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EARLY WARNING SYSTEM  
OF EXTERNAL SUSTAINABILITY OF AN ECONOMY: CASE OF UKRAINE 
Abstract. The paper deals with the early warning system that allows monitoring the external 

sustainability of an economy due to external economic shocks. For this purpose, the analysis of the 
external sustainability indicators system of an economy (example of Ukraine) was implemented. It 
consisted of statistical analysis of the system of indicators of external sustainability of an economy, 
probabilistic assessment of their dynamics due to external economic shocks. The analysis of 
external sustainability indicators includes verifying their volatility, stability and variability relative 
to GDP. It means calculation of standard deviation for testing the volatility, autocorrelation to check 
the stability of the indicator and correlation between its value and GDP growth rate to measure the 
variability relative to the economy’s performance. The calculations of threshold percentiles for 
indicators of external sustainability of Ukraine’s economy, noise-signal ratios and probabilities of 
the occurrence of unsustainable external perturbationsare based on signal approach. The analysis of 
indicators of external sustainability of Ukraine’s economy shows that most indicators are volatile 
relative to their average values. It is shown that most indicators of the external sustainability of 
Ukraine’s economy are acyclic as they are weakly correlated with the growth rate of GDP, although 
their turning points coincide in many cases. Procyclical indicators are the ratio of reserve assets to 
«broad money», the ratio of net foreign assets to GDP, the average interest rate on external 
government liabilities, countercyclical indicators are the ratio of reserve assets to short-term 
external debt, the share of external public debt denominated in foreign currency to the total amount 
of external government obligations (except for SDR). 

Keywords: external sustainability, early warning system of external sustainability, external 
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Introduction. According to the statements of a number of economists, unexpected changes 

in the external environment seem to be a main trigger of instability in emerging and developing 
economies. These economies frequently are vulnerable to dissemination of destabilization processes 
due to such factors as excessive openness, low level of investment activity and savings, 
underdeveloped domestic markets etc. Besides this, direct investments in the commodity sector are 
dominating that ultimately leads to a decline in the share of industrial production, lack of protective 
buffer during crises in the form of «mighty» industrial exports and basis for sustainable long-term 
growth. In addition, there is a significant threat of the Dutch disease, which mostly affects poor 
countries. 
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Moreover, excessive focus on commodities leads to the dependence of economic 
development of the country on the dynamics of commodity prices. Not with standing that, the 
average price of commodities remains unchanged along with the average income of the population 
in the long run. As to [20], rise of commodity prices have been going on for one decade, followed 
by two decades of decline. In addition, subject to the financial integration of commodity economies, 
commodity prices volatility is combined with the problem of macro-financial stability [15]. 

Export-oriented model of economic growth with a significant share of commodity exports 
dominates in Ukraine. It contributes to its dependence on external competitiveness and increase of 
volatility because of foreign economic shocks. As a result, the dynamics of economic growth in 
systemically important economies worldwide is urgent for Ukraine. Mainly, it concerns China, 
which has a significant impact on setting thecommodity prices worldwide.  

Therefore, the problems of estimationand prediction of the effects of external shocks and, 
subsequently, ensuring its external sustainability are relevant in the conditions of external 
vulnerability of national economy. 

Thus, the aim of this research is to form a system of external sustainability indicators and 
develop an early warning system that allows monitoring the external sustainability of an economy 
due to external economic shocks. 

The paper has the following structure. Section 2 provides an overview of the literature on 
external sustainability and some aspects of its estimation. Section 3 deals with the description of the 
early warning system of external sustainability (in case of Ukraine). The fourth section provides an 
analysis of the indicators of external sustainability of Ukraine’s economy. The conclusions show the 
results of the study. 

Literature review. A number of economic papersembrace the study of the external 
sustainability of an economy, main aspects of which seem to be «current account balance and 
external debt sustainability» [21].  

The emergence of the concept of external sustainability is due to [7]. Horne alleged the external 
sustainability is a result of intertemporal decisions on savings and investment by government and 
private sector subject to market clearing and full employment.As to him, the stability of permanent 
deficit or surplus of current account depends on the duration of these phenomena. Moreover, the main 
reason of instability in an economy is unpredictable changes in the external environment inherent to 
developing countries that require the adjustment of economic policy and / or private sector behaviour to 
support intertemporal budget constraints. Salop and Spitaller associate external sustainability 
exclusively with the stability of the current account, which will take place even in the presence of a 
current account deficit in case of financial solvency of the country and borrowing abroad to finance 
investment demand [19]. If borrowings on international capital markets are made to finance current 
consumption, the current account deficit becomes volatile. The rate of adjustment of the current account 
balance is defined mainly by internal factors. Milesi-Ferretti and Razin define the external sustainability 
of the economy in the context of current account imbalances, primarily imbalances of investments and 
savings [16]. According to Roubini and Wachtel, the dynamics of current account balance is unstable in 
case of external debt-to-GDP ratio growth, and, in turn, the criterion of economic stability is the «non-
growth» of external debt-to-GDP ratio [18]. 

In addition, external sustainability is treated in the context of external debt 
sustainability.According to a study of the International Monetary Fund, debt sustainability is the 
ability of a borrowing country to service its obligations without significant adjustments to income 
and expenditure, covering such concepts as solvency and liquidity [9].  

Thus, the country’s solvency characterizes a situation that does not lead to excessive 
accumulation of external borrowing and corresponds to the allowable level of current account 
deficit [17]. In turn, liquidity is the adequacy of liquid assets and available funds to service and 
repay debt [9].  

Crockett and Goldstein correspond the external sustainability of the economy withan ability 
to finance debt without foreign currency earnings, provided full employement and keeping up the 
savings-investment ratios of other countries [5]. In their opinion, the criterion of external 
sustainability should reflect the characteristics of a country and evolve over time. 
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Approaches to estimating the sustainability in the context of debt obligations are 
systematized by Wyplosh [23]. They are solvency and liquidity of the economy; not exceeding the 
ratio of debt to GDP of its threshold level; solvency without the need for certain adjustments [9]; 
falling present value of debt over time; non-reduction in the present value of primary balances 
excluding debt obligations over time [1]; stationary debt obligations. 

Standard indicators for identifying debt sustainability (the main of which is external debt-to-
GDP ratio) are not accurate enough, primarily due to disregard for the country’s sources of income 
in foreign currency [23]. This also applies to external debt-to-exports ratio due to the possible 
insufficiency of the accumulated funds in foreign currency. 

The International Monetary Fund distinguishes two groups of external sustainability 
indicators (indicators based on the amount of external debt and those based on reserve assets) [8]. 
The first group includes the ratio of reserve assets to short-term external debt, imports and «broad 
money» (the first indicator characterizes the adequacy of reserve assets in countries with significant, 
but uncertain access to capital markets, the second indicator is used in countries with limited access 
to capital markets); the second group of indicators covers the ratio of external debt to exports and 
GDP, the average interest rate on external liabilities, the average maturity of external liabilities, the 
share of external debt denominated in foreign currency to the total amount of external liabilities. 

In addition, to verify the state of external sustainability of the economy, it is important to 
compare the current valuesof indicators with threshold levels. However, it is recommended to 
calculate individual threshold levels for countries due to their dependence on a number of factors 
(the level of country’s development, the availability of capital markets, etc.). For this purpose, the 
technique described by Karmarkar and Vani [14] could be used. 

Indicative system of external sustainability of Ukraine’s economy.Based on the analysis 
of approaches to the estimation of the external sustainability, the basis of the early warning system 
of external sustainability seems to be a system of indicators proposed by the International Monetary 
Fund. 

However, given the structure of the economy, the level of its debt and sources of its 
financing, this system have to be supplemented by additional indicators such as current account 
balance to GDP ratio, external debt to GDP and exports ratios, public and publicly guaranteed 
external debt to public budget revenues ratio, etc. 

Thus, to analyze the external sustainability of Ukraine’s economy we used a system of 
40 indicators proposed in [3]. The system includes five groups of indicators: 

I. Macroeconomic indicators (GDP growth rate, in %; GDP per capita, in constant dollars 
2010; gross national expenditure, in % to GDP; final consumption expenditure, in % to GDP; 
government final consumption expenditure, in % to GDP;publicbudget deficit, in % to GDP; GDP 
deflator (2010 = 100). 

Most of these indicators, such as final consumption expenditure, government final 
consumption expenditure, publicbudget deficit, GDP per capita, constitute the subgroup of socio-
economic factors as they to some extent contribute to the level of social and market efficiency in 
the national economy. 

II. Indicators that characterize current account position (current account balance, in % 
to GDP; total investment, in % to GDP; gross national savings, in % to GDP; real effective 
exchange rate (2010=100); exports of goods and services, in % to GDP; imports of goods and 
services, in % to GDP; trade balance, in % to GDP; changes in terms of trade, national currency; 
share of high-technologygoods in total exports, %; net foreign assets to GDP ratio, in %). 

III. Indicators that characterize capital flows (net direct investment to GDP ratio, in %; 
portfolio investment to GDP ratio, in %; interest rate differential, in %; reserve assets to imports 
ratio, months of imports;  reserve assets to total external debt ratio, in %; reserve assets to short-
term external debt ratio, in %; the ratio of reserve assets to «broad money», in %, net foreign assets 
to GDP ratio, %). 

IV. Debt indicators (gross external debt to GDP ratio, in%; gross external debt to exports 
ratio, in %; public and publicly guaranteed external debt to public budget revenues ratio, in %; share 
of external public debt denominated in foreign currency, in total external government liabilities 
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(excluding SDRs), the average maturity of external liabilities, the average interest rate on external 
public liabilities, the ratio of payments to external debt to GDP,%, the ratio of payments to external 
debt to exports, %). 

V. Indicators that characterize the impact of external sector (world GDP growth rate, in %; 
total investment, in % of GDP; gross savings, in % to GDP; GDP deflator, in %; world commodity 
price index (2005 = 100); world price index on metal (2005 = 100), world price index for 
agricultural products (2005 = 100); world price index for energy products (2005 = 100)). 

The first group of external sustainability indicators covers the main macroeconomic 
indicators that directly affect the external sustainability of Ukraine’s economy.  

The group of indicators that characterize the position of the current account includes 
10 indicators such as current account balance, gross investment and savings, imbalance between 
which directly affects the stability of the current account [4]. 

In Ukraine, the dynamics of the current account balance during 1992—2017 was 
characterized by relative stability: two periods of current account deficits (1992—1998, 2006—
2017, except for 2015) and one period characterized by its surplus (1999—2005).However, there 
have never been current account deficits of more than 5% of GDP (some economists consider the 
threshold level at 3%), which lasted for 5 consecutive years. 

Fig. 1. illustrates the dynamics of gross investment, savings and current account balance 
during 2005—2019 in Ukraine and confirms the relationship between the gap between investment 
and savings and the current account balance. The corresponding correlation coefficient of gap 
between investments and savings and current account balance is -0.91.  

 
 
 

 
 
 
 
 
 
 
 
 
 

 
 

 
Fig. 1. Dynamics of total investment, gross national savings and current account balance 

in Ukraine in 2005—2019,% of GDP 
Source: World Bank. 
 
Thus, the reduction of the gap between investments and savings in Ukraine has always 

corresponded to a decrease in current account deficit, and vice versa. 
Exports and imports of goods and services in relation to the country’s GDP determine its 

openness and, as a consequence, vulnerability as a result of the perturbations of the world economy. 
Thus, in Ukraine in 2017 the amount of exports and imports of goods and services in relation to 
GDP amounted to 103.6% (for comparison, in 1992 this figure was 46%). 

In addition, one of the most important indicators of external economic sustainability is the 
share of high-technologygoods in total exports, given that sustainable long-term growth is possible 
only in industrialized countries. At the same time, the trigger for accelerated economic growth 
seems to be the growth of exports of manufactured goods [24]. For instance, according to the World 
Bank during 2011—2018, the share of high-technology goods in total exports of manufactured 
goods in Ukraine averaged 6.85%. 
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The third group of indicators covers capital flows indicators. Firstly, they are net direct and 
portfolio investment to GDP ratios. 

The analysis of dynamics of net direct and portfolio investments in Ukraine in 2005—2017 
showed a net outflow of direct investments from Ukraine. During 2005—2007, 2010—2012, and 
2015—2017 it exceeded the outflow of portfolio investments from Ukraine. The exception is 2013, 
when the outflow of portfolio investment amounted to 8.787 billion US dollars and more than 
doubled the outflow of direct investment. 

To comment on the dynamics of gross external debt during 2009—2019, it is necessary to 
note the growth of gross external debt from 2009 to 2013 and its decline in 2014—2019.At the 
same time, in 2016 and 2017, GDP growth rate exceeded the external debt growth rate, which 
indicates a certain strengthening of external sustainability. Thus, there was a decrease in external 
debt from 114.71 billion US dollars to 113.28 billion US dollars compared to the positive rates of 
economic growth at 2.4 and 2.5%, respectively.In addition, since 2015, the ratio of gross external 
debt to exports and gross national income has fallen significantly. 

Finally, the fifth group of indicators of external sustainability includes ones that outline the 
world economy development and the situation in export markets (primarily, price indices for metals 
and agricultural products). In this context, it should be noted that periods of accelerating economic 
growth in Ukraine correspond to periods of rising world prices for commodities (in particular, 
metal). In addition, according to [2], the economic development of Ukraine is significantly 
influenced by the rate of economic growth in China due to the setting the price in majority of 
commodity markets. 

Results. To assess the system of indicators of external sustainability of Ukraine we used the 
approach, which includes statistical analysis of these indicators, and a probabilistic assessment of 
their dynamics as a result of disturbances. In addition, for the analysis of indicators of external 
sustainability, their volatility, stability and variability relative to GDP were verified. Verifying the 
volatility of the indicatorsmeans the calculation of the standard deviation, stability — 
autocorrelation coefficient, variability relative to GDP — the correlation coefficient with the GDP 
growth rate.The calculation of threshold percentiles for indicators of external sustainability of 
Ukraine’s economy, noise-signal ratios and probabilities of the occurrence of unsustainable external 
perturbations based on signal approach [10—14] implemented in [3]. 

Thus, the analysis of indicators of external sustainability of Ukraine’s economy includes the 
calculation of such statistical characteristics as: mean, standard deviation, 25% and 75% percentiles, 
probabilities of being in intervals ),( σμσμ +− and )2,2( σμσμ +− , autocorrelation coefficient and 
correlation coefficient with GDP growth rate. 

To calculate probabilities we applied Chebyschev’s inequality, which implies that the 
probability of a shock more than k standard deviations from the mean is less than 1/k2 [9]. 

For the analysis, we used the World Bank and the IMF data of the indicators for 2005—
2019. 

Thus, according to the results obtained, almost all of the indicators of external sustainability 
of Ukraine’s economy are volatile relative to their average values, except for the current account 
balance (in% to GDP), portfolio investment to GDP ratio (in% to GDP) and net external assets to 
GDP ratio (in% to GDP). In particular, portfolio investment to GDP ratio, in%, is less volatile 
compared to other indicators of external sustainability due to relative stability as the main channel 
of inflow/outflow of investment in Ukraine is foreign direct investment. 

Due to the shock of ±  only 56% of the values of the share of external public debt 
denominated in foreign currency to the total amount of external government liabilities (except 
SDRs) will be in the interval ),( σμσμ +− , and in turnbecause of a shock of ±2  100% of values 
are in the interval )2,2( σμσμ +− . Compared to the fluctuations of the GDP growth rate, we note 
the contrary trend in the dynamics of this indicator with the coinsidance of turning points in 2010 
and 2012. However, this trend has changed since 2014. 

To sum up, the probabilities of being in the interval ),( σμσμ +− for indicators of external 
sustainability of Ukraine are quite high exceeding 0.5. The lowest values of probability are 
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observed for final consumption expenditure and current account balance and equal 0.58 and 0.59 
respectively. The highest value of probability is for reserve assets to total external debt ratio at 0,84. 
As for the current account balance, the probability of being in the interval ),( σμσμ +− is 0.59, in 
the interval )2,2( σμσμ +−  0.95. That is, 5% of the values will even go beyond the interval 

)2,2( σμσμ +−  (this is, in particular, the peak value of 10.65%, which took place in 2004). 
Moreover, the fluctuations of this indicator are ahead of the fluctuations of GDP, and the correlation 
coefficient with the latter is only 0.37. 

Checking the persistence or stability of indicators based on the calculation of the 
autocorrelation coefficient showed that the following indicators are unstable: the ratio of reserve 
assets to imports in months of imports, the ratio of portfolio investment to GDP, the ratio of net 
external assets to GDP, the average interest rate on external liabilities average maturity of external 
liabilities, public budget deficit, in% to GDP, real effective exchange rate, share of high-tech 
products in total exports, in%, world GDP growth rate, in% (value of first-order autocorrelation 
coefficient for these indicators is less than 0.5). 

Analysis of the volatility relative to GDP has shown thatthe majority of indicators are 
procyclical (ratio of reserve assets to «broad money», ratio of net external assets to GDP, average 
interest rate on external government liabilities, exports of goods and services, imports of goods and 
services). The countercyclical indicators are the ratio of reserve assets to short-term external debt, 
the share of external public debt, and the share of external public debt in foreign currency to total 
external public liabilities (excluding SDR), interest rate differential. Other indicators of the external 
sustainability of Ukraine’s economy are acyclical. 

The analysis of indicators tendencies outlined that during periods of economic recovery 
there was an increase in short-term external debt relative to reserve assets, which may be explained 
by growth in both consumer and investment demand and, therefore, attraction of financial 
resources, including short-term. The downturn is observed for reserve assets to gross external debt 
ratio (the correlation coefficient with the GDP growth rate is only 0.44). 

Most of the indicators of external sustainability are characterized by long-term fluctuations, 
indicating high valuesof autocorrelation coefficients. Short-term fluctuations are observed only in 
such indicators as the ratio of reserve assets to imports, the ratio of portfolio investment to GDP, the 
ratio of net external assets to GDP, the average interest rate on external government liabilities, and 
the average maturity of external liabilities. 

Conclusion. The paperexplores the early warning system of external sustainability of the 
economy on the basis of approach, which includes statistical analysis of indicators and probabilistic 
assessment of their dynamics due to external economic shocks. The analysis of external 
sustainability indicators includes verifying their volatility, stability and variability relative to GDP 
that lead to the calculation of standard deviation for testing volatility indicators, autocorrelation 
coefficient to check the stability of the indicator and the correlation coefficient between its value 
and GDP growth rate to determine the variability relative to this indicator of the effectiveness of the 
economy.The calculation of threshold percentiles for indicators of external sustainability of 
Ukraine’s economy, noise-signal ratios and probabilities of the occurrence of unsustainable external 
perturbationsis based on signal approach. 

Analysis of indicators of external sustainability of Ukraine’s economy showed that most of 
them are volatile relative to their average values (exceptions are the current account balance, the 
ratio of portfolio investment to GDP and the ratio of net foreign assets to GDP). The overwhelming 
majority of indicators are stable, except for the ratio of reserve assets to imports, the ratio of 
portfolio investment to GDP, the ratio of net external assets to GDP, the average interest rate on 
external government liabilities and the average maturity of external liabilities. 

The probabilities of being in the interval ),( σμσμ +− are greater than 0.5 for indicators of 
external sustainability of Ukraine. At the same time, for some indicators the probability of being in 
the interval )2,2( σμσμ +−  is equal to one. 
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It is shown that most indicators of the external sustainability of Ukraine’s economy are 
acyclic as they are weakly correlated with the growth rate of GDP, although their turning points 
coincide in many cases. Procyclical indicators are the ratio of reserve assets to «broad money», the 
ratio of net foreign assets to GDP, the average interest rate on external government liabilities, 
countercyclical indicators are the ratio of reserve assets to short-term external debt, the share of 
external public debt denominated in foreign currency to the total amount of external government 
obligations (except for SDR). 

The early warning system indicators of external sustainability will allow to monitor the 
external sustainability of an economy in order to respond in advance to the emergence of unstable 
situations due to foreign economic shocks. 

The main directions of perspective research can be, firstly, the expansion of the system of 
indicators in response to new challenges, and secondly, the development of approach to their 
forecasting and, therefore, prediction of indicators values. 
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