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Credit default swaps (CDS) are financial products which allow investors to trade and hedge
assets which bear credit risks with a certain ease. They are insurance contracts offering
protection against the default of a corporate or sovereign debt issuer. Basically, the buyer of a
CDS pays the seller an annuity premium, defined as a percentage on the notional hedged i.e.
the CDS spreads. In order to have a first glimpse on the development of CDS markets, we
briefly investigate the figures regarding this financial instrument. Over the last decades, the
CDS displayed large variations with a global maximum at the end of 2007 when its notional
amounts outstanding reached a peak of about USD 62 trillion. The global financial turmoil of
2008-2010 (subprime crisis, sovereign debt crisis in Europe, etc.) had a negative impact on
this market that led to a severe decrease in the notional amounts outstanding (USD 9.9 trillion
by end-2016 BIS, 2017). The trading volume of CDS represents about a third of the total
trading volume of the credit (Avino and Nneji, 2014).
Even though CDS contracts represent a relatively small proportion of the contracts on the
credit derivatives market (less than 3% of the notional outstanding of the total of derivative
products at the end of 2016), they are one of the most interesting and promising derivatives
products. Indeed, they provide us with a good overview of the dynamics of the credit around
the world; the CDS spreads are considered as an alternative and direct measure of default risk
and a good indicator of hedging (Amato, 2005, Longstaff et al., 2011). These characteristics
of CDS help to justify the reasons why CDS have been topics of increasing interest since their
introduction (mid-nineties by JP Morgan) in the financial assets (Broad Index Secured Trust
Offering).
Due to the significance of emerging countries such as Russia in the recent development of the
global real and financial economy, it is essential to have a good perception on the evolution
of the potential default risk regarding these countries. It is also crucial to identify the links
between this asset and its explanatory factors and especially oil as Russia is heavily reliant on
commodities trade. The additional motivation of the analysis of the links between Russia’s
CDS spreads and its determinants such as global risk factors stems from the importance of
trade between Russia and the developed countries. Our motivation to focus the analysis on oil
prices in the determination of sovereign risks stems from the fact that Russia is a large nonOPEC oil exporting country. As such, oil is a key factor for such a country not only in terms
of revenues but also because investors’ perception of sovereign risk (i.e. the risk premium
requested by markets) is likely to shift with oil price swings.
Therefore, it is increasingly interesting to keep checks on the robustness of the links between
Russia’s CDS spreads and its determinants. These investigations could also prove useful for
Gulf Cooperation Council (GCC) countries. Indeed, they recently started emitting increased
volumes of sovereign debt securities (see for example Saudi Arabia). Unfortunately, due to
the lack of reliable data, we are still not able to perform any robust econometric analysis for
these countries.
To our knowledge, the relationships between oil and sovereign risks have not been
systematically explored in the literature over the recent period. From this view point, it is
crucial for both researchers and regulators to identify the channels through which the diverse
factors and especially oil can affect the CDS spreads of large emerging countries and to
evaluate the magnitudes of the effects of these factors of risk.
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The objectives of this paper are fourfold: i) To explore the relations between the CDS spreads
of Russia and its domestic and global risk factors; ii) To disentangle the effects of the risk
factors linked to oil; iii) To test the relevance of the nonlinearity of these relationships; iv) To
check the strength and the robustness of these relationships.
The main questions addressed in this paper are: i) What are the main triggers or drivers for
the CDS spreads dynamics of Russia? ii) Are the effects of oil meaningful and to what extent
do they explain the CDS spreads? iii) Is a nonlinear framework more appropriate to the
investigation of the dynamics of the CDS spreads?
This paper is related to the strand of literature on the pricing and fundamental determinants of
CDS. It complements and extends the body of work based on the seminal paper by Merton
(1974) and on more recent papers by Longstaff et al. (2011), Fender et al. (2012) or Chan and
Marsden (2014).
In particular, we implement a nonlinear model, a Markov-switching model (Avino and
Nneji, 2014) including economic and financial explanatory factors. We will see below that
the hypothesis of the existence of some states in the CDS spreads can be accepted with
confidence at a reasonable level. Due to the introduction of financial and macroeconomic
factors in the framework, we use monthly data over the period spanning from January 2002 to
December 2015.
Our approach is similar to that implemented by Avino and Nneji (2014), Chan and
Marsden (2014) or Alexander and Kaeck (2008) who investigated the influence of economic
and financial factors on North American or European CDS spreads. It differs from the
previous one, as it concerns emerging sovereign CDS spreads and especially scrutinizes the
effects of oil to explain these spreads. Only a few recent papers examine the link between oil
prices on sovereign credit risk but they do not integrate a nonlinear approach.
Bouri et al. (2016) examined the volatility spillovers from commodities to sovereign CDS
spreads for seventeen emerging and six frontier countries using daily data. They found
stronger effects of energy and precious metals volatility on sovereign CDS spreads for these
countries. Using a GARCH-quantile approach, Bouri et al. (2017) also find that the volatility
of commodity/energy markets shapes CDS dynamics in the middle and upper volatility
quantiles of commodities/energy exporters (i.e. Russia). Sharma and Thuraisamy (2013)
analyze the impact of oil price uncertainty on sovereign CDS spreads for eight Asian
countries using some predictability tests. They found that oil price uncertainty increase out
of-sample forecasts of CDS spread for six countries (i.e. Malaysia, Indonesia, Japan, the
Philippines, Vietnam and South Korea). Naifar et al. (2017) run causality-in-quantiles
regressions between sovereign CDS and some risk factors. According to them, the sovereign
CDSs of non-GCC oil-exporting countries and especially Russia are the most affected by oil
prices. Overall, this stream of literature suggests significant spillovers from commodity
markets to sovereign CDS spreads of emerging countries.
We also take into account the recent period including the financial turmoil period, the poor
economic performances phases of Russia, the collapse of oil prices and its recent political
episodes (i.e. the annexing of Crimea by Russia, sanctions etc.).
Our paper contributes to the empirical literature which relates the CDS spreads changes to
the country-specific and global risk factors in both linear and nonlinear frameworks. It
disentangles the effects of oil on the CDS spreads. Furthermore, the nonlinear framework
implemented allows us to distinguish the effects of the determinants of the CDS spreads in
each regime as well as for the country-specific model and the global risk factors-based
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models. One of the practical implications of this study is that investors can have a better
understanding of the dynamics of sovereign CDS spreads of Russia in order to improve the
management of their positions. From a policy-maker perspective, our results can enhance
government monitoring of the factors that impact the risks perceived by financial markets.
The remainder of the paper is organized as follows: Section I discusses the methodological
basis of our approach, provides a brief theoretical background of the model, and presents the
model; Section II describes the data and some descriptive statistics; Section III examines the
empirical results and their economic bedrock and relevance; Section IV outlines a sensitivity
analysis of the estimation results; and Section V sheds light on the main conclusions and
policy recommendations of the paper.
1. Model Specification
1.1. Outline on the relevance of the multi-regime approach in the analysis of CDS spreads
Blommestein and Eijffinger (2012), B and M hereafter, showed how a state-dependency
relationship between the sovereign CDS spreads and its explanatory factors could be derived
(Jeanne and Masson, 2000, J and M hereafter). In other words, the dynamics of the CDS
spreads could be described by a Markov-switching process. Indeed, under some assumptions,
the probability of default (𝑑𝑡 ) can be defined by:
𝑛

𝑑𝑡 = ∑ 𝑞(𝑠𝑡 , 𝑠)𝐹(𝑓𝑡 , 𝑓𝑠∗ )

(1)

𝑠=1

Where:
- 𝑓𝑡 is an index of economic fundamentals at time t;
- 𝑓𝑠∗ is a the critical value of the index under the state s;
- 𝐹(𝑓𝑡 , 𝑓𝑠∗ ) = 𝑃𝑟𝑜𝑏[𝑓𝑡+1 < 𝑓𝑠∗ /𝑓𝑡 ];
- 𝑞(𝑠𝑡 , 𝑠) is the transition probability from current state, 𝑠𝑡 at time 𝑡, to state 𝑠, 1 ≤ 𝑠 ≤
𝑛, at date t+1.
In order to derive a formal relationship between the sovereign CDS spreads and its
fundamental determinants, some additional assumptions are needed:
a) The fundamental index is assumed to be a linear function of some macroeconomic
variables, designated 𝑚𝑣𝑡 (a matrix of macroeconomic fundamentals) (J and M ; ,
B and M):
b) 𝑓𝑡 = 𝛼 𝑇 𝑚𝑣𝑡 ,
𝛼 𝑇 is a transpose vector of scalars. Under this assumption, J and M showed that the
probability of default can be re-written as follows:
𝑑𝑡 = 𝜕𝑠𝑡 + 𝜑 𝑇 𝑚𝑣𝑡

(2)

𝜕𝑠𝑡 , the intercept, is only state-dependent.

4

c) The second hypothesis is that CDS spreads vary under the rational expectations
assumption which enables us to show that the sovereign CDS spreads are determined
by both the probability of default and some macroeconomic variables (designated
𝑜𝑚𝑣𝑡 ) which are not included in 𝑚𝑣𝑡 .
In this respect, the linear equation of the sovereign CDS spreads is:
𝐶𝐷𝑆𝑡 = 𝛾 + 𝜃𝑑𝑡 + 𝜇 𝑇 𝑜𝑚𝑣𝑡

(3)

where 𝛾 is the intercept of the equation 3, 𝜃 is an unknown parameter and 𝜇 𝑇 is a transpose
vector of scalars.
d) Replacing the probability of default in (3) by its expression defined by (2) leads to:
𝐶𝐷𝑆𝑡 = 𝛽𝑠𝑡 + 𝜏𝑚𝑣𝑡 +𝜇 𝑇 𝑜𝑚𝑣𝑡
(4)
where 𝛽𝑠𝑡 = 𝛾 + 𝜃𝜕𝑠𝑡 , the intercept, is state-dependent while the slope 𝜏 = 𝜃𝜑 𝑇 is
time-invariant). Thus, the sovereign CDS spreads dynamics can be described by a
Markov-switching model.
e) B and M also showed that, under an alternative hypothesis, the fundamental index
could be defined by a state-dependent relationship. Under this assertion, it is easy to
show that the slope of the sovereign CDS spreads is also state-dependent. Therefore,
the CDS spreads are driven by a complete (intercept and slope) Markov-switching
model in which the effects of exogenous variables are also time-varying.
This brief presentation confirms the relevance of the Markov-switching model which takes
into account state-dependency in the CDS spreads dynamics. Furthermore, many empirical
studies highlighted some evidence on nonlinearity in credit spreads (Chan and Marsden,
2014; Avino and Nneji, 2014; Alexander and Kaeck, 2008; Davies, 2004).
1.2. The selection of the potential explanatory factors
In this session, we propose a brief guideline of the selection of the potential explanatory
factors (𝑚𝑣𝑡 and 𝑜𝑚𝑣𝑡 , see above) of the model based on the studies published in this strand
of the literature (see Appendix A for a synthetic presentation of the effects of some selected
factors). Some theoretical papers (including Merton’s seminal one) are the baseline of our
analysis. As shown by Blanco et al. (2005) (see also Duffie, 1999 and Hull et al., 2004), CDS
prices and credit spreads are theoretically equivalent. Therefore, the theory related to credit
spreads can also help explain CDS prices or spreads.
Two main approaches are often mentioned to describe credit spreads and CDS or credit
derivative prices:
i) The intensity-based approach that establishes a relation between credit risk and hazard
rates; however, the determinants of the credit risk are not theoretically founded;
ii) The structural approach by Merton which shows that the prices of defaultable securities
are related to the losses or the economic determinants of financial distress regarding the firm.
Basically, Merton’s structural approach involves the processes that drive firm value and the
default threshold associated with the firm.
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Nevertheless, the available empirical results related to the structural model are unclear in
the context of the micro determinants of credit spreads. On one hand, Ericsson et al. (2009),
Zhang et al. (2009), among others, confirm the main conclusions of Merton concerning the
determinants of credit spreads. For example, Ericsson et al. (2009) found that the swap
spreads are related to the firm leverage factor and volatility whereas Zhang et al. (2009)
highlighted the robustness of the relationship between CDS spreads, equity long run
historical volatility and risk on individual firms. On the other hand, the firm-level factors do
not play a significant role in the dynamics of credit spreads in the work of Collin-Dufresne et
al. (2001) who mentioned that the spread changes in corporate bonds are driven by supply
and demand shocks.
In this paper, we focus on the structural approach and its extensions. The factors that drive
changes in the firm value and/or the default threshold are supposed to be the determinants of
changes in the credit spreads. In order to ease the comparison between the countries under
review and due to the availability of the data, we focus on the effects of macroeconomic and
financial factors on the CDS spreads. Indeed, some proxies of general economic conditions
which govern the situation of firms are the fundamental determinants of credit spreads in
structural models (Wu and Zhang, 2008; Tang and Yan, 2010; Annaert et al., 2013). The
sectorial and aggregate risk factors (sector-wide risk at industry-level, economy-wide risk
indicator, or GDP growth volatility, etc.) often intervene as explanatory variables in structural
models of CDS spreads (Ericsson and Renault, 2006; Bhansali et al., 2008; Tang and Yan,
2010).
Firm leverage and liquidity factors also appear as fundamental determinants in this
approach (Coro, Dufour, and Varotto, 2013, Bongaerts et al., 2011, Tang and Yan, 2008).
Factors related to firms’ activity or describing their health are sometimes considered as strong
determinants of CDS spreads (high yields markets, etc.). The characteristics of equity
markets are often considered as relevant explanatory factors in the structural models
(Alexander and Kaeck, 2008). The return on equity markets is a proxy of business conditions.
It is a measure of uncertainty (related to the real activity) which can negatively impact the
firm’s health. Implied volatility is also a good candidate for describing the dynamics of the
equity market in structural models. It should be positively correlated to credit spread.
Lastly, there are relatively few papers specifically designed to the identification of the
determinants of sovereign credit spreads (Edwards, 1986, Duffie et al., 2003, and Zhang,
2008, for example). Besides, some papers showed that sovereign credit spreads are strongly
influenced by global factors, particularly the US factors (Pan and Singleton, 2008, Longstaff
et al., 2011, and Ang and Longstaff, 2013). For instance, Pan and Singleton showed that
credit spreads regarding some emerging countries are strongly related to the implied volatility
of US stock markets. Longstaff et al. (2011) decomposed spreads into expected loss and risk
premium and showed that sovereign risk premium is explained by the US stock market and
high yield markets. Remolona et al. (2008) demonstrated that the expected loss is linked to
country-specific factors and market liquidity, whereas the risk premium is driven by global
investors’ risk aversion. Finally, for Fender et al. (2012) changes in emerging countries’
sovereign CDS spreads were related to global and regional factors. These diverse results are
not contrary but they highlight the need to clarify the role of each global risk factor and
especially what the role of oil prices. Can we disentangle between the effects of oil and other
global/regional risk factors?
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1.3. An empirical Markov-Switching model
The state-dependency of certain variables led to an increasing interest for non-linear models
capable of dealing with switching regimes. As mentioned above, the switching model suits
the CDS dynamics. It allows us to disentangle between the effects of diverse risk factors by
regimes. Thus, according to Coro, Dufour and Varotto (2013), while the firm-specific credit
risk factor impacts the changes in corporate CDS prices in tranquil periods, the effect of this
factor surprisingly vanishes during the period prior to the recent “Great recession”. The MS
models can deal with these dynamics. We then perform a more in-depth investigation of the
Markov-switching (MS) models in order to match this framework to stylized facts drawn
from the descriptive analysis.
The MS models take into account breaks which are governed by a latent variable. The latter
is assumed to follow a Markov process: 𝑆𝑡 , the latent variable is associated with k states, then,
𝑆𝑡 = 1, … , 𝑘. The endogenous variables are related to the latent variable.
The two-state Markov-switching model (𝑆𝑡 = 1, 2 ) is often used in the empirical studies in
order to take into account the nonlinearity introduced by the switching from one state to
another. The detecting and dating business cycle turning points are a good example of the
application for the two-state Markov-switching model.
The Markov-switching (MS (k)) models are considered as extensions of the models that allow
for the linear regression model’s coefficients to be state-dependent. The MS (k) model is laid
out as follows:
𝑦𝑡 = 𝑐𝑆𝑡 + ∑𝑚
𝑙=0 𝜗𝑙𝑆𝑡 𝑥𝑡−𝑙 + 𝜀𝑆𝑡

(5)

Where 𝑦𝑡 is the endogenous variable, 𝑥𝑡 is a matrix of exogenous factors;𝜀𝑆𝑡 the error terms
which are state-dependent; the intercept 𝑐𝑆𝑡 is state-dependent and the exogenous variables
(𝜗𝑙𝑆𝑡 , 𝑙 = 1, … , 𝑚) are also state-dependent.

The hypothesis of state dependency of variance-covariance matrix of 𝜀𝑆𝑡 (∑𝑆𝑡 ) is accepted:1
𝜀𝑆𝑡 ~𝑁(0, ∑𝑆𝑡 )

(6)

The state variable 𝑆𝑡 is assumed to follow a first-order Markov-process. The transition
probability is:
Pr(𝑆𝑡 = 𝑣|𝑆𝑡−1 = 𝑢) = 𝑝𝑢𝑣 (𝑡)

1

McConnell and Perez-Quiros (2000) introduced two main changes in the standard Markov-switching model by assuming that the dynamics
of the mean and the variance are driven by two separate states; furthermore, the state process for the mean depends on the state of variance.
Due to data limitations, we will not implement these previous proposals.
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(7)

𝑝𝑢𝑣 (𝑡) is the probability at time 𝑡 that state u at time 𝑡 − 1 will be followed by state v at
time 𝑡.
Assuming that 𝑝𝑢𝑣 (𝑡) is a function of exogenous observables
exp(𝜑𝑡−1 ′𝛿𝑢𝑣 )

Pr(𝑆𝑡 = 𝑣 |𝑆𝑡−1 = 𝑢) = 𝑝𝑢𝑣 (𝜑𝑡−1 , 𝛿𝑣 ) = ∑𝑘

𝑗=1 exp(𝜑𝑡−1 ′𝛿𝑣𝑗 )

(8)

With the identifying normalization condition: 𝜑𝑣𝑘 = 0. The case of constant probabilities is
handled by choosing 𝜑𝑡−1 = 1.
The transition probability matrix 𝑃𝑡 (𝑘 × 𝑘) at t is defined as follows:
𝑝11 (𝑡) ⋯
⋱
𝑃𝑡 (𝑘 × 𝑘) = 𝑃(𝑡) = ( ⋮
𝑝1𝑘 (𝑡) …
With ∑𝑘𝑣=1 𝑝𝑢𝑣 (𝑡) = 1

where u, v=1,…, k

and

𝑝𝑘1 (𝑡)
⋮ )
𝑝𝑘𝑘 (𝑡)

0 ≤ 𝑝𝑢𝑣 ≤ 1

CDS spreads react faster than bonds to information on the changes in the credit quality (Hull et
al., 2004, Blanco et al., 2005, and Annaert et al., 2013). In addition, our current model is not
devoted to the forecasts but to the understanding of the variations of CDS in order to improve
our interpretation of those changes. Therefore, we impose that the CDS spreads and its main
explanatory variables to be contemporaneous (𝑚 = 0).
The choice of the independent factors (𝑥𝑡 ) is based on the findings of structural model and its
extensions. The exogenous factors include: i) general economic condition factors (GDP growth,
business cycle indicator, commodity prices, government balance, and trade balance, etc.) ; ii)
risk factors (return on local or global equity markets, implied volatility, aggregate liquidity
proxy, for example, the bid-ask spread, the most widely used liquidity proxy) ; iii) firms’
activity indicators (firm specific liquidity proxy, corporate yield, etc.).
Some empirical studies work only on an MS (k)-ARMA (p, q) model which do not include
exogenous factors. Even though Avino and Nneji (2014) examined a structural linear model
in addition to an AR (p) approach, they essentially estimated a MS (k)-AR(p) model in their
paper. In our study, we propose a MS model which combines some statistical properties of
the variables with more structural considerations regarding the financial and economic
behavior of the CDS spreads2. In addition, we aim to focus on the entire historic data in order
to describe the changes of the CDS spreads during tranquil and turbulent periods.
The set of the unknown parameters of the model, Θ, is defined by:
Θ= (𝑐𝑆𝑡 , 𝜗𝑙𝑆𝑡 , 𝜎𝑢𝑣 , 𝑝𝑢𝑣 ) with St = (1, …, k); i = 1, …, p; j = 1,…,q; 𝑙 = 0, ; … , 𝑚;
𝜎𝑢𝑣 = 𝑐𝑜𝑣(𝜀𝑆𝑡 , 𝜖𝑆 ′ ) with 𝜀𝑆𝑡 = 𝑢 , 𝜖𝑆 ′ = 𝑣; 𝑢 = 1, … , 𝑘; 𝑎𝑛𝑑 𝑣 = 1, … , 𝑘
𝑡

𝑡

2
To compare the in-and out-of-sample performances of the linear and nonlinear models, Avino and Nneji (2014) investigated the
predictability of the European CDS spreads. For the perspectives of forecasting exercises, they have simplified the MS approach by
dropping out the exogenous variables of the MS model. Thus, they mitigated the estimation risk due to the short span of the sample timeseries.
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(9)

We estimated the MS model by the maximum likelihood method based on the ExpectationMaximization (EM) algorithm (Diebold et al., 1994).
The log-likelihood function 𝐿𝑛 𝐿(Θ/𝑌𝑡 ) is given by the sum of the log-densities f (.) of the
observations 𝑦𝑡 conditional on the history of the endogenous and exogenous variables
(𝑌𝑡 = {𝑦𝜏 , 𝜏 = 1, … , 𝑡}, 𝑋𝑡 = {𝑥𝜏 , 𝜏 = 1, … , 𝑡}, t = 1, …, T).
𝑇

𝐿𝑛 𝐿(Θ/ 𝑋𝑡 ; 𝑌𝑡 ) = ∑ 𝑙𝑛 𝑓(𝑦𝑡 | 𝑋𝑡−1 ; 𝑌𝑡−1 ; Θ)

(10)

𝑡=1

With
𝑓(𝑦𝑡 | 𝑋𝑡−1 ; 𝑌𝑡−1 ; Θ) = ∑𝑘𝑢=1 𝑓(𝑦𝑡 , 𝑆𝑡 = 𝑢| 𝑋𝑡−1 ; 𝑌𝑡−1 ; Θ) =
∑𝑘𝑢=1 𝑓(𝑦𝑡 |𝑆𝑡 = 𝑢; 𝑋𝑡−1 , 𝑌𝑡−1 ; Θ) ∗ Pr(𝑆𝑡 = 𝑢)
2. Descriptive Analysis
2.1. Data sources and preliminary calculations
We have privileged the monthly data to introduce economic indicators in the framework. We
have focused on the dollar-denominated 5-year maturity for senior unsecured debt since these
contracts are regarded as the most liquid and active segment of the CDS markets. The CDS
spreads data are extracted from Bloomberg over the period July 2003 to June 2017. The
MICEX data (the domestic stock exchange index) and the Rubble – US Dollar exchange rates
are drawn from Bloomberg database.
The global financial markets factors are:
a) For the stock market risks: the Standard & Poor’s 500 index, its implied volatility, the
VIX index;
b) For global rate indicators: the ICE Bank of America Merrill Lynch US Investment
grade spreads versus US treasuries and the exchange rates versus the US dollar;
c) For energy specific factors: the 1-month FoB Brent barrel price quoted in US dollar,
and the London natural gas index price.
The country-specific factors (trade-balance, foreign-currency-reserves, etc.) are extracted
from Datastream. The fiscal balances are provided by the Ministry of Finance of the Russian
Federation. All variables are taken in (monthly) difference or log difference.
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Figure: Russia CDS spreads and crude oil prices
2.2. Stationarity in presence of the different regimes
Evans (1991), among others, shows that the conventional unit root test is not able to detect
the explosive behavior of a variable in presence of some breaks or multi-regime processes.
The Markov-switching Augmented Dickey–Fuller (MS-ADF) tests (Hall et al., 1999; Shi,
2013, see equation 10) are more suitable and powerful than the conventional ADF tests when
data are generated by a multi-regime process. It can provide us with information regarding
the presence of explosive bubbles in the dynamics of the CDS spreads.
In line with the works of Hall et al (1999), we assume that the MS-ADF test is done under
the assumption that the error variances are identical in the two regimes (constant variance
assumption, CV, the MS-ADF-CV is associated with this additional hypothesis). The
alternative MS-ADF test (Shi, 2013) can be performed under the hypothesis that the error
variances are regime-dependent (regime-varying variance assumption, RV). In order to detect
the explosive bubble behavior of the factors under review by using the MS-ADF model, we
privilege the regime-varying assumption which seems more general (MS-ADF-RV). Indeed,
the MS-ADF-CV model is a special case of the MS-ADF-RV (with 𝜎2 = 𝜎1 ).
According to Shi (2013), the specification of the MS-ADF-RV model is:
𝑝

Δ𝑦𝑡 = 𝜇𝑆𝑡 + 𝜙𝑆𝑡 𝑦𝑡−1 + ∑ 𝜓𝑆𝑡,𝑖 Δ𝑦𝑡−𝑖 + 𝜎𝑆𝑡 𝜖𝑡 (10)
𝑖=1

With:
𝜙𝑆𝑡 = 𝜙1 + (𝑆𝑡 − 1)(𝜙2 − 𝜙1 ); 𝜇𝑆𝑡 = 𝜇1 + 𝑆𝑡 (𝜇2 − 𝜇1 );
𝑆𝑡 (𝜓2,𝑖 − 𝜓1,𝑖 ); 𝑝 is the lag order. 𝑆𝑡 is a two −
state variable (𝑆𝑡 ∈ {1,2} )following the common first −
order Markov process.

𝜖𝑡 ~𝑁(0, 1).
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𝜓𝑆𝑡,𝑖 = 𝜓1,𝑖 +

The MS-ADF test is defined as follows.3
- The null hypothesis of the MS-ADF bubble test is 𝜅2 ≡ max(𝜙1 , 𝜙2 ) = 0 versus the
alternative 𝜅2 > 0. The regime with a larger ADF coefficient is referred to as regime 2 and
other is regime 1. If the null hypothesis is rejected then the variable 𝑦𝑡 is explosive (nonstationary) in regime 2.
- To investigate the properties of the variable 𝑦𝑡 in regime 1, we test the following null
hypothesis: 𝜅1 ≡ 𝑚𝑖𝑛(𝜙1 , 𝜙2 ) = 0; the alternative hypothesis is 𝜅1 < 0. The decision
rule is similar to that of the previous test.
Finally, in order to assess the critical values of the MS-ADF test, we implement the
bootstrapping procedures suggested by van Norden and Vigfusson (1998) (see Table 1). The
tests are performed using 1,000 simulated data
In Regime 2, we reject the unit root null hypothesis of 𝜅2 for Russia’s CDS at 5% confidence
level. Furthermore, we accept the unit root null hypothesis in Regime 1 for the CDS spreads at
a credible significance level. Therefore a mixture of a unit root process and an explosive
process prevails. The mixture of these processes confirms the appropriateness of the Markovswitching approach for describing the CDS spreads dynamics for Russia.
TABLE 1: MS-ADF tests for the CDS spreads

Estimates

Russia

Critical Values

Coefficients

MS-ADF

10%

5%

1%

𝜅1

-0.42

-0.08

-15.70

-16.11

-17.25

𝜅2

0.24

1.13

0.89

1.05

1.19

Similar MS-ADF tests are applied to the explanatory factors. The results are comparable with
those of the CDS spreads. We do no present them here but they are available from the authors.
We conclude that the log differences of the CDS spreads and the first-order differences or
log differences of its explanatory factors are each integrated of order 0 (the raw series are
integrated of order 1).
3. Empirical Results
3.1. Baseline models
We choose to model Russia’s CDS spreads with different explanatory factors and
especially with oil prices in the equation driving the regime transition probabilities. We tested
taking into account local/global macroeconomic and financial variables.
As conventional criteria could be biased under the state-dependency hypothesis, before
identifying and estimating the Markov–switching model, we implemented the Markov
Switching Criterion (MSC) (Smith et al., 2006) in the diagnosis procedure.4 Indeed, the MSC
3

For example, See Shi (2013) for an application of these procedures. The simulations are run using the codes provided by Perlin Marcelo on
his site: (http://sites.google.com/site/marceloperlin/matlab-code/).
𝑇 (𝑇 +λ 𝐾)
4
𝑀𝑆𝐶 = −2 ∗ 𝐿𝐿 + ∑𝑘𝑖=1 𝑖 𝑖 𝑖 ; LL is the log-likelihood function associated with the estimation; k is the number of states, Ti is the sum
δ𝑖 𝑇𝑖 −λ𝑖 𝐾−2

of smoothing probabilities of each state i, λi = k and δi = 1 as suggested by Smith et al. (2006).
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can facilitate the selection of both the number of regimes and the lags order in the baseline
equation. Regarding the MSC, the decision rule is: The best specification corresponds to the
lowest MSC in absolute terms.
TABLE 2(1): Markov Switching Criterion (MSC)
MSC
M(1)

-1.55

M(2)-FTP (without oil)

-115.09

M(2)-TVTP

-149.01*

* Indicates the best specification; M (k) means model with k regimes augmented with exogenous variables; FTP
stands for Fixed Transition Probabilities and TVTP for Time Varying Transition Probabilities. In the case of 1
regime, the MSC is equivalent to the AIC.
(1)The models with 3 regimes fail to converge numerically for both FTP and TVTP. Source: authors’
calculations

Table 2 shows that 2-regime model with Time Varying Transition Probabilities prevails.
In order to clarify the representation of the regimes, one can define them as follow:
-

Regime 1 is associated with decreasing CDS spreads and corresponds to a significantly
lower and negative average of the endogenous variable (about -3.5%);
Symmetrically, Regime 2 is associated with a positive average of the explained variable
(+1%);
In both regimes, variance is moderate and close to 0.03;
Out of 168 observations, 55 are associated with Regime 1 while 113 are associated with
Regime 2.

The coefficients of Regime 1 are consistent with theory and intuition and show a mixture of
local/global macro/financial variables as determinants of CDS spreads (see Table 3). In this
regime, better government finance (although the coefficient is close to 0 but significant),
higher local stock market, stronger currency, lower global rate spreads and lower global
market volatility leads to lower CDS spreads. In the opposite, Regime 2 is driven purely by
global financial variables: the exchange rate (here the coefficient is higher than in Regime 1)
and by the US stock market (once again, the coefficient is significantly higher than in Regime
1). Finally, our most interesting finding is that oil prices drive transition probabilities. In
particular, lower oil prices in Regime 2 allow us to stay in this regime during the next period
and vice-versa (see Appendix B). The average expected duration of Regime 2 is 8 months
while it is slightly over 1 month for Regime 1.
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TABLE 3: Estimates of M(2)-TVTP
Regime 1
Regime 2
Government Balance
2.04E-03***
Russian Stock Market
-0.65***
-0.72***
USD/RUB
0.87***
1.36***
US Investment Grade spread vs Treasuries
0.31***
US Stock Market
-0.38***
-1.35*
VIX
0.06***
Intercept
σ²
3E-04 ***
0.01***
Transition Matrix Parameters
Intercept - p1,2
3.08***
Oil - p1,2
Intercept - p2,2
1.06***
Oil - p2,2
-10.1***
Log-likelihood
156.5

***, **, and * denote respectively 1%, 5% and 10% significance. WITH ∑2𝑣=1 𝑝𝑢𝑣 (𝑡) = 1 𝑢 = 1,2
3.2. Does the non- linear framework matter?
A large body of literature has been devoted to the tabulation of theoretical distributions
under the null hypothesis of linear model (Davies, 1987; Cho and White, 2007; Carter and
Steigerwald, 2012). However, the current results on the asymptotical distributions under the
null hypothesis are appropriate under specific conditions. One way to reach an acceptable
result is to use Davies’ linearity tests (Davies, 1987) with approximations to the critical
values. Here, we complete this approach by alternative tests such as the regime classification
measure (RCM) by Ang and Bekaert (2002). The nonlinearity hypothesis is accepted when
the RCM statistic is less than 50. The similarity of the results of Davies and RCM tests could
help make a decision (see Table 4).
The Davies tests show that the MS(2) models (including macroeconomic and financial
factors) with time varying transition probabilities dominate the others. The RCM statistics are
weaker or close to 50 for all models. These results validate the relevance of the two-regime
hypothesis. In addition, the estimation of the MS models with time varying transition
probabilities and alternative variables confirms the existence of two regimes for the CDS
spread dynamics of Russia. In any case, our baseline model seems preferable to those
alternates.
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Table 4: Non-linearity Tests

RCM

Davies’ tests

MS(2)-FTP without oil

45.89

MS(2)-TVTP

42.05

MS(2)-TVTP with alternative variables

43.54

MS(2)-TVTP on oil trend

32.73

MS(2)-TVTP on natural gas

11.91

MS(2)-TVTP until Dec. 2015

44.16

MS(2)-FTP without oil

1.11

MS(2)-TVTP

1.14

MS(2)-TVTP with alternative variables

1.12

MS(2)-TVTP on oil trend

1.12

MS(2)-TVTP on natural gas

1.14

MS(2)-TVTP until Dec. 2015

1.14

MS(2) means model with 2 regimes augmented with exogenous variables; FTP stands for Fixed Transition
Probabilities and TVTP for Time Varying Transition Probabilities. Davies’ tests for the null of a linear equation
model with exogenous variables.
Source: authors’ calculations

3.4 Sensitivity analysis
To examine the robustness of our models, first, we estimate a less flexible MS(2) in which the
transition probabilities are fixed (FTP) without oil in the regressors; second, we run a MS(2)
model with TVTP including alternative variables : MSCI Russia instead of MICEX, exchange
rate versus the euro instead of US dollar, US High Yield spreads instead of Investment
Grade, MSCI World index instead of S&P 500 index and the VStoxx (implied volatility on
Euro Stoxx) instead of Vix; finally we estimate our baseline model until December 2015. The
models are compared with the baseline model presented in the previous session. Finally, we
substituted oil prices by oil price trend and natural gas prices in the equations of transition
probabilities. Although these estimations exhibit superior RCMs, both variables are not
significant in these equations. In addition, in both cases, one regime seems over-identified
with all exogenous coefficients significant at the 5% level. As a consequence, we stick with
our baseline model. All results and statistics from the estimated models are not presented here
but are available on request.
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All in all, standard tests indicate that our baseline model is rather robust; our choice of
exogenous variables, the time varying transition probabilities (see Appendix B) framework
and the inclusion of oil in the model seem relevant. It is also worth mentioning that the results
hold when taking a shorter data sample (until December 2015), with quite stable coefficients
(see Appendix C).

5. Conclusion
A Markov-switching approach seems appropriate to examine CDS spreads dynamics for
Russia. Indeed, we isolate two states driven by macroeconomic and financial factors. In the
case of Russia, there are macroeconomic and financial factors which impact the CDS spreads.
In particular, we notice that one regime is driven by both macroeconomic and financial factors
while another is driven only by financial factors. Notably, the effects of financial factors
(domestic and global: corporate yield, stock markets returns and implied volatility) comply
qualitatively with the findings of Chan and Marsden (2014).
Furthermore, our economic intuition is confirmed since the inclusion of oil in the modelling is
relevant. Furthermore, we find that oil plays a key role in the determination of Russia’s CDS
spreads as it is driving the transition probabilities from one state to another. These findings are
confirmed by some robustness checks.
One of the main implication from our analysis is that large oil exporters such as Russia need
to pay close attention to oil prices since lower prices on top of lower revenues from exports
also implies higher risks premiums hence higher debt service. With this in mind, Russia’s
participation in the recent OPEC production limits appears as a reasonable strategy. GCC
countries and especially Saudi Arabia, which have been increasingly emitting debt after the
oil price collapse of 2014, can also integrate these findings in their analytical framework.
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Appendix A – Explanatory factors of Russian CDS spreads
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Table A - Expected Effects of Some Determinants of CDS

Explanatory factors

Expected sign

Corporate Yield

+

Forex Reserves

-

Fiscal Balance

-

Stock Mkt. (return)
Local

- (Longstaff et al. 2011)

Global (euro, USA)

+ (Fender et al. 2012, during the crisis period)

Implied Volatility

+

Policy Uncertainty

+

Exchange Rate

+

Oil / natural gas

-

Source: authors’ synthesis
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APPENDIX B – SMOOTHED PROBABILITIES OF REGIME 2 AND CDS SPREADS
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Shaded areas correspond with regime 2

Appendix C - Estimates of MS(2)-TVTP Model UNTIL Dec. 2015
Regime 1
Regime 2
Government Balance
1.96E-03***
Russian Stock Market
-0.67***
-0.70***
USD/RUB
0.84***
1.38***
US Investment Grade spread vs Treasuries
0.30***
US Stock Market
-0.38***
-1.29**
VIX
0.07***
Intercept
σ²
2.89E-04 ***
0.01***
Transition Matrix Parameters
Intercept - p1,2
Oil - p1,2
Intercept - p2,2
Oil - p2,2
-9.62*
Log-likelihood
127.77

***, **, and * denote respectively 1%, 5% and 10% significance.
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