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Stashchuk D. M., Aleksin G. O. Integrating Monte Carlo Simulation and Fuzzy Logic into DCF Valuation:
Framework for Incorporating Geopolitical Risk

This study aims to develop and empirically validate a corporate valuation framework for conflict-affected environments, where deterministic Discounted Cash
Flow (DCF) models do not adequately represent stochastic variability or qualitative ambiguity. The research examines how DCF valuation, Monte Carlo simula-
tion, and fuzzy logic can be combined, how geopolitical conditions can be translated into a quantitative risk-premium adjustment, and how this integration
changes the enterprise valuation and downside-risk profile of Ukrainian Railways. The proposed model employs a multi-layer methodology. A deterministic five-
year DCF establishes the benchmark enterprise value; a rule-based fuzzy inference system converts expert assessments of territorial control stability, infrastruc-
ture damage, economic recovery, and regulatory and political stability into an additive geopolitical risk premium; and a 10.000-iteration Monte Carlo simulation
models uncertainty in the weighted average cost of capital and terminal growth rate. The framework combines possibilistic treatment of qualitative ambiguity
with probabilistic analysis of financial variability. Applied to Ukrainian Railways, the fuzzy system yields an 8.84 percentage-point geopolitical risk premium.
The uncertainty-adjusted simulation yields a mean enterprise value of USD 947 million and a 95% downside floor of USD 601 million, compared with the deter-
ministic estimate of USD 1.551 million. The results identify WACC as the principal channel through which geopolitical and macro-financial uncertainty reduces
enterprise value. The framework offers investors, analysts, creditors, managers, and policymakers a transparent basis for valuation, restructuring, stress testing,
and evaluating policies that improve institutional stability and infrastructure resilience. Its relevance lies in making the economic cost of geopolitical instability
visible for a strategic provider of transport, evacuation, humanitarian logistics, and postwar integration. The study’s originality is a coherent, replicable linkage
of fuzzy geopolitical assessment, a quantitative discount-rate adjustment, and stochastic DCF outcomes. Generalizability is limited by single-case, expert-based
rules and fixed cash flows; future research should calibrate fuzzy parameters empirically, allow geopolitical conditions and cash flows to evolve dynamically,
and validate the method across sectors and countries.
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Cmawyk [. M., Anexkcin I. 0. Inmezpayia modentosaHHa MoHme-Kapao ma Heyimkoi noziku e oyiHky memodom DCF:

pamka 01 8paXyeaHHA 2e0M0AIMUYHUX PU3UKi8
Memoto docnidxeHHs € po3pobka ma eMnipuyHa nepesipKa OUiHKU KOMMGHIi 015 cepedosull, ypaxeHux KoHgpikmom, de demepmiHo8aHi Modesni AUCKOHMo-
8aHUX 2powosux nomokie (DCF) HedocmamHb0 8i006PaANAMb CMOXACMUYHY MiHAUBICMb 060 Hesu3HayeHicme. [ocaioeHHs demoHcMpye, AK ouiHka DCF,
MmodentosaHHa MoHme-Kapao ma He4imka f102ika MOXymb MOEOHYBAMUCA, AK 2e0M0AIMUYHI yMO8U MOXYMb bymu nepemeopeHi Ha KinbKicHe Kopu2y8aHHA
pu3uKy ma mpemii, a MakoX AK YA iHme2pauia 3miHke ouiHKy nidnpuemcme i npocpine pusukie AT «Ykp3anisHuya». PONOHO8aHA MOOEsb BUKOPUCMOBYE
6azamopisHesy memodonoeito. JemepmiHosaruli n’amupiyHuli DCF scmaHoentoe 6a3osy 8apmicmb nionpuemMcmea; cucmema HewimKoi 102iku nepemeopioe
eKcrnepmHi ouiHku cmabinbHocmi mepumopianbHo20 KOHMPOKO, NOWKOOMEHHS iHGPaCMPyKMypU, EKOHOMIYHO20 8IOHOBAECHHS, O MAKO} pe2ynAmopHoi ma
noaimuyHoi cmabineHocmi Ha 00damKosy 2eononimuyHy npemito 3a pusuk; cumynauis Monme-Kapnao 3 10 000 imepayili modentoe HesusHaueHicmes y WACC
i memnax 3pocmaHHs. LA pamKa noeoHye OUiHKY HesU3Ha4YeHoCmi 3 liMOBipHICHUM aHAMI30M (iHAHCO80I 8onaMUABHOCMI. 3acmocosaHa 00 AT «Ykp3anis-
HUYi», YA cucmema Aae npemito 3a 2eononimu4Hull pusuk y po3mipi 8,84 8idcomkoo2o nmyHkmy. CuMyaAyia 3 ypaxyB8aHHAM He8U3HaYeHOCMi Oae cepedHio
sapmicmo nionpuemcmaa 947 max donapie CLUA ma HuxcHio mexcy 601 maH donapie CLUA 3a 95% (imosipHocmi, nopigHAHO 3 6a308010 oyiHKo 8 1 551 maH
donapie CLUA. Pesynemamu susHayatome WACC K ocHOBHU KaHas, Yepe3 AKull 2e0nonimu4yHa ma MaxkpopiHaHCO8A HEBUHAYEHICMb 3HUMCYE 8aPMICMb
KomnaHii. LiA pamka Hadae iHeecmopam, aHanimuKkam, Kpedumopam, MeHedXepam i NoaimuKam npo3opy 0CHOBY 0718 OUIHKU 8aPMOCMI, pecmpykmypu3auyi,
Cmpec-mecmysaHHs ma ouiHBAHHS MOAIMUK, Wo midsuwyroms cmabinbHicme iHcmumyyili i cmilikicme indpacmpyxkmypu. I 3Hauywicme nongeae 6 momy,
w06 3pobumu eKoHOMIYHy UiHy 2eononimuyHoi HecmabinbHocmi suduMoto 044 2any3eli MpaHCcIopmy, esakyayii, 2yMaHIMapHoI A02iCMUKU Ma NicAS680€eH-
Hoi iHmezpauii. OpueiHanbHicmb 00CNi0HeHHs Nos2a€ 8 NOCAI008HOMY, 8I0MBOPIOBAHOMY 38'A3KY MiX HE4imKOK 2e0MoMNIMUYHOK OYiHKOK, KibKICHOK
KopeKyi€to cmasKu OUCKOHMYBAHHA ma cmoxacmu4yHumu pesyabmamamu DCF. [locnideHHs obmexceHe eKcriepmHumMu cyoxeHHAMU ma (ikcosaHumu 2po-
wosumu nomokamu. MalibymHi 0ocaioHeHHA MoXymMb emmipu4HoO Kanibpyeamu Hevimki napamempu, wo 003804UMb 2e0MOAIMUYHUM YMOBAM i 2POUIOBUM
10MoKam OUHAMIYHO 3MIHK8AMUCA Ni0 Yac MOOEN0BAHHSA, G MAKOX 8anidysamu mMemod y pisHUX cekmopax i KpaiHax.
Kntouosi cnoea: duckoHmosaruli epowosuli nomik (DCF); cumyasuis MoHme-Kapno; Hevimka nozika; oyiHKa; 2e0nonimuyHull pusuK.
Puc.: 1. Tabn.: 11. @opmyn: 9. biba.: 23.
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he Discounted Cash Flow (DCF) framework

is a central method in financial valuation and

is widely used to assess projects, assets, and
firms. It is based on the principle that an asset’s value
equals the present value of its expected future cash
flows. In this way, DCF provides an estimate of intrin-
sic value grounded in the entity’s anticipated cash-
generating capacity.

While robust in its theoretical underpinnings, the
traditional DCF framework faces critical limitations
when confronted with the unpredictable nature of mar-
ket conditions. These limitations are particularly pro-
nounced in environments characterized by high volatil-
ity in social, economic, and geopolitical landscapes. The
conventional DCF framework often fails to adequately
capture the nuances and uncertainties inherent in these
factors, leading to valuation inaccuracies.

Integrating Monte Carlo simulation into the DCF
framework provides a way to address these limitations.
Monte Carlo simulation is a computational method
that models the distribution of possible outcomes in
processes subject to random variation. Applied to val-
uation, it allows the analysis to incorporate a range of
plausible future scenarios rather than relying solely on
fixed assumptions, thereby extending the traditional
deterministic structure of the DCF framework.

Further enhancing this integration, fuzzy logic
provides a powerful tool for handling qualitative vari-
ables and uncertainties that are difficult to quantify.
Fuzzy logic enables reasoning with imprecise and am-
biguous information, making it particularly useful in
financial valuation under uncertainty. By incorporat-
ing fuzzy sets and rules, the model can capture the
impact of qualitative factors such as geopolitical risks,
ESG factors, and market sentiment, which traditional
DCF and Monte Carlo methods may not fully capture.

LITERATURE REVIEW

Discounted Cash Flow (DCF) constitutes the
theoretical cornerstone of corporate valuation,
grounded in the principle that the value of an asset
equals the present value of its expected cash flow.
Foundational contributions by F. Modigliani and
M. Miller established the central role of the cost of
capital in determining enterprise value [19]. At the
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same time, subsequent developments formalized DCF
as a dominant valuation framework in both academic
and professional practice. Later works by A. Damo-
daran (2012) [7], T. Copeland et al. (2020) [6], and
R. Brealey et al. (2019) [3] further refined the method-
ology by detailing its application across asset classes
and market environments. Despite its strong theoreti-
cal foundations, the traditional DCF framework relies
heavily on deterministic assumptions regarding key
inputs such as projected cash flows, growth rates, and
discount rates. Even minor variations in these inputs
can lead to substantial differences in valuation out-
comes. Empirical and applied studies further highlight
that such assumptions are particularly fragile in vola-
tile environments characterized by macroeconomic
instability and structural uncertainty.

Recent research reinforces these limitations. For
example, S. Teker (2020) demonstrates that DCF mod-
els are especially sensitive in emerging markets, where
inflation, interest rates, and risk premiums are un-
stable [21]. Moreover, H. Bessembinder (2020) shows
that the convexity embedded in discounting and com-
pounding mechanisms may introduce systematic up-
ward bias in valuation estimates [2]. Collectively, these
findings underscore the need for more flexible valua-
tion frameworks that can incorporate both variability
and structural uncertainty.

tion, the literature has increasingly adopted
probabilistic modeling techniques, most nota-
bly Monte Carlo simulation. Early work by D. B. Hertz
(1964) introduced simulation methods into capital
budgeting, demonstrating their ability to model un-
certainty by assigning probability distributions to key
variables [12]. Later contributions by P. Glasserman
(2003) and J. Hull (2018) extended these techniques to
financial engineering and derivatives valuation, solidi-
fying their methodological foundation [11; 13].
Recent empirical studies confirm the grow-
ing relevance of Monte Carlo simulation in valuation
practice. Z. Hussain (2019) demonstrates the useful-
ness of simulation in forecasting project cash flows un-
der uncertainty [14], while R. Drissi (2023) finds that
dynamic valuation frameworks based on distributions
provide more reliable estimates than static models [9].

4 I Yo address the limitations of deterministic valua-
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However, despite these advantages, Monte Carlo
simulation remains inherently dependent on pre-
defined probability distributions. As emphasized by
L. Clewlow and C. Strickland (1998), the accuracy of
simulation outcomes is highly sensitive to distribu-
tional assumptions. This limitation becomes particu-
larly critical when dealing with uncertainty that is not
purely stochastic but also qualitative or ambiguous [5].
Consequently, while Monte Carlo methods enhance
the treatment of quantitative uncertainty, they do not
fully capture the broader spectrum of risks relevant to
real-world valuation.

Fuzzy logic, introduced by L. A. Zadeh (1965),
provides a complementary framework for handling
imprecision and ambiguity in complex systems [23].
Unlike classical binary logic, fuzzy logic allows vari-
ables to take on degrees of membership, enabling the
formal representation of qualitative concepts such as
“high risk” or “moderate stability” Foundational work
by G. J. Klir and B. Yuan (1995) further developed the
theoretical basis for applying fuzzy sets across various
domains, including finance [15].

In financial applications, fuzzy logic has been
increasingly used to incorporate qualitative factors
into valuation and forecasting models. For instance,
G. S. Milanesi (2019, 2020) applies fuzzy logic to mod-
el macroeconomic uncertainty in emerging markets,
demonstrating its effectiveness in capturing inflation
and exchange rate volatility [17; 18]. T. Korol (2018)
and A. M. Duarte Janior and H. G. de Albuquerque
e Silva (2018) further demonstrate the usefulness of
fuzzy approaches in financial ratio forecasting and eq-
uity valuation, particularly when dealing with subjec-
tive or imprecise inputs [16; 10].

espite these contributions, existing applica-
D tions of fuzzy logic in finance remain limited

in scope. Most studies focus on specific valu-
ation or decision-making aspects rather than integrat-
ing fuzzy logic into a comprehensive valuation frame-
work. Moreover, as noted in several empirical studies,
fuzzy models are typically developed independently of
probabilistic approaches, resulting in frameworks that
capture qualitative ambiguity but fail to incorporate
stochastic variability.

Recognizing the complementary strengths of
probabilistic and fuzzy methodologies, recent research
has begun to explore hybrid approaches that combine
Monte Carlo simulation with fuzzy logic. These mo-
dels aim to address both stochastic uncertainty and
qualitative ambiguity by integrating probability and
possibility theories.

For example, F. D. Wicaksono et al. (2020) pro-
pose a hybrid fuzzy — Monte Carlo framework that
improves decision-making consistency under uncer-
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tainty [22]. Similarly, M. A. Alzarrad (2020) develops
a fuzzy Monte Carlo simulation (FMCS) model for
resource optimization, demonstrating improved accu-
racy and efficiency compared to traditional approach-
es [1]. K. A. Chrysafis and B. K. Papadopoulos (2020)
introduce a fuzzy-possibilistic NPV framework that
accounts for uncertainty in project appraisal, further
illustrating the potential of hybrid methodologies [4].

ile these studies demonstrate promising
results, their applications remain frag-
mented and context specific. Most hybrid

models are developed for project evaluation, engineer-
ing decision-making, or multi-criteria analysis, rather
than for corporate valuation within a DCF framework.
Furthermore, the integration of these approaches is of-
ten ad hoc, lacking a standardized methodology that
systematically links qualitative inputs, probabilistic
modeling, and valuation outputs.

Importantly, the application of such hybrid mo-
dels to geopolitical risk remains largely underexplored.
Although R. Moro-Visconti (2021) highlights the im-
portance of incorporating ESG factors into valuation
[20], and R. Delao and S. Myers (2021) emphasize the
role of subjective expectations in asset pricing [8],
there is limited research on how to formally integrate
geopolitical risks — particularly in conflict-affected en-
vironments — into valuation models. This represents a
critical gap in the literature.

The review of both classical and recent literature
reveals a clear gap in the field of corporate valuation.
Traditional DCF models, established by F. Modigliani
and M. H. Miller and further developed by A. Damo-
daran (2012) and R. A. Brealey et al. (2020), provide a
strong theoretical foundation but are limited by their
deterministic nature [19; 7; 3]. Probabilistic approach-
es, particularly Monte Carlo simulation, enhance the
treatment of quantitative uncertainty but remain con-
strained by their reliance on predefined distributions
[12; 11]. Conversely, fuzzy logic approaches enable the
modeling of qualitative ambiguity but are typically ap-
plied in isolation [23; 15; 18].

Recent hybrid approaches by F. D. Wicaksono et
al. and M. Alzarrad demonstrate the potential of in-
tegrating these methodologies [22; 1]; however, exist-
ing applications remain fragmented and lack a unified
conceptual framework. There is a notable absence of
integrated valuation models that simultaneously cap-
ture stochastic variability and qualitative ambiguity
within a DCF setting. This gap is especially critical in
the context of geopolitical risk, where uncertainty is
multidimensional, dynamic, and difficult to quantify.

This study addresses this gap by developing a
unified valuation framework that integrates the DCF
model, Monte Carlo simulation, and fuzzy logic. The
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framework enables the systematic incorporation of
geopolitical risk through structured fuzzy variables
while simultaneously modeling quantitative uncer-
tainty using probabilistic techniques. Applied to a case
of a company operating in a conflict-affected environ-
ment, the framework illustrates how these methods
can be combined within a corporate valuation setting.

AIM AND RESEARCH QUESTIONS

The primary aim of this study is to propose and
validate a refined DCF framework that seamlessly in-
tegrates Monte Carlo simulation and fuzzy logic. This
integration aims to enhance the accuracy and reliabil-
ity of valuation under uncertain market conditions by
considering both quantitative and qualitative uncer-
tainties. This paper contributes to the existing body of
knowledge by bridging methodological gaps and offer-
ing a comprehensive approach to corporate valuation
by answering such research questions:

a) How can Discounted Cash Flow valuation,
Monte Carlo simulation, and fuzzy logic be
integrated into a coherent framework that cap-
tures both stochastic variability and qualitative
ambiguity?

b) How can qualitative geopolitical factors be
translated systematically into a quantitative
risk-premium adjustment to the discount rate?

¢) To what extent does the integrated uncertain-
ty-adjusted framework alter the enterprise
valuation and downside-risk profile of Ukrai-
nian Railways relative to a deterministic DCF
estimate?

The study is relevant for investors, financial ana-
lysts, and other decision-makers because it develops
a valuation framework that accounts for uncertainty
more systematically than conventional deterministic
approaches.

METHODOLOGY

This section outlines the methodological frame-
work for integrating Monte Carlo simulation and
fuzzy logic into the Discounted Cash Flow (DCF)
model. The framework is designed to support corpo-
rate valuation under elevated uncertainty by incorpo-
rating both quantitative and qualitative determinants
of valuation outcomes through a defined sequence of
analytical steps.

Step 1: Establishing the Deterministic Baseline

Before incorporating fuzzy logic and stochastic
simulation, the framework first establishes a baseline
valuation. This step serves as a reference point for the
analysis by representing enterprise value under con-
ventional business-as-usual assumptions. The baseline
valuation subsequently enables the assessment of the
extent to which geopolitical volatility affects enter-
prise value.
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The analysis begins with the construction of a
standard Free Cash Flow (FCF) model. This involves
projecting the enterprise’s operating performance
based on historical trends and management targets,
under the assumption of a relatively stable external en-
vironment.

This process yields a five-year forecast of Free
Cash Flow (FCF) representing the enterprise’s ex-
pected performance in the absence of major external
shocks, including conflict-related escalation. Beyond
the five-year forecast horizon, free cash flow is as-
sumed to converge to a stable long-term growth rate,
reflecting a mature stage of enterprise development
characterized by sustainable, though slower, expan-
sion consistent with broader market conditions.

At this stage, the weighted average cost of capi-
tal (WACC) is estimated using conventional market-
based inputs, including the risk-free rate and historical
equity beta. This static WACC specification captures
only systematic market risk, as reflected in beta, and
does not incorporate idiosyncratic or non-linear risks
associated with conflict-affected environments, in-
cluding abrupt regulatory intervention or physical as-
set destruction.

This deterministic calculation produces a single
valuation estimate. Although this estimate may be up-
wardly biased under conflict conditions, it serves an
important benchmarking function within the frame-
work. Specifically, it provides a reference valuation
against which the effects of fuzzy-logic adjustments
and Monte Carlo simulation can subsequently be as-
sessed to derive a risk-adjusted enterprise value.

Enterprise value is obtained by summing the
present values of forecast cash flows for years 1 to 5
and the present value of the terminal value. This esti-
mate reflects the enterprise’s intrinsic value under the
assumed cash flow projections and a long-term, stable
growth path. As such, it serves as a benchmark for in-
vestment analysis and for comparison with observed
market prices and alternative valuation measures.

Step 2: Diagnosing Key Value Drivers

Following the establishment of the baseline valu-
ation, the second phase focuses on identifying the vari-
ables most likely to contribute to valuation volatility
under conflict conditions. In complex financial models,
input variables differ substantially in their influence on
valuation outcomes. Accordingly, the framework em-
phasizes identifying key value drivers, defined as inputs
with the greatest material effect on enterprise value.
These drivers are subsequently classified into two cat-
egories within the hybrid valuation framework.

These variables represent internal financial deter-
minants that directly influence cash-flow generation.
Under conflict conditions, disruptions to conventional
operating and market relationships may increase the
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volatility of these variables and, consequently, their ef-
fect on valuation outcomes. The identification of key
value drivers is informed by a sensitivity analysis that as-
sesses each variable's relative contribution to the overall
enterprise valuation. This procedure supports the inclu-
sion of variables with the greatest explanatory relevance
in the stochastic modeling framework, thereby enhanc-
ing model parsimony and computational efficiency.

The variables represent external environmental
factors that are typically excluded from standard DCF
models because of the difficulty of assigning them pre-
cise quantitative measures. Within the present frame-
work, however, they are treated as the principal deter-
minants of geopolitical risk premium.

The framework identifies macro-level threats
that define the operating environment, including
geopolitical instability, regulatory predictability, and
supply chain fragility. Because these factors cannot
be represented adequately by single-point numerical
estimates, they are modeled as linguistic variables.
These variables are subsequently processed through
the fuzzy-logic system (Step 4) to derive the appropri-
ate adjustment to the discount rate.

By explicitly distinguishing between these two
categories, the framework captures both the financial
effects of conflict-affected environments through cash-
flow projections and the strategic risk of the operating
environment through the discount rate.

Step 3: Calibrating the Valuation Structure

With the operational forecast (Step 1) and key
value drivers (Step 2) established, the third phase speci-
fies the mathematical structure for incorporating these
inputs into the valuation model. Although the numeri-
cal values assigned to growth and risk parameters vary
across simulation iterations, the underlying structural
relationships governing valuation remain fixed and are
derived from established financial theory.

The purpose of this stage is to convert uncer-
tain future cash flows into their present values. The
weighted average cost of capital (WACC) is applied as
the discount rate (see Formula 1).

WACC=We-Re+ Wd-Rd-(1-1), (1)
where: We — weight of Equity; Re — cost of equity;
Wd — weight of Debt; Rd — cost of Debt; ¢ — tax rate.

Under conflict conditions, the relative value of
near-term cash flows increases because future cash flows
are exposed to elevated risks, including asset destruc-
tion, expropriation, and currency instability. The model
discounts projected cash flows over time to reflect the
heightened risk associated with more distant periods.

An important component of this stage is the es-
timation of the terminal value, the enterprise's value
beyond the initial five-year forecast horizon. In con-
ventional valuation settings, terminal value is often
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estimated under a perpetuity assumption. In conflict-
affected environments, however, this assumption may
be insufficiently conservative. Accordingly, the terminal
value specification is made highly sensitive to the exit
yield and long-term growth assumptions to reduce the
risk of overstating enterprise value through an implau-
sibly rapid normalization of post-conflict conditions.
This stage combines the discounted short-term
cash flows and the discounted terminal value to derive a
single estimate of enterprise value (EV; see Formula 2).

=37 FCF,__ 1V .
(1+WACC)'  (1+WACC)
where: FCF, — free cash flow in period t; WACC —

weighted average cost of capital; TV — terminal value;
T - number of periods.

(2)

(Steps 4-6), this static calculation is performed

to generate a benchmark valuation. This bench-
mark subsequently serves as the reference point against
which the distribution of simulated valuation outcomes
is compared to assess the valuation effect of conflict-
related risk.

Step 4: Quantifying Qualitative Geopolitical
Risk

This stage formalizes the translation of qualita-
tive expert assessments into quantitative inputs suit-
able for integration within the DCF framework. Con-
ventional valuation models are limited in their ability
to represent linguistic ambiguity, such as assessments
of elevated conflict escalation risk or moderate supply-
chain disruption. To address this limitation, the frame-
work employs a fuzzy-inference system that converts
imprecise qualitative information into operational
valuation parameters.

Within the hybrid framework, qualitative exoge-
nous risks are processed by the fuzzy inference system
to generate a risk premium. This premium is then used
to adjust the discount rate within the Monte Carlo
simulation, which simultaneously evaluates stochastic
financial variables and produces a probability distribu-
tion of enterprise value.

Rather than assigning precise numerical per-
centages to abstract external risks, the framework
represents key geopolitical factors, including Geopo-
litical Instability and Regulatory Uncertainty, through
linguistic categories such as Low, Medium, and High.
In contrast to binary logic, which treats a risk condi-
tion as either present or absent, the framework allows
simultaneous partial membership across categories.
A given situation may therefore exhibit characteristics
associated primarily with a medium-risk state while
also displaying features consistent with a high-risk
state. This approach preserves gradation in expert as-

Before conducting the stochastic simulation
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sessments that would otherwise be lost under discrete
scenario classification.

A central component of the framework is a rule-
based system derived from expert judgment. This
system consists of a set of conditional If — Then state-
ments that specify how external shocks are translated
into adjustments of financial risk parameters. Example
Rule: "TF Geopolitical Instability is High AND Market
Liquidity is Low, THEN the geopolitical risk premium
should be Very High". This rule promotes consistency
in the treatment of qualitative geopolitical conditions
and reduces reliance on ad hoc adjustments to the dis-
count rate.

After the current environment has been evalu-
ated against the rule base, the system must generate
a single numerical output that can be incorporated
into the financial model. For this purpose, the frame-
work employs the Centroid Method (Center of Grav-
ity). This method determines the representative value
of the aggregated output membership function by
weighting the contribution of all activated rules. As a
result, the final output reflects a weighted average of
the relevant risk states rather than selecting a single
extreme scenario. The resulting defuzzified value is
incorporated directly into the Discounted Cash Flow
model as an adjustment to WACC, thereby linking the
discount rate to a structured qualitative assessment of
geopolitical risk.

Formally, the fuzzy inference system's output is
incorporated into the valuation model as an additive
adjustment to the discount rate (see Formula 3).

Adjusted WACC adjusted = 3)
= Baseline WACC + RP fuzzy,

where: RP fuzzy denotes the risk premium derived
from the fuzzy-logic system.

This formulation ensures that qualitative geopo-
litical factors are systematically translated into quanti-
tative valuation adjustments.

Step 5: Defining the Shape of Uncertainty

Once the fuzzy inference system has generated
the relevant risk premiums, the next stage addresses
the stochastic variability of the quantitative inputs. In
a deterministic DCF framework, parameters such as
revenue growth may be represented by single-point
estimates; however, under conflict conditions, such a
specification may understate the degree of uncertainty.
Accordingly, key financial drivers are modeled as sto-
chastic variables defined by probability distributions.

To reflect differences in the underlying nature of
uncertainty across model inputs, the framework em-
ploys two distributional forms, each corresponding to
a distinct category of valuation drivers. For financial
inputs that fluctuate around a relatively stable central
tendency, such as the WACC risk premium, the frame-
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work applies a Normal (Gaussian) distribution. Even
in volatile markets, interest rates and expected returns
often remain concentrated around a mean value, with
the probability of extreme deviations declining as the
distance from the mean increases. Parameterization
through a mean and a standard deviation provides a
tractable representation of market variability while
preserving the assumption of bounded dispersion
around an equilibrium tendency.

or variables highly sensitive to exogenous

shocks, particularly the terminal growth rate,

the framework uses a uniform distribution. In
conflict-affected environments, conventional cyclical
patterns may not provide a reliable basis for identify-
ing a dominant expected outcome. Under such condi-
tions, any realization within a specified interval may
be considered comparably plausible, provided the con-
flict's trajectory and intensity are taken into account.
The uniform distribution is therefore used to represent
uncertainty without imposing a central tendency that
may lack empirical justification.

By assigning distinct distributional forms to valu-
ation inputs, the model captures heterogeneity in the
structure of uncertainty across variables and enables
the Monte Carlo simulation to evaluate a broad range
of plausible outcomes rather than a single determinis-
tic trajectory. Distributional assumptions are specified
based on historical patterns, industry benchmarks, and
expert judgment. In this framework, revenue growth
and terminal growth are modeled using uniform dis-
tributions to reflect the absence of a clearly dominant
outcome under elevated uncertainty. In contrast, finan-
cial variables such as the cost of equity and the cost of
debt are modeled using normal distributions because
they tend to fluctuate around a central value.

The parameters of these distributions are cali-
brated using historical financial data, industry bench-
marks, forward-looking expectations, and expert
judgment to ensure that the stochastic inputs remain
empirically grounded and contextually relevant to the
enterprise’s operating environment.

Step 6: Monte Carlo Simulation

The final stage of the framework integrates the
qualitative risk premiums derived in Step 4 with the
stochastic input distributions specified in Step 5 with-
in a unified Monte Carlo simulation. Whereas a con-
ventional DCF model yields a single-point valuation,
the simulation generates a distribution of potential
valuation outcomes that reflects the joint effect of un-
certainty across the modeled inputs.

The Monte Carlo valuation model is executed
over 10.000 independent iterations to ensure statisti-
cal stability of the simulated output distribution. This
scale allows the analysis to capture both central ten-
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dencies and tail outcomes, which are relevant for valu-
ation under elevated uncertainty. In each iteration, the
model draws values for the relevant stochastic inputs
from the probability distributions specified in Step 5
and incorporates the fuzzy-logic risk premium from
Step 4 into the discount rate. These sampled inputs are
then used to calculate a corresponding enterprise val-
ue within the DCF framework, so that each iteration
represents a distinct valuation scenario.

Rather than producing a single deterministic val-
uation, the simulation yields an empirical distribution
of enterprise values. This distribution supports the as-
sessment of the concentration of outcomes, downside
exposure relative to specified benchmarks, and the
likelihood of outcomes consistent with returns above
the cost of capital. By aggregating many iterations, the
simulation makes low-probability but economically
significant outcomes observable and thereby extends
the valuation exercise beyond point estimation to
structured risk assessment under uncertainty.

The simulation is implemented in Microsoft
Excel using data table functionality to execute many
iterations efficiently. Random sampling is performed
with built-in functions, including RAND() for uniform
draws and NORM.INV(RAND()) for normally distrib-
uted variables. This implementation supports trans-
parency, reproducibility, and practical applicability.

Step 7: Interpretation of Simulation Results

The final phase of the framework interprets the
simulation's statistical output to support valuation and
decision-making. The simulated results are examined
through three complementary perspectives that char-
acterize the enterprise’s risk-adjusted valuation profile
under conflict conditions.

Rather than relying exclusively on the mean
valuation estimate, which may be sensitive to extreme
observations, the analysis emphasizes the 90% confi-
dence interval. This interval is obtained by excluding
the lower and upper 5% tails of the simulated valuation
distribution. The resulting central range represents
the set of values within which enterprise value is most
likely to lie, conditional on the modeled conflict-relat-
ed risks. If the observed market price lies below this
interval, the asset may be interpreted as undervalued
relative to the simulated distribution of risk-adjusted
intrinsic value.

Conventional valuation models provide point
estimates but do not directly quantify downside expo-
sure. Accordingly, this stage introduces the probability
of economic loss as an explicit risk metric. The prob-
ability of economic loss is calculated as the propor-
tion of simulation iterations in which the estimated
intrinsic value falls below a predefined benchmark,
such as market value or book value. This metric pro-
vides a direct probabilistic measure of downside risk
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and complements conventional valuation outputs by
incorporating the likelihood of adverse scenarios.

For example, an estimated 35% probability of loss
indicates that 35% of simulated outcomes fall below
the selected benchmark. This measure enables deci-
sion-makers to evaluate valuation outcomes against
their respective risk tolerances and investment man-
dates. The mean valuation from the hybrid simulation
is compared with the deterministic baseline valuation
from Step 1 to isolate the valuation effects of qualita-
tive geopolitical risk and stochastic shocks. This com-
parison distinguishes the enterprise’s underlying op-
erational value from the impact of the external risk en-
vironment, thereby supporting a more rigorous inter-
pretation of market pricing under conflict conditions.

EMPIRICAL RESULTS

Joint Stock Company Ukrainian Railways (UZ —
Ukrzaliznytsia) provides an appropriate empirical setting
for examining corporate valuation under extreme geopo-
litical uncertainty. As Ukraine’s principal railway opera-
tor and a strategic state-owned infrastructure enterprise,
it combines the characteristics of a natural monopoly
with those of a conflict-affected provider of essential
transport and logistics services. Following its corporati-
zation in 2014, UZ continued to operate under a cross-
subsidization model in which profitable freight transpor-
tation offset persistent losses in passenger services.

The full-scale invasion of Ukraine in 2022 funda-
mentally altered the company’s operating environment.
UZ became a critical component of national resilience,
facilitating evacuation, military logistics, and humani-
tarian transport. However, this shift was accompanied
by substantial economic losses, including the destruc-
tion of infrastructure, a collapse in freight volumes, and
rising operational costs. By 2026, the company entered
a state of selective default, reflecting severe financial
distress and constrained debt-servicing capacity.

As a benchmark, a standard DCF valuation is
constructed using projected Free Cash Flows (FCF)
over a five-year horizon (2026-2030) and a terminal
value based on long-term growth assumptions. The
weighted average cost of capital (WACC) for a conflict-
affected infrastructure monopoly requires accounting
for extreme country risk while using a mature "target"
capital structure rather than current distressed bal-
ance-sheet values. All the components are presented
in Thl. 1 and Thl. 2.

The cost of equity is calculated using the CAPM
(Capital Asset Pricing Model), where CRP is added to
the market risk component (see Formula 4).

Re=Rf+p-ERP + CRP, (4)
where: Rf — Risk-Free Rate; B— Beta Coefficient; ERP —
Equity Risk Premium; CRP — Country Risk Premium.

Re =3.95% + 1.6 - 4.46% + 15.54% = 26.63%.

The cost of debt was estimated based on the data
in Thl. 2.
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Table 1

Cost of Equity (Re)
Parameter Value Notes
- 0, i
Risk-Free Rate (Rf) 3.95% 1.0 year US Treasury rate as of Jan 2026 (4.18%) adjusted for US default
risk (0.23%)
Equity Risk Premium (ERP) 4.46% Mature market (US) implied ERP as of 2026
Beta Coefficient 160 .Conﬂlct-adjustfed levered beta reflects high operational leverage and
infrastructure risk
Country Risk Premium (CRP) 15.54% | For Ukraine
Source: developed by the authors.
Table 2
Cost of Debt (Rd)
Benchmark Corporate Spread Pre-Tax Rd Marginal Tax After-Tax Cost of Debt
Rate (Tc)
Ukraine 1-year government bond A distressed spread
: yearg of 1,200 bps reflects ~28.0% 18% 28% (1-0.18) = 22.96%
yield of 16.35% (Dec. 2025)
the current SD status

Source: developed by the authors.

To avoid the distortions caused by conflict-re-
lated financial distress, we apply a target-market capi-
tal structure for the global railroad industry. Market
benchmarks for rail transportation show a debt-to-
equity (D/E) ratio of approximately 1.14. This implies
a target capital structure of 46.7% Equity and 53.3%
Debt. WACC is calculated as Formula 1.

WACC = 0.467 - 26.63% +
+0.533-28% - (1 —0.18) = 24.68%.

The transition from a current company’s liquid-
ity gap to positive Free Cash Flow is driven by five
structural shifts:

1. Year 2027 - Cargo Volume Recovery. Post-
ceasefire stabilization will enable restoration of the
"metallurgical corridor", with freight volumes expect-
ed to gradually return to approximately 75% of 2021
levels (about 235 million tons) by 2029, up from 161
million tons in 2025. Normalized Black Sea port op-
erations and the reopening of key industrial facilities
in eastern Ukraine drive this improvement. Initial ef-
forts will focus on grid repairs and reducing liquidity
gaps, setting the foundation for renewed operational
infrastructure and financial stability.

2. Year 2027 — EU Gauge Integration and Mar-
ket Access. By 2027, completion of European-gauge
(1.435 mm) tracks to Lviv and Kovel will eliminate
border-related logistical delays and "break-of-gauge"
costs, facilitating high-margin transit and supporting
the resurgence of the metallurgical sector. This infra-
structure upgrade is a key milestone for cross-border
logistics and broader economic recovery.
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3. Year 2028 - Tariff Adjustment and Revenue
Stabilization. In 2028, full indexation of cargo ta-
riffs is anticipated, following UZ'’s proposal to increase
freight tariffs by 41.5% in 2026 to reflect producer
price growth since 2022. The adoption of a transparent
indexation model is essential for EU integration and is
expected to enhance revenue stability, supporting the
normalization of export flows and market dynamics.

4. Year 2029 - Operational and Market Re-
forms. By 2029, the implementation of EU Directive
2012/34/EU will result in the vertical separation of
Ukrainian Railways into independent infrastructure
and carrier units within three years post-martial law.
This reform will introduce state co-financing mecha-
nisms for passenger transit, ending the drain on cargo
profits from loss-making passenger services, and sup-
porting competitive market structures aligned with
European standards.

5. Year 2030 - Sustained Integration and Ef-
ficiency. By 2030, the sector will reach a steady state
of integration, consolidating efficiency gains from the
"Build Back Better" initiative. These improvements will
foster long-term resilience and sustainable operations
across Ukraine’s transport and logistics infrastructure.

The impact of all listed events will determine the
free cash flow (Tbl. 3).

Using the baseline WACC of 24.68% and the ex-
plicit ceasefire forecast, we estimate the intrinsic en-
terprise value (EV).

Step I: Present Value Calculation. The present
value of the projected free cash flows equals USD 503
million (Thl. 4).
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Table 3

FCF Forecast, USD Million

Metric 2026 2027 2028 2029 2030 Total
Free Cash Flow Forecast -269 95 366 570 702 1.465
Source: developed by the authors.
Table 4
DCF Calculation, USD Million
Metric 2026 2027 2028 2029 2030 Total
DCF -216 61 189 236 233 503

Source: developed by the authors.

Step 2: Terminal Value (TV) Calculation. Assum-
ing a terminal growth rate (g) of 2%, reflecting EU con-
vergence, the terminal value is calculated by Formula 5,
and its present value is calculated by Formula 6.

TV=FCF(5)-(1+g)/(WACC-g),  (5)

where: FCF (5) — free cash flow in period 5; g — growth
rate; WACC — weighted average cost of capital.

TV =702 (1 +0.02) / (0.2468 — 0.02) =
= USD 3.157 million
PVTV=TV/(1+ WACC) "5, (6)

where: TV — terminal value; WACC - weighted aver-
age cost of capital.

PVTV=3,157/(1+0.2468) * 5 = USD 1,048 million.

Step 3: Enterprise Value. The Enterprise Value is
the sum of the discounted cash flow and the discount-
ed terminal value (see Formula 7).

EV=PVFCF+PVTV, (7)

where: PV FCF - present value of free cash flow;
PV TV - present value of terminal value.

EV=1503 + 1.048 = USD 1.551 million.

capital structure and a successful ceasefire-
driven recovery, Ukrainian Railways has an en-
terprise value of USD 1.551 million. This reflects the
enterprise’s capacity to return to profitability through
EU gauge integration, tariff indexation, and the verti-
cal separation of passenger and freight segments.
Despite the company’s selective default status,
the transition to the 1.435 mm gauge and the insti-
tutional requirements associated with EU accession
provide a basis for medium-term free cash flow re-
covery. The realization of this trajectory, however, re-
mains contingent on stabilization of the security envi-
ronment. From a strategic perspective, the railway is
likely to remain an important component of Ukraine’s
post-conflict economic integration with the European
single market.

The valuation demonstrates that under a target
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Qualitative uncertainty is incorporated into the
valuation framework through fuzzy logic. The fuzzy
inference system's output is added to the model as an
additional risk premium that adjusts the discount rate.
Geopolitical risk is modeled using four key dimen-
sions with three possible states (see Thl. 5).

Each scored 0-100 by expert judgment/analyst
assessment.

The objective of the Rule Base is to convert four
qualitative geopolitical inputs into an additional risk
premium (see Formula 8).

RP fuzzy € {Low, Medium, High, Very High}. (8)

Each rule is: IF [conditions] — THEN [risk level].
See examples in ThL. 6.

We define 12 rules (scenarios) combining each
of the four geopolitical factors (see Appendix I). Each
geopolitical factor is represented by a normalized
score on a 0—100 scale derived from expert judgment
and observable indicators. These scores are mapped to
fuzzy membership functions (see Appendix 2) to de-
termine the degree to which each variable belongs to
predefined linguistic categories, such as low, medium,
and high. This specification provides a structured ba-
sis for incorporating qualitative assessments into the
fuzzy inference system.

Within the inference stage, multiple rules may
be activated simultaneously, with each rule contrib-
uting an activation strength on the interval from 0 to
1. These activation levels are then aggregated to con-
struct the fuzzy output that represents the implied
geopolitical risk premium (see Tb.. 7).

Additional rules were evaluated but produced
negligible activation levels and were therefore omitted
for clarity.

Output Membership Levels. At this stage, each
rule is assigned to its corresponding risk-premium
category based on the premium centers from 751, 8.

The fuzzy output is then transformed into a sin-
gle scalar estimate using the centroid (center-of-grav-
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Fuzzy input variables

Table 5

Factor

States

Description

Impact

Territorial Control Stability

Ability of Ukraine to maintain/

Low, Medium, High

recover control over relevant

Rail corridors and occu-
pied/liberated zones direct-

(TCS)

operating regions

ly affect network utility

Infrastructure Damage
Risk (IDR)

Low, Moderate, Severe

rolling stock damage

Probability/severity of rail
track, bridges, stations, and

Destroyed bridges/lines
materially impair opera-
tions and capex needs

Economic Recovery
Outlook (ERO)

Weak, Moderate, Strong

Expected pace of GDP

and industrial restart

recovery, freight demand,

Freight volumes are
strongly tied to metallurgy,
agriculture, exports, and
reconstruction

Regulatory & Political
Stability (RPS)

Low, Medium, High

and financing access

Consistency of tariffs, gover-
nance, reforms, policy support,

Tariffs, subsidies, sovereign
support, and debt restruc-
turing matter enormously
for state-owned enterprises

Source: developed by the authors.

Example rules

Table

6

High-risk scenario

Medium-risk scenario

Low-risk scenario

IF Territorial Stability = Low

AND Infrastructure Damage = Severe
AND Economic Recovery = Weak
AND Political Stability = Low

IF Territorial Stability = Medium
AND Infrastructure Damage = Moderate

IF Territorial Stability = High
AND Economic Recovery = Strong

THEN Risk Premium = Very High

THEN Risk Premium = Medium

THEN Risk Premium = Low

Source: developed by the authors.

Table 7
Scenario conditions
Scenario Conditions Risk Premium Class Activation Value
Territorial = Low, Damage = Severe, . .
1 Recovery = Weak, Political = Low Very High min (0.8, 0.75, 0.5, 0.4) 0.4
5 Territorial = Low, Damage = Moderate, High min (0.8, 025, 0.5) 0.25
Recovery = Moderate
9 Territorial = High, Damage = Moderate, Medium min (00,075, 0.5) 0.0
Recovery = Moderate
Source: developed by the authors.
Table 8
Output classes
Output Class Low Medium High Very High
Premium Center 2% 5% 7% 10%
Source: developed by the authors.
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ity) method, which is among the most widely applied
defuzzification procedures (see Formula 9).

2 (1(x)x)
RP, ==Y 9
D ) ®)

where: p(x) — activated values (see Thbl. 7); x — output
class (see Thl. 8).

Conceptually, this procedure yields a weighted
average across the activated risk-premium states.

Defuzzification (Centroid Approximation). The
geopolitical risk premium is obtained as the weighted
average of the activated output classes (Formula 9):

RP fuzzy = (10% - 0.4 + 7% - 0.25 + 5% - 0.0) :

(0.4 +0.25 + 0.0) = 8.84%.

The “Low” output class receives zero activation
and is therefore excluded from the defuzzification cal-
culation. Only rules with non-zero activation (Rules 1

and 5) contribute to the defuzzification result.
Then, the adjusted WACC using Formula 3 is:

Adjusted WACC = 24.68% + 8.84% = 33.52%.

line WACC from 24.68% to 33.52%, reflecting

an additional 8.84 percentage points of geopo-
litical risk premium. This adjustment materially shifts
the valuation framework prior to stochastic simulation
and constitutes a structural downward correction to
enterprise value beyond purely probabilistic variabi-
lity. The resulting fuzzy-adjusted WACC is used as the
central estimate for the stochastic WACC distribution
in the Monte Carlo simulation, ensuring that geopo-
litical risk directly influences all simulated valuation
outcomes.

Within the simulation, the weighted average cost
of capital (WACC) and the terminal growth rate are
treated as stochastic variables, whereas free cash flows
are held constant to isolate the effect of capital-market
uncertainty and geopolitical risk adjustments on valu-
ation outcomes. Although revenue growth and operat-
ing margins were identified as important value drivers,
they are held constant in the present implementation
to preserve analytical focus on uncertainty in the dis-
count rate and terminal value.

We assume that WACC is normally distributed,
centered at the fuzzy-adjusted value of 33.52%, with a
standard deviation of 4.5%. The terminal growth rate
follows a uniform distribution between 1% and 4%.

Monte Carlo simulation is particularly appropri-
ate for valuation under uncertainty because it replaces
fixed parameter assumptions with stochastic inputs
that reflect plausible variation in financial conditions.
In the present framework, WACC is modeled as a nor-
mally distributed variable with a standard deviation of
4.5%, while the terminal growth rate is specified as a
uniformly distributed variable on the interval from 1%

The fuzzy-adjusted WACC increases the base-
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to 4%, thereby capturing a broad set of feasible valua-
tion scenarios.

To quantify the effect of parameter uncertainty
on enterprise value, a Monte Carlo simulation with
10,000 iterations was performed using stochastic
inputs for the discount rate (WACC) and terminal
growth rate, while projected Free cash flows were held
constant across iterations. This design isolates the va-
luation impact of uncertainty in capital market condi-
tions and long-run recovery expectations.

The simulated mean WACC of 33.40% closely
aligns with the fuzzy-adjusted central estimate of
33.52%, confirming the correct parameterization of
the stochastic distribution. The simulated WACC also
demonstrates substantial dispersion, reflecting the
elevated financing uncertainty associated with a con-
flict-affected strategic enterprise (see Fig. I). Across
10.000 iterations, WACC standard deviation is 4.47
percentage points and an observed range from 17.17%
to 50.03% (see Appendix 3).

( :ompared to a Monte Carlo simulation centered
on the baseline WACC of 24.68%, the fuzzy-
adjusted simulation exhibits a substantial left-

ward shift in the valuation distribution, indicating that

geopolitical risk contributes materially to the observed
valuation discount. These results indicate that rela-
tively small changes in perceived risk conditions can
translate into large shifts in discount rates and, con-
sequently, enterprise value. Given the long-duration
nature of DCF valuation, this sensitivity is economi-
cally important: lower-tail WACC realizations gener-
ate disproportionate upside in terminal value, whereas
higher discount-rate scenarios materially compress
valuation outcomes (see Thl. 9).

Table 9
Probabilities of WACC exceeding selected thresholds (%)

WACC > | 25% | 27% | 30% | 32%
Confidence level

Empirical 97% 93% 78% 62%

Theoretical 97% | 92% | 78% | 62%

Source: developed by the authors.

The findings therefore confirm that the cost of
capital is a dominant transmission channel through
which geopolitical and macro-financial uncertainty af-
fects the valuation of Ukrainian Railways. The simula-
tion produced an estimated mean enterprise value of
USD 947 million, with a median of USD 904 million
and a standard deviation of USD 267 million. The dif-
ference between mean and median indicates a posi-
tively skewed valuation distribution, driven by a limi-
ted number of high-value outcomes under favorable
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Fig. 1. WACC distribution based on 10.000 simulation iterations

combinations of lower discount rates and stronger ter-
minal growth assumptions.

Compared with the deterministic baseline valua-
tion of USD 1.551 million, the stochastic mean implies
a substantial reduction in estimated enterprise value.
This corresponds to an approximate 39% stochastic
discount, highlighting the sensitivity of conventional
DCEF outputs to uncertainty in discount rates and long-
term growth assumptions. The lower tail of the distri-
bution is particularly informative for decision-making
under uncertainty (see Thl 10). The estimated 95%
confidence floor equals USD 601 million, implying that
only 5% of simulated outcomes fall below this level.
This provides a useful downside reference point for
creditors, policymakers, and restructuring stakehold-
ers evaluating stress scenarios for Ukrainian Railways.

Table 10
Enterprise Value Thresholds by Confidence Level
(USD million)
Confidence Level | 99% | 95% | 90% | 80%
EV > 509 601 654 729

Source: developed by the authors.

Tbl. 11 shows that the probability of enterprise
value exceeding USD 750 million is 77% under both
the empirical and theoretical estimates. At higher
thresholds, the likelihood declines sharply: the empiri-
cal probabilities of exceeding USD 1.000 million, USD
1.250 million, and USD 1.500 million are 35%, 12%, and
4%, respectively, compared with theoretical estimates

Table 11
Probabilities of Enterprise Value Exceeding
Selected Thresholds
EV 750 1.000 | 1.250 | 1.500
(USD million) > ' * :
Confidence level
Empirical 77% 35% 12% 4%
Theoretical 77% 42% 13% 2%

Source: developed by the authors.
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of 42%, 13%, and 2%. Thus, the simulated distribution
is concentrated mainly below USD 1.0 billion, while
valuations approaching the deterministic benchmark
remain low-probability outcomes.

The simulated valuation outcomes exhibit clear
non-normality. The estimated skewness of 1.21 and
kurtosis of 2.84 indicate a right-tailed distribution with
occasional high-value realizations (see Appendix 3).
In practical terms, while extreme upside scenarios
remain possible, the bulk of simulated outcomes
are concentrated materially below the deterministic
benchmark. At the upper end of the distribution, val-
ues above USD 1.5 billion occur relatively infrequently
(2—4%), indicating that deterministic valuations near
the baseline estimate require a combination of unusu-
ally favorable financing conditions and optimistic ter-
minal assumptions.

DISCUSSION

The empirical results demonstrate that incorpo-
rating uncertainty fundamentally alters the valuation of
Ukrainian Railways. The deterministic DCF estimate of
USD 1.551 million contrasts sharply with the stochas-
tic mean valuation of USD 947 million, implying an ap-
proximate 39% reduction once uncertainty in discount
rates and long-term growth is considered. This finding
confirms that traditional single-point valuation frame-
works substantially overstate enterprise value in envi-
ronments characterized by elevated volatility.

More importantly, the integration of fuzzy log-
ic introduces an additional structural adjustment to
valuation by incorporating geopolitical risk. The fuzzy
inference system produces a risk premium of 8.8%, in-
creasing the discount rate from 24.68% to 33.52%. This
adjustment represents a systematic shift in valuation
conditions, rather than a purely probabilistic fluctua-
tion. As a result, the valuation framework reflects not
only variability in financial inputs but also the broader
uncertainty associated with conflict dynamics, institu-
tional stability, and infrastructure integrity.

Taken together, the findings indicate that un-
certainty affects valuation through two distinct yet
complementary channels. Stochastic uncertainty, op-
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erationalized through Monte Carlo simulation, cap-
tures variability in key financial parameters, whereas
structural uncertainty, represented through fuzzy log-
ic, captures ambiguity in geopolitical conditions. The
interaction of these channels yields a more compre-
hensive and realistic representation of enterprise value
under conditions of extreme uncertainty.

The study makes several contributions to the li-
terature on corporate valuation under uncertainty.

First, it extends the traditional DCF framework
by integrating probabilistic and possibilistic approach-
es within a single coherent model. While prior research
has applied Monte Carlo simulation to valuation prob-
lems and, separately, fuzzy logic to decision-making
under uncertainty, these methods are typically used
in isolation. This study demonstrates how they can be
combined in a structured manner, with fuzzy logic de-
fining the risk environment and Monte Carlo simula-
tion exploring the distribution of outcomes within it.

Second, the paper introduces a formal mecha-
nism for incorporating qualitative geopolitical risk
into valuation models. Existing valuation frameworks
typically rely on ad hoc adjustments to discount rates
or scenario-based narratives. In contrast, the proposed
approach uses a rule-based fuzzy inference system to
translate qualitative assessments into a quantitative
risk premium. This improves transparency, consisten-
cy, and replicability.

Third, the study contributes to the emerging lit-
erature on valuation under extreme conditions, par-
ticularly in conflict-affected economies. By applying the
model to Ukrainian Railways, the paper provides em-
pirical evidence that geopolitical risk can materially al-
ter valuation outcomes beyond what is captured by con-
ventional financial risk factors. This supports the view
that valuation models must be adapted when applied to
environments characterized by structural instability.

The findings also have several implications for
managerial practice and public policy.

For investors and financial analysts, the results
indicate that reliance on deterministic DCF models
may produce systematically overstated valuations in
high-risk settings. By explicitly incorporating both
stochastic volatility and structural geopolitical risk,
the proposed framework offers a more analytically
robust basis for investment assessment and valuation
judgment.

For corporate management, particularly in state-
owned enterprises, the model highlights the impor-
tance of reducing perceived geopolitical risk. Improve-
ments in regulatory transparency, infrastructure resil-
ience, and operational stability can materially lower
the risk premium and enhance enterprise value.

For policymakers, the results underscore the
economic cost of geopolitical instability. The concept
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of a “geopolitical risk discount” quantifies the value
erosion associated with conflict conditions. Policies
aimed at institutional stabilization, infrastructure pro-
tection, and integration with international markets
can therefore have a direct and measurable impact on
enterprise valuation.

Despite these contributions, the study remains
subject to several limitations that should be consid-
ered when interpreting the results.

First, the analysis isolates uncertainty in discount
rates and terminal growth while holding operating
cash flows constant. This approach allows for a clear
identification of the transmission mechanism through
the cost of capital but may understate the full impact
of geopolitical shocks on enterprise performance.

Second, the fuzzy inference system relies on ex-
pert judgment to assign scores and define rule struc-
tures. While this enhances flexibility, it introduces a
degree of subjectivity. Future research could refine
this approach by incorporating data-driven calibration
methods.

Third, the empirical analysis is based on a single
case study. Although Ukrainian Railways provides a
highly relevant and extreme example, broader valida-
tion across industries and geographic contexts would
strengthen generalizability.

The present analysis also points to several pro-
mising directions for further research.

ne important extension would be to incorpo-

rate fuzzy logic not only into the discount rate

but also into projected cash flows, thereby al-
lowing operational risk to be modeled more explicitly
within the valuation framework. A further avenue
would involve developing dynamic specifications in
which geopolitical conditions evolve and interact en-
dogenously with financial variables throughout the
simulation. The framework could also be applied to
other sectors structurally exposed to geopolitical risk,
such as energy, logistics, and telecommunications, to
assess its broader external validity. In addition, future
studies may examine the potential of machine-learn-
ing techniques to calibrate membership functions and
rule bases more systematically, thereby reducing reli-
ance on purely judgment-based specification.

CONCLUSIONS

This study proposes and empirically validates an
integrated valuation framework that combines Dis-
counted Cash Flow analysis, Monte Carlo simulation,
and fuzzy logic to address the limitations of tradi-
tional valuation models under uncertainty. The results
demonstrate that deterministic DCF models fail to
capture both the variability and structural uncertain-
ty inherent in conflict-affected environments. Monte
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Carlo simulation improves valuation by introducing
probabilistic variability, while fuzzy logic further en-
hances the model by incorporating qualitative geopo-
litical risk into the discount rate.

Applied to Ukrainian Railways, the framework
reveals a substantial divergence between determinis-
tic and uncertainty-adjusted valuations. The observed
valuation discount reflects not only financial volatil-
ity but also the deeper structural risks associated with
geopolitical instability.

The proposed methodology contributes to both
theory and practice by offering a transparent, flexible,
and integrative valuation approach. It demonstrates
that combining probabilistic and possibilistic methods
can provide a more comprehensive understanding of
enterprise value in complex environments.

In an increasingly uncertain global environment,
valuation models must move beyond static assump-
tions and incorporate multidimensional sources of
risk. The present study offers one step in that direction
by proposing a framework that is both analytically rig-
orous and practically applicable.

APPENDICES
Appendix 1. Actual Rule Base
Rule | T¢s | DR | ERO | RPS | RP
Extreme War Stress
1 Low | Severe | Weak Low Vgry
High
2 Low | Severe - Medium Vgry
High
3 Low - Weak Low High
High Risk
Me- .
4 . Severe | Weak - High
dium
Mo- Mo- .
> Low | erate | derate - High
6 - Severe - Low High
7 Me— - Weak | Medium | High
dium
Transitional / Recovery
Me- Mo- Mo- . Me-
8 dium | derate | derate Medium dium
. Mo- Mo- Me-
2 High | erate | derate - dium
. Me-
10 - - Strong | Medium dium
Stabilization
1 High Low | Strong High Low
12 High - Strong High Low
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Appendix 2. Membership Functions
Territorial Control Stability = 35
Fuzzy Set Low Medium High
Range 0-50 30-70 60-100
Memberships 0.8 0.2 0.0
Infrastructure Damage Risk = 80
Fuzzy Set Low Moderate | Severe
Range 0-30 20-70 60-100
Memberships 0.0 0.25 0.75
Economy Recovery Prospects = 45
Fuzzy Set Weak Moderate | Strong
Range 0-50 30-70 60-100
Memberships 0.5 0.5 0.0
Regulatory & Political Stability = 50
Fuzzy Set Low Medium High
Range 0-50 30-70 60-100
Memberships 04 0.6 0.0

Territorial Control Stability Membership Func-

tions:
p_Low(x) = p_Medium(x) =
1.0 if x<30 0.0 ifx<30
(50-x)/20 if30<x<50 |(x-30)/20 if30<x<50
0.0 if x > 50 1.0 if 50 <x <50
(70-x)/20 if50<x<70
0.0 ifx>70
p_High(x) =
0.0 if x<60
(x-60)/20 if60<x<80
1.0 if x >80
Appendix 3. Descriptive Statistics
PV of PV of
Enter-
Free Ter-
Metric WACC . prise
Cash minal
Value
Flows Value
Mean 33.40% 358 589 947
Median 33.41% 352 552 904
Standard
o 4.47% 66 202 267
Deviation
Kurtosis 0.02 0.54 4,01 2.84
Skewness 0.02 0.54 1.45 1.21
Range 3286 511 2,079 2,580
p.p.
Minimum | 17.17% 176 200 383
Maxi-
50.03% 687 2,279 2,963
mum
485
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