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Abstract
[bookmark: _GoBack]Shocks, jumps, booms, and busts are typical large fluctuation markers that appear in crisis. Identifying financial crises and estimating leading indicators with strong relations during crisis periods have an essential role in the literature. This thesis examines the dynamic co-movements of leading indicators' multifractal features to identify financial crises due to large fluctuations. The detected dynamic relationships predict leading indicators with scale-by-scale analysis and make large-scale predictions better than challenger models. As a natural result of these studies, the n-dimensional wavelet coherence method is examined, and the vectorwavelet package is transferred to the R program. This thesis consists of three independent parts, and the contents of the studies are summarized below. In the first part, stock returns' co-movements with other leading indicators in crisis periods are analyzed with multiple and quadruple wavelet coherence using interest rate, exchange rate, and trade balance differences. The scale-by-scale wavelet transformation was used to predict large-scale relationships, and stock return estimation was performed. In the second part, the multifractal characteristics of sectoral default probabilities of the real sector in Turkey and Turkey sovereign CDS rates were examined by detrended fluctuation analysis. Significant dynamic connections between the Hölder exponents of the default rates and CDS during financial crisis periods have been examined. During the periods of financial crises, among the Hölder exponents, severely correlated large scales show multifractal features. Scale-by-scale wavelet transform has been used to predict large-scale relationships, and hence vector fractionally autoregressive integrated moving average forecasting provides better results than scalar models. The final part of the thesis introduces a new wavelet methodology to handle multivariate time series dynamic co-movements by extending multiple quadruple wavelet coherence methodologies. The primary motivation of our works is to measure wavelet coherence analytically for the specific dimension.
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INTRODUCTION
Financial crises cannot often be explained by one factor; they have common elements and arise in various forms. Ordinarily, financial crises deal with one or more of the chasing events: asset price booms and busts, credit booms and busts, and the impact of asset price and credit busts. Financial crises are distinguished into two types of crises, which are determined using qualitative methods (currency and sudden stop crises) and judgmental analysis (foreign and domestic debt and banking crises) by Reinhart and Rogoff  (Reinhart & Rogoff, 2009). Many empirical models exist in the literature, and explanatory variables exist to predict crises and have evolved over time. 
One of these methods is analyzing stock return, exchange rate, and interest rate movements. In the following, researchers found that exchange rates and stock price co-movement has revealed a strong relationship between the two variables, especially during the crisis period ( (Katechos, 2011), (Lin, 2012), (Tsai, 2012), (Walid, Chaker, Masood, & Fry, 2011)). Analyzing the long-term relationship between two variables, the instability or lack of relationship can be offered ( (Diamandis & Drakos, 2011), (Nath & Samanta, 2003), (Phylaktis & Ravazzolo, 2005), (Zhao, 2010), (Choi & Park, 2008)) demonstrates that he stabilized high-interest rates during the currency crises. For this reason, the exchange rate and/or interest rate shocks impress the stock returns ( (Ahmad, Ahmad, & Rehman, 2010), (Pirovano, 2012), (Ioannidis & Kontonikas, 2008)). Few researchers consider the joint movement of stock prices, exchange rates, and interest rates, unlike others ( (Andries, Alin Marius; Ihnatov, Iulian; Tiwari, Aviral Kumar, 2014), (Gupta, Chevalier, Sayekt, & others, 2001), (Hamrita & Trifi, 2011), (Mok, 1993)). The first study’s main objective is to investigate the structure of the dynamic correlation of stock return, exchange rate, interest rate, and trade balance differences in crisis periods using wavelet coherency analysis. 
Furthermore, various studies in the literature explore the derivative financial instrument called credit default swap (CDS) and stock exchange relations during crisis periods. CDS is one of the successful financial invitations of the last few years due to its use as a risk perception indicator by analysts, governments, and decision-makers (Asandului, Mircea; Lupu, Dan; Claudiu, Gabriel; Musetescu, Radu, 2015). From local or regional events to global events, they can influence by many various factors. Therefore, sovereign CDS is used to establish a connection between financial crises and sectoral default probabilities. The second study’s main objective is to investigate the co-movement of the real sector default probabilities and CDS in crisis periods using wavelet coherency analysis.
MATERIALS and METHODS 
This study consists of three independent parts. For this reason, materials and methods are mentioned separately.
Chapter 1
The first part of the study analyzes stock returns’ co-movements with other leading indicators in crisis periods with multiple and quadruple wavelet coherence using Turkey’s interest rate, exchange rate, and trade balance differences. The data are collected monthly from October 1990 to March 2015, which is 294 observations. All the series are expressed as log-difference returns and expressed as: ; where  is the return in percent and  and  denote the closing price on time  and , respectively.  
	Firstly, preliminary analyses are done for all variables to illustrate series characteristics. Considering preliminary analysis flowing tests are evaluated: normality, autocorrelation, stationary, heteroscedasticity, and correlation between variables. The continuous wavelet transform (CWT) analysis is applied for univariate analysis to better view for crisis period. Next, the cross-wavelet (XWT) and wavelet coherence (WTC) analyses are employed to understand the dynamic co-movement between series. In addition, multiple (MWC) and quadruple (QWC) wavelet coherence analyses are used to understand high dimensional relationships. Finally, the scale-by-scale forecasting procedure is proposed, and selected crisis regions in quadruple wavelet coherence are used for the forecasting. 

Chapter 2
The second part examined the multifractal characteristics of sectoral default probabilities of the real sector in Turkey and Turkey’s sovereign CDS rates by detrended fluctuation analysis. The data sources are divided into two parts, and the data covers the period between January 2001 and March 2018. The first is the real sector firm’s quarterly balance sheet data in BIST 100, and the second one is weekly basis market data which are stock price, interest rate, and CDS rates. The data are collected from Thomson Reuters data services, and 900 observations exist.
	In the first part, real sector default probabilities are calculated using Moody’s KMV expected default frequency methodology. The Reuters sector descriptions are considered to evaluate sectoral default probabilities. The main sectors are Consumer Cyclicals, Industrials, Basic Materials, Consumer Non-Cyclicals, and Utilities. The second part investigates the univariate characteristics of the sectoral default probabilities and CDS series called preliminary analysis. This section mainly focuses on stationarity and fractality; both stationarity tests, which are ADF, PP, KPSS, and PSR, and the Hurst exponents in different methods, are evaluated. The third section examines univariate and bivariate multifractal characteristics, and q-order Hurst exponent and local-pointwise Hölder exponents are calculated. For this reason, comprehensive multifractal studies are employed, consisting of multifractal detrended fluctuation analysis, detrended cross-correlation analysis, and detrended moving average cross-correlation analysis. The following section examines dynamic co-movement using wavelet coherence between different types of Hölder exponents of the sectorial PDs and CDS rates. Finally, the scale-by-scale forecasting procedure is proposed and selected crisis regions in local Hölder exponents wavelet coherence are used for the forecasting.
Chapter 3
The final part of the study introduces a new wavelet methodology to handle multivariate time series dynamic co-movements by extending multiple and quadruple wavelet coherence methodologies.
The squared n-dimensional vector wavelet coherency between series  and other series , , ...,  will be denoted by  (or  and is given by the formula,
	
	(1)


where  denotes the  matrix of the all the smoothed cross-wavelet spectra  which is the smoothed version of . Moreover, where  is a certain smoothing operator.
Corresponding to the matrix , we now consider the matrix  of all the smoothed complex wavelet coherencies , i.e.
	
	(2)


Note that  As , the matrix  is also a Hermitian matrix, i.e. .
Then, we can define the n-dimensional vector coherence by the following formula:
	
	(3)



RESULTS
The Results for Research Question 1
According to the lead-lag relationship, the results of XWT and WTC support together for the 1994 currency crisis. Nevertheless, for the 2001 banking crisis, phase difference results are different. According to Andries et al. (2014) (Andries, Alin Marius; Ihnatov, Iulian; Tiwari, Aviral Kumar, 2014), “cross wavelet describes the common power of two processes without normalization to the single wavelet power spectrum. This can produce misleading results because one essentially multiplies the continuous wavelet transform of two time series.” Because of this, we consider wavelet coherence results.
Table 1 demonstrates that these two crises have structural differences. In the 1994 currency crisis, fluctuations in currency may affect stock, interest rate, and trade balance returns. Unlike the 1994 currency crisis, the 2001 banking crisis was based on interest rate fluctuations and affected Turkey’s whole banking system. Phase difference results confirm this information. These results indicate that macroeconomic fluctuations often appear in crisis periods, as stock and interest rate return fluctuations occurred in Turkey’s crises and provide us information about the reasons for the occurrence of crises.
The Results for Research Question 2
The q-order Hurst, pointwise, and local Hölder exponents are used to define the time series’ fragilities to determine the links between CDS and sectors. In this view, dynamic co-movements between the series are determined by wavelet coherence, taking into account the fragility, trend, and structural changes. The results are presented in Figure 1. The results indicate that CDS explains sectoral default probabilities in many time-frequency domains. As a result of the theoretical and fundamental contrasts between the exponents, the local Hölder exponent is selected to analyze crisis periods. However, according to local Hölder exponents, the co-movement of the CDS and PDs reveals all the financial crises in the analysis period. Another significant finding also discusses the lead-lag relationship: the sectoral default probability is the leading indicator of catching the financial crisis.
The Results for Research Question 3
This study suggests a new econophysics tool, the vector wavelet coherence, that may be useful in investigating dynamic co-movements of multivariate time series. The vector wavelet coherence is defined as the n-dimensional extension of wavelet coherence, multiple wavelet coherence, and quadruple wavelet coherence. Vectorwavelet (Oygur, Tunc; Unal, Gazanfer, 2020) R computer packages facilitate the computations of vector wavelet coherence. 
DISCUSSION and CONCLUSION
Chapter 1
The multiple wavelet coherence and quadruple (Figure 2) wavelet coherence demonstrate that stock returns are explained by exchange rate, interest rate, and trade balance returns in the most time-frequency domain. This finding allows us to analyze stock returns scale by scale and strongly correlated large scales indicating linear behavior. For this reason, we applied multivariate and univariate time series methodologies for predicting stock returns in selected regions. VARMA(1,1) model appears to be the most appropriate model according to forecast performances.
Chapter 2
The CDS versus Consumer Cyclical, Basic Materials, and Utility sectors have been used for large-scale forecasts in the 2008 US subprime mortgage crisis period with the low-frequency determined relations. The scale-by-scale analysis is performed on these views to create panes from local Hölder exponents. Then, we employed multivariate and univariate time series methodologies for 12-step- ahead (three months) prediction of the local Hölder exponents in chosen regions. The vector-type models perform better for modeling the macroeconomic series. Because the series show multifractal characteristics, the vectoral autoregressive fractionally integrated moving average model (VFARIMA) is established to be better than the benchmark models, which are FARIMA, VARMA, and ARMA in all selected windows.
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TABLES
[bookmark: _Toc51746323] Table 1. Phase difference results.
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	XTC
	WCT
	XTC
	WTC

	S & Ex
	leading
	leading
	leading
	lagging

	S & Int
	lagging
	lagging
	lagging
	leading

	S & T
	lagging
	lagging
	lagging
	lagging

	Ex & In
	lagging
	lagging
	leading
	lagging





FIGURES
Figure 1. The wavelet coherences of all series.
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(a) WTC: CDS versus Consumer Cyclicals
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(b) WTC: CDS versus Industrials
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(c) WTC: CDS versus Basic Materials
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(d) WTC: CDS versus Consumer Non-Cyclicals
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(e) WTC: CDS versus Utilities

Figure 2. Quadruple wavelet coherence
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