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Abstract: The present article proposes a quantitative model for assessing the
vulnerability of the russian federation's military potential in 2022-2025, utilising
multi-criteria decision-making methods. A comprehensive set of monthly data
pertaining to 13 indicators was retrieved from publicly accessible sources. These
indicators encompassed 12 categories of weapons and equipment losses, in addition
to personnel losses. The retrieved data underwent a rigorous processing procedure,
utilising the TOPSIS method within the PyMCDM library. Five objective weighting
schemes are applied — uniform, entropy-based, standard deviation, coefficient of
variation, and statistical dispersion — to reflect alternative views on the importance
of indicators and to verify the reliability of the comprehensive vulnerability index. The
data obtained using TOPSIS is subsequently scaled by the ratio of military expenditure
to GDP to obtain a budget-adjusted vulnerability index that reflects both battlefield
losses and financial stability. A sensitivity analysis of key indicators (UAVs, MLRS,
missiles) reveals that the index remains stable when indicators are removed for most
weighting methods, with only entropy weights demonstrating a more pronounced
response to missile losses. The findings of the simulation scenarios for three
prospective configurations of UAV stocks and defence budgets demonstrate a clear
correlation between increased investment in unmanned systems and a larger share of
the budget on the one hand, and significantly lower vulnerability on the other. In
contrast, simultaneous reductions in UAVs and the budget lead to the highest levels of
vulnerability. It is evident that the proposed index provides a transparent, policy-
relevant instrument for the purpose of tracking structural military vulnerability over
time. Furthermore, it has the capacity to stress test alternative force structures and
funding scenarios, in addition to supporting evidence-based defence planning.

Key words: TOPSIS vulnerability modelling, objective weighting methods,
military capability, defense budget, Russo-Ukrainian war.
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1. Statement of the Problem.

The full-scale invasion of Ukraine by russia has resulted in an accumulation of losses
with regard to both personnel and equipment. In addition, there has been a rapid
reorganisation of defence budgets and armed forces structures. An examination of open
statistical data pertaining to losses, in conjunction with independent assessments, suggests that
the russian federation has sustained comparable levels of casualties and damage to
infrastructure as observed in major conflicts of the 20th century. Concurrently, the Kremlin has
implemented an escalation in defence expenditures and a recalibration of its mobilisation
strategy. In such circumstances, the assessment of both the magnitude of losses and their
structural impact on military capabilities has become a pivotal task for defence analysts and
planners.

Thus, deliberations concerning defence expenditure in Europe underscore that the
efficacy of military expenditure is contingent upon the allocation of resources to pivotal
domains of capability, as opposed to being solely dependent on the aggregate budgetary
allocation. Recent studies of military sector efficiency demonstrate that, despite budgetary
increases, significant discrepancies in capability can persist if investments fail to meet
operational requirements. For Ukraine and its partners, this shift in focus entails a transition
from the examination of overall russian expenditure and loss figures to the interrogation of
structural vulnerability. This involves the identification of the components of capability that are
most vulnerable, the investigation of how vulnerability changes over time, and the analysis of
how it responds to alternative scenarios of resources and force structure.

Multi-criteria decision-making (MCDM) methods, in particular TOPSIS, offer a natural
framework for constructing comprehensive vulnerability indices based on heterogeneous
indicators. The TOPSIS method has been successfully applied to assess the vulnerability and
resilience of systems in areas such as natural disaster risk management, infrastructure
protection, and national security capability assessment. In such cases, it is necessary to combine
numerous, often conflicting criteria into an interpreted ranking or time series. However, extant
studies generally rely on a single weighting scheme and provide limited analysis of how
alternative objective weights and indicator sets affect vulnerability scores. This is a critical
issue when the underlying data are variable and partially uncertain, as in the case of wartime
casualty statistics.

The present article addresses these gaps by developing a vulnerability index for the
russian federation's military capabilities for 2022-2025 based on TOPSIS, constructed from
monthly data on personnel and equipment losses and adjusted for the share of military
expenditure in GDP. The model integrates 13 indicators and employs five objective weighting
schemes - equal, entropy, standard deviation, coefficient of variation, and range-based variance
- to explore how different perceptions of indicator importance shape the final vulnerability
trajectories. Furthermore, the study conducts 'leave one out' sensitivity tests for key systems
(UAVs, MLRS, missiles) and develops forward-looking scenarios that change UAV stocks and
budget levels, thereby linking observed loss dynamics to forward-looking models of structural
vulnerability

2. Analysis of recent research and publications.

Recent studies have confirmed the extensive utilisation of TOPSIS for quantitative
vulnerability assessment in complex systems, including logistics, infrastructure, and security-
sensitive areas. For instance, Xu employs TOPSIS within a comprehensive MCDM framework to
evaluate vulnerability in emergency supply chains, thereby demonstrating the efficacy of multi-
indicator vulnerability indices in identifying critical periods and vulnerable links in response
networks (Xu, W,, Ly, Y., & Proverbs, D., 2024). Peng develops a TOPSIS-based vulnerability
assessment for cultural heritage sites, combining it with clustering to classify vulnerability
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levels (Peng, N., et al, 2024). This demonstrates the capacity of TOPSIS to transform
heterogeneous risk indicators into a temporal vulnerability profile, which is methodologically
analogous to the monthly index constructed in this study. In addition, recent reviews have
emphasised the popularity of TOPSIS due to its geometric intuition, its capacity to manage
benefit and cost criteria, and its ease of integration with other MCDM tools (Ahuja, H., et al,
2024; Atenidegbe, O.F., & Mogaji, K. A, 2023). However, these reviews have also cautioned
about its sensitivity to weighting schemes and normalisation choices.

The selection of objective weights is paramount for the establishment of data-driven
vulnerability indices. A comparative analysis conducted by Mukhametzyanov et al.
demonstrates that entropy, standard deviation, and related dispersion-based methods can
produce significantly different weight vectors (Mukhametzyanov, 1., 2021). This suggests that
these methods may be conceptually misused if applied mechanically. The analysis therefore
suggests the use of multiple objective schemes and comparison of their results rather than
reliance on a single method. Recent methodological developments have also proposed hybrid
objective weighting approaches, such as the IQRBOW-E method, which combines interquartile
range with entropy using a tunable parameter to improve reliability in the presence of outliers
and data irregularities. Babaei et al. present novel weighting methods based on variance and
deviation from the mean, and compare these with classical Shannon entropy (Babaei, H.,
Mohammadi, S., & Ghaneai, H.,, 2025). The authors illustrate how sensitivity to weight
variability can amplify critical but unstable criteria in decision-making models. The present
works serve to corroborate the concepts outlined in this article, wherein levels, entropies,
standard deviations, coefficients of variation, and range-based weights are applied to a uniform
set of loss data, with the objective of ascertaining the impact of alternative objective concepts
of 'importance’ on the vulnerability index (Erbey, A., Fidan, U., & Giindiiz, C., 2025).

An increasing number of literature sources emphasise the necessity for a systematic
assessment of the sensitivity of MCDM results, particularly in conditions of changing weights
and sets of indicators. Nabavi et al. propose a structured system for assessing the sensitivity of
multi-criteria methods, emphasising that weights based on standard deviation are particularly
useful for identifying targets whose variability leads to instability in the ranking (Gomez-
Castro, F. I, & Rico-Ramirez, V., 2025). Ogunnusi's analysis corroborates the efficacy of the
TOPSIS-based decision-making tool by examining the alterations in ranking when the weights
of criteria or alternatives are modified (Ogunnusi, M., Omotayo, T., & Akponeware, A., 2025). He
further asserts that a stable ranking with reasonable fluctuations is a prerequisite for its
utilisation in policy. Concurrently, industry applications of TOPSIS, such as the assessment of
natural disaster risks, infrastructure and defence capabilities, frequently integrate TOPSIS with
scenario analysis to explore 'what if' changes in key indicators. This corresponds to the
utilisation of 'leave one out' tests and predictive scenarios for UAV configurations and budgets
in this study. Considering the context, the present article contributes by integrating five
objective weighting methods, explicit 'leave one out' tests for indicators, and budget-aware
scenario modelling into a unified TOPSIS framework adapted to military vulnerability.

3. Task Formulation.

The purpose of this study is to construct and analyse a multi-criteria vulnerability index
of the russian federation's military potential for 2022-2025, considering the budget, using the
TOPSIS method and objective weighting schemes.

Research objectives:

The objectives of the study are as follows:

1. To create a monthly data array on the losses of russian military personnel and
equipment, as well as defence budget indicators for 2022-2025. In addition, the study will
select 13 relevant criteria for assessing vulnerability.

2. The TOPSIS method is to be applied with five objective weighting schemes (equal,
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entropy, standard deviation, coefficient of variation, and variance) to obtain a comprehensive
vulnerability index over time.

3. The TOPSIS-based index is to be adapted to consider the share of military expenditure
in GDP, thereby obtaining a budget-scaled indicator of military vulnerability.

4. A sensitivity analysis, incorporating 'leave one out' tests for key indicators (UAVs,
MLRS, missiles), should be conducted to assess the index's robustness to changes in criteria and
weights.

5. A scenario analysis should be conducted for alternative future configurations of UAV
losses and defence budgets. The impact of these configurations on the vulnerability index
should then be assessed.

4. Main Research Results.

The following section will verify the hypothesis: “Losses of weapons and military
equipment affect rf's military capabilities, considering the size of the military budget”.

First, we must develop and apply a comprehensive military capability vulnerability
index to assess the structural vulnerability of the rf’s military capabilities between 2022 and
2025, based on its losses during the war. The study introduces a multifactorial sensitivity-
adaptability model that quantitatively measures a country’s economic sensitivity to losses of
personnel, weapons and equipment in the military. The model integrates 12 armament and
equipment indicators and one personnel indicator, applying five weighting methods (uniform,
entropy, standard deviation, statistical dispersion and coefficient of variation) combined
through the TOPSIS method within a PyMCDM Python framework. The rf's military budget acts
as a contextual scaling variable, calibrating the overall vulnerability index against fiscal
resilience.

During our research, we use objective weighting methods. The first method we use is
Uniform (Equal) Weights. This method played a key role in our modelling, providing a simple,
transparent and reproducible weighting structure for all criteria (military capability
indicators) in the TOPSIS-based vulnerability index. [5].

Let x;;denote the performance of alternative i under criterion j.

1
wj =, (1)

where n=number of criteria.

Using equal weights as part of the TOPSIS modelling process enables transparent, fair
and replicable quantitative assessments of military capability vulnerability. This supports both
rigorous academic analysis and practical policy communication.

Next, we use entropy weights. These provide an objective, data-driven measure of
criterion importance based on the degree of informational diversity or dispersion in our
dataset. Thus, the first step is to normalise our dataset:

xij

Pij = gm (2)

]

where p;; is the normalized value (proportion) of criterion j for alternative (or
observation) i;
x;;j is the original value of criterion j for alternative (or observation) .

In our military capability modelling, this is the loss count for a specific type of equipment
or variable in a given period; i, x;; is the sum of all observed values of criterion j across
alternatives or all time periods under consideration (from observation ntom). This
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denominator provides the basis for normalization; n and m is the range of the summation,
typically from the first to the last observation or alternative considered.

Then we need to calculate the entropy. The formula below represents the entropy value
(E;) for criterion j, which is fundamental to calculating entropy weights in multi-criteria
decision analysis:

1
Inm’

Ej = =k X, pijIn(py;)  k = (3)
where Ej is the entropy measure for criterion j, reflecting the information content or
disorder within that criterion across all observations;
k is a normalization constant to ensure the entropy value ranges between 0 and 1,
1 . :
calculated as k = — where m is the total number of observations;

pij is the normalized value (proportion) of criterion j for observation i, previously
calculated as the share of x; j in the total for criterion j;
In (p;;) is the natural logarithm of the proportion.

Next formula calculates the entropy weight (wj;) for criterion j—a fundamental step in
the entropy-based weighting method used in our modelling:

1-E;

Wi = o
J ?:1(1_5}') (4)

where w; is the normalized weight assigned to criterion j;

Ej is the entropy value for criterion j;

n is the total number of criteria.

Using entropy weights in our modelling added a layer of data-driven prioritization,
allowing our vulnerability index to dynamically reflect which military losses or budget changes
are most “informative” or critical in real operational terms [6]. This strengthens both the
analytical power and policy relevance of our findings.

Next we use Standard Deviation Method. This method determines the weights of the
criteria in terms of their standard deviations, which assigns small weights to criteria, if it has
similar criteria values across alternatives [7].

Standard Deviation of Criterion j (g;):

9j

W= (5)

where o is the standard deviation for criterion j;

x;j is the observed value of criterion j for alternative (or time point) i;
Xj is the mean value of criterion j across all m observations;

m is the total number of observations.

Standard Deviation Weight for Criterion j (wj):

_\2
I, (xij=%;)

)

(6)

where w; is the normalized weight of criterion j, ensuring that the sum of weights for
all n criteria is equal to 1;
o; is the standard deviation of criterion j.
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The employment of standard deviation as a weighting method was instrumental in
enhancing the efficacy of our modelling. This approach entailed the allocation of greater weight
to volatile and variable military loss indicators, thereby acknowledging their elevated influence
on overall vulnerability. This approach complements other weighting methods and enhances
the robustness and interpretability of our quantitative vulnerability index.

In the subsequent stage of the analysis, the coefficient of variation is utilised. The
Coefficient of Variation (hereinafter—CV) is a measure of variability that is standardized, thus
balancing out the effects of scale and mean differences among criteria:

o (7)
i 27]'1=1CV]'

V=% (8)
]

where w; is the normalized weight assigned to criterion j, reflecting its relative
importance in the analysis;

CV; is the coefficient of variation for criterion j, calculated as the ratio of the standard
deviation (g;) to the mean (x;) of criterion j;

o; is the standard deviation for criterion j, measuring the spread or variability of
observations;

X; is the mean (average) value of criterion j over all observations.

The employment of the coefficient of variation enhanced the vulnerability modelling by
introducing an objective, normalised measure of indicator dispersion. This enabled the model
to reflect not only the extent to which military capabilities vary, but also the significance of
these variations relative to their typical levels. Consequently, this enhanced the accuracy of risk
assessments and the relevance of policies.

Furthermore, statistical dispersion was utilised as the objective weighting method. The
primary function of the CV in the military capability assessment was to quantify the relative
variability of each indicator. This measure facilitates the identification of capabilities that
exhibit larger fluctuations relative to their mean, thereby highlighting their importance or risk
in dynamic situations.

P 9)

] n .
j=1 RJ

R; = max(x;;) — min(xij), (10)

where R; is the range of criterion j across all observations; max (x;;) is the maximum
value observed for criterion j;
w; is the normalized weight for criterion j based on its range.

In the following section, it is essential to acknowledge the employment of the TOPSIS
method in our military capability vulnerability assessment. This method is a widely recognised,
robust, and practical multi-criteria decision-making (MCDM) technique. It is particularly well-
suited to the comparison of complex alternatives evaluated across multiple diverse criteria.

Normalization:

ry=—3 (11)
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where 1;; is the normalized (vector normalized) value of criterion j for alternative i;
x;j is the original value of criterion j for alternative i;
m is the total number of alternatives.

Weighted normalization:
vij = W] X rijl (12)

where v;; is the weighted and normalized value of criterion j for alternative i. This is the
final value that enters the decision matrix for further steps in TOPSIS. w; is the weight assigned

to criterionj, determined by methods like equal weights, entropy, standard deviation,
coefficient of variation, or statistical dispersion. r;; is the normalized value of criterion j for

alternative i, calculated via vector normalization.
Determine ideal solutions:

A+ = {maX(vij)lj E]benefit; min(vij)lj E]cost} (13)

A ={min(v;;)|J € Jyenesic; max(vi;)|j € Jeost} (14)

where v;; is weighted and normalized value for criterion j and alternative i;
Ibenerit is the set of criteria for which higher values are preferable;

Jcost 1S the set of criteria for which lower values are preferable;

max (v;;) is the highest value of v;; for criterion j across all alternatives;

min (v;;) is the lowest value of v;; for criterion j across all alternatives.

Separation measures:

= JZ7=1(Uij — 4¥)° (15)

\/Z 1(”1} ' )2' (16)

where S;' is the Euclidean distance from alternative i to the positive ideal solution (A%),
across all criteria j;

S; is the Euclidean distance from alternative i to the negative ideal solution (A7), across
all criteria j;

v;j is the weighted, normalized value of criterion j for alternative i;

A]L and 4; are positive and negative ideal values for criterion j, respectively;

n: is the total number of criteria.

Closeness Coefficient and Ranking:

L (17)

CC;, =
Loost+s;

where CC; is the closeness coefficient for alternative (e.g., month, unit, or scenario) i;

S} is the Euclidean distance from alternative i to the positive ideal solution (A%),
representing the “best” possible state;

S; is the Euclidean distance from alternative i to the negative ideal solution (47),
representing the “worst” possible state.
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Subsequently, an integration with the military budget must be performed. Each
vulnerability index V;can be adjusted for fiscal resilience. This formula adjusts the final
vulnerability index based on the proportion of military budget to GDP (military expenditures),
providing an economically normalized capability index:

1

*
S =V. X
Vi=Vi B;/GDP

(18)

where V;* is the adjusted vulnerability index for period (or alternative) i, scaled for
economic context;

V; is the original TOPSIS-based vulnerability index (closeness coefficient) for
period i before economic adjustment;

B; is the value of the military budget for period i;

GDP is a Gross Domestic Product, representing the total economic output;

B;/GDP (military expenditures) is the share of military budget in GDP for period i;

5,/GDP is the inverse of the budget-to-GDP ratio, used to scale the vulnerability index.
Tye formula above rescales the military vulnerability score by how much of the national
economy is allocated to defense.
The formula for V;—military capability vulnerability index—is the TOPSIS closeness
coefficient:
Si_
V,=CC; = (19)

=t
StH+s;

where V; is the original TOPSIS-based vulnerability index for alternative i;

S} is the Euclidean distance from alternative i to the positive ideal solution (best
capability scenario);

S; is the Euclidean distance from alternative i to the negative ideal solution (worst
capability scenario).

Thus, V; quantifies how close each alternative is to the ideal solution—higher values
indicate lower vulnerability (closer to best-case), while lower values indicate greater
vulnerability (closer to worst-case). So, V; is calculated directly with the TOPSIS closeness
coefficient formula above and then used for further transformations or scaling, as in military
expenditures adjustment [8].

As previously indicated, Python has been identified as the primary language of choice
for our modelling process. The PyMCDM Framework is utilised for the implementation of the
TOPSIS method. The system also facilitates the execution of structured, mathematical decision
analysis with multiple metrics or indicators. Furthermore, the system incorporates automated
weighting and ranking functions.

In the subsequent phase of the procedure, we proceeded with the importation of
weighting modules, including both Entropy_Weights and Equal_Weights. These functions are
predefined objective weighting functions (Entropy for information-theoretic weighting; Equal
for uniform baseline). Furthermore, we defined our custom weight functions to complement
the model: The third factor is referred to as 'std_weights', which is an abbreviation for 'standard
deviation'. The fourth factor is referred to as 'cv_weights', which is an abbreviation for
‘coefficient of variation'. The fifth factor is referred to as 'dispersion_weights', which is an
abbreviation for 'range or spread-based'.

The extraction of features for modelling purposes results in a modelling matrix
comprising 44 periods (months) x 13 indicators, facilitating the implementation of objective
weighting and the execution of the TOPSIS analysis (see Figure 1).
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Figure 1. Military Capability Index over time (monthly, 01.2022—10.2025)

Source: compiled based on [8]

The military capability vulnerability index for each period has been visualised using
TOPSIS and five different objective weighting methods. As illustrated in Figure 1 above, each
curve represents a distinct weighting strategy, demonstrating the influence of weight selection
on the assessment of vulnerability over time.

The subsequent stage of the process is the incorporation of military budget scaling (Fig.
2). In order to utilise the military budget as a scaling factor, it is necessary to adjust the
vulnerability index for each period by dividing the TOPSIS scores for each period by the
corresponding military budget.
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Figure 2. Budget-Scaled Military Capability Vulnerability Index
(monthly, 01.2022—10.2025)

Source: compiled based on [8]
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As previously mentioned, the budget-scaled Military Capability Vulnerability Index has
been calculated and visualised (see Figure 2) for all periods and weighting methods. The
incorporation of each curve into the assessment now incorporates the military budget, thereby
providing a more economically contextualized evaluation. It is important to note that each
TOPSIS vulnerability index is divided by the corresponding monthly military budget. This
process produces a scaled index that reflects fiscal resilience. The curves are indicative of
periods in which capability losses are high relative to budget, thus signalling greater
vulnerability. The budget-scaling mechanism facilitates the identification of not only raw losses,
but also periods during which resources may be in short supply.

The subsequent stage of the research is to perform interpretation and sensitivity
analysis. The scaled vulnerability index is a metric that demonstrates fluctuations in military
capability losses relative to the military budget over time. Peaks in the curve indicate periods
in which losses were particularly high relative to the available budget, revealing moments of
heightened vulnerability.

The Uniform and Entropy methods have been observed to demonstrate more moderate
or stable trends, as they distribute weights more evenly or information-theoretically among
criteria. The Standard Deviation and Dispersion methods frequently generate higher and more
volatile peaks, as they amplify the influence of indicators with higher variability or range. The
Coefficient of Variation produces lower, more smoothed curves, as it balances both the mean
and the dispersion.

A thorough examination of the critical periods reveals that there is a conspicuous surge
in activity in early 2022 and during the 2024-2025 period, evident across all methodologies. It
can be hypothesised that these correspond to months which have been subject to considerable
losses or relatively diminished budgets. This would signify critical vulnerabilities for the RF's
military during those phases.

It appears that elevated index values may serve as an indication of potential stress on
military logistics and resource allocation, suggesting instances where operational or fiscal
exhaustion risks may escalate. Lower values are indicative of periods of enhanced
sustainability.

As part of the sensitivity analysis, the same TOPSIS model was run using five distinct
weighting methods. This comparative sensitivity analysis is presented in Table 1 below.

Table 1. The comparative sensitivity analysis

wﬁﬁﬁggg Index Volatility Implications
Uniform Moderate/Flat All indicators treated equally; les responsive to major shifts
Entropy Moderate/Responsive More sensitive to rare or information-rich losses
Std. Deviation High Prioritizes volatile indicators; detects shocks/surges well
C\;);Ifif;iii?lt Smoothed Normalizes for mean; less jumpy; good for persistent changes
Dispersion High/Punctuated Amplifies range; sharp jumps reflect extreme events

Source: compiled based on [8]

In the end we need to provide a test to assess model stability by removing several
indicators and recalculating the index to see how much results change. It consist a process of
altering indicator values artificially to observe effect size on the final index. We are going to
proceed the “leave-one-out” procedure for “UAVs” “MLRS” and “Missiles”.
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Figure 3. Budget-Scaled Vulnerability Index (Indicator Sensitivity)

Source: compiled based on [8]

As demonstrated in Figure 3, the sensitivity analysis for UAVs, MLRS, and missiles
indicates that the budget-scaled vulnerability index curves maintain a high degree of
consistency with the curves for the full indicator set across all weighting methods.

Whilst interpreting the multi-indicator sensitivity results, emphasis is placed on several
aspects:

1. In the context of model robustness, the dashed lines (after omitting UAVs, MLRS, or
missiles) demonstrate a high degree of correlation with the solid, full-indicator lines. This
finding indicates that no individual indicator (UAVs, MLRS, or missiles) exerts a
disproportionate influence on the composite vulnerability index. The model's structural
integrity and reliability are retained even when these critical capabilities are excluded one at a
time.

2. In the context of the Weighting Method Comparison, it was found that all weighting
strategies (Uniform, Entropy, Standard Deviation, Coefficient Variation, Dispersion) displayed
similar levels of robustness. The removal of individual indicators did not induce major changes
in the index time series. This finding lends further support to the hypothesis that results are
not contingent upon a specific weighting choice or indicator, thereby promoting
generalizability and objectivity.

In order to systematically summarise and compare the results of the "leave-one-out"
sensitivity analysis for "Tank," "UAVs," "MLRS," and "Missiles," it is necessary to compile the
full vulnerability index time series for each exclusion scenario. This involves the calculation of
summary statistics, including the mean, maximum absolute difference, and standard deviation,
for each method or scenario (see Table 2).

Table 2. The comparative sensitivity analysis

Indicator | Uniform | Entropy | Standard Deviation | Coefficient of Variation | Dispersion
UAVs 0.019706 | 0.001899 0.019672 0.017995 0.029654
MLRS 0.019403 | 0.000147 0.000004 0.005657 0.000006

Missiles | 0.029513 | 0.174062 0.000011 0.015346 0.000013

Source: compiled based on [8]
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Finally, a scenario analysis is performed. In order to accomplish this objective, it is
necessary to set the objective—to define the timeframe for the subsequent 12 months,
commencing from the most recent date recorded in the 'df' dataframe (Python).

The following observations can be made with regard to the past year:

- There has been a doubling of UAVs;
- There has been a halving of missiles;
- There has been a doubling of the budget over the past two years.

It is imperative that the current status quo with regard to UAVs is maintained.
Simultaneously, there is a necessity to reduce the number of missiles by half, and to increase
the budget by 10% over the course of the next two years.

[t is imperative to reduce the number of UAVs by half over the past year, and to reduce
the number of missiles and budget by half over the past two years.

In order to inspect and compare the vulnerability index for all months where scenario
modifications apply, and to visually analyse divergence for Scenarios 1, 2, and 3, it is necessary
to inspect modified months and to apply scenario changes to existing data. Prior to the
implementation of scenario modifications, it is imperative to explicitly cast the relevant
columns as “float” to avert potential “dtype” conflicts and subsequent errors.

1.4

—— Scenario 1: UAV x2, Budget x2
Scenario 2: UAVs unchanged, Budget +10%
----- Scenario 3: UAV /2, Budget /2

1.2 1

1.0 1

0.8 4

0.6 4

0.4 4

0.2 4

Uniform Weighted TOPSIS Vulnerability Index (Budget Scaled)

Figure 4. Vulnerability Index Comparison: Scenario Modelling
Source: compiled based on [8]

As demonstrated in the results section of Figure 4, the plot now accurately displays the
divergence between the scenarios.

1. In the context of the initial scenario, characterised by an augmentation in both
Unmanned Aerial Vehicles and budgetary resources, the vulnerability is at its lowest point.

2. In the context of Scenario 2, characterised by an absence of modifications to UAVs and
a budgetary increase of 10%, there is a moderate vulnerability that is accompanied by a slight
improvement.

3. In the third scenario, the number of UAVs is reduced by half, and the budget is also
reduced by half. This scenario demonstrates the highest level of vulnerability, which is
indicative of compounded losses and constrained resource.

5. Conclusions.

It is possible to draw the following conclusions based on the modelling results, scenario
analysis and robustness checks. The implementation of MCDM, specifically the TOPSIS
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approach, enables structured, quantitative assessment of military capability vulnerability
across multiple loss indicators and over time. The utilisation of five objective weighting
schemes - uniform, entropy, standard deviation, coefficient of variation, and statistical
dispersion - demonstrates that the majority of weighting methods yield robust, consistent
vulnerability time series and are not unduly sensitive to single indicator exclusion, thereby
supporting the generalisability of the results. Sensitivity analysis, or 'leave-one-out' as it is also
known, has been used to confirm that omitting UAVs, MLRS, or missiles generally produces
minimal shifts in composite vulnerability index values (well below 0.03 for most methods). The
exception to this is entropy weighting with missiles, which suggests heightened responsiveness
to information-rich indicators under entropy schemes. Entropy, conversely, evinces a high
degree of robustness.

The application of scenario analysis to the modification of recent periods for key
indicators and budget has revealed clear policy-relevant trends.

The first scenario is characterised by an increase in both the number of UAVs and the
military budget, resulting in a doubling of both variables. The lowest vulnerability is indicative
of an enhanced operational resilience, owing to the augmentation of resources and the
duplication of UAVSs.

In the second scenario, the configuration of UAVs remains unaltered, while the budget is
augmented by a proportion of 10%. The moderate vulnerability is shown to engender a modest
improvement in comparison with the baseline.

In the third scenario, the number of UAVs is reduced by half, and the budget is also
halved. This results in the highestlevel of vulnerability, indicating significant compounded risks
and resource constraints under adverse conditions.

The scaling of budgets (i.e. the integration of defence spending as a percentage of GDP)
offers a more nuanced interpretation, enabling the contextualisation of periods of heightened
vulnerability by resource adequacy and fiscal resilience. Peaks in the scaled index serve to
highlight moments of operational or fiscal stress, thus suggesting resource allocation
bottlenecks and elevated risk.

The general structure and stability of the vulnerability index suggest that the composite
metric is a valuable, policy-relevant tool for defence capability analysis, scenario planning, and
resource management, supporting transparent evidence-based decisions even under
conflicting pressures or rapidly changing operational environments.

Author details ((in Ukrainian) .
MOJAE/IOBAHHA BPA3/IMBOCTI BIMCBbKOBOTI'O IIOTEHIIAJLY P®
METOAOM TOPSIS

Onekcanap APTIOHIEHKO

Biticbkosuti incmumym Kuigcbko2o
HAYioOHA/1bHO20 yHIgepcumemy
imeni Tapaca lllegueHka

8y. K0nii 30anoecvkoi, 81, m. Kuis,
Ykpaina, 03189

Papxoa ACPOPOB

Mexaniko-mamemamuyHutl
¢akysbemem Kuiscokozo
HAYIioOHA/bHO20 yHIgepcumemy

imeni Tapaca lllegueHka

npocnekm Akademika I'1ywkosa, 4-e,
Kuis, 03127

e-mail: far@ukr.net

ORCID ID: https://orcid.org/0000-
0002-3917-4724

€rop TEPEIIIEHKO

Biticbkosuli incmumym Kuigcbkozo
HAaYIoOHA/bHO20 YHIgepcumemy
imeni Tapaca llleguenka

8y I0aii 30anoscwkoi, 81, m. Kuis,
Ykpaina, 03189

e-mail: mr.apemi@gmail.com
ORCID ID: https://orcid.org/0000-
0002-3638-4961

e-mail: fullclxp778@gmail.com
ORCID ID: https://orcid.org/0009-0006-
0615-8695

Jlanuno TAMOIIEHKO | Osrtece KOBAJIb
Biticbkosuti incmumym Kuigcbko2o HayioHabHo20 yHigepcumemy
imeni Tapaca lllegueHka,
sy. KOnii 30anoscwkoi, 81, m. Kuis, Ykpaina, 03189

e-mail: daniltimoshenko302 @gmail.com
ORCID ID: https://orcid.org/0009-
0007-3385-4335

e-mail: oles.koval @knu.ua
ORCID ID: https://orcid.org/0000-
0003-2696-7204

178




ISSN 2223-3822 © Socio-Economic Problems and the State, Vol. 33, No. 2, 2025

AHomayis: Y Oauiili cmammi po3pob6seHo KiAbKiCHy modeab 0451 OYIHKU 8pasausocmi 8ilicbkogozo
nomenyiaay pociticbkoi gedepayii y 2022-2025 pokax 3 8UKOPpUCMAHHAM Memodie 6azamoKpumepiasnbHO20
nputiHammsi piweHbs. [lomicsuni dani i3 13 nokasHukie (12 kamezopili empam 036poEHHA Ma 06/1A0HAHHS NAKC
empamu 0c0608020 cksaady) ompumaHi 3 eidkpumux Odxcepen i o6pobsaeHi 3a donomozorw memody TOPSIS,
peasizosaHozo 8 6ibaiomeyi PyMCDM. 3acmocogyombcsi h'ssmb 06'€KMUBHUX CXeM 38ANHCY8AHHI — PIBHOMIPHA, HA
ocHosi enmponii, cmaHdapmHozo gidxuseHHs, Koediyienma eapiayii ma cmamucmuuHoi ducnepcii — 0aa
8idobpasceHHs abmMepHAMUBHUX Ys18/1eHb NP0 8ANXCAUBICMb NOKA3HUKIE Ma nepesipku HadiliHOCMI KOMN/AEKCHO20
iHdekcy spasausocmi. Ompumati 3a donomozoro TOPSIS daxi dodamkoso macumabyombcs 3a cnigg8i0HOWeHHAM
gilicbkogux eumpam do BBII, wjo6 ompumamu ckopu2o8aHuli Ha 6i00xcem NOKA3HUK 8pasaAusocmi, AKull
gidobpasicae sk empamu Ha noAi 6010, mak i pinaHcogy cmilikicms. AHai3 yymausocmi wodo KAH408UX NOKA3HUKIB
(BI/1A, PC3B, pakemu) nokasye, wo iHOeKc 3a1umaemscst cmabiabHUM npu 8uda1eHHi NOKasHukie 045 6inbwocmi
Memodie 38axcy8aHHs, i Auwe eHmponitiHi eazu cuabHiwe peazyroms Ha empamu pakem. ModearosaHHs cyeHapiis
04151 mpbox nepcnekmusHux KoHgizypayiti 3anacie BII/IA ma o6opoHHux 6r00dxcemie deMoHcmpye, wo Ginbuii
iHgecmuyii 8 6e3ninomHi cucmemu ma 6iabwa Yacmka 6100dxcemy noe8 'a3aHi 3 3Ha4HO HUNCHOIO 8pasugicmio, mooi
sk odHouacHe ckopoyveHHs BII/IA ma 6100dxcemy npuzeodums 00 HalisuwWux pieHie epasausocmi. Takum 4UHOM,
3anponoHosaHull iHdekc nponoHye nposopull, NOAIMUYHO pesnesaHMHUl [HCmpymeHm 045 8idcmexceHHs
cmpykmypHoi 8ilicbkosoi 8paszueocmi 8 uaci, cmpec-mecmy8aHHs a/1bMepHAMUBHUX CYeHapiis cmpykmypu cu
ma iHAHCYBAHHS, A MAKOXC NIOMPUMKU NAAHYB8AHHS 060POHU HA OCHO8I (PaKMuYHUX OAHUX.

Kamwwuoei cnosa: TOPSIS, memodu 06'ekmugH020 38axCYy8aHHS, 8IlicbKO8I chpOMOXCHOCMI, 060POHHULL
6100cem, pociiicbko-yKpaiHcbka 8iliHa.
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