ u => 0 where ρ C is the average measure of dependence between Gold and the depreciation value of the currency and λ u the upper tail dependence for the joint distribution of Gold and the exchange rate.

Therefore, the copula specification is crucial in determining the pattern of dependence between Gold and the currencies, concluding the role as a hedge or safe-haven against USD, EUR, and YEN.

The bivariate Gaussian copula given by C G (u, v, ρ) = Φ ρ Φ -1 (u) , Φ -1 (v) with ρ is the correlation coefficient between X and Y and Φ the normal distribution. Φ ρ is the normal distribution of the bivariate matrix of ρ. The normal copula is symmetric and presents no tail dependence.

The Student-t copula defined by

C T (u, v, ρ) = T ν0 (T ν -1 (u), T ν -1 (v))
with T ν0 is the cumulative distribution function with ν degrees of freedom and T ν the univariate Student's and ρ is the correlation. The student-t copula is symmetric and present tail dependence given by λ = 2T ν+1

√ ν+1 √ 1-ρ √ 1+ρ
with T ν+1 the cumulative distribution function.

The Gumbel copula is given by

C θ (u, v) = exp -(-ln(u)) θ + (-ln (v)) θ 1/θ with ϕ (t) = -(ln t) θ and θ ≥ 1 and t ∈ [0, 1]; ϕ (1) = 0.
The Gumbel copula is limited only to the positive dependence where the upper tail dependence is given by λ u = 2-21/θ and no lower tail dependence.

The Clayton copula is defined as

C θ (u, v) = u -θ + v -θ -1 -1/θ and presents only lower tail dependence λ l = 2 (-1/θ) .
The Frank Copula is defined by

C θ (u, v) = -1 θ ln 1 + (e -θu -1)(e -θv -1) e -θ -1
and do not present tail dependence.

A fundamental step in the copula theory is estimating the copula parameters. The copula parameters of the above families are estimated via the canonical maximum likelihood method (CML). The canonical maximum likelihood method is so close and similar to the two steps method, except that the copula calibration could be done without estimating the margins. To this end, the observation sample is transformed into the random uniform variables, and then we estimate the copula parameters. The empirical distribution function Fi (.) defined as follows:

Fi (x) = 1 T T t=1 I {Xt,i≤x} (4) 
with I is the indicator function The CML method is then implemented via a two stage procedure: The CML estimator is then defined as the vector θ CM L = αCML .

We implement an AR(p) GJR(p, q) 1 model to filter the data, in the end, to deal with the stylized facts for exchange rates and Gold such as leverage effect and volatility clustering. The GJR-GARCH is selected by testing four criteria: Log-likelihood, Akaike criterion (AIC), Schwarz criterion, and Hannan-Quinn criterion. The best model according to our four criteria is the AR(p) GJR-GARCH.

A mean-adjusted process follows a GJR model is written as follows

ε t = σ t Z t (6) σ 2 t = w + q i=1 (α i + γ i I t-i )ε 2 t-i + p j=1 β j σ 2 t-j (7) 
where w, α i , γ i and

β j > 0 q i=1 α i + µ q j=1 β j + p i=1 β i < 1 (8)
where µ is a constant that depends on the distribution of ε t . β is the conditional variance term and γ is the asymmetric effect coefficient. The indicator variable I t-i is as follows:

I t-i = 1 if ε t-i < 0 0 if ε t-i ≥ 0 (9)
Once we have estimated the different parameters of the copula, a question of high importance occurs: which copula to use? We evaluate the copula's performance following the steps of Ivan Kojadinovic and al. (2011) and imply the Goodness-of-fit test based on the multiplier central limit theorems inspired by the work of [START_REF] Rémillard | Testing for equality between two copulas[END_REF]. The test is then based on comparing the empirical copula C n , and the parametric estimated copula C θn .

C n (u) = √ n(C n (u) -C θn (u)) (10) 
The test statistics lay on the Von-Mises distance:

S n = (C n (u)) 2 dC n (u) (11) 
Specially adapted Monte Carlo methods give the p-the value of the test. The higher the p-value, the more suitable the copula in question.

Data

In this article, we use daily gold prices, five nominal exchange rates, and three effective exchange rates of USD, EUR, and JPY over the period from January 4th, 2000 to March 9th, 2018. As our general aim is to examine the relationship between Gold and foreign exchange markets from the perspective of current market trading activities, nominal data of exchange rates and Gold are enough and sufficient.

Gold is priced in the US Dollar per troy ounce. Based on the one price law, we convert the price of Gold into the EUR and the JPY by merely multiplying the US price of Gold to the exchange rate of the dollar by the subject currency. Consequently, USD/oz, EUR/oz, and JPY/oz denote gold prices in USD, EUR, and JPY currencies, respectively. Exchange rates are on a direct quote which means, quoting the domestic currency per unit of foreign currency. In our case, the exchange rate is the amount of USD (EUR, JPY) per one unit of these significant currencies in international trading: GBP, EUR, JPY per USD, GBP/JPY (GBP per JPY) and GBP/EUR (GBP per EUR). Thus, we can interpret this rate as follows: an observed increase in the exchange rate means a decrease in the considered domestic currency (USD or EUR or JPY).

Further, there are some cases where the stock markets in different countries were closed on some days during the observation period. To eliminate this discordance, we only deal with the daily data for days where all markets are open. We finally got 3857 valid observations. We compute the returns of the exchange rates, Gold prices, and effective exchange rates. Figure 1 gives an example of daily returns for the effective exchange rate and gold price in EUR currency.

We notice the phenomena of cluster volatility. In other terms, the large changes are followed by large ones, and the smallest one follows small changes. The return series of all exchange rates present relative stability for the period before the sub-prime and exhibit a high instability starting with the last quarter of 2008. Table 1 presents the descriptive statistics. As shown in this table, the Kurtosis is greater than 3 for all variables, which means that the distributions are leptokurtic. The skewness is different from 0. The distributions are asymmetric. So, the distribution of the different data is beyond being normal.

The stochastic properties for the returns of Gold and exchange rates are in table 2. The Q2 of the squared residuals are so high, which indicate the presence of the autocorrelation in the data. This highlights the importance of public information available in determining financial prices. Also, we detect the presence of ARCH effect, which leads to the presence of volatility clustering. From the JB test, we conclude that the normality hypothesis is firmly rejected for all series. 

Empirical results

The results of GJR estimation are shown in table 3 (only significant coefficients are reported). The variables JPY, effective JPY rate, USD/oz, EUR/oz, and JPY/oz are fitted to an AR(1) GJR(1,1) model, and the others variables are fitted to an AR(0) GJR(1,1) model2 . As shown in Table 3, the maximum likelihood results for β are approximately equal to 1 and very significant for all series, which is interpreted as the persistence over time of the past-dependent conditional volatility. The LB test of the squared results justify the use of the AR GJR-GARCH implemented to model the margins. Notes: Q 2 is the Ljung-Box Q-statistic for the null hypothesis that there is no autocorrelation up to order 20 for standardized squared residuals. Notes: The table shows the CML estimation for different copula families. In the brackets are the AIC criterion (the minimum is the value the best copula is). ρ, µ, θ are parameters of corresponding copulas defined in Section 2 Table 4 presents the results of the parametric copula introduced above. Based on these results, the dependence parameters between EUR (JPY, USD) effective rate and the gold price in EUR (JPY, USD) and also for the case of EUR/USD (GBP/USD, GBP/JPY) and Gold in EUR (USD, JPY) are unfavorable. Also, the parameters for the rest of the pairs are favorable. In other terms, the estimation of the parameters shows a negative relation between Gold and the value of the currency in question. These results highlight the ability of Gold to hedge the risk of decreasing value for the EUR, USD, and JPY. Hence, by including Gold in a currency portfolio, investors may achieve risk diversification benefits given that Gold and that particular currency are negatively related. These benefits present for both USD and non-USD investors. For policymakers, our results confirm for central banks that Gold can serve as an attractive diversification device and an alternative reserve asset that protects portfolio value during episodes of currency depreciation.

Choosing adequate copula is very important to test the 2nd hypothesis of Gold capacity to hedge or safe-haven against currencies. The importance of this step is because different copula families have different average and tail dependence properties. In light of the AIC results reported in table 4, the most appropriate copula for all pairs is the Student-t, except for the pair EUR/USD-EUR/oz (EUR/USD-USD/oz) the Frank copula (Gumbel copula) is the best fit. The results in Table 5 show that the Student-t copula is the adequate dependence structure for all pairs studied except for the GBP/JPY-JPY/oz, the normal copula is the best fit. The use of the Student-t copula enables us to detect the extreme phenomena which are well present in most financial series.

In light of those results, we accept our first hypothesis H1 indicating the existence of hedging effect of Gold against exchange rates so we can confirm the capacity of Gold to be a reliable hedge not only for USD based investors but also for the EUR and YEN investors. More precisely, Gold in different currencies studied in this article presents a negative correlation regarding copula against the value of currencies in question, which offers a significant implication for portfolio risk management. Also, from the pairs of effective exchange rates and Gold, we get a general view of the capacity of Gold to hedge against the most exchangeable rates of USD, EUR, and JPY. Moreover, we can also conclude that there is nothing unusual in the relation between Gold and USD and there is not puzzling.

Given those results, we accept the H1 indicating the existents of hedging effect of Gold against exchange rates so we can confirm the capacity of Gold to be a reliable hedge not only for US-based investors but also for the EUR and YEN investors. More precisely, the Gold in different currencies studied in this paper present a negative correlation in term of copula against the value of the currency in question, which presents a significant implication for the portfolio risk management. Also, from the pairs of effective exchange rates and Gold, we got a general view of the capacity of Gold to hedge against the most exchangeable rates of USD, EUR, and JPY. Moreover, we can also conclude that there is nothing unusual in the relation between the Gold and USD, and there is no puzzle. Based on these results, we notice that the data pairs exhibit tails dependence with different degrees of importance, and we cannot reject our second hypothesis H2 (safe-haven capacity of Gold). We can say that Gold presents a safe-haven ability against exchange rates. For all the pairs, Gold offers a weak safehaven. Thus, currency risk from extreme USD, EUR or JPY depreciation could be counterbalanced using Gold, given that its value is uncorrelated and remains unaltered under extreme market circumstances in the exchange rate markets. This result strengthens the diversification role of Gold in investment portfolios of investors and central banks' reserve portfolios. This result is similar to the evidence reported by [START_REF] Joy | Gold and the US dollar: Hedge or haven?[END_REF] based on the use of a multivariate generalized autoregressive conditional heteroskedasticity (GARCH) model with dynamic conditional correlation, Rebodero (2013) and Rebodero and Rivera-Castro (2014) based on the use of copula functions. Our results extend from previous ones by including evidence for two additional major currencies EUR and JPY. Further research could be useful in studying more exchange rates in affirming the safe-haven property of Gold.

Next, we identify and focus on periods of crises and high uncertainty. We economically define two sub-periods, the first one presented the sub-prime crises in 2007 and peaked in September 2008 until February 17th, 2011, and the second sub-period presents the critical increase in the dollar value against other major currencies starting in August 2014 until March 2015. We get 617 observations for the first sub-period and 191 observations for the second sub-period.

Our methodology is to study the reaction between the Gold and exchange rates in the starting day of each sub-period with a window of 25 trading days. Then, we consider the response between the Gold and exchange rates for the whole sub-periods, and this to investigate if the safe-haven property of Gold is due to a panic reaction of the investors. The 25 windows could present most of the crisis effect and give an idea of investors' attitude. The first window for the sub-prime crisis is from September 02nd to October 07th, 2008 and the second window from August 01st to September 08th 2014. 7 contains the rank correlation during the sub-prime crisis and the increase in the value of USD. In light of those results, we notice that during the 25 first trading days, Gold maintains its role as a safe haven against all exchange rates with different degrees of importance. As we see, the Gold exhibits a weak negative correlation with the EUR rate indicating a weak-safe haven than it gets back to its strength during the whole sub-period, with a correlation almost the same as the entire sample. This may be due to the hedge capacity of Gold. Furthermore, we notice an increase in the correlation between Gold and the effective exchange rates for EUR and JPY, and also JPY exchange rate from the window period compared to the whole sub-period. For those exchange rates, Gold is still a strong safe-haven for the effective JPY and JPY exchange rate and a weak safe-haven for the case of effective EUR.

Moreover, for the pairs USD, EUR, and JPY against Gold in USD, the correlation is more critical during the window period than the whole sub-period, and this may be due to an exhaustive swap for investors from the risky assets to safer ones. Moreover, during this period, the impact of the sub-prime crisis was more critical for US investors. Comparing, the correlation during the sub-period and the whole sample period, we notice a similar correlation between all pairs of variables except for the case of JPY-USD/oz where there is a decrease in the correlation, and for the 9, the pairs of exchange rates and Gold present tail dependence except for EUR-EUR/oz and Effective EUR rate-EUR/oz where there is very weak or no tail dependence. We can conclude the existence of a sound safe-haven effect for Gold for all pairs except for EUR-EUR/oz, and for Effective EUR rate-EUR/oz, we notice a weak safe-haven impact for the Gold.

Conclusion

Nowadays, the economy is confronted by high uncertainty and risk, leading to a growing concern of investors diversifying their portfolios and dealing with this increased risk. Their primary purpose is to manage their portfolio risk by reducing the volatility. Thus, investors flight to and from quality in a period of crises, looking for safe asset and riskier assets in an average period. With the globalization, this uncertainty and volatility have grown and impacted investor decisions and moved their focus more to the exchange rates. The risen interest in currency value is more critical now than ever before and presents an essential concern for portfolio risk managers.

In this article, we focus on studying the Gold capacity to hedge or safe-haven against USD. Since Gold is expressed in USD, we also seek if those properties are unique for USD, or Gold is capable of a hedge or safe-haven other currencies, which is of high importance and implication for non-USD investors risk management. To this end, we look for hedge capacity for the USD, EUR, and JPY on the average. Then we focus on the safe-haven effect during extreme movement.

Our results show that Gold is negatively correlated on average with the value of the USD, EUR, and JPY, indicating a strong hedge effect, and the t-copula is the best copula representing the dependence structure. Moreover, from the pairs of effective exchange rates and Gold, we got a general view of the capacity of Gold to hedge against the most exchangeable rates of USD, EUR, and JPY. Furthermore, we can also conclude that Gold relation to USD is not unique and specific to USD, but it is the same for most currencies.

A noteworthy finding is that in our looking for the safe-haven property, Gold is a stabilizing asset in turmoil periods. Gold is a strong safe-haven for the USD, and this property is also existing for the EUR and the USD. Furthermore, by selecting two sub-periods and choosing a window of 25 days beginning with the starting day of each sub-period, and studying the dependence between Gold and different exchange rates, we conclude that this capacity of safe-haven is not only due to a panic reaction of investors. Last but not least, we find evidence of a safe-haven effect even in extreme uncertainty with different degrees of importance (strong or weak safe-haven). As far as we know, no other articles have proven those results.

In this work, we give a new insight into the relation between Gold and exchange rates on average, during extreme movement and increasing uncertainty. We also find the hedge capacity of Gold and prove the strong safe-haven effect during radical changes. Moreover, we see a safe-haven impact during periods of substantial uncertainty against the exchange value of currencies, which has a necessary implication for the USD, EUR, and JPY investors. This article opens various future research issues.

Future work, examining more exchange rates, can be helpful because this work deals with effective exchange rates for the EUR, USD, and JPY, which gives a general idea and an overall exchange value of the currency. : QQ-plot of Gold, exchange rates and effective exchange rates are symmetric. Thus, the returns distribution is beyond being normal. In Figure 2A, the QQ-plots confirm the deviation from normality.

A Appendix

Jarque-Bera (JB) test

From the results reported in Table 1A, we can conclude that all returns series have not a normal distribution with a p-Value less than 0.05. Those results are expected because, as it was reported in the descriptive statistics that the kurtosis and Skewness of our return sample were respectively different from 0 and 3. 

Empirical distribution function

Figure 3A examines the empirical cumulative distribution function (ECDF). We can notice that the ECDFs of returns present the symmetric criteria and exhibit a fat tail, documenting the non-normality of those distributions. The results in table 2A show that the exchange rate of EUR, USD/oz, and the effective exchange rates are not autocorrelated and the presence of autocorrelation for the others residual of returns. The Q statistic of the LB test is very high, which means that the data's autocorrelation presence is significant. Furthermore, this spectacular presence of autocorrelation in return data highlights the importance of public information in determining the financial prices. Figure 4A contains the autocorrelogram for the squared residuals. It is evident in the autocorrelogram the presence of the autocorrelation in the data treated. Now, we will use a more formal test for examining the existence of ARCH effect. Several approaches are available for this purpose. The well-used method is the Lagrange Multiplier (LM) test proposed by Engle (1982). The null hypothesis is the absence of ARCH effect against the alternative: the presence of ARCH effect where the conditional error variance is defined as an ARCH(q) process. The results show that the Gold price in USD (EUR, JPY) is negatively correlated to the value of the USD (EUR, JPY). In other words, when one variable goes up (down), the other goes in the opposite direction. However, the JPY/USD rate presents a weak correlation with the Gold in USD, but this does not mean that there is no correlation at all except the no presence for the linear relationship. Thus, the Gold in different currencies treated a robust negative relationship with the value of the currencies. 

A.2 Autocorrelation tests

A.3 Testing for ARCH effects

  1. Transformation of the sample to the uniform form ût = (û 1 , . . . , ûN ) = F1 (x t 1 ), . . . , FN x t N (5) 2. Estimation of the copula parameters implying the MLE αCLM = arg max T t=1 ln c (û 1 , . . . , ûN ; α)

Figure 1 :

 1 Figure 1: Daily returns for gold price in EUR and effective EUR exchange rate.

Figure 2 :

 2 Figure 2: PDF of t-copula

Figure 1A :

 1A Figure 1A: Histograms of exchange rates, Gold and effective exchange rates adjusted to the normal density

Figure 3A :

 3A Figure 3A: The empirical cumulative distribution function of gold, exchange rates, and effective exchange rates.

Figure 4A :

 4A Figure 4A: Autocorrelogram of squared residuals for Gold, exchange rates, and effective exchange rates.

Figure 5A :

 5A Figure 5A: Daily trading dynamics of exchange rates

Table 1 :

 1 Descriptive statistics

		GBP/EUR	EUR	JPY	GBP	GBP/JPY	USD/oz	EUR/oz	JPY/oz	Effective	Effective	Effective
										EUR rate	JPY rate	USD rate
	Mean (%)	-7.5623e-05	-3.2678e-05 1.7537e-05	4.3231e-05	-3.2791e-05	3.2872e-04	3.0585e-04	3.4533e-04	-3.8301e-06	-9.8134e-05	0.0112
	Standard	0,0053	0.0063	0.0065	0.0061	0.0083	0.005	0.0105	0.0114	0.0063	0.0064	0.004
	deviation											
	Kurtosis	9.2764	5.4053	6.6065	14.0389	11.3646	8.5555	9.5704	8.5756	7.4049	8.4289	6.452
	Skewness	-0.5063	-0.1091	-0.2528	0.5812	-0.2857	-0.214	-0.2248	-0.3669	0.3404	0.4719	-0.2054
	Median	6.7572e-05	0	1.1684e-04	0	0	0	3.0929e-04	4.6970e-04	-1.1891e-04	0	0
	(%)											
					Table 2: Diagnostic tests					
		GBP/EUR	EUR	JPY	GBP	GBP/JPY	USD/oz	EUR/oz	JPY/oz	Effective	Effective	Effective
										EUR rate	JPY rate	USD rate
	Q2(20)	635.417	805.112	395.812	568.057	2608.21	861.793	811.158	1338.57	1373.68	1595.60	376.90
	JB	7656.1	1104.8	2512.2	23338	13315	5896.0	8215.4	5990.4	3763.1	5751.4	811950000
	ARCH	24.199	29.871	13.712	25.995	71.603	26.447	31.842	42.678	54.655	55.555	1136.17

Notes: daily data for the period covering January 4th, 2000 to March 9th, 2018. JB is the χ 2 statistic for the test of normality. Q(k) is the Ljung-Box statistics for serial correlation in the squared returns computed with k lags. ARCH-LM is Engle's LM test for heteroskedasticity, computed using 20 lags. Corr.

Table 3 :

 3 GJR-GARCH Estimation

		Mean equation	Variance equation				Diagnostic
		C(×10 3 )	AR(1)	W (×10 6 )	α	β	γ	Student (DF)	Q2(20)
	EUR	-	-	0.0869	0.03616	0.96817	-0.01195	8.33886	16.5958
	JPY	-	-0.0334	0.45798	0.03297	0.95104	-	5.6403	13.1294
	GBP	-	-	0.24816	0.05289	0.95271	0.02614	8.88241	20.8596
	GBP/EUR	-	-	0.12497	0.03729	0.95573	-	8.60131	20.6676
	GBP/JPY	0.2288	-	0.73165	0.05547	0.92503	-	4.56926	14.2125
	Effective EUR rate	-0.1577	-	0.49925	0.07247	0.93051	-0.03027	5.42018	22.4578
	Effective JPY rate	-0.2347	-0.0350	0.58472	0.0695	0.93099	-0.02822	5.1243	15.9404
	Effective USD rate	-	-	-	-	-	-	-	5.17
	USD/oz	0.392	-0.0232	0.01328	0.06363	0.94337	-0.02767	4.20434	13.1778
	EUR/oz	0.360	-0.0367	0.01721	0.08104	0.92914	-0.04566	4.49233	9.13346
	JPY/oz	0.523	-0.0408	0.00721	0.05475	0.95002	-0.01729	5.40179	28.9267

Table 4 :

 4 Estimates of the dependence parameters of different copula models

	Pairs of exchange rates and gold prices	Normal ρ	ρ	Student-t	ν	Frank θ	Clayton θ	Gumbel θ
	EUR-EUR/oz	-0.0130 (-123,7)	-0,0137 (-282,77)	100,9197	-0.1142 (-367,6)	0,0058 (-183,83)	1 (-200)
	EUR-USD/oz	0.0206 (-62,3)	0.0200 (-83)		43.7756	0.1015 (-71,93)	0.0235 (-43,95)	10100 (-84.7)
	JPY-JPY/oz	0,0047 (-190,25)	0.0046 (-329,85)	84.9826	0.0314 (-187,64)	0.0122 (-132,05)	1 (-200)
	JPY-USD/oz	0.0057 (-74,4)	0.0054 (-302,65)	70.4789	0.0159 (-196,3)	0.0153 (-95,28)	1 (-200.09)
	GBP-USD/oz	-0.0048 (-189,8)	-0.0048 (-389,98)	1.4077e+06	-0.0281 (-190,1)	1.4509e-06 (-200)	1 (-200)
	GBP/EUR-EUR/oz	0.0140 (-110,41)	0.0141 (-310,59)	1.3965e+06	0.0267 (-191,06)	0.0211 (-34,5)	1 (-200)
	GBP/JPY-JPY/oz	-0.0021 (-198,02)	-0.0025 (-360,92)	105,0838	-0.0353 (-184,40)	0.0167 (-72,25)	1 (-200)
	Effective EUR rate-EUR/oz	-0.0024 (-197,57)	-0.0028 (-385,39)	191.4597	-0.0899 (-98,61)	1.4509e-06 (-200)	1.0032 (-168,96)
	Effective JPY rate-JPY/oz	-0.0082 (-169,18)	-0.0083 (-396,35)	4.3955e+06	-0.1341 (-263)	1.4509e-06 (-200)	1 (-200)
	Effective USD rate-USD/oz	-0.0022 (-197,87)	-0.0022 (-398,05)	1.3693e+06	0.0037 (-199,91)	1.4509e-06 (-200,01)	1.0001 (-200,08)

Table 5 :

 5 Results of Goodness-of-fit test for different copulas

	Pairs of exchange rates and gold prices Normal	Student-t Frank	Clayton	Gumbel
	EUR-EUR/oz	0.0023	0.312	0.00495	0.00495	0.056
	EUR-USD/oz	0.0058	0.123	0.0045	0.031	0.0023
	JPY-JPY/oz	0.00495	0.017	0.00495	0.00495	0.008
	JPY-USD/oz	0.0074	0.187	0.00495	0.00495	0.00495
	GBP-USD/oz	0.02	0.1733	0.008	0.025	0.00495
	GBP/EUR-EUR/oz	0.00495	0.0275	0.0069	0.00495	0.00495
	GBP/JPY-JPY/oz	0.065	0.0185	0.00495	0.00495	0.00495
	Effective EURO rate-	0.013	0.064	0.00495	0.00495	0.00495
	EUR/oz					
	Effective JPY rate	0.00495	0.02	0.0058	0.00495	0.00495
	Effective USD rate	0.0045	0.65	0.00495	0.035	0.00495

Notes: The table shows the p-value of the goodness-of-fit test. More the p-value is higher more appropriate is the copula.

Table 6 :

 6 Tail dependence coefficients of the Student-T copula

	Pairs of exchange rates and gold prices	λ l	λ u
	EUR-EUR/oz	0.07271915	0.07271915
	EUR-USD/oz	0.07991669	0.07991669
	JPY-JPY/oz	0.07656747	0.07656747
	JPY-USD/oz	0.07673894	0.07673894
	GBP-USD/oz	0.0745731	0.0745731
	GBP/EUR-EUR/oz	0.07862142	0.07862142
	GBP/JPY-JPY/oz	0.07505763	0.07505763
	Effective EURO rate-EUR/oz	0.0749943	0.0749943
	Effective JPY rate	0.07384006	0.07384006
	Effective USD rate	0.07512099	0.07512099

Table 6 details

 6 Tail the dependence coefficients of the Student-t copula.

Table 7 :

 7 The rank correlation during the sub-prime crisis and the increase in the value of USD

	Kendall							
					Subprime crisis		Dramatic increase in the
								value of USD
	Pairs	of	ex-		Sub	period	Window of	Sub period Au-	Window of
	change rates and		September 2008	25 days	gust 2014 to	25 days
	gold prices			to	February		June 2017
					2011			
	EUR-EUR/oz		0.0106		0.0071	-0.0141	-0.0095
	EUR-USD/oz		0.0062		-0.0037	-0.0098	-0.0051
	JPY-JPY/oz		0.0091		-0.012	0.0039	0.0122
	JPY-USD/oz		0.0143		0.0036	-0.0044	0.0168
	GBP-USD/oz		-0.0088		0.0096	0.0073	0.0039
	GBP/EUR-EUR/oz		-0.0164		0.0019	-0.0029	-0.004
	GBP/JPY-JPY/oz		0.0038		0.0068	-0.0126	0.0028
	Effective	EUR	rate-	-0.0065		0.0188	-0.0022	0.0011
	EUR/oz							
	Effective JPY rate		0.0314		0.0113	-0.0143	-0.0136
	Effective USD rate		0.01		0.0015	0.0044	0.002
	Table							

Table 9 :

 9 Tail dependence during the second sub-period

	Pairs of exchange rates and gold prices t-copula	Gumbel	Clayton
			copula	copula
	EUR-EUR/oz	0	-	-
	JPY-JPY/oz	-	0.0651	-
	GBP/EUR-EUR/oz	0.1289	-	-
	GBP/JPY-JPY/oz	-	-	0.1356
	Effective EUR rate-EUR/oz	0.0002	-	-
	Effective JPY rate	-	0.0369	-
	According to the results reported in table			

Table 1A :

 1A Jarque-Bera test

			JB test (5%) for the Gold and exchange rates	
		GBP/EUR EUR	JPY	GBP	GBP/JPY	
	Critical value 5.9776	5.9776	5.9776	5.9776	5.9776	
	H	1	1	1	1	1	
	Test Statistic 7656.1	1104.8	2512.2	23338	13315	
	P-value	0.001	0.001	0.001	0.001	0.001	
			JB test (5%) for the effective exchange rates		
		USD/oz	EUR/oz	JPY/oz	Effective EUR rate Effective JPY rate Effective USD rate
	Critical value 5.9776	5.9776	5.9776	5.9776	5.9776	5.9776
	H	1	1	1	1	1	1
	Test Statistic 5896.0	8215.4	5990.4	3763.1	5751.4	8.1195e+008
	P-value	0.001	0.001	0.001	0.001	0.001	0.001

Table 2A :

 2A Ljung-Box autocorrelation tests.

			LB test (5%): Q(20) for the Gold and exchange rates	
		GBP/EUR EUR	JPY	GBP	GBP/JPY	
	Critical value 31.4104	31.4104	31.4104	31.4104	31.4104	
	H	1	1	1	1	1	
	Test Statistic 635.417	805.112	395.812	568.057	2608.21	
	P-value	9.033*10-6 0	0	0	0.0164	
			LB test (5%): Q(20) for the effective exchange rates	
		USD/oz	EUR/oz	JPY/oz	Effective EUR rate Effective JPY rate Effective USD rate
	Critical value 31.4104	31.4104	31.4104	31.4104	31.4104	31.4104
	H	1	1	1	1	1	1
	Test Statistic 861.793	811.158	1338.57	137.68	1595.6	376.9
	P-value	0	0.001	0	0	0.0029	0.001

Table 3A :

 3A Engle ARCH tests Table 3A confirms the analysis drawn from the autocorrelogram and leads to rejecting the null hypothesis. Thus, we can conclude the presence of volatility clustering (ARCH effect). Table 4A reports the Pearson correlation matrix.

			ARCH test (5%) for the Gold and exchange rates	
		GBP/EUR EUR	JPY	GBP	GBP/JPY
	Critical value 3.8415	3.8415	3.8415	3.8415	3.8415	
	H	1	1	1	1	1	
	Test Statistic 24.199	29.871	13.712	25.995	71.603	
	P-value	0	0	0	0	0	
			ARCH test (5%) for the effective exchange rates	
		USD/oz	EUR/oz	JPY/oz	Effective EUR rate Effective JPY rate Effective USD rate
	Critical value 3.8415	3.8415	3.8415	3.8415	3.8415	3.8415
	H	1	1	1	1	1	1
	Test Statistic 26.447	31.842	42.678	54.655	55.555	1136.17
	P-value	0	0	0	0	0	0
	A.4 Dependence measures			
	• Linear correlation				
			Table 4A: Pearson correlation matrix	
				EUR/oz	JPY/oz	USD/oz
		GBP/EUR		0.01882241	0.0045755	0.00805762
		EUR		0.03193171	0.01615185	0.03193171
		JPY		0.00141717	0.00311323	0.0039227
		GBP		-0.02257082	-0.0112553	-0.00548054
		GBP/JPY		0.02375174	0.00708985	0.01694204
		Effective EUR rate	0.01026483	0.0249438	0.02006971
		Effective JPY rate	0.0087793	0.01477803	0.01311525
		Effective USD rate	-0.0022		0.0110	-0.018

The GJR(p, q) process: the Glosten-Jagannathan-Runkle GARCH (GJR-GARCH) model, introduced by Glosten, Jagannathan, and Runkle (1993), is similar to the TGARCH model. However, the specifications are on the conditional variance instead of the conditional standard deviation.

The optimal lags of the AR(p) GJR-GARCH were selected using four criteria: Log-likelihood, Akaike criterion (AIC), Schwarz criterion and Hannan-Quinn criterion.

case of effective JPY, we notice an increase of the correlation.

From the right side of Table 7, we notice that the correlation for the pairs EUR-EUR/oz, GBP/EUR-EUR/oz, and effective EUR-EUR/oz is more durable in the window period than during the whole sub-period and the correlation is less critical for the remaining pairs. In general, Gold keeps its strong safe-haven capacity against the EUR and JPY for the two periods for all pairs, except for the pair GBP/JPY-JPY/oz, and JPY-JPY/oz where Gold exhibits a very weak correlation during the 25 first days of the second sub-period and performs as a weak safe-haven. In what follows, we add more statistical tools to our economic approach. Thus, in looking for the safe-haven property of Gold during the two sub-periods treated above, we proceed as follows.

As a first step, we first estimate the copula parameters for each sub-period. Then, we choose the best copula fitting the data, and after that, we compute the tail dependence for each pair of variables. On the one hand, the results of the sub-prime crisis, show that the t-copula present the adequate copula for all couples except for the case of EUR-USD/oz where Gumbel is the best copula and for the Effective EUR -EUR/oz where Clayton copula is the best fit. For the second sub-period, the t-copula is the most appropriate copula for the pairs EUR-EUR/oz, GBP/EUR-EUR/oz, and Effective EUR rate-EUR/oz. Clayton is the best fit for the pair GBP/JPY-JPY/oz and Gumbel for the cases of JPY-JPY/oz and Effective JPY rate. As shown in Table 8, the pairs of our data exhibit tail dependence, except for the GBP-USD/oz case, which exhibits a weak correlation. Given those results, Gold, under different currencies, presents a strong safe-haven for all pairs except for GBP-USD/oz where Gold is a weak safe-haven, during the period of high uncertainty. We notice that the tail dependence is very high for the case of EUR-USD/oz, GBP/EUR-EUR/oz, and Effective EUR rate-EUR/oz. The results show a negative correlation between the USD (EUR, JPY) effective rate and the Gold in USD (EUR, JPY) as well as for EUR/USD (JPY/USD) and the Gold in EUR(JPY).

• Rank correlation

A positive relation appears for the rest of the variables. Those results may indicate the possibility of the hedging capacity of Gold against the currencies studied. In other terms, the Gold price is negatively correlated or uncorrelated to the value of the currency (USD, EUR, JPY), and there is nothing unusual for the USD. Moreover, the results for the effective rates indicate that in general, for most, the exchange rates for the USD (EUR, JPY) gold in USD (EUR, JPY) present a hedge for the risk of depreciation.

A.5 FX trading dynamics

The daily trading dynamic for our different variables is presented in Figures 5A and6A. We notice that the financial prices are unstable in time and non-stationary. Also, the exchange rates and effective rates daily prices present more volatility and change in trends than the gold price under different currencies. For the period from January 2000 till the third quarter of 2008, we notice a change in trends for exchange and effective rates relatively not very important compared to the case of the decreasing trend for the period starting with the fourth quarter of 2008 designing the start of the sub-prime crises. After this date, those rates exhibit more instability and more severity in the trend changes. This comment holds for the decreasing change starting with the year 2014. We notice a substantial rise in the USD exchange rates. Besides, the increasing trends for the GBP/EUR and GBP/JPY indicate an increase in the value of USD, jointly with a decrease in the value of EUR and JPY. For the price Gold, it presents a general trend for increasing from the year 2000 till the last quarter of 2013. Even for the period of the sub-prime crisis, it preserves his value and trend, which could present a lead that it can present the safe-haven property for the different currencies and exchange rates and also hedging ability because it looks to be uncorrelated with the exchange rates on average. Furthermore, we notice a decreasing trend in the last quarter of 2013 followed by an increasing one with the beginning of 2014 except for the price of gold under USD it preserves his decreasing trend until March 9th, 2018.