DYNAMICS OF CORRELATIONS IN FOREIGN EXCHANGE MARKET
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Introduction and Problem Identification

To control or manage currency stability, we must understand the structure of connections between currencies. Exposure on the fluctuation or speculation of the local currency has important impact on the national economy. Response to particular regional event as war in Doneck/Lugansk 2014/2015 has caused the fall of the local currency. Moreover, it has also affected surrounding countries. Most of the governments (in Ukraine, Moldova, Belarus, Kazakhstan, Azerbaijan, Armenia, Georgia, Turkmenistan and Russia) attempt to halt that fall in many different ways. Russia (the largest trading partner of mentioned counties) heads toward recession amid sanctions. A separatist insurgency hits the whole East, nearly all CIS (Commonwealth of Independent States) economies. The Central Bank of Moldova raised its key rate in order to defend Moldova's economy from a currency crisis in Russia and the conflict in neighboring Ukraine. In the critical point in mid February, the leu (MDL) had lost about 10-25% of its value since the beginning of 2015 in relation to major reference currencies. “In the case of Moldova, intensified weakness in the hryvnia and Ukraine’s economic decline are adding to negative pressure on the leu” [1]. 
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Fig. 1 Moldavian Leu change of exchange rates against some referential currencies

Moldovan emigrants remittent billion EUR from Russia, according to central bank data. It is going to decrease, because the ruble dropped 25% against the EUR in 2014. The Republic of Moldova has huge deficit in between export and import. Recently (in March) the leu has strengthened and stabled, but accurate pricing the leu (which is illiquid and easily to manipulate) is difficult and huge spreads in Exchange points show the stresses. The processing of information and propagation of waves in interconnected currency market system could cause effects as "herd behavior" (falling like dominoes) and local disturbance in one country could not be stopped by policy of neighboring states. Moreover, the level of influence is not a simple function of geographic distance because is affected by complicated sets of various factors, including the connectivity as trading intensively, political relations and cultural similarity. Doneck/Lugansk war example shows up, that counties like Poland, Slovakia or Romania are geopolitically the closest neighbors of hot spots. These countries has not been under the influence of former soviet states far away form the conflict area like Kazakhstan, Azerbaijan, Armenia, Georgia, Turkmenistan. In this paper we show a methodology of estimating those links, their durability and stability of the system. Understanding those interconnectivity issues is very important for small economies as Moldovan, because all the citizens faced this problem on his own in February 2015.

Correlations (common co-evolution)
In stock markets, the correlation coefficient between stocks prices reflects similarity between assets and plays a meaningful role in estimation of risk and portolio selection because the values of stocks are well defined by stock prices. In foreign exchange markets, the idea of 'absulute value' for currencies is impossible to settle, because there is no objective way of measuring the currencies value. Thus, all the values must be expressed by a base currency. Of course, there has been a lot of research in scaling properties of foreign exchange, volatility and multifractality including correlations network between currencies. Thus, it is possible to detect the dominance or dependence between these assets. In our research, we have taken N = 38 independent currencies (including gold) from the world global foreign exchange market. We have excluded the most exotic African countries and the most dependent currencies like SGD from Singapore. We have considered all possible base currencies and received 1406 pairs. Of course, the evolution of prices is under the influence of several economic or historical events, so we have investigated time series for all the daily closure prices P(t) in the period 1999-2012. If we define the base currency, it is possible to introduce the logarithmic return: Y(t) = lnP(t) – lnP(t-1) and the correlation coefficient between pairs of currencies [2]:
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where Yi and Yj are the numerical labels of currencies. The statistical average is a temporal average performed on all the trading days of investigated time period. By definition, ρij may vary from -1 to 1. The matrix of correlation coefficients is a symmetric matrix with ρii. and the n(n-1)/2 correlation coefficients characterize the matrix completely. 
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Fig. 2 The distribution of correlation coefficients between currencies according to various base currencies (USD, GHS, PLN, AUD, JPY, EUR, XAU) in the period 1999-2012

The correlation coefficient reflects similarity between assets. It can be used in building the hierarchical structure in currency markets and finding the taxonomy that allows to isolate groups of assets that make sense from an economic point of view. In our research, we have shown that the distribution of correlation coefficient depends on the base currencies (Fig. 2). However, the correlation coefficient does not fulfill the axioms of Euclidean metric space, so we choose, d(i,j) [2].
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Hierarchical representation

Minimum spanning tree (MST) is a tree with weights (distances d(i,j) between assets). It has many applications in visualization and analysis of connected systems like taxonomy and cluster analysis [3].
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Fig. 3 Tree MST minimum span for 37 USD exchange rate against other currencies
The length of the edge is related to the distance metric (d(i,j)). The relative nature of the valuation of the currency is that the choice of the base currency has a significant impact on the structure of the market. We use the Kruskal tree MST algorithm. We do not detect significant anti-correlation (negatively correlated pairs). The presence of a fixed base currency facilitates the interpretation of the MST tree structure, because it eliminates the flexibility of choosing the exchange rate within a currency pair (e.g. GBP / CHF vs. CHF / GBP). The MST for the US dollar as the base currency is presented in Fig. 3. There is euro (EUR) in the centre of the tree. It has the greatest number of connections (k = 9), while most other currencies are far away and have peripheral nodes. The exception are currencies NZD, CZK, KRW that indicate their importance as a network of local centres. The most distant currency from the rest is the Australian dollar (AUD). It is weakly and negatively correlated with others and has the Canadian dollar (CAD) as the nearest neighbour (correlation coefficient = 0.003). Such a large independence of AUD is so intriguing, so we used this as a base currency for another tree MST (Fig. 4). Other currencies against the US dollar are strongly peripherals as Polish Zloty (PLN) and the Peruvian Nuevo Sol (PEN). In Figure 3, in spite of the weak correlation, you can distinguish geographical clusters among the nodes (ZMK, EGP, DZD), (KRW PHP IDR TWD PKR), (EUR, CZK, RUB, NOK). It is shown much better in Fig. 4. There are two strong centres formed by US dollars (k = 14) and EUR (k = 9), and the local centres like Moroccan dinar (MAD, k = 5). Other currencies are linked to major chains formed last year with its near neighbours. A completely different structure of the tree in Fig. 3 centred around USD reflects the enormous impact of the US dollar on the global economy. For this reason, after considering the US dollar as a base currency, we reveal that the other currencies are connected randomly (as is the case of PEN), or create smaller clusters geographically dictated by local business associations (weaker than their relationship with the United States).

The euro, that was the centre in Fig. 3, still remains in the centre of Fig. 4, due to the strength of the currency on the international market. After eliminating USD, the euro has become a central currency of the world, which is consistent with the intuitive perception of the currency as No. 2 in the market. Before the euro reached this position after 1999, there were many European currencies, that tried to enter the central  position. EUR as a successor of the German mark (DEM) can be observed in the pre-1999 data in Fig. 4. The German mark had a central role in the European economy, which EUR has taken over later.
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Fig. 4 The minimum span tree MST for 37 currencies against the base currency AUD

Stability of MST
One method to estimate stability is so called half-life survival ratio t1/2, or tree half-life for short, defined as the time interval in which half of the number of initial connections have decayed [4]. On the other hand, it is possible to define multistep survival ratio as a number of surviving links in the MST [5]. The multistep survival ratio decreases with time t and usually doesn't depend on basic currencies. We observe, that AUD as a based currency produces more stabile tree, than for USD.
List of respondents currencies: 

Australian Dollar (AUD), Canadian Dollar (CAD), Swiss Franc (CHF), Chilean Peso (CLP), Colombian Peso (COP), Czech Koruna (CZK), Algerian Dinar (DZD), Egyptian Pound (EGP), Euro (EUR), Fiji Dollar (FJD), Ghanaian Cedi (GHS), British Pound (GPB), Indonesian Rupiah (IDR), Israeli Shekel (ILS), Iceland Krona (ISK), Jamaican Dollar (JMD), Japanese Yen (JPY), South Korean Won (KRW), Moroccan Dirham (MAD), Mexican Pesos (MXP), Norwegian Krone (NOK), New Zealand Dollar (NZD), Peruvian Nuevo Sol (PEN), Philippine Peso (PHP), Pakistani Rupee (PKR), Polish Zloty (PLN), Romanian Leu (RON), Russian Ruble (RUB), Swedish Krona (SEK), Thai Baht (THB), Tunisian Dinar (TND), New Turkish Lira (TRY), New Taiwan Dollar (TWD), US Dollar (USD), Gold (XAU), South African Rand (ZAR), Zambian Kwacha (ZMK)

Conclusions and Future Works

The economic literature distinguishes: Stock exchange crisis, Banking crisis, Investment crisis, Debt crisis. We consider currency crisis, which occurs in currency exchange markets in critical situations characterized by significant fluctuations of the exchange rate, which results in depletion of foreign exchange reserves of countries [6]. Its connected with situation in both local and global levels. Re-linking with the economic ties of Moldova with other non CIS (like European Union and South Europe/Near East) could help differentiate the portfolio (the concept of diversification in trade) and minimalize the risk. Recently, Central European markets converge to efficient and theirs currencies are not considered as high risked anymore [7], but Southern and Eastern Europe still is classified in that way. Some historical data from a past are necessary in building up the optimal strategy, but this is not a sufficient condition. We do not have to know the whole history to make right decisions, especially if some economic connections from the past don't influence on current situations. Currencies are constantly influencing their surroundings and being influenced by others. The topological characteristics of networks consequently determine dynamical processes on top of the network, e.g. cascade of information adoption or default contagion in currencies networks (like MST). The processes as crises also affect and change the network structure [3]. We present only a static view of networks, but the dynamic and susceptible for crises like in global scale during financial crisis after collapse of Lehman Bro. in 2007/2008 as well as in local scale during civil war in Ukraine 2014/2015 [8].
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Resume

Recently, economists have realized that classical linear and equilibrium approach is not enough to fully understand a large scale of financial phenomena. Specifically, chains of crisis in XXI century attract more attention to connectivity aspects of global economy. Currencies dependencies are one of  such financial systems. We use method of correlation analysis and Minimum Spanning Tree on FOREX, where structure depends on a base currency and reflects geographical connections between currencies. In these collective effects we detect how single element of the system influences on the other ones. The Minimal Spanning Trees reveals currencies that belong to EUR and USD clusters and peripherals as AUD. According to multistep survival ratio method we found that in case of FOREX the survival of correlations and Minimum Spanning Trees depend softly on basic currency.
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