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FORECASTING UKRAINE'S EXTERNAL PUBLIC
DEBT UNDER UNCERTAINTY CONDITIONS

ABSTRACT

Forecasting external public debt under conditions of uncertainty is important as it allows
the country to respond adequately to economic and financial challenges, promotes ef-
ficient management of financial resources, formation of a stable financial policy and
ensures the country's external debt security, which are critical elements for ensuring
economic sustainability and sustainable development. The article's main purpose is to
critically analyze and apply existing time-series forecasting methodologies to determine
the future values of Ukraine's external public debt in conditions of uncertainty caused
by the still unresolved consequences of the COVID-19 pandemic and russia's invasion
and full-scale war in Ukraine. Using three forecasting methods, namely trendline ex-
trapolation, exponential smoothing, and autoregressive and moving average models,
the paper forecasts the volume of external public debt until 2029 and presents a graph-
ical representation of the debt dynamics from 2011 to 2029. The most pessimistic fore-
cast for the growth of external public debt was revealed when applying the method of
data extrapolation based on the trendline. A comparative analysis of the forecast values
for the three forecasting methods has revealed common trends in the growth of public
debt, as well as the key advantages and disadvantages inherent in each model. Im-
portantly, the article emphasizes the common risks identified in forecasting Ukraine's
external debt using time series analysis models, including the problem of achieving only
short-term forecasting accuracy and insufficient flexibility taking into account complex
and unexpected changes that may arise in conditions of uncertainty and economic in-
stability. The results of the study provide valuable information for policymakers and
stakeholders trying to navigate the complexities of managing external public debt under
uncertainty.

Keywords: external public debt, forecasting, uncertainty, public debt management,
economic development, Ukraine, wartime

JEL Classification: H60, H63, C53, F34

INTRODUCTION

By February 2022, Ukraine's external public debt had already caused serious concern
and was the subject of attention both domestically and internationally. The total amount
of liabilities to foreign creditors increased, and the share of external debt in relation to
the country's GDP increased, raising questions about external debt security. The current
situation in Ukraine has only worsened. In contemporary reality, which is associated
with the still unresolved consequences of the COVID-19 pandemic, russia's full-scale
war against Ukraine, new cascading reactions are emerging in most areas of activity.

Nowadays Government expenditures exceed UAH 250 billion per month, more than half
of which are spent on defense. At the same time, the state's own budget revenues are
not enough to cover even military expenditures, not to mention important areas such
as social, medical, and other sectors. It is the external public debt that is now a tool for
solving crucial problems and one of the key sources of budget revenues. Since February
24, 2022, the external public debt has increased by USD 35,576 billion. This amounted
to 68% of the total public debt (as of October 30, 2023). (Ministry of Finance of Ukraine,
2023).

It is important to keep in mind that an excessive increase in external public debt, espe-
cially in wartime, can cause a series of problems for the country's economic stability.
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That is why the development and implementation of an effective external public debt management system is crucial. One
of its key tools is systematic forecasting, which allows to adequately assess possible risks, and plan strategies to reduce
the debt burden and promote the stability of the financial system. Forecasts not only shape sound fiscal policy but also
enable governments to respond proactively to new challenges. A well-built forecasting system becomes an important tool
for ensuring sustainable economic development and preventing crises associated with excessive growth of external public
debt. At the same time, inaccurate forecasts of external public debt can lead to serious consequences for the country's
financial stability and economic development. Unpredictable changes in the amount of debt obligations may lead to an
increase in financial pressure, particularly due to higher debt service and interest rates. This, in turn, may lead to a
reduction in the ability to implement other essential programs, investments and social projects, which threatens the coun-
try's economic stability and overall welfare. Also, inaccurate forecasts make it challenging to plan strategies to reduce the
debt burden, restore the country, help the victims, etc.

In general, effective financial management under uncertainty requires promptness and flexibility in adjusting budget strat-
egies to consider unforeseen circumstances.

In this context, it is essential to take into account the use of external public debt forecasts. In general, effective financial
management under uncertainty requires promptness and flexibility in adjusting budget strategies to take into account
unforeseen circumstances.

In this context, it is important to consider that the use of external public debt forecasting models based on considering its
relationship with other economic indicators can sometimes hinder the efficiency of management decision-making. For
example, building VAR or ARMAX models based on a country”s GDP may be a task that requires significant computational
resources and time (because, first, a country's GDP is an annual indicator, and second, a substantial amount of data is
necessary to build such models and, in particular, to make accurate forecasts). However, given the importance of accuracy,
and most importantly, efficiency, it is important to focus on using forecasting models based on data from previous periods.
This approach allows the model to be effectively adapted to changing conditions and make forecasts based on available
data while ensuring greater efficiency in solving management tasks.

That is why it is important to study modern methods for forecasting external public debt data based solely on historical
data, focusing on Ukraine, under conditions of uncertainty.

LITERATURE REVIEW

The scientific literature on external public debt forecasting under uncertainty covers various studies that use different
methodologies and perspectives to address this complex issue.

External public debt management is an essential aspect of economic development policy, and its effective forecasting is
necessary to ensure financial stability and sustainability.

Several scholars (e.g., Reinhart and Rogoff (2009), Zou et al. (2023), Aiyedogbon et al. (2022)) have contributed to the
understanding of external public debt management, emphasizing the importance of debt security and efficient resource
allocation. In particular, Reinhart and Rogoff (2009) conducted a seminal study analyzing the history of debt crises and
emphasizing the cyclical nature of debt accumulation. Their work laid the foundation for further research on the factors
that influence the dynamics of external public debt.

Subsequently, Sturzenegger and Zettelmeyer (2007) deepened the study of sovereign debt crises by focusing on the
dynamics of creditor losses and the effectiveness of debt relief measures. The study delved into the complex interactions
between debtor countries and their creditors in times of financial distress, providing information on the outcomes and
consequences of different debt management strategies. These general studies provide a fundamental understanding of
the dynamics of external public debt and lay the groundwork for studying debt management under uncertainty.

The risk management issue in the face of uncertainty is also addressed in scientific works. Risk management models and
strategies to reduce financial risks in the context of public debt are studied from the perspective of the need for effective
management of the country's financial resources (Chirume (2023) and Makedon and Korneyev (2014)). For example,
Jaramillo et al. (2017) studied the phenomenon of debt surges, blind spots, and financial stress. Their study provides an
in-depth analysis of the consequences of a sudden increase in debt, identifying potential blind spots and points of financial
stress.

Filatova et al. (2023) delve into the realm of public policy and financial regulation with a focus on preventing and combating
financial fraud. The article employs a bibliometric analysis to assess the current state of research in this domain. While the
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primary focus of this work is different from the forecasting of external public debt, it contributes valuable insights into the
regulatory environment and financial policy factors that play a crucial role in shaping a country's economic landscape.

Petrushenko et al. (2022) focused on assessing the impact of external debt on the country's economic development indi-
cators using Ukraine as an example. This study examined the specific consequences of rising external debt for economic
development at the beginning of the military conflict.

The link between external public debt and uncertainty is particularly pronounced during military conflicts. Eichengreen and
Portes (1986) and Gontareva et al. (2022) investigated the relationship between war and debt, noting the tendency for
borrowing to increase during conflicts. This paper highlights the complex relationship between geopolitical events, debt
accumulation, and subsequent economic problems.

Drawing on the challenges posed by war, Collier and Hoeffler (2004) and Filatova et al. (2022) studied the dynamics of
post-conflict debt. Their analysis emphasized the need for targeted debt relief, post-war reconstruction strategies, and
international cooperation to address the unique challenges faced by countries emerging from conflict. These studies pro-
vide valuable insights into managing external public debt in the aftermath of uncertainty.

The unprecedented global shock caused by the COVID-19 pandemic has triggered a new wave of research on external
public debt management under uncertainty. Napo (2022), Klutse et al. (2023) investigated the economic impact of the
pandemic, emphasizing the need for adaptive fiscal policies and debt management strategies to mitigate the effects of the
pandemic.

Oliynyk et al. (2017) explore optimal control models, that can provide valuable perspectives on decision-making processes
in financial contexts. This knowledge can be beneficial for the forecasting article in terms of exploring alternative modelling
approaches or refining existing methodologies for forecasting Ukraine's external public debt.

Forecasting external public debt is complex, involving integrating various economic variables and accounting for uncer-
tainty.

One of the key aspects of the study is the analysis of existing methods for forecasting external public debt. As correctly
noted by Husain et al. (2023), in general, there are three groups of methods for predicting socio-economic indicators:
expert (intuitive), formalized (statistical), and combined. The advantage of expert (intuitive) methods is that they are used
when quantitative information about the forecasting object is limited or absent. Formalized methods (methods of trend
extrapolation; methods of correlation and regression analysis; methods of mathematical modelling) are based on logical
analysis of facts, statistics, and forecast estimates using mathematical models.

Saidane (2019) and Lagoa et al. (2022) provided a comprehensive review of forecasting methods, discussing the ad-
vantages and limitations of time series models, econometric approaches, and scenario-based analysis. Their studies serve
as a fundamental source for understanding the nuances of forecasting in the context of external public debt.

Accounting for uncertainty in forecasting models has been the focus of researchers' attention. In particular, Mo and Kim
(2016), Mersmann and Westermann (2020) have explored the role of uncertainty in debt sustainability analysis, empha-
sizing the need for probabilistic approaches to account for the dynamic nature of economic variables. This view of uncer-
tainty links general forecasting methods and the challenges posed by external shocks.

Ademmer and Boysen-Hogrefe (2022) investigated the impact of forecasting errors on fiscal planning and debt accumula-
tion. The study provides insights into the challenges of forecasting inaccuracies for debt management.

In addition, innovative approaches' role in studying external public debt should be noted. For example, in recent years,
machine learning and artificial intelligence methods have become famous for analyzing and forecasting economic pro-
cesses. The works of scholars such as Andrada-Félix et al. (2015) explore the possibilities of applying these technologies
in the context of forecasting external public debt. The authors provide examples of successful applications but also point
out the challenges and limitations of such approaches.

Autoregressive models represent an essential category of forecasting methods that consider time dependencies in eco-
nomic time series. Zhuravka et al. (2021a) and Caruk (2007) studied various methods and methodologies for forecasting
public debt based on autoregressive models. Despite their power, these models need to be adapted to address the unique
challenges of uncertainty, especially in the context of external public debt management.

Gnegne and Jawadi (2013) contributed to the literature by estimating the boundedness and nonlinearity of public debt
dynamics using a threshold autoregressive (TAR) approach. This study adds a valuable contribution to understanding
nonlinear patterns and thresholds in public debt dynamics.
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So most of the scientific articles on public debt forecasting are based on constructing models of the interdependence of
public debt with indicators of economic development. Indeed, these models are effective tools for analyzing and predicting
possible trends in the growth or reduction of public debt.

However, under conditions of high uncertainty, which include factors such as military conflicts and the COVID-19 pandemic,
it is necessary to look for more rational methods of forecasting public debt, which will allow for operational decisions.

That is why it is important to study modern methods based on the analysis and forecasting of time series data, in which
the projected values of external public debt will be determined by their values, but with a delay of a certain number of
observations in the past.

AIMS AND OBIJECTIVES

This article aims to analyze and apply existing time-series forecasting methodologies to determine the future values of
Ukraine's external public debt under uncertainty caused by the still unresolved consequences of the COVID-19 pandemic
and russia's full-scale war against Ukraine.

The article” s objectives are as follows:

= to identify methods of forecasting external public debt based on previous data;

= to investigate how each model accounts for uncertainty and its limitations in adapting to complex and unforeseen
circumstances;

=  to provide a detailed comparison of the forecasted values of external public debt obtained from each of the three
forecasting methods;

= to explore in detail the risks associated with the limitations of these methods based on the need to ensure Ukraine's
external debt security during wartime.

METHODS

The paper analyzes the annual and monthly data of Ukraine's external public debt from December 31, 2011, to October
31, 2023.

Figure 1 shows the key methods, used in this study, for forecasting external public debt based on its previous values used
in this study.

On the basis of the characteristics of the models shown in Figure 1, it is worth mentioning that the dynamics of Ukraine's
external public debt do not show seasonal dependence, so the use of seasonally adjusted models is unnecessary. Moreover,
such an approach does not make a meaningful contribution to understanding the dynamics of debt indicators, but can also
complicate the analysis without any additional benefit. In particular, in terms of forecasting, it is important to take into
account that the absence of a seasonal component in the dynamics of external public debt simplifies the modelling of
future trends.

EPD = apt™ + ap_t" 1+ + apt? + ayt  +ap 1)
where, EPD — is the dependent variable (external public debt); t — independent variable (time); n — the degree of the

polynomial (determined using the in-built forecasting function in Excel); a,, a,_4, ..., ay — are coefficients to be selected or
calculated using approximation or regression methods. (determined using the built-in forecasting function in Excel).
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Exponential Smoothing Holt model - used to foreast time series where there is a trend or change in the average
(ETS). value over time.It includes a level (linear trend), a trend (change in the trend over time), and
It includes models such as smoothing parameters for predicting future values.

ETS(AAA), where each letter
represents a different

component of the model Holt-Winters model - extends the Holt model by adding a seasonality component.This
(trend, Sea§0na|ltyl model is useful for forecasting in time series with seasonal changes or repeated cyclic
smoothing). fluctuations.

Autoregressive (AR) models are based on the idea that the current value of a time series
depends on its previous values.The AR(p) model takes into account p previous values.

Moving average (MA) models describe the dependence of the current value on previous
random errors of the model.The MA(q) model takes into account q previous errors.

The autoregressive moving-average model (ARMA) stands as a mathematial model
employed for the examination and forecasting of stationary time series within the field of
statistics. This model serves as a generalization of two less complex time series models,
namely the autoregressive (AR) model and the moving average (MA) model.

Autoregressive and
moving average models

Y

ARIMA (Autoregressive Integrated Moving Average) — the model combines AR and
MA, adding an integration component that reflects the degree of differentiation of the time
series to ensure stationarity.

SARIMA (Seasonal ARIMA) is an extension of ARIMA to account for seasonality in time
series.

Simple trend — the model takes into account a linear or non-linear trend in the time series

ith King i i ations.
Trend models — models without taking into account seasonality or other variations

that use linear regression to
approximate and forecast
time series

Trend with seasonality — in addition to the trend, this model includes seasonal
components that take into account reaurring changes in data in certain periods.

Figure 1. Time series forecasting models based on previous values.

Also, for forecasting Ukraine's external public debt, a variant of the Holt exponential smoothing method (exponential
smoothing with trend) was applied, which allows for the trend in the time series.

The formula for exponential Holt smoothing includes two steps: smoothing the series (formula 2) and calculating the trend
(formula 3) (Saidane (2019)):

PEPD, = a * EPD, + (1 + a) * PEPD,_; + T,_; 2)

where PEPD; —is the projected value of external public debt at time t; EPD, — is the actual value of the external public
debt at time t; PEPD,_, — is the predicted value at the previous time; T,_, — Is the trend value at the previous time point;
a — smoothing coefficient, where O<a<l1.

T, = B * (PEPD, — PEPD;_;) + (1 + B) * T,_; 3)

where T, — is the trend value at time t; B — is the smoothing coefficient for the trend, where 0< B <1.

Forecasted value of the external public debt for the future period (formula 4):

PEPD,,, = PEPD, + h* T, (4)

were, h — the number of periods in the future.
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The algorithm for forecasting external public debt based on an autoregressive model will have the following sequence of
steps:

= checking the data for signs of persistence;

= stabilization of the time series. If the time series is non-stationary, use differentiation to stabilize it. This usually
involves taking the first or second difference between consecutive values. Note that if the series is stationary and
does not require transformation, this implies building an ARMA (p, q) model. If the series is differentiated — ARIMA
(p, d, a);

= determine the parameters of the ARMA (p, q) or ARIMA (p, d, @) model. Where: p is the number of lags for auto-
regression, determined by the analysis of the autocorrelation function (ACF); d is the number of differentiations,
determined by the analysis of stationarity; g is the number of lags for the moving average, determined by the analysis
of the partial autocorrelation function (PACF);

= building an ARMA/ARIMA model;
. use the resulting model to forecast future values.

The in-built data analysis tools in Excel and the EViews software package were used to build the models, plot the correlo-
gram (graph), perform the Dickey-Fuller test, and calculate the model parameters.

RESULTS

The growth of external public debt under conditions of uncertainty requires new and improved existing mechanisms for its
management, which, in the context of the changing economic environment, becomes critical to ensure the sustainability
and efficiency of the country's financial system. Effective financial management during wartime requires promptness and
flexibility in adjusting budget strategies to consider unforeseen circumstances.

When other factors cannot be considered due to uncertainty, it is essential to focus on adapting existing financial man-
agement methods based on available data.

For example, modern time-series analysis methods for forecasting external public debt can be an extremely effective tool.
These methods are notable for their ability to predict future performance based on past data. They allow for seasonality,
trends, and unexpected changes, making them ideal for situations where other factors may remain uncertain. Thus, mod-
ern time series analysis methods are becoming a key tool for dynamic and adaptive management of financial resources in
a changing environment.

In addition to the models shown in Figure 1, the following methodologies are becoming increasingly popular:

= neural networks — for data forecasting, which can be used for complex and nonlinear time series forecasting models;

= combined models — combinations of different models to obtain better forecast accuracy;

. state space models — space and state models that can account for uncertainty and complex dynamic interactions in
time series;

. scenario analysis — distribution of possible scenarios and assessment of the probability of different outcomes. Fore-
casting in this context is about getting an idea of what are the possible scenarios.

In general, it can be concluded that such a diverse range of methodologies and perspectives demonstrates the continuous
development of the field of external public debt forecasting research, as well as the importance of a coherent and inte-
grated approach to obtain the most accurate and reliable results.

Therefore, this study aims to determine the predicted values of Ukraine's external public debt until 31.12.2029 in order to
identify the most appropriate method for forecasting external debt based on its previous values.

Extrapolating data based on a trend line can be one way to forecast external public debt. This method is one of the easiest
to apply and can be effective for short-term or generalized forecasts. The simplicity of the method allows it to be used
quickly and efficiently to get a general idea of the possible development of the situation with the country's external debt
burden.

The results of forecasting Ukraine's external public debt based on the trend line are shown in Figure 2.
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Figure 2. Forecasting external public debt based on the trend line, USD million.

The external public debt forecasting results shown in Figure 2 represent a trajectory of debt movement, without specifying
the values of its volumes.

After all, extrapolation based on the trend line assumes that the existing trend in external public debt will continue in the
future. This assumption is based on the fact that previous trends in expenditures and debt may indicate that a certain
pattern of change will continue in the future.

A polynomial trend line of the 2nd degree was chosen to extrapolate the external public debt data. In our opinion, this
type of trend line provides the most accurate results, as it reflects the nature of the external debt dynamics and allows
the main changes in its growth or decline rates to be preserved.

Thus, evident from the depicted graph, that the projected value of the external public debt will cross the threshold of USD
160,000 million.

This method is simple and affordable, especially when an analyst or researcher wants to get a quick and generalized
forecast without spending much time and resources on complex models.

However, it is essential to keep in mind that in times of economic crises, political instability, or other crises where sudden
and significant changes may occur, the trendline method may be ineffective and inadequate. In particular, the method
may underestimate or oversimplify the situation in the case of complex and unforeseen changes. In general, it is important
to recognize the limitations of the trend line method and to use it in the context of the specific conditions and circumstances
of the external public debt time series under analysis.

Thus, this method can be used under conditions of uncertainty only if it is necessary to make short-term forecasts. This
forecast is also convenient for inclusion in reports and presentation of results to stakeholders.

Another method that can be used to forecast external public debt is the exponential smoothing method.
This method uses weighted values of the external public debt, giving more weight to the most recent values.

The results of forecasting Ukraine's external public debt using the exponential smoothing method are shown in Figure 3.
The value of the smoothing coefficients is determined by the formula for the mean square error (MSE) and is equal to
0.21.

140000
120000
100000
80000
60000
40000
20000

external public debt

Figure 3. Forecasting external public debt using the exponential smoothing method, USD million.
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Figure 3 also shows the projected growth of Ukraine's external public debt. However, unlike the previous results, it has an
upward trend. In particular, the projected value of the external public debt — as of the end of 2029 — will amount to USD
127,781.51 million.

The exponential smoothing method of forecasting external public debt is attractive in conditions of uncertainty due to its
ease of use and the possibility of quick forecasting. The small humber of parameters in the method, such as smoothing
coefficients, makes it less sensitive to poorly structured data and facilitates its use in conditions of economic uncertainty.

Also, the method may not be flexible enough to account for complex and unexpected changes in external public debt that
may arise in times of uncertainty and economic instability.

Among the methods shown in Figure 1, one of the most effective is based on autoregressive and moving average models,
where the dependent variable is determined by its own value, but with a delay of a certain number of observations in the
past.

When creating autoregressive models for analyzing time series, it is important to take into account the peculiarities of their
dynamics. For example, it is necessary to determine whether changes in the external public debt are random or have a
«memory». The term «persistence» refers to the ability of a state to exist over a long period of time that extends beyond
the time interval in which the state arose. The presence of persistence indicates the non-random nature of the data and
indicates the possibility of using autoregressive models to analyze them.

In order to meet the needs of universality and to take into account the complexity of time series analysis, it is proposed
to use the Hurst index as a measure of series persistence. This metric declines as the time lag between two identical pairs
of values in the time series grows. The term «Hurst exponent» or «Hurst coefficient» was named in honour of G. E. Hurst,
a leading researcher in this field (the standard symbol for the indicator is H).

To calculate the exponent, we used the R/S-analysis method as a method of normalized accumulated time series variance.
The formula for calculating the Hearst exponent is as follows (5) (Zhuravka et al. (2019)):

log (R/S) = log (c) + Hlog (n) (5)
The segment that intersects the coordinate axis is defined as an estimate of the constant log(c). The slope of the line in
the regression equation serves as an estimate for Hurst's H. Note that Hurst's H can be within the interval [0;1].

In the process of calculations, we obtained the following data series for the Logn and logRS indicators, which we need to
build a regression equation (Table 1).

For the autoregressive model, we used monthly data of Ukraine's external public debt from December 31, 2011, to October
31, 2023, in USD millions.

Table 1. Intermediate data for the calculation of the Hurst index.

Logn logRS
1 0.383699
1.069181 0.43063
1.166091 0.600988
1.244263 0.644164
1.30103 0.613996
1.366121 0.660666
1.446303 0.84103
1.643213 0.863608

1.668141 0.9193
1.963233 1.126666

Based on the data in Table 1, we constructed the following regression equation (Figure 4).
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Figure 4. The regression equation for calculating the Hurst index.

Thus, the slope of the regression equation line, which is 0.747, indicates the value of the Hurst H. The high level of
persistence indicates the presence of autocorrelation in the dynamics of external public debt. It confirms the possibility of
using autoregressive models to analyze and forecast the volume of Ukraine's external public debt.

The next step in building an autoregressive model is to check the series for stationarity.

The effectiveness of autoregressive forecasting methods relies significantly on the presence of stationarity. A time series
is deemed stationary when its statistical characteristics, such as mean and variance, remain consistent over time, main-
taining a constant distribution and unchanging autocorrelation.

In order to test whether a given time series is non-stationary, a variety of statistical methods and graphical tools can be
used. One common approach is using a statistical stationarity test, such as the Dickey-Fuller test.

To ensure that this series of external public debt is stationary, the Dickey-Fuller test was applied, which allows for testing
the hypothesis of a unit root in the time series. If the p-value is less than a specified threshold (usually 0.05), the hypothesis
of non-stationarity is rejected and the series is considered stationary.

Also, the key indicators of the Dickey-Fuller test are the estimated and critical values of the T-statistic.

The results of the test for analyzing and forecasting external public debt are shown in Table 2. It should be noted that the
calculations were based on the use of the specialized software package Eviews.

Table 2. Results of the Dickey-Fuller test of the time series of external public debt for stationarity.

t- Statistic Probability
Augmented Dickey-Fuller test statistic -4,436071 0.0000
Test critical values: 1% level -1.478524
5% level -1.096457
10% level -1.005748

The results of the test shown in Figure 5 are in favour of the stationarity of the series since the calculated value of the
McKinnon test statistic is less than the critical value for the corresponding significance levels (with a minimum probability
of error of 0% (since the p-value is zero)).

The stationarity check of the analyzed data showed their fundamental acceptability for use in autoregressive models.

Since the series of initial data of external public debt is stationary and does not require further transformations, the
autoregressive moving-average model, ARMA, will be used to forecast its values. The ARMA model is an extension of two
more straightforward time series models: the autoregressive model (AR) and the moving average model (MA).
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To initially establish the overall structure of the future ARMA model and identify the lag count for each component, we will
utilize the autocorrelation and partial autocorrelation function plots for the volume of external public debt.

Table 3 displays the calculated values for the autocorrelation function (ACF) and partial autocorrelation function (PACF) of
Ukraine's external public debt series. The data in the table are aimed at making an initial assessment of the process type
and determining the appropriate number of lags for inclusion in the ARMA model. The analysis of the table indicates
significance for lag 1 (since the values of both functions are close to 1).

Table 3. Correlogram of the external debt of Ukraine.

N2 AC PAC Q-Stat Prob
1 0.988 0.988 190.50 0.000
2 0.976 -0.016 377.41 0.000
3 0.965 0.007 560.88 0.000
4 0.952 -0.041 740.61 0.000
5 0.939 -0.036 916.37 0.000
6 0.926 -0.019 1088.1 0.000
7 0.913 0.024 1256.0 0.000
8 0.901 -0.003 1420.2 0.000
9 0.887 -0.028 1580.5 0.000
10 0.873 -0.079 1736.4 0.000
11 0.858 0.002 1887.9 0.000
12 0.843 -0.047 2034.8 0.000
13 0.827 -0.031 2177.0 0.000
14 0.810 -0.004 2314.4 0.000
15 0.794 -0.005 2447.2 0.000
16 0.778 -0.012 2575.4 0.000
17 0.762 -0.029 2698.9 0.000
18 0.745 0.003 2817.9 0.000
19 0.730 0.011 2932.5 0.000
20 0.713 -0.040 3042.5 0.000
21 0.696 -0.022 3148.0 0.000
22 0.678 -0.026 3248.8 0.000
23 0.661 -0.017 3345.0 0.000
24 0.643 0.003 3436.8 0.000
25 0.627 0.019 3524.3 0.000
26 0.610 -0.006 3607.7 0.000
27 0.593 -0.015 3687.1 0.000
28 0.576 -0.037 3762.4 0.000
29 0.558 -0.029 3833.5 0.000
30 0.540 -0.036 3900.5 0.000
31 0.521 -0.010 3963.3 0.000
32 0.502 -0.031 4022.0 0.000
33 0.483 -0.017 4076.7 0.000
34 0.464 -0.013 4127.5 0.000
35 0.446 0.009 4174.6 0.000
36 0.427 -0.009 4218.1 0.000
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To generate predictive values for the modified time series of Ukraine's external public debt, we calculated parameter
estimates for the ARMA model with varying numbers of parameters (p, q) ranging from 1 to 12. Subsequently, models
with the lowest values of SIC and AIC were chosen for further examination. The step-by-step estimation of the autoregres-
sive (AR) components revealed that the ARMA (1;5) specification demonstrated the minimum values of these criteria.

Hence, we believe that the ARMA (1,5) model most precisely captures the pattern of external public debt dynamics, offering
superior accuracy for subsequent forecasts. Equation (6) outlines the model specification in the EViews format:

PEPD = 28459 + 0.8796 * AR(_; + 0,8745MA,_; (6)

The values of the coefficients (0,8796 and 0,8745) indicate the strength of the relationship between the values of the
series and their lags. These coefficients can help in understanding the dynamics and dependence between different periods
of the time series.

The regression equation within the developed ARMA model is statistically significant, as evidenced by the Fisher's test
values, and the residuals of the estimated final equation are white noise.

The forecast values of external public debt calculated on the basis of the ARMA model are shown in Figure 5.
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Figure 5. Forecast of Ukraine's external public debt based on the results of ARMA modelling, USD million. (Source: authors’ elaboration)

As can be seen from Figure 5, the projected amount of external public debt is expected to increase to the level of 116,722.2
by the end of 2029.

However, it is worth noting that autoregressive models have several advantages, one of which is simplicity and clarity of
interpretation. This makes it an effective tool for analyzing and forecasting external public debt, especially in resource-
limited environments. Another advantage is that the ARMA model can identify certain trends and cyclical changes in time
series, which helps to better understand long-term trends in public debt formation.

However, among the key drawbacks of using this model are the limited ability to take into account complex dependencies
(the ARMA model assumes linear and stationary dependencies, so it may be limited in modelling complex and non-station-
ary characteristics of public debt) and sensitivity to outliers (ARMA may be sensitive to outliers or anomalies in the data.
If the external public debt is subject to sudden and significant changes, which is not an exceptional phenomenon in times
of war, this may affect the accuracy of forecasting.

Thus, based on the obtained forecast values of Ukraine's external public debt and the analysis of the advantages and
disadvantages of each of these methods, it should be borne in mind that when using any of the time series analysis
methods, the forecasts will be less accurate, since they are based mainly on historical data. Their effectiveness can be
seen in short-term forecasting. It is also important to systematically evaluate the accuracy of forecasts and, if necessary,
adapt models or consider other forecasting methods when new data becomes available or conditions change.
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DISCUSSION

The use of extrapolation, which is based on identifying and continuing trends in historical data, is consistent with traditional
time series forecasting methods. This approach has similarities with Ghosh (2015) [10], which emphasized the importance
of recognizing patterns in economic variables for accurate forecasting. However, the effectiveness of trend-based extrap-
olation depends on the assumption that historical trends will continue, and this assumption can be questioned in the face
of uncertainty caused by external shocks.

The use of exponential smoothing in this study reflects the recognition of the importance of recent observations in pre-
dicting future trends. This is in line with the findings of Caruk (2007) and Korneyev et al. (2022), who emphasized the
need for adaptive forecasting methods that take into account changing economic conditions.

The inclusion of ARMA models in our forecasting methodology draws inspiration from seminal studies: Mersmann and
Westermann (2020). ARMA models capture time dependencies in the data, offering a dynamic framework for forecasting.
This method is well-known in the literature and provides a reliable basis for forecasting future values. However, ARMA
models are not immune to challenges, especially in situations where external shocks cause volatility and disrupt the time
patterns observed in historical data.

Comparing the findings with the existing literature, it becomes clear that each forecasting method has its own unique
advantages and limitations. Extrapolation methods offer simplicity and transparency but can be unstable in the face of
sudden changes. Exponential smoothing, while adaptive, requires careful adjustment of the parameters to match the
degree of uncertainty. ARMA models, being autoregressive, reflect historical dependencies well, but can have problems in
periods of high uncertainty when there are sharp deviations from historical patterns.

Our study contributes to the scientific discourse by integrating these three methods, and recognizing their strengths and
risks. The combination of trend analysis, adaptive smoothing, and time dependence using ARMA models provides a better
understanding of how external public debt can evolve under uncertainty. However, we recognize that no single forecasting
method is universally preferable, and the choice of methodology should be context-specific, taking into account the nature
and degree of uncertainty.

CONCLUSIONS

Uncertainty can complicate the forecasting of external public debt, and in such cases, some models based on several
interdependent variables may not be effective enough, especially when it comes to making operational decisions. There-
fore, this paper investigates methods of forecasting Ukraine's external public debt based on previous data.

The study's findings highlight the effectiveness of trend extrapolation, exponential smoothing, and autoregressive models
in forecasting Ukraine's external public debt based on historical data, particularly for short-term projections and urgent
decision-making. However, for the long-term management of the country's debt security, a more in-depth exploration of
these methods is warranted, along with strategic conclusions drawn from integrating these models with indicators reflect-
ing the country's economic development in the wartime context. Additionally, strategies should be developed to adapt to
unforeseen changes, and models should be regularly updated to accurately capture current conditions.

The calculations unequivocally demonstrate an anticipated increase in Ukraine's external public debt amid the ongoing
military conflict. Unchecked debt growth in uncertain conditions poses the risk of heightened financial strain on the country,
escalating debt service costs, and constraining the implementation of crucial social and economic programs essential during
wartime. In tandem with employing the forecasting methods outlined in this study, it is advisable to establish mechanisms
for monitoring debt dynamics, analyzing risk factors, and promptly implementing corrective measures to mitigate adverse
impacts. Furthermore, the development of adaptive forecasting scenarios, considering various levels of uncertainty and
conflict dynamics, is essential for more effective financial planning and responsiveness to evolving economic conditions.
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®IHAHCOBO-KPEAUTHA AIAMbHICTb: MPOBSIEMW TEOPIT TA MPAKTUKM
Tom 6 (53), 2023

aHarni3 i 3aCToCyBaHHS iCHYIOUMX METOAOMONN NPOrHO3YBaHHS YacoBUX PSAIB ANS BU3HAYEHHS! MalByTHIX 3HaUYeHb 30BHi-
LHBbOro Aep>xaBHOro 6opry YkpaiHu B yMOBax HEBU3HAYEHOCTI, O 3yMOBMEHa A0Ci HEBMPILLEHUMM HaciAKaMKU NaHAeMii
COVID-19, BTOprHeHHsIM Ta akTMBHOIO BilHOO pocii B YkpaiHi. 3a AONOMOrolo TpbOX METOZIB NPOrHO3yBaHHs, a came
eKCcTpanonsuii Ha OCHOBI NiHIl TPeHAy, eKCNOHeHUIanbHOro 3riafkyBaHHs Ta aBTOpErpeciiiHol Moaeni, CrporHO30BaHO
06carn 30BHIWHBEOrO AepxaBHOro 6opry o 2029 poky Ta npeacTaBneHo rpadivHe 306paxeHHs anHamikm 6opry 3 2011
no 2029 pik. HaibinbLu NECUMICTUYHMIA NPOrHO3 LWOAO 3POCTAHHS 30BHILUHLOrO Aep)KaBHOMO 60pry BUSIBIEHUI MpY 3aCTo-
CyBaHHi MeToZly ekcTpanonsuii AaHUX Ha OCHOBI NiHil TpeHAy. MOPIBHANbHUIA aHani3 NPOrHO3HUX 3HaYeHb 3a TPbOMa Me-
TOAaMW NPOrHO3yBaHHSA AO3BOJSIMB BUSIBUTW CMifbHI TEHAEHUT WOAO 3pOCTaHHA AEePXXaBHOMO 60pry, a TakoX BU3HAYNUTK
K/IIOYOBI NepeBary Ta Heaonikv, NpUTaMaHHiI KOXHIN Moaeni. BaimBo, WO B CTaTTi HAaro/IOWEHO Ha CMiNbHUX puU3nKax,
BUSIBNIEHMX MPW NMPOrHO3yBaHHi 30BHILLHbOro 60pry YkpaiHu, npu BUKOPUCTaHHI MoAenein aHanisy YacoBuX psiaiB, BKIO-
Yatoun npobnemMy AOCATHEHHS NnLIe KOPOTKOCTPOKOBOI TOYHOCTI MPOrHO3yBaHHS Ta HEAOCTATHBLOI FHYYKOCTI AN1s Bpaxy-
BaHHS1 CKMTAAHUX i HEOYiIKYBaHMX 3MiH, O MOXEe BUHWMKHYTU B YMOBAX HEBM3HAYEHOCTI Ta EKOHOMIYHOI HecTabinbHOCTI.
Pe3ynbTaTy gocnimkeHHs AatoTh LiHHY iHopMaUito Ans NONITUKIB Ta 3auikaB/IEHNX CTOPIH, SKi HAMaralTbCs 30piEHTYBa-
TUCS B TPYAHOLLAX YNpPaBiHHS 30BHILWHIM AepxaBHWUM 60proM B yMOBaxX HEBM3HAYeHOCTi.

KnouoBi cnoBa: 30BHIlWHIA AepxaBHUA 60pr, NPOrHO3yBaHHSl, HEBM3HAYeHICTb, YMNpaBniHHA AepXXaBHWM 60OproM,
€KOHOMIYHWUIA pO3BUTOK, YKpaiHa, BOEHHMI Yac
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