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1. Introduction

Reinsurance constitutes a fundamental mecha-
nism for risk transfer in the insurance industry.
Through this process, insurers mitigate under-
writing risk, reduce earnings volatility and op-
timize capital requirements. However, reinsur-
ance contracts introduce exposure to Reinsur-
ance Counterparty Credit Risk (RCCR), namely
the risk that the reinsurer defaults prior to hon-
oring its obligations. Following the 2008 finan-
cial crisis, counterparty credit risk became cen-
tral in financial regulation. In the banking sec-
tor, the Credit Value Adjustment (CVA) is now
a standard component of derivative pricing and
capital calculation frameworks. In contrast, the
systematic application of CVA methodologies to
reinsurance contracts remains comparatively un-
derdeveloped, despite the explicit recognition of
counterparty default risk under Solvency II. The
purpose of this thesis is to develop a math-
ematically rigorous and numerically tractable
reduced-form framework for the valuation of
RCCR via CVA. The model builds upon the
approach introduced in Value Adjustment and
Dynamic Hedging of Reinsurance Counterparty
Risk by Claudia Ceci, Katia Colaneri, Riidiger
Frey and Verena Kock (2020) [2], extending it
along two main dimensions, namely introducing

both a stochastic mean-reverting claim arrival
intensity and a regime-switching default inten-
sity. The thesis combines rigorous theoretical
derivations, a characterization of the valuation
problem through a system of coupled Partial
Integro-Differential Equations (PIDEs), and a
detailed numerical comparison between Monte
Carlo simulation and finite-difference methods.
Within this framework, stochastic claim inten-
sity, regime-switching default dynamics and con-
tagion effects are jointly incorporated, and their
quantitative implications for the level and sensi-
tivity of the CVA are rigorously evaluated. The
findings highlight the quantitative relevance of
dynamic intensity modeling and confirm the nu-
merical robustness and efficiency of the PIDE
framework for practical CVA computation.

2. Theoretical Framework for
RCCR

The modeling framework is developed on a fil-
tered probability space (2,3, (Gt)t>0, Q), where
Q denotes the risk-neutral measure. The rein-
surer default time 7% is modeled in reduced form
as the first jump time of a Cox process with
stochastic intensity A. Denoting by

HtI% - 1{7'R§t}



the associated default indicator process, the sur-
vival probability conditional on the reference fil-
tration satisfies

t
Q(TR >t | Fy) =exp <—/0 Afds) .

This intensity-based approach ensures analyti-
cal tractability and is consistent with the classi-
cal credit risk framework developed in On Cozx
Processes and Credit Risky Securities by David
Lando [3] and in Credit Risk: Modeling, Valua-
tion and Hedging by Tomasz Bielecki and Marek
Rutkowski [1].

Aggregate insurance losses are modeled as a
compound process

N
Lt = Z Zl'a
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where N is a counting process with stochastic
intensity A\’ and Z; are i.i.d. claim severities.
This specification allows the claim arrival inten-
sity to evolve stochastically, capturing clustering
effects and time-varying underwriting risk.

The default-free value of a reinsurance contract
with terminal payoff ¢(Lr) is given by
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The Credit Value Adjustment is defined as the
discounted expected loss due to reinsurer de-

fault:
T
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where 6% denotes the loss given default. Un-

S
der Markovian assumptions, the CVA admits
the representation

CVA; = 6% — HE) fOVA(, Ly, X4, YY),

where the deterministic function fOVA satisfies

a backward Partial Integro-Differential Equation
(PIDE). This characterization provides us with
the theoretical foundation of the thesis.

3. Extension of the Baseline
Model

The second chapter of the thesis develops the
core modeling contribution of the work by ex-
tending the framework introduced in Ceci et al.
(2020).

The claim arrival intensity is modeled as a func-
tion AL(X) of an Ornstein-Uhlenbeck factor X
solving

dX; = /i(g — Xt)dt + odW;.

Since the Ornstein—Uhlenbeck process is Gaus-
sian and may attain negative values, the inten-
sity is defined through a functional specification
AL()) that guarantees non-negativity, ensuring
the admissibility of the intensity. This mean-
reverting structure captures cyclical patterns in
claim frequencies while introducing a diffusion
risk factor that directly affects the dynamics of
the aggregate loss process and, consequently, the
exposure profile underlying the CVA computa-
tion. Compared to constant-intensity models,
the stochastic specification introduces an addi-
tional source of uncertainty in the claim arrival
rate. Since the contract value is not linear in the
claim intensity, fluctuations in A*(X) affect the
expected discounted loss, thereby modifying the
resulting CVA. The reinsurer default intensity is
assumed to depend on a two-state continuous-
time Markov chain Y € {0, 1}, representing nor-
mal and stressed market regimes. The intensity
is therefore given by

A, Y =0,
o= {8 7=
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with transitions governed by a generator matrix
Q = (¢i(1—4)),1 € {0,1}. This regime-switching
structure introduces macro-financial variability
in credit risk and leads to a system of coupled
PIDESs, one for each regime, linked through the
transition terms g;q—;)(f1—s) — fi),7 € {0,1}.
To account for contagion effects, the loss inten-
sity is allowed to experience a proportional jump
at the default time of the reinsurer:

dX; = k(0 — Xy)dt + odW; +vX,-dHE.

This mechanism reflects the sudden increase
in retained underwriting risk when reinsurance
protection disappears and introduces a disconti-
nuity in the state dynamics.

Under this extended framework the CVA at time
t is naturally regime-dependent. More precisely,
the valuation must be understood conditionally
on the current state of the chain, that is, on
the event {Y; = i},i € {0,1}. Consequently,



the CVA admits a regime-indexed representa-
tion through deterministic functions f;, each as-
sociated with one state of the credit environ-
ment. For each regime i, the CVA function sat-
isfies a backward equation of the form

O Lt AL+ )

+ G-ty (fa—iy — fi) = (r+ A fi,

where £ denotes the generator of the joint loss-
intensity process. This equation incorporates
diffusion terms from the Ornstein—Uhlenbeck
dynamics, integral terms from claim jumps, and
coupling terms from regime switching. Under
standard regularity conditions, existence and
uniqueness of solutions are established, ensuring
well-posedness of the valuation problem.

4. Numerical Implementation

The third chapter addresses the numerical solu-
tion of the valuation problem through two com-
plementary methodologies.

The Monte Carlo approach simulates joint tra-
jectories of the Ornstein—Uhlenbeck factor, the
regime-switching Markov chain and the default
time. Following the Cox process construction,
the default time is generated concurrently with
the Markov chain Y. The thesis provides a
formal proof demonstrating that this joint sim-
ulation algorithm is equivalent to the classi-
cal inversion of the integrated intensity process.
Claim arrivals are simulated conditionally on the
stochastic intensity path. The CVA is com-
puted as the empirical average of discounted
default losses over simulated paths. Although
this approach offers flexibility and conceptual
transparency, computational cost increases sig-
nificantly in the full stochastic-intensity and
regime-switching specification.

An alternative deterministic approach is devel-
oped by solving the coupled backward PIDEs via
finite-difference schemes. Time and state vari-
ables are discretized over bounded domains, dif-
fusion components are handled through implicit
schemes to guarantee stability, and the integral
term associated with claim arrivals is approxi-
mated via numerical quadrature. The regime-
switching structure yields a block-coupled linear
system at each time step. This method exploits
the Markovian structure of the model and sub-
stantially reduces computational time while pre-

Table 1: CVA Comparison MC and PIDE ap-
proach

MC CI PIDE
X const | 0.1969 | [0.1928 , 0.2010] | 0.1953
X OU | 0.1969 | [0.1928 , 0.2010] | 0.1939

CVA profile over time
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Figure 1: CVA vs time on different initial state

of Y

serving numerical accuracy.

A systematic comparison between the two
methodologies is conducted to evaluate conver-
gence properties, computational efficiency and
robustness with respect to parameter perturba-
tions.

5. Numerical Results and Eco-
nomic Implications

The fourth chapter presents quantitative results
obtained under a benchmark parameter set con-
sistent with realistic underwriting and credit risk
characteristics. CVA estimates are computed
under both constant and stochastic claim inten-
sity specifications using Monte Carlo simulation
and the PIDE approach, and the two methods
show strong agreement, with deterministic re-
sults lying within the Monte Carlo confidence
intervals as in Table 1. In Figure 1 the im-
pact of the initial credit regime is also examined,
highlighting higher CVA levels when starting in
the stressed state and gradual convergence to-
ward the stationary distribution over time. In
light of this consistency and its superior com-
putational efficiency, the PIDE framework with
Ornstein—Uhlenbeck loss intensity is adopted for
the sensitivity analysis.

The analysis of the OU parameters in Figures
2, 3 and 4 shows that the CVA is primarily
driven by the long-term mean 6 of the claim in-
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tensity. An increase in 0 leads to a nonlinear rise
in the CVA, with diminishing marginal impact
for higher parameter values.

A higher structural claim frequency translates
into a systematically larger expected exposure
at default, thereby increasing the valuation ad-
justment. In contrast, the volatility parame-
ter o shows a monotonic decreasing impact on
the CVA within the calibrated range, indicating
that increased dispersion of the intensity process
does not translate into higher average exposure
in this specification. The mean reversion speed
k also has a negative but quantitatively mod-
est effect, as faster reversion limits the persis-
tence of high-intensity scenarios. Overall, the
results confirm that the CVA is more sensitive
to structural level parameters, while dynamic
parameters primarily influence second-order ef-
fects. Regime switching in default intensity pro-
duces a marked increase in CVA variability and
shifts valuation upward in stressed states char-
acterized by higher default intensity. The per-
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sistence of stressed regimes materially influences
the overall CVA level, demonstrating that tran-
sition intensities play a crucial role in counter-
party risk assessment. In Figure 5 it is possi-
ble to note that the inclusion of contagion ef-
fects further amplifies CVA by introducing dis-
continuities in exposure at default. Numerical
experiments confirm that neglecting contagion
leads to systematic underestimation of counter-
party risk, particularly when the proportional
jump parameter 7 is large. The comparison be-
tween Monte Carlo and PIDE approaches shows
that both methods yield consistent pricing re-
sults, while the finite-difference PIDE solution
provides a substantial computational advantage
in the extended specification.

6. Conclusions

This thesis develops a regime-switching reduced-
form framework for the valuation of reinsurance
counterparty credit risk via Credit Value Adjust-
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ment. By integrating mean-reverting stochastic
loss intensity, regime-dependent default inten-
sity and contagion effects at default, the model
captures structural interactions between under-
writing and credit risk that are typically over-
looked in simplified approaches.

Theoretical characterization through a cou-
pled PIDE system ensures mathematical rigor,
while the numerical implementation demon-
strates practical feasibility. The results indi-
cate that dynamic and regime-aware modeling
is quantitatively relevant for RCCR assessment
and may materially affect capital calculations
under Solvency II.

The proposed framework contributes to bridging
the methodological gap between banking CVA
modeling and insurance counterparty risk valua-
tion, combining analytical consistency, economic
interpretability and computational tractability.
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