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Abstract

Grasping the dynamic interdependence of credit defaults is important to successful portfolio risk
management and systemic risk assessment. Though useful in modeling joint default behavior,
traditional copula models may assume a static dependence structure that does not reflect the
changing nature of credit market linkages. The paper proposes a Time-Varying Copula Network
(TVCN) model that can be used to model and visualize time-varying default correlations in credit
portfolios. The proposed framework enables the detection of changes in the systemic connectivity
and contagion pathways by temporal shifts in dependence modeling, which can be combined with
a network representation. To estimate the time-varying copula parameters, a state-space model is
used and the parameters are updated in a recursive model. The empirical model based on credit
default swap (CDS) data show that the TVCN approach is effective to observe non-linear and
asymmetric effects, particularly when financial stress arises. Findings indicate that the correlation
with default is not fixed, but varies in response to macroeconomic shocks, liquidity constraints,
and interlinkages between sectors. This dynamic definition offers better understanding into
portfolio diversification, stress testing, and risk concentration patterns than their static

counterparts.

Keywords: Time-Varying Copula, Credit Risk, Default Correlation, Network Modeling, Systemic

Risk, Credit Default Swaps, Financial Contagion

I. Introduction

The use of credit risk modeling has become a core component of contemporary financial stability
analysis, especially in the wake of global financial crises that have revealed the inadequacy of
conventional risk assessment instruments. An important issue in credit portfolio management is the
relationship between defaults in different firms or industries and how this relationship changes

with time. Constant default correlations, usually implicit in a static copula model, are not suitable
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for capturing the dynamic and complex nature of financial markets, in which dependencies may
vary with changing economic, sectoral, and systemic conditions (Crook and Bellotti, 2010; Zhang,
X., Liu, Zhao, and Zhang, 2021).

The standard copula-based models are commonly used to estimate joint default probability and tail
risk in credit portfolios. Their fixed structure however limits their time varying market behavior.
To address this shortcoming, more recent literature suggests that time-varying copula models that
enable time-varying correlational structure among credit entities would be a suitable remedy (Li
and Cheruvelil, 2019; Jakob, 2022). These models both represent non-linear dependence structures
and better represent the changing relationships among financial instruments. As an example,
Zhang et al. (2021) revealed that the addition of time variation to copula parameters leads to a

significant improvement in default dependence estimation in varying credit market conditions.

The need to model dynamic dependence structures in complex systems is also emphasized in
recent works in related fields. In neuroscience, e.g., Lee and Kim (2019) have applied copula-
based time-varying correlation methods to capture dynamic connectivity patterns in brain networks
which they highlight as being flexible to non-stationary relationships. This methodological shift
follows the changes in finance, where market relations are dynamic by nature and frequently
subject to systemic shocks, regulatory changes, and behavior.

Caught in this observation, scholars have increasingly sought to use the concept of networks in
their pursuit of describing the interconnectedness and contagion effects of financial systems.
Copula-based network models enable a more granular understanding of the pathways through
which risk propagates across entities (Zhang, Z., Zhang, Wu, & Ji, 2021). Wen, Weng, and Cao
(2020) further emphasized that time-varying tail dependence networks can effectively reveal
dynamic contagion channels among financial institutions, particularly during periods of stress.
Similarly, Jang, Pan, and Park (2021) demonstrated the utility of dynamic copula-based
approaches in measuring systemic risk, showing that such frameworks outperform static models in

identifying temporal changes in risk concentration.

Furthermore, empirical findings indicate that credit market dependencies exhibit non-linear and
asymmetric behaviors that intensify during economic downturns (Shahzad, Nor, Kumar, & Mensi,
2017; Xu, Qi, Li, & Ding, 2021). These studies suggest that ignoring temporal variation in

dependence can lead to underestimation of systemic risk and misallocation of capital buffers.
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Consequently, there is a pressing need for models that integrate both time dynamics and network

structure to accurately capture the evolution of credit default correlations.

In this context, the present study proposes a Time-Varying Copula Network (TVCN) framework to
model and visualize dynamic default dependencies across credit portfolios. The framework
integrates time-varying copula estimation with network topology analysis to represent evolving
correlations as a dynamic network of inter-firm linkages. This approach not only enhances the
understanding of how default risks co-move over time but also identifies potential contagion

channels and systemic vulnerabilities in the credit market.

Il. Literature Review

2.1 Overview of Default Correlation Modeling

Modeling default dependence has long been central to credit risk analysis, as it underpins portfolio
loss estimation, risk aggregation, and systemic contagion assessment. Traditional copula-based
models, such as the Gaussian and Student-t copulas, have been widely employed to capture the
joint distribution of default events across obligors. However, static copula models are limited by
their assumption of constant dependence parameters, which neglect the dynamic and nonlinear
nature of financial markets. As market conditions evolve especially during crises, default
correlations exhibit significant temporal variation, motivating the need for time-varying copula

frameworks.

Crook and Bellotti (2010) were among the first to emphasize the importance of dynamic models
for default risk, demonstrating that default probabilities and their correlations fluctuate over time
due to macroeconomic and borrower-specific factors. Subsequent studies have extended this
insight into the realm of copula modeling, proposing adaptive mechanisms that capture the

evolving structure of credit dependencies.

2.2 Time-Varying Copula Models in Credit Risk

Recent studies have demonstrated the superiority of time-varying copula approaches in capturing
dynamic interdependencies in financial systems. Zhang et al. (2021a) investigated financial
derivatives and default dependence using a time-varying copula framework, highlighting that
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default correlations respond asymmetrically to changing market volatility. Similarly, Li and
Cheruvelil (2019) employed a GARCH-DCC-copula model to analyze the correlation effects on
credit default swap (CDS) margins, confirming that dynamic copulas outperform static ones in

tracking market co-movements during stress periods.

Jakob (2022) further extended this research by estimating correlation parameters under time-
varying and nonhomogeneous default probabilities, revealing that correlation heterogeneity is a
key driver of portfolio risk misestimation. The incorporation of time-varying dependence
structures thus improves the predictive accuracy of credit portfolio loss distributions and provides

a more realistic foundation for stress testing.

Lee and Kim (2019) also contributed conceptually by demonstrating, in the context of fMRI
analysis, that copula-based time-varying correlation models effectively capture evolving nonlinear
dependencies—an approach that can be analogously applied to financial systems. Collectively,
these studies underscore that credit risk dynamics are inherently time-dependent and nonlinear,

reinforcing the value of flexible copula structures.

2.3 Copula-Based Networks and Systemic Risk Analysis

Beyond pairwise dependencies, network-based representations of copula relationships have gained
traction in quantifying systemic risk and contagion effects. Zhang et al. (2021b) proposed a
copula-based network approach to examine systemic risk in the Chinese financial system, showing
that financial linkages intensify during crisis periods and that network density reflects market
stress levels. Wen, Weng, and Cao (2020) introduced time-varying tail dependence networks to
capture extreme co-movements among financial institutions, revealing that network topology

evolves alongside risk propagation.

Jang, Pan, and Park (2021) adopted a dynamic copula-based framework to measure systemic risk
across institutions, emphasizing that contagion intensity fluctuates with macroeconomic shocks.
Similarly, Xu et al. (2021) applied a GARCH-time-varying-copula-COVAR approach to study risk
spillover between China’s real estate and financial sectors, identifying substantial time variation in

tail dependence and contagion dynamics.
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Shahzad et al. (2017) provided complementary evidence from U.S. credit markets, demonstrating
that dependence structures and contagion vary across industries, particularly during market
downturns, using wavelet and variational mode decomposition (VMD)-based copula methods.
Collectively, these works illustrate how copula networks provide a powerful lens to visualize,
quantify, and forecast evolving interdependencies in credit systems.

2.4 Toward Time-Varying Copula Networks (TVCNS)

While time-varying copulas and network models have been independently developed, their
integration remains an emerging frontier. The Time-Varying Copula Network (TVCN) framework
bridges these approaches by allowing both temporal evolution and multivariate dependence
visualization within a unified structure. Such models can dynamically map credit linkages, identify

contagion pathways, and detect early signals of systemic vulnerability.

By synthesizing time-varying copula theory (Zhang et al., 2021a; Li & Cheruvelil, 2019) with
network-based systemic risk modeling (Zhang et al., 2021b; Wen et al., 2020; Jang et al., 2021),
the TVCN approach provides a more granular understanding of the spatio-temporal evolution of
default correlations. This integration addresses critical research gaps, offering enhanced

interpretability and predictive power for credit portfolio risk management.

Table 1. Summary of Key Studies on Time-Varying Copula and Network
Approaches in Credit Risk

Author(s) | Year | Methodology Application/Context | Key Findings

Crook & | 2010 | Dynamic default | Consumer loan | Default risk parameters

Bellotti models portfolios vary significantly over
time

Li & [ 2019 | GARCH-DCC- | CDS margin analysis | Time-varying copulas

Cheruvelil copula capture nonlinear

Page | 20 Multidisciplinary Innovations & Research Analysis



Pages:16-37
Volume-1V, Issue-1V (2023)

Multidisciplinary Innovations & Research Analysis https://openviewjournal.com/index.php/mira

dependence under stress
Lee & Kim | 2019 | Copula time- | Functional MRI | Demonstrated flexible
varying connectivity dynamic dependence
correlation estimation
Wen, 2020 | Time-varying tail | Financial institutions Network structure reveals
Weng & dependence dynamic systemic
Cao network interlinkages
Zhang et al. | 2021a | Time-varying Default dependence via | Default correlations are
copula model derivatives asymmetric and time-
dependent
Zhang et al. | 2021 | Copula-based Chinese financial | Network topology reflects
b network model system systemic risk evolution
Jang, Pan|2021 | Dynamic copula | Interbank contagion Contagion intensity varies
& Park systemic risk with macro shocks
model
Xu et al. 2021 | GARCH-time- Real estate—finance | ldentified temporal shifts
varying-copula- spillover in tail dependence
COVAR
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Jakob 2022 | Time-varying Credit portfolio | Captured
correlation modeling nonhomogeneous and
estimation evolving default
correlations

Despite significant progress, several limitations persist. Most existing models focus on either time-
varying copulas or network topologies, rarely integrating the two in a dynamic, high-dimensional
setting. Furthermore, few studies explicitly model the temporal evolution of default correlation
networks across sectors or institutions. The proposed TVCN framework addresses these gaps by
dynamically capturing multivariate dependence structures and mapping their network evolution
over time offering deeper insights into systemic vulnerability and contagion transmission within

credit portfolios.

I11.  Methodology

3.1 Conceptual Framework

The methodological framework integrates time-varying copulas and network modeling to capture
dynamic default correlations among credit portfolio constituents. Traditional static copula models
assume constant dependence parameters, which fail to reflect evolving market dynamics and
systemic risk transmission (Zhang et al., 2021; Crook & Bellotti, 2010). To overcome this
limitation, this study develops a Time-Varying Copula Network (TVCN) framework that enables
temporal tracking of interdependencies between firms or sectors based on their default

probabilities.
The TVCN approach consists of three major stages:

1. Modeling marginal default probabilities for each entity using dynamic credit risk models.

2. Estimating time-varying copula parameters that capture evolving dependence structures.
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3. Constructing network representations where nodes denote credit entities and edges denote

dynamic  pairwise  dependencies derived from the copula  parameters.

3.2 Modeling Marginal Default Probabilities

The first step involves estimating the marginal default probabilities for each firm or credit entity. Following
Crook and Bellotti (2010), a time-varying logistic regression and GARCH-based approach are employed to
capture dynamic risk evolution in default behavior. For each entity i, the conditional default probability at

time t is modeled as:

1
l + g~ [Q, _.SI )L'.'.n' )

P =

where X; ; denotes the firm-specific and macroeconomic risk factors (e.g., leverage ratio, CDS spread

volatility, and interest rate changes), while parameters «; and 3; evolve over time to account for changing

credit risk dynamics.

The residuals from these marginal models are transformed into uniform pseudo-observations via the

probability integral transform (PIT), forming the input for copula estimation (Li & Cheruvelil, 2019).

3.3 Time-Varying Copula Estimation

To capture the evolving dependence between defaults, the study employs a time-varying copula structure,
allowing the correlation parameter to change over time (Zhang et al,, 2021; Jakob, 2022). Specifically, a
Dynamic Conditional Correlation (DCC)-Copula framework is applied to link standardized residuals u; ; and

u; ¢+ from marginal models:

n

Celurg, ..., ung|0) = H filuig) - co(FyH(ung), oy By HNtng); 05)
Pl

where ¢;(-) is the copula density function and #; represents time-varying dependence parameters. The DCC

specification (Li & Cheruvelil, 2019; Xu et al., 2021) allows these correlations to evolve as:
Qf = (]_ — {1 — b)'@ + G(Ef_lffl_l) + be—l
R, = diag(Q)~"/?Q.diag(Q) ™

where a and b control short- and long-term memory effects, C_) is the unconditional covariance matrix, and

R; is the time-varying correlation matrix.

Following Wen, Weng, and Cao (2020) and Lee and Kim (2019), the dynamic correlations are mapped into a

network structure, where each pairwise p;; ; defines the edge strength between nodes i and j.
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3.4 Construction of Time-Varying Copula Networks (TVCN)

In the network representation, nodes represent individual firms or credit sectors, while edges capture

pairwise dependence strengths estimated from the time-varying copula. At each time step, a network Gy =

(V, E}) is constructed, where V' is the set of entities and E} is the set of edges weighted by copula-based

correlations.

The adjacency matrix A; of the TVCN is defined as:

e if g > T
At(?"..:") = { J g

0, otherwise

where 7 is a significance threshold that filters out weak or spurious dependencies (Zhang et al.,, 2021; Jang,

Pan, & Park, 2021).
This dynamic network approach allows for the detection of time-specific clusters, systemic hubs, and

contagion channels, similar to the network-based systemic risk measures in Zhang et al. (2021).

3.5 Systemic Risk and Network Metrics

Following Jakob (2022) and Zhang et al. (2021), key network metrics are computed over time to

analyze systemic evolution, including degree centrality, betweenness centrality, clustering

coefficient, and eigenvector centrality. These measures identify the most influential entities and

periods of heightened contagion.

Table 2. Summary of Key Network Metrics in TVCN Framework

Metric Symbol Definition / Formula Interpretation in Credit Networks

Degree Centrality D; D; = E_r' Ai(i, 7) MNumber of strong default

dependencies of firm {

Betweenness Centrality B; B, =% Zuld) Measures firm i's role in mediating

contagion paths

Clustering Coefficient C; C; = T ,f_]: T Local interconnection level; systemic
clustering

Eigenvector Centrality E; E;, = L\ z_,; A (i, §)E; Influence of node i in the overall
default network

MNetwork Density 5, (N\delta_t = \frac{2 E_t

Reference

Zhang et al. (2021)

Jang et al. (2021)

Wen et al. (2020)

Jakob (2022)

H
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3.6 Validation and Robustness Checks

To ensure robustness, the time-varying copula parameters are estimated using multiple copula
families (Gaussian, Student-t, and Clayton) to capture both symmetric and tail dependencies (Wen
et al., 2020; Shahzad et al., 2017). The model’s stability is tested using rolling-window analysis
and likelihood-based information criteria (AIC/BIC) for optimal copula selection. Additionally, the
time-varying correlations are benchmarked against static and homogeneous copula models to

evaluate improvement in capturing dynamic default linkages.

IV. Empirical Application

4.1 Data and Sample Description

The empirical analysis employs a dataset of daily Credit Default Swap (CDS) spreads for a diverse
portfolio of financial and corporate entities spanning the period January 2015 to December 2022.
The dataset includes major firms across the banking, energy, manufacturing, and technology
sectors, representing a broad cross-section of global credit markets. CDS data were chosen due to
their strong sensitivity to credit conditions and their suitability for modeling default correlations
(Li & Cheruvelil, 2019). The sample was filtered to ensure liquidity and consistency, removing

entities with excessive missing data or inactive trading periods.

To control for macroeconomic influences, variables such as the VIX index, interest rate spreads,
and equity market volatility were incorporated as exogenous factors. These indicators were used to
contextualize periods of market stress and to interpret changes in the dynamic default correlations
across time (Zhang, X., Liu, Zhao, & Zhang, 2021).

4.2 Construction of the Time-Varying Copula Network

The modeling process begins with estimating the marginal distributions of individual CDS returns.
Each series was modeled using a GARCH-type volatility model to capture conditional
heteroskedasticity, followed by transformation into uniform margins through the probability
integral transform. This ensures that the dependencies across entities are isolated from marginal
behaviors, following best practices in dynamic copula modeling (Crook & Bellotti, 2010; Xu, Qi,
Li, & Ding, 2021).
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Next, pairwise dependencies among entities were estimated using time-varying copulas
specifically, the Gaussian and Student-t copula families which can flexibly accommodate
symmetric and tail dependencies. The copula parameters were modeled as time-dependent
functions, allowing for dynamic adjustment to market conditions (Lee & Kim, 2019). The resulting
dependence parameters were then organized into a network structure, where nodes represent credit

entities and edges represent estimated time-varying dependencies.

This Time-Varying Copula Network (TVCN) provides a graphical representation of how inter-firm
default linkages evolve through time. Following the approach of Zhang, Z., Zhang, D., Wu, and Ji
(2021), the network structure was recalibrated in rolling windows to detect shifts in systemic

interconnectivity during calm and stress periods.

4.3 Dynamic Behavior of Default Correlations

The TVCN framework reveals that default correlations are highly dynamic and asymmetric across
sectors. During stable market periods, the network remains relatively sparse, with weak inter-
sector dependencies. However, during episodes of financial stress such as the COVID-19
pandemic shock (2020-2021) the network becomes denser and more interconnected, indicating
heightened systemic risk. This aligns with prior findings that dependence structures in credit
markets intensify under stress, suggesting contagion effects and risk clustering (Wen, Weng, &
Cao, 2020; Jang, Pan, & Park, 2021).

A closer examination of the tail dependencies indicates that financial institutions and energy firms
exhibit stronger co-movement in default risk, particularly during periods of global liquidity
tightening. This finding supports the argument that sectoral concentration amplifies systemic
exposure (Shahzad, Nor, Kumar, & Mensi, 2017). The banking sector often emerges as a central
node in the network, consistent with its role as a conduit for contagion in credit markets (Jakob,
2022).

Figure 1: Time-Varying Copula Network of Default Correlations (2015-2022)
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Time-Varying Copula Network of Default Correlations (2015-2022)

Pre-crisis Crisis Recovery
(2018) (2020-2021) (2022)

O Dracide lines-varying dependencies

O Finance @ Technology @ Healthcare @ Manfacturing

The network visualizations reveal structural transitions that correspond closely with
macroeconomic and financial shocks. For example, during the pandemic period, the network’s
average clustering coefficient and density surged, implying higher systemic connectivity and a
reduction in diversification potential. Post-2021, as global liquidity conditions improved,

interdependencies gradually weakened, restoring the modular structure of sectoral relationships.

4.5 Comparative Analysis and Validation

To validate the robustness of the TVCN framework, results were compared against both static
copula models and Dynamic Conditional Correlation (DCC) benchmarks. The time-varying copula
approach exhibited superior flexibility in capturing evolving dependencies and tail co-movements,
consistent with findings from Zhang et al. (2021) and Li & Cheruvelil (2019).

Moreover, sensitivity analyses confirmed that neglecting time variation in dependencies leads to
underestimation of portfolio credit risk and misidentification of systemic hubs, a result also

emphasized in previous studies (Crook & Bellotti, 2010; Jakob, 2022). These results underscore
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the importance of incorporating dynamic, non-linear dependence structures in modern credit risk

frameworks.

4.6 Discussion of Findings

The empirical evidence supports the hypothesis that default correlations are time-dependent,
asymmetric, and structurally adaptive to market stress. The TVCN framework effectively captures
these features, revealing that the structure of inter-firm dependencies is not constant but shifts
according to broader economic and liquidity conditions. The implications are twofold: (1) risk
management models relying on static assumptions may severely underestimate contagion risk, and
(2) regulators and financial institutions should monitor time-varying network centralities to detect

early signals of systemic vulnerability.

These insights echo the conclusions of prior research emphasizing the need for dynamic, high-
dimensional dependence modeling in financial systems (Zhang et al., 2021; Wen et al., 2020).
Ultimately, the integration of copula dynamics with network theory provides a powerful lens for
analyzing how credit contagion evolves in real time, improving both portfolio resilience

assessment and macroprudential surveillance.

V. Results and Discussion

5.1 Overview of Empirical Estimation

The Time-Varying Copula Network (TVCN) framework was applied to a panel of Credit Default
Swap (CDS) spreads across multiple sectors, including banking, energy, manufacturing, and
technology, covering the period 2015-2023. Marginal distributions were modeled using dynamic
GARCH-type specifications to capture volatility clustering, while the copula parameters were
allowed to evolve through a state-space structure, following the approach of Zhang et al. (2021)
and Li and Cheruvelil (2019). This configuration ensured that both linear and nonlinear
dependencies were captured, and that temporal fluctuations in credit interlinkages could be
effectively monitored.

5.2 Dynamics of Default Correlations

Page | 28 Multidisciplinary Innovations & Research Analysis



Pages:16-37
Volume-1V, Issue-1V (2023)
Multidisciplinary Innovations & Research Analysis https://openviewjournal.com/index.php/mira

The results reveal strong time-variation in default correlations across the portfolio, particularly
during episodes of financial stress such as the COVID-19 pandemic in 2020 and subsequent
inflationary shocks in 2022. During stable market conditions, dependence among entities remained
modest, suggesting that idiosyncratic risks dominated. However, as volatility intensified,
correlations sharply increased, indicating a pronounced rise in systemic interconnectedness. This
finding aligns with prior research showing that dependence structures in credit markets are highly
sensitive to macro-financial shocks (Crook & Bellotti, 2010; Jakob, 2022; Jang, Pan & Park,
2021).

The estimated Kendall’s tau values derived from the time-varying copulas fluctuated between 0.15
and 0.72 across sectors, confirming significant dynamic behavior. The average correlation during
crisis periods was nearly double that observed during normal periods, consistent with contagion
effects identified in Shahzad et al. (2017) and Wen, Weng & Cao (2020).

Pandemic
Inflation Shocks

Sector-level Kendalll’s Tau Correlation (2018-2022)
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o
c
[
Gost
=
2
©
204r
3 ~_/ O
—— Banking
0.3} — Energy ’\/\,
—— Manufacturing
2018 2019 2020 2021 2022 2023
Time (Monthly)

Fig 2: The line graph showing sector-level Kendall’s tau correlations (2018-2022) with clear
trends for banking, energy, and manufacturing. Major events like the 2020 pandemic and 2022
inflation shocks are marked with vertical dashed lines for emphasis.

5.3 Network Topology and Systemic Connectivity

The network representation of dependencies offers deeper insight into structural dynamics of credit
interlinkages. Each node represents a firm or sector, while edges reflect significant time-varying
copula correlations exceeding a statistical threshold. The resulting networks were analyzed over

rolling windows to trace systemic evolution.
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During tranquil periods (e.g., 2017-2019), the network appeared sparse and modular, with weak
cross-sector connectivity. In contrast, stress episodes (2020-2022) exhibited denser and more
clustered networks, revealing strong contagion pathways among banks, real estate, and industrial
sectors mirroring patterns observed by Zhang, Zhang, Wu & Ji (2021) in the Chinese financial
system. This transition from sparse to dense topologies highlights how systemic risk can emerge
endogenously as correlations strengthen, reinforcing the findings of Wen et al. (2020) on tail

dependence networks.

Table 3: Summary Statistics of Dynamic Default Correlations by Sector (2015-2023)

Sector Mean Peak Minimum Crisis- Change Rate
Correlation | Correlation | Correlation Year (Crisis VS.

Average Normal)

Banking 0.62 0.87 0.28 0.81 +62%
Energy 0.54 0.78 0.19 0.71 +58%
Manufacturin | 0.47 0.73 0.22 0.65 +54%
g

Technology | 0.39 0.69 0.14 0.57 +46%

Note: Correlations computed using time-varying copula parameters (Student-t copula). Crisis-

year averages correspond to 2020-2022 windows.

This table shows that all sectors experienced marked increases in dependence during stress
periods, with financial institutions leading in both magnitude and persistence. The high persistence
in the banking and energy sectors underscores their role as core contagion hubs, consistent with
earlier network-based risk studies (Zhang et al., 2021; Jakob, 2022).
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5.4 Temporal Regimes and Contagion Transmission

The regime-switching patterns in the TVCN suggest that credit markets oscillate between low-
correlation (diversified) and high-correlation (systemic) regimes. Transitions between these
regimes were often triggered by liquidity shocks or regulatory changes. Such findings are
consistent with Lee and Kim (2019), who emphasize the value of time-varying connectivity

analysis in detecting structural shifts in complex systems.

A closer examination of contagion pathways revealed that banks and large industrial firms act as
primary transmitters of systemic shocks, while technology and healthcare sectors remain relatively
insulated except during global downturns. This heterogeneity highlights the importance of sector-

specific stress testing and dynamic portfolio rebalancing strategies.

5.5 Comparative Performance with Static Copula Models

Comparing the TVCN results with static copula benchmarks revealed that static models
systematically underestimate dependence during turbulent periods. As shown by Zhang et al.
(2021) and Li & Cheruvelil (2019), static assumptions fail to account for structural breaks and
evolving tail dependencies, leading to biased credit risk measures. The time-varying framework
achieved significantly higher log-likelihood values and improved out-of-sample predictive

accuracy, reinforcing its superiority for risk forecasting and portfolio stress testing.

Furthermore, the dynamic copula network approach provided early warning indicators of
contagion buildup weeks before visible market turbulence demonstrating its potential as a forward-
looking risk surveillance tool, echoing findings by Xu et al. (2021) and Jang et al. (2021) on

predictive systemic risk measures.
5.6 Discussion and Implications

The empirical findings underscore that default correlations are inherently dynamic, driven by
macroeconomic volatility, sectoral linkages, and behavioral contagion. Static risk models are
insufficient for capturing these rapid structural shifts. By contrast, the Time-Varying Copula
Network offers a multi-dimensional, adaptive lens through which systemic risk can be

continuously monitored.
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In practical terms, the approach enables regulators and portfolio managers to:

1. Detect early signals of systemic buildup through rising network density and correlation
spikes.

2. ldentify contagion hubs and sectoral vulnerabilities in real time.

3. Enhance credit risk diversification and hedging strategies based on evolving dependence

structures.

These insights align with the ongoing evolution of credit risk analytics toward adaptive, data-
driven modeling frameworks, as recommended by Zhang et al. (2021) and Jakob (2022). The
integration of copula dynamics with network theory provides a powerful foundation for next-

generation financial stability analysis.

VI. Conclusion

This study set out to develop and evaluate a Time-Varying Copula Network (TVCN) framework to
capture the dynamic and complex interdependencies among credit portfolio defaults. The findings
underscore the crucial importance of moving beyond static dependence structures when modeling
credit risk. Financial systems are inherently adaptive, with correlations among default events
continuously evolving in response to market volatility, liquidity shifts, macroeconomic shocks, and
regulatory changes. The proposed TVCN framework successfully integrates time-varying copula
models with network analysis to provide a multidimensional perspective of credit
interconnectedness that evolves over time.The empirical results highlight several important
insights. First, default correlations are not stable but fluctuate across different market regimes,
particularly during periods of financial stress. This finding aligns with previous studies
demonstrating that dependence structures intensify during crises (Zhang et al., 2021; Jang, Pan, &
Park, 2021). The dynamic modeling of correlation parameters enables a more responsive and
accurate assessment of risk exposures compared to static copula or traditional correlation models.
As observed by Crook and Bellotti (2010), incorporating time-varying elements into credit risk
models leads to improved forecasting performance and better identification of risk clusters over
time. Second, by representing credit relationships as a network of time-varying dependencies, the
TVCN framework provides a more intuitive and interpretable view of systemic linkages. Nodes in

the network represent credit entities, while the edges capture evolving copula-based correlations.
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This representation reveals hidden structures of risk transmission and contagion, allowing for the
identification of key systemic entities whose default risks significantly influence others. Such
findings are consistent with the network-based systemic risk studies of Zhang, Zhang, Wu, and Ji
(2021), who emphasized the interconnectedness of financial institutions as a key driver of systemic
vulnerability. Third, the inclusion of copula-based tail dependencies allows the model to detect
asymmetric responses stronger dependence in market downturns than in normal periods reflecting
real-world contagion dynamics (Wen, Weng, & Cao, 2020; Shahzad, Nor, Kumar, & Mensi,
2017). The ability of copulas to capture nonlinear dependence provides an advantage over linear
correlation approaches, especially in identifying co-movements during extreme market conditions.
Moreover, the time-varying estimation of copula parameters, as advocated by Jakob (2022),
ensures adaptability to nonhomogeneous default probabilities and evolving credit environments.
Fourth, integrating state-space and GARCH-DCC approaches for parameter updating enhances
model flexibility and robustness (Li & Cheruvelil, 2019; Xu, Qi, Li, & Ding, 2021).These methods
allow the TVCN framework to adapt automatically to new information and changes in credit
market dynamics to ensure that the dependencies modeled are relevant and represent the present
condition. Likewise, the application of time-varying copula methods to other fields, including
neuroscience (Lee and Kim, 2019), confirms the strength of this methodological framework of
dynamically capturing correlations between complex systems. In general, the results prove that the
Time-Varying Copula Network model is a valuable contribution to the study and treatment of
default correlations in credit portfolios. It lies between conventional, static copula models and
higher-dimensional, more adaptive risk models. Visualizing credit dependencies has not only been
found to improve the precision of analysis but is also useful in risk communication and early
warning detection by visualizing credit dependencies as evolving networks. Practically speaking,
the TVCN structure offers an effective diagnostic instrument to risk managers and policymakers to
monitor fragility in the system, gauge risk of contagion and enhance portfolio diversification
measures. The ability to model and understand dynamic dependencies will increasingly be central
to resiliency and stability as financial systems become more interconnected and complex. Future
studies can build on the case by adding macroeconomic indicators, behavioral finance variables, or
parameter estimation using machine learning to enhance predictive performance and policy
applicability. The TVCN model has shown that default correlations are dynamic, non-linear and
network-based and require a modeling structure with such complexity. This work advances the
recent trend in the context of credit risk modelling and systemic risk analysis, providing credence
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to the value of adaptability and structural sensitivity in contemporary financial modelling (Zhang
et al., 2021; Crook and Bellotti, 2010; Jakob, 2022; Wen et al., 2020; Jang et al., 2021; Xu et al.,

2021), as the time-varying copula models are effectively incorporated into network theory.
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