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Abstract

:

The paper seeks to develop a predictive model for assessing the impact of the (COVID-19) pandemic on the economies of Eastern Europe, taking into account quarantine measures. Functions of the dependence on the number of the infected populations in Eastern Europe on pandemic duration were calculated based on trend analysis. Factors affecting the intensity of disease and the number of infected persons have been determined. Integral model of their influence has been built using regression analysis. Based on the values of the factors, the number of infected people and the rate of infection were predicted for each of the Eastern European countries. The prognostic duration of the stage of exponential disease growth and the total duration of quarantine (epidemiological saturation point) are substantiated. The predicted decline in Eastern European GDP due to COVID-19 has been estimated based on the construction of a prognostic regression model. The results obtained can be used by state authorities and economic agents as a tool for active and preventive response. They can also serve as an example of the urgent need to develop, especially in non-standard situations, mechanisms and products of open innovation.
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1. Introduction


Under current conditions, nearly all countries in Eastern Europe seem to be still in the very early stages of local Coronavirus outbreaks, but things are changing rapidly. The new epidemic situation is becoming a critical factor in the government’s spending on health, which is increasing significantly every day in the struggle for human lives [1]. Rapid and unpredictable spread of the virus made it necessary to make a decision about mass closing of borders between countries across the globe. Companies were faced with border closures overnight; in many countries, all air and land communications were forcibly blocked as part of quarantine measures [2].



The trade and services sector in the economy is primarily affected by the epidemic. Quarantine measures have a negative impact on the volume of exports and imports, which means that they have a negative impact on the economy (the drop in exports means the drop in currency supply, while the drop in imports is a decrease in tax revenues and therefore the дoxoдoв budget) [3].



Another channel of negative impact is a high dependency on remittance flows from Europe, which will decline amid lower economic activity. Among Emerging market Forex Trading EM FX, the currencies of emerging Europe look better than those of commodity exporters look but still have lost around 9% of their value against the USD, which is more than most Asian currencies [4]. For Central Europe, the biggest concern is trade links with Germany. These countries have a total trade turnover with Germany of 25% to almost 50% of their respective GDP [5].



Commodity-exporting countries face double challenges, as terms of trade and export volumes deteriorate simultaneously along with countries’ isolation. Germany and Italy are the most important supply chains for Eastern European countries, but China also plays a significant role (2% to 3.5% of value added) for many countries [5], especially with regard to Russia’s supply chain with China as its major trading partner (China accounts for more than 13% of exports and more than 22% of imports). The country loses about one billion rubles due to the decrease in trade turnover with China [6].



The countries of Eastern Europe, which are heavily dependent on the tourism industry, are also particularly affected by the pandemic. As far as Bulgaria is concerned, tourism accounts for 10.8% of GDP [7] and is one of the country’s main sources of income. However, it should be noted that with the exception of Poland and Russia, tourism accounts for between 6% and 10.8% of GDP in the rest of Eastern Europe [7]. Consequently, the pandemic will make them lose this share of GDP. Remarkably, in addition to the tourism business, which has already suffered billions of losses not only in Eastern European countries, but also worldwide, the hotel industry and catering are also affected.



The economies of almost half of the countries in Eastern Europe are heavily dependent on the dynamics of oil prices, especially exporting countries, in particular Russia, which currently faces a classic shock of changing terms of trade on the energy market. More and more countries are imposing restrictions on movement and other measures aimed at curbing the epidemic, so the demand for oil is falling at record rates. Oil has fallen by almost 50% since the beginning of 2020 [8] and continues to do so, despite the fact that Organization of the Petroleum Exporting Countries (OPEC) members, Russia, and a number of other countries have agreed to reduce oil production until 2022. Stronger measures against the spread of the pandemic are provoking a significant reduction in demand. According to the latest data from Goldman Sachs, the coronavirus pandemic will slash demand by 19 m bpd in April and May in 2020 [9].



Under the current circumstances, Russia has slightly reduced the impact of the price shock on the economy, thanks to the enormous efforts made since 2014 to isolate the economy from oil price cycles [10]. Nevertheless, the Russian currency is still getting weaker, provoking an imbalance in the budget. With the strengthening of quarantine measures in the long run, these risks may also be projected on currencies of countries with significant balance of payments deficits (Ukraine, Moldova, Belarus). In the end, the deficit may widen further due to negative export trends, as these countries are heavily dependent on capital inflows, which have become increasingly scarce in the epidemic.



The prolongation of the mass quarantine causes a recession in the economies of Eastern European countries, which cannot afford such harsh measures as authoritarian China. Therefore, we can assume that the quarantine epidemic will last longer there, and that the economic crisis will therefore worsen. Rich Western countries will be able to borrow huge sums of money to introduce large-scale tax incentives, but many emerging markets (including Eastern Europe) will not be able to do so. Reduced financing will require tighter fiscal policy, exacerbating the recession and effective timely preventive measures to sustain the economy. The role of International Monetary Fund (IMF) and other international lenders will also be critical to mitigating the worst downturn in emerging markets, with an adequate and rapid assessment of the state of the economy. The significant variation in the percentage of pandemic coverage, period and magnitude by country (as demonstrated by China and Europe as a percentage of the total population infected) requires predicting the epidemic situation in Eastern Europe in light of current infection patterns and factors contributing to/constraining the spread of the virus. Based on the advantages and disadvantages of the existing practical models for predicting the epidemic situation [2,11], this study has put forth a model for predicting the threshold of epidemiological saturation in Eastern Europe with reference to the influence of factors that determine the speed and number of infected, taking into account the dynamics of the number of infected worldwide and experience in combating the epidemic in China.



The study has the following structure:




	
Section 2 presents an analysis of the latest scientific developments in assessing the impact of the pandemic on economic development;



	
Section 3 presents a system of indicators and methodology for determining predictive scenarios for the impact of the COVID-19 pandemic on the economies of certain Eastern European countries;



	
Section 4 presents data analysis, providing a clear and objective account of the results obtained through the application of scientific methods;



	
Section 5 and Section 6 provides discussion of the results, conclusions and recommendations.









2. Literature Review


Scientists, such as Lee and McKibbin [12,13,14,15,16,17], considered the specific features of changes in economic indicators influenced by the pandemic spread. In particular, the impact of COVID-19 on economics was discussed in the papers [18,19]. Emphasis was placed on research into the risks, rise in the risk-premium and factors of changing consumer demand. McKibbin and Sidorenko [13] predicted that closed borders, suspension of tourism business, and slowdown in the trade supply chain at the country level will cause a 0.8% GDP damage. If we consider the damage on a global economic scale, the loss is assumed to be 12.6% of GDP.



The Congressional Budget Office [20] also studied the change in economic development under the influence of severe and mild forms of pandemics (such as Spanish flu of 1918–1919 and the 1957 and 1968 pandemics) due to: changes in consumer demand, reversal of the behavior of the population as a factor in the size and quality of the labor force, human capital. With these factors changing, scientists predicted a 1% change in GDP in the case of a mild epidemic. In case of a severe form of epidemic and characterized by the duration of spread, the annual GDP level will decrease by 4%.



It should be noted that such factors and their impact on the economy under the conditions of the general pandemic were also studied by Burns, van der Mensbrugghe and Timmer [21]. According to their estimates, the global GDP may drop to 3.1%, with a consumer demand shock accounting for 2/3 of the decline in economic growth.



Evans, Goldstein and Popova also took the position that consumer demand shock is a fundamental factor in the economic seduction [22]. Researching the Ebola epidemic in Western Africa in 2014 by means of the computable general equilibrium (CGE) model scientists developed scenarios for the development of regional and global economies in the conditions of the spread of the heavy and light form of Ebola under the influence of factors such as labor shortages, rising transaction and trade costs, etc.



Keogh-Brown et al. [23] used the development of a macroeconomic model to explain the most sensitive factors of socio-economic development under the conditions of the spread of the pandemic and the introduction of strict quarantine measures on the example of UK. Empirically, the scientists proved that in the case of a moderate form of the epidemic, the country’s GDP will decrease by 2.5%. If the pandemic takes a severe form of spread, the economic losses will be more significant, amounting to 6% of UK GDP. Another interesting point in this paper is that, despite a reduction in the labor force, consumer demand, increased mortality and morbidity, the most significant negative factor in the development of the national economy, as the authors prove, is the closure of schools.



The sensitivity of economic development factors to the epidemic was also studied by Dixon et al. [24]. Scientists studied the impact of the H1N1 epidemic in the US based on quarterly data on reduction in tourism industry development, reduction in labor costs, increase in health care system costs and significant reduction in leisure spending and using my CGE predicted a 1.6% reduction in GDP for the next two quarters.



However, it should be noted that earlier methods of modeling the impact of the epidemic on economic development are fundamentally different and cannot adequately assess the economic impact of the COVID-19 pandemic. A distinctive feature of the current situation is the shock of social distancing, which affects the reduction in labor supply and economic activity. In addition, the coronavirus pandemic provokes a significant increase in trade costs due to travel restrictions, which disrupt global supply chains and lead to deepening recessionary economies, whether at the regional or global level. Nevertheless, it should be noted that, due to the relevance, the list of studies on the expected economic effects of the coronavirus is expanding rapidly. International organizations [2,25], national research institutes and private research [1,11,18,26] are contributing to these studies.



They are thus based on assumptions about the duration of the pandemic, social distancing measures and responses to supply and demand. The uncertainty about these parameters makes some of these research studies develop scenarios. This approach is also used in the current study.



As evidenced by the analysis of the up-to-date literature, the assessment of the impact of the COVID-19 epidemic on economic development is usually based on the prediction of infection using: (1) exponential explosion models; (2) SIR models; (3) SIS models [27,28,29,30].



As the dynamics of 2020 show, the number of COVID-19 infections in Eastern Europe (and the whole world except Spain, Italy, Germany, China, Austria, South Korea, Australia, and Iceland) is currently increasing exponentially. It should be noted, however, that there comes a point (saturation threshold) when the increase in disease incidence is declining, as demonstrated by the current situation in China and the experience of a previous pandemic—the 2009–2010 swine influenza A/H1N1 pandemic [31]. The decline in the rate of infection is due to a decline in the number of people prone to becoming infected as a result of an increase in the number of cases in which immunity is generated and a weakening of the virus over time and its consequent transformation. Therefore, the use of exponential explosion models to predict the level of infectiousness is feasible in the short term of 3–6 months. It also lacks the ability to determine the saturation threshold and the end of a pandemic, as exponential explosion patterns assume a steady increase in the infection rates.



SIR and SIS models assume logistic type of function of the infection rate time dependence [27,29]. The SIR model takes into account the influence of the number of those who are ill, whose immunity is formed and who are not prone to infection; the number of those who adhere to social distancing and who have a low probability of infection; the number of those who are prone to infection. This model is the most accurate for ing the epidemiological situation in the world, in a particular country, in a region. The inability to use the SIR model in this study is due to the fact that the countries of Eastern Europe are precisely those with low levels of population testing. As of 12 April, the average testing level was five tests per 1000 people [32,33,34,35]. In developed countries, the level of testing is much higher, more than 16 tests per 1000 people [35,36]. The low level of population testing for COVID-19 makes it impossible to determine the SIR model parameter values: the exact number of infected; the number of those whose immunity is developed; the number of those prone to infection.



Determining the number of people who keep the social distance is also a problem. In Belarus, the quarantine was not introduced. In other Eastern European countries, despite the fact that the quarantine was introduced, there is no strict adherence to it due to disregard for legal requirements. This is confirmed by the rule of law index, which is below the average of the world. With the world average World Justice Project (WJP) Rule of Law Index-2020 = 0.56 and a maximum of 1.0, in countries such as Belarus, Bulgaria, Hungary, Moldova, Ukraine, and the Russian Federation the index is at 0.47–0.55 [37].



The problem of calculating the exact number of infected people also creates a problem in using the SIS model.



This study attempts to develop an approach for building a computational predictive model to assess the impact of the COVID-19 pandemic on the economies of Eastern Europe, taking into account the leveling out of the shortcomings of the approaches already available in literature and practice. The proposed approach will make it possible to simulate the COVID-19 spread intensity in Eastern European countries, based on limited statistical data. The problem of low testing and the accurate determination of the number of infected people has been solved by building a “critical infection” model. In this model, the number of infected people is understood to be the official number that has been identified as a result of testing. Some of the infections, for which there are no official statistics, are those that have not been reported to medical institutions. Since they are patients in whom the disease is asymptomatic, they cannot cause the introduction/rejection, the quarantine regime change, and, therefore, will not affect the economic situation in countries. In addition, the proposed approach allows taking into account the essential parameters (provided by the SIR model) in modeling the epidemiological situation by means of factors impact assessment. These are factors affecting the number of infected people and the number of people who adhere to the social distance.




3. Methods and Materials


3.1. Determination of Factors Affecting the COVID-19 Spread Intensity


The first task of the research was to study the nature of changes in the infection rate and the factors influencing it. A sample of countries, to estimate the nature of the change in the number of infected, was generated based on China (where the saturation threshold has been reached and the economic recovery period is under way), as well as Spain, Italy, Germany, Austria, South Korea, Australia and Iceland (where the exponential increase in the number of infected people has been completed). The sample of countries is based on the fact that, at the time of the study, only these countries underwent the exponential growth, and the epidemic spread trends can be distinguished. All other countries in the world (including countries of Eastern Europe) are at the stage of exponential growth. This makes it possible to determine only individual factor impact on the infection rate growth at the moment. At the same time, it is not possible to study retrospective experience of the function behavior to model the saturation threshold and identify the factors affecting it. To study the nature of changes in the infection rate and the factors influencing it, the infection rate indicator as of the date was used. Daily data for these countries were used from the beginning of the epidemic up to 10 April 2020 [38].



The dynamic of the number of infected people (Figure 1) shows three phases of COVID-19 spread:




	
Exponential growth



	
Logarithmic growth



	
Saturation threshold








The exponential and logarithmic function of virus propagation is confirmed by trend lines built on different time intervals. Approximation coefficients (R2 > 0.9) indicate the validity of the conclusions about the nature of COVID-19 propagation. The time intervals are determined by the experiments and compliance with the criterion of maximization of approximation coefficients of two functions (both exponential and logarithmic). When time ranges shift (expansion of exponential or logarithmic growth stage), coefficients of approximation of both trend lines decrease, which is the result of wrong classification of transition period in morbidity development. Accordingly, the reliability of the obtained results will also decrease. Periods of exponential and logarithmic growth determined in the article provide maximum possible values of coefficients of approximation of exponential and logarithmic trend lines at the corresponding stages of COVID-19 propagation among the countries under study (Figure 1).



As a result of drawing the trend lines, the identical laws of COVID-19 spread were revealed among the countries that formed the research sample. These are countries of different continents, with different economic and demographic development indicators, different medicine levels, and different state systems. The identical nature of the infection rate function behavior for such different countries indicates the universality of the behavior of the function and the possibility of its use for Eastern European countries. Despite the identical laws of COVID-19 spread, functions differ in the countries by the rate of function increment and duration of phases. To determine the key factors influencing the nature of the function behavior, single-factor regression functions have been used, reflecting the following factors:




	
Impact of Xi factors on the infection rate in the total population (it1) by the time t1



	
Impact of Xi factors on the average infection rate (ΔĪt0 − t1) on the time interval [t0; t1]



	
Impact of Xi factors on the average infection rate (ΔĪt1 − t’), on the time interval [t1; t’], with t0 being an outburst of the epidemic in the country, t1 being the end of the exponential growth and the beginning of the logarithmic growth, and t’ being a saturation threshold. Given the declining rate of growth over time of those infected at the logarithmic stage of the virus, the indicator ΔĪt1 − t’ was used to designate arithmetic mean values of increase in the number of infected during the first six days of logarithmic growth. Using the same period for all countries allows for a comparable result, since when using different periods, an increase in the time range will cause the average to be understated. The duration of six days has been determined by the fact that this is the time range of logarithmic growth in the sample of countries studied (the minimum time range for Germany and Austria is six days).








Single-factor regression models are built on the sample of the above countries. The dependent variables were the indicators it1, ΔĪt0 − t1, ΔĪt1 − t’. The independent ones were values of the factors listed below. The sample for the model building consists of 8 observations: for the infection rate [38]; for determining the factors values [2,37,39,40]. Despite the limited statistical base, the number of observations for each constructed model is 8 times higher than the independent variables number. This indicates that the minimum requirements for the observations number for the regression analysis are met [41,42]. In addition, the adequacy of the built models, confirmed by Fisher’s and Student’s criteria, with 95% probability, testifies to the existence of a linear relationship between the dependent and independent variables, and thus to the possibility of applying the regression analysis and using the results obtained. The calculated values of Fisher’s F-criterion and Student’s t-criterion by module exceed the table values at p = 0.05 (table value of the F-criterion is 5.99, and of the t-criterion is 2.45).



The regression analysis results show that factors that have a significant impact on the nature of the function of the infection rate time dependence Inf = f(t) are:



1. In the exponential growth phase of the epidemic:




	
Quarantine implementation promptness (QIP)—number of days from the beginning of the epidemic to the moment of quarantine implementation [2];



	
The severity of quarantine measures (SQM). The rigidity of quarantine measures is assessed using scores by the following restriction directions:




	
Travel bans/restrictions;



	
School/university closures;



	
Cancellation of public events;



	
Curfews (in individual regions, provinces, etc.);













The nature of such restrictions (forced or recommendatory) [2]. When restrictions were imposed, the country was given 1 point for a single direction restriction; with respect to the nature of restrictions, a forced restriction was given 1 point and a recommendation was given 0 points. The points for all directions were summed up.



	
Discipline, which means the degree of compliance with the norms and rules of conduct. Discipline is proposed to be assessed by the “Rule of Law Index” (WJP) [37] and “Democracy Index” (DI) [39], which characterize the degree of authority in the country and compliance with legislation, in particular quarantine compliance. The values of indicators for 2019 are taken for analysis;



	
The state of the health system (Global Health Security Index GHSI), ensuring preventive measures to prevent infection and active response to identified cases. The Global Health Security Index 2019 indicator was used for this purpose [40]. This indicator reflects countries’ preparedness for epidemics and pandemics, based on indicators of prevention quality; responsiveness; health system development; compliance of the national health system with international standards and the level of environmental risk.






2. In the logarithmic growth phase of the epidemic:




	
The severity of quarantine measures (SQM);



	
Rule of Law Index (WJP);



	
Democracy Index (DI);



	
The state of the health system (GHSI);



	
The number of people who became ill at a time t1, expressed as a proportion of the total population of the country (it1). The impact of the number of overdoses is due to the fact that as the number of overdoses increases, the number of people vulnerable to infection decreases.








Due to the different dimensionality of indicators, they were normalized. The growth of indicators QIP and DI contributes to the growth of morbidity, as opposed to the rest of the SQM, WJP, GHSI, it1, which are deterrents in the spread of infection. Therefore, based on indicator QIP, its opposite value is calculated as 1/QIP, with QIP being the number of days between the first infection in the country and the implementation of quarantine. If quarantine was introduced before the first outbreak of the epidemic in the country, the indicator value is taken as 1. Due to the fact that the indicator 1/QIP is measured in a range [0; 1], it does not need to be normalized. Indicators are normalized by dividing the actual value by the maximum possible value SQMmax = 5, WJPmax = 1, GHSImax = 100. Taking into account the fact that the growth of DI contributes to the growth of morbidity, its calculated opposite value (by analogy with QIP) is 1/DI. Indicator it1 does not need to be normalized because of its relative value. Further on, SQM, WJP, GHSI indicators are understood as their normalized values, QIP, DI indicators—their opposite values.




3.2. Integral Indicator of Factor Influence on COVID-19 Distribution Intensity


On the basis of the selected significant indicators affecting the spread of COVID-19 at each stage, an integral indicator is constructed. Integral indicator of influence of QIP, SQM, WJP, DI, GHSI factors on indicators it1, ΔĪt0 − t1 is as follows:


Fe = ke1 × QIP + ke2 × SQM + ke3 × WJP + ke4 × DI + ke5 × GHSI,



(1)




with Fe being value of integral indicator, showing the influence of indicators QIP, SQM, WJP, DI, GHSI onto the intensity of COVID-19 spread, and ke1–ke5 being significance coefficients of indicators affecting the COVID-19 propagation intensity, calculated using (2)–(3) formulae.



To calculate the significance coefficients ke1–ke5 single-factor regression analysis was carried out using Statistica 12.0 software. The regression models allowed determining the functions of the impact of indicators QIP, SQM, WJP, DI, GHSI onto dependent variable sit1, ΔĪt0 − t1 and the elasticity coefficients. The elasticity coefficients are the basis for calculating the weight coefficients ke1–ke6. The weight coefficients are calculated as the ratio of the corresponding index elasticity coefficient to the elasticity coefficients sum for all indicators, which are the part of the model (1). To determine the significance of individual indicators that are part of an integral, describing model It1 = f(Fe) equation (2) was used. To determine the significance of individual indicators that are part of an integral, describing model ΔĪt0 − t1 = f(Fe) Equation (3) was used.


  k  e i  =    E  I t 1 X i        ∑   i = 1  n    E  I t 1 X i      



(2)






  k  e i  =    E  Δ   I ¯   t 0 − t 1   X i        ∑   i = 1  n    E  Δ   I ¯   t 0 − t 1   X i     ,  



(3)




where EIt1Xi and EΔĪt0 − t1Xi being elasticity coefficients it1 and ΔĪt0 − t1, respectively, from the indicators QIP, SQM, WJP, DI, GHSI; ΣEIt1Xi and ΣEΔĪt0 − t1Xi being the sum of linear elasticity coefficients it1 and ΔĪt0 − t1, respectively, from the indicators; n—the indicators number, n = 5.



For the prognostic model ΔĪt1 − t’ factor impact is described with the following function (4):


Fl = kl2 × SQM + kl3 × WJP + kl4 × DI + kl5 × GHSI + kl6 × it1



(4)







The weight coefficients (kl2–kl6) calculation is performed similarly to functions (2)–(3). The significance coefficients characterize the elasticity of the resulting indicator ΔĪt1 − t’ with SQM, WJP, DI, GHSI, it1 indicators.



Calculation of the integral indicator of the influence of factors as a sum of values of indicators, adjusted for the coefficients of significance (Equations (1) and (4)), was possible due to the same nature of the impact of indicators QIP, SQM, WJP, DI, GHSI, it1 on the epidemic indicators. Based on the negative values of elasticity coefficients, all indicators are deterrents to the spread of COVID-19.



Single-factor regression models were also used to determine the strength of the influence of integral factors Fe и Fl on the proportion of infected people (it1) at the time t1, the rate of growth of infected people (ΔĪt0 − t1) at the time interval [t0; t1], the rate of growth of infected people (ΔĪt1 − t’) at the time interval [t1; t’].



Use in the study of the integrated factor influence indicators (Fe, Fl), rather than the multifactor regression models in which independent variables would be the indicators QIP, SQM, WJP, DI, GHSI, it1, is determined by a small research sample. With a sample in N = 8 the multifactor models use would not provide adequate results. The single-factor models allow the consideration of the separate influence of all indicators, by ensuring the minimum requirements for a sample in the context of limited information.




3.3. Model for Determining the Saturation Threshold for the Number of Infected Persons and the Quarantine Duration


The forecast of changes in GDP in Eastern Europe during the coronavirus COVID-19 epidemic is based on the prediction of the speed and scale of the virus spreading. The prediction is based on the saturation threshold, which is the time interval (t’) from the outburst (the first infection) to the peak, after which the increase in the function of the number of infected people is insignificant (ΔInf/Δt → 0).



The right choice of the saturation threshold, which means the removal of quarantine measures, affects the development of the economy. Premature removal of quarantine leads to the second wave of the epidemic and further economic decline, unreasonably long quarantine and also economic decline due to restrictive measures. In practice, there are no international regulations on quarantine removal conditions and there is no possibility to study the countries’ retrospective experience (since only China has passed this stage), which would make it possible to determine the factors influencing such decision. Therefore, an example of a successful fight against the COVID-19 pandemic is the experience of China, which has seen stabilization of the epidemic situation since quarantine was terminated (further reduction in the infection rate to a 0.07% increase in cases on 10 April [38]). China’s experience shows that the saturation threshold comes with a daily increase in the number of infected people ΔĪt’ < 0.09% [38], which was used in the study as a critical point for quarantine removal in Eastern Europe. The value of ξ indicator that designates the point of time, where ΔĪt’ = 1.0009 (0.09% growth rate) across countries, is determined using the first order derivative of the logarithmic function from the given values of the sixth day derivative:


y(x)’ = (a × ln(x) + b)’,



(5)




where a and b being unknown function parameters x = 6.




3.4. Forecast of Economic Development in Eastern Europe in Epidemic Conditions


For predicting the development of the Eastern Europe economies, the value of the parameter t’ as a control factor (prediction period of quarantine duration) is taken as a basis. The resulting factor is the country’s GDP growth rate. The following factors were used as factors reflecting the impact of COVID-19 spread:




	
Indicators of direct manifestation of the pandemic: productivity index (PRODUCT), production and services growth rate (Product_GR), world oil price index (PRICE), trade cost index (COST);



	
Indicators that will mediate the impact of the listed indicators on GDP growth rate: export growth rate (Export_GR) and import growth rate (Import_GR);








These indicators primarily reflect the impact of the pandemic on economic development, as noted earlier in the study.



The reason for the change in the productivity index (PRODUCT) is remote work, which according to studies [20] leads to a 5% decrease in productivity. Quarantine restrictions on the dynamics of production and services (Product_GR) have a significant impact. Decrease in supply of goods and services during the quarantine period is estimated at 80% [20].



The decline in the volume of foreign trade (goods and services) and the increase in trade costs is caused by a decline in global demand, the restrictions and higher prices for freight transport, the imposition of bans or restrictions on border crossing, and the restriction of passenger transport [43]. Industrial products predominate in the foreign trade framework in Eastern European countries (Belarus, Bulgaria, the Czech Republic, Hungary, Moldova, Poland, Romania, Slovakia, and Ukraine, over 53.4% in the export structure and 54.1% in the import structure [5]), the impact on demand and supply is determined by production volumes. For Russia, the main export item is fuel. In addition to the reduction in the world demand, this product witnessed the reduction in world prices (oil prices in 2020 decreased by 73% [8]), which negatively affects the Russian economy. As the dynamics of prices the indices of dynamics for Urals oil are taken, because among fuel this type of oil is the main item in the foreign trade activity of the countries in Eastern Europe (at the expense of export from Russia) and the factor that has the most influence on the economy of the countries. For Russia, the revenues from export of Urals oil are the main item in the budget revenues. Increase in trade costs due to restriction of cargo transportation during the pandemic is estimated at 70% [20].



Functions of interdependencies between PRODUCT, Product_GR, PRICE, COST, Export_GR, Import_GR indicators and GDP growth rates (GDP_GR) are obtained using linear regression models. The regression models were based on statistics of the studied indicators for Eastern Europe with quarterly details for the period 2005–2019 [8,44,45,46]. The program Statistica 12.0 was used to build the models.





4. Results


The conducted regression analysis proved the significant influence of QIP, SQM, WJP, DI, GHSI, it1 indicators according to Fisher and Student criteria on the nature of COVID-19 spread in the world, taking as an example China, Spain, Italy, Germany, Austria, South Korea, Australia, and Iceland. Using the countries of different continents (Australia, Asia, Europe) with different levels of development and political principles as a statistical base allows the extension of the results obtained to the countries of Eastern Europe. The regression models with indication of their statistical significance are presented in Table 1.



Calculated values of Fisher F-criterion and Student t-criterion exceed the table values (5.99 for Fisher F-criterion and 2.45 for Student t-criterion) at the significance level of p = 0.05. p-value indicators for model’s independent variables is <0.05. This indicates the adequacy of the models built and the statistical significance of the influence of the selected indicators on the COVID-19 propagation intensity at the exponential and logarithmic stage of the infected population growth.



The speed and scale of the spread of COVID-19 is most constrained at the initial stage (during exponential growth) by administrative measures:




	
Timely introduction of quarantine (EIt1QIP = −0.0004, EΔĪt0 − t1 QIP = −0.0010);



	
Austerity of quarantine (EIt1SQM = −0.0040, EΔĪt0 − t1 SQM = −0.0033);



	
Quarantine observation, which is determined by the rule of law in the country (EIt1WJP = −0.0059, EΔĪt0 − t1 WJP = −0.0059), as well as the level of authoritarianism (EIt1DI = −0.0056, EΔĪt0 − t1 DI = −0.0059);



	
Another important factor is the level of healthcare system security (EIt1GHSI = −0.0058, EΔĪt0 − t1GHSI = −0.0036).








At the stage of logarithmic distribution of COVID-19, the most important factors are:




	
The ability of the health system to combat the disease (EΔĪt1 − t’ GHSI = −0.0036);



	
The proportion of those who already had COVID-19 (EΔĪt1 − t’ it1 = −0.0028);



	
The level of authoritarianism (EΔĪt1 − t’ DI = −0.0023);



	
Rule of law (EΔĪt1 − t’ WJP = −0.0022);



	
The austerity of quarantine (EΔĪt1 − t’ SQM = −0.0013).








The significance of these factors is confirmed by the statistical significance (R2, Fisher F-criterion, Student t-criterion) of the constructed single-factor regression models (Table 1), which reflect the influence of these factors on the growth rate of the number of infected at the logarithmic stage of virus spread. The force of influence of factors is directly proportional to the calculated modulus of elasticity coefficients for the corresponding factor.



In connection with the obtained elasticity coefficients (Table 1), the integral indicator of the influence of factors on the indicators it1 an ΔĪt0 − t1 is as follows:


FeIt1 = 0.02 × QIP + 0.18 × SQM + 0.27 × WJP + 0.26 × DI + 0.27 × GHSI,

FeΔĪt0 − t1 = 0.05 × QIP + 0.17 × SQM + 0.30 × WJP + 0.30 × DI + 0.18 × GHSI



(6)







Integral indicator of factors’ influence on the indicator ΔĪt1 − t’ is described by the following function:


FlΔĪt1 − t’ = 0.11 × SQM + 0.18 × WJP + 0.19 × DI + 0.29 × GHSI + 0.23 × it1



(7)







Influence of integral factors (Fe, Fl) on the distribution rates of COVID-19 in Eastern Europe is described by the following system of functions:


it1 = 0.884 − 1.37 × FeIt1

ΔĪt0 − t1 = 1.524 − 0.90 × FeΔĪt0 − t1

ΔĪt1 − t’ = 1.205 − 0.45 × FlΔĪt1 − t’



(8)







The built system of the models allows the assertion that constraining factors in the COVID-19 spreading are timely quarantine introduction, its rigidity and adherence to it. The degree of adherence to the quarantine measures, as demonstrated by the experience of China, Spain, Italy, Germany, Austria, South Korea, Australia, Iceland, depends on the degree of the rule of law and the democracy level in the country. Another factor contributing to the infection rate reducing is the ability of the health system to combat the disease. The logarithmic stage of the virus spread is significantly influenced by the number of people who have previously become ill. This growth reduces the number of people vulnerable to infection and generates herd immunity, which prevents the virus spread. Thus, the highlighted factors allow the estimating of the impact of the mandatory parameters stipulated by the widely spread SIR and SIS models.



Calculated by formula (8), the predicted values of the proportion of infected at time t1 (it1) and the rate of spread of COVID-19 at the exponential (ΔĪt0 − t1) and logarithmic stages (ΔĪt1 − t’) in the East European countries are given in Table 2.



Taking into account the timely introduction of quarantine, discipline and the level of development of the health care system at the exponential stage of development, an increase in morbidity is predicted to be 0.245–0.448% of the total population. Belarus is most vulnerable to infection as it has the lowest level of health system security in Eastern Europe, low level of rule of law and inefficient administrative response to the pandemic (no quarantine was introduced in Belarus as of April). The part of the infected population in Belarus during the exponential growth period is projected at 0.448% of the country’s population, the average growth rate of the infected during the exponential growth period is one. Based on the rate of recovery (dynamics of infected at the logarithmic stage), along with Belarus, the vulnerable groups are Ukraine (ΔĪt1 − t’ = 1.030), Moldova (ΔĪt1 − t’ = 1.024), and Bulgaria (ΔĪt1 − t’ = 1.022). The long period of recovery in these countries is due to the relatively low rule of law and security of the health system (especially in Ukraine).



The Czech Republic (it1 = 0.245, ΔĪt0 − t1 = 1.081, ΔĪt1 − t’ = 1.002) and Slovakia (it1 = 0.255, ΔĪt0 − t1 = 1.094, ΔĪt1 − t’ = 1.008) are the most stable COVID-19 countries.



The duration of the exponential growth stage, calculated on the basis of the number of infections and average rates of morbidity, is 90 days in Russia, 91 in Ukraine, 42 in Belarus, 56 in Bulgaria, 66 in Hungary, 82 in Moldova, 81 in Poland, 81 in Romania, 93 in Slovakia, and 96 in the Czech Republic.



The saturation point (t’), obtained using differential calculations, was 182 days (this is the period of time from the beginning of the epidemic to its cessation and elimination) in Russia, 211 in Ukraine, 213 in Belarus, 160 in Bulgaria, 129 in Hungary, 192 in Moldova, 105 in Poland, 151 Romania, 142 in Slovakia, and 106 in the Czech Republic. This means that the most probable scenario for the spread of COVID-19 in the countries of Eastern Europe is a significant increase in the incidence and continuation of restrictive measures for the period of 3.5–7.1 months from the detection of the first infected (within the time period from 4 March to 16 March).



The model of economic development under the quarantine is presented by the system of functions (Table 3). The models developed reflect the impact of the most COVID-19 pandemic sensitive factors (PRODUCT, Product_GR, PRICE, COST) on the GDP growth rate.



Social distance, in the form of remote work, leads to a decrease in productivity that directly affects production volumes. In addition to productivity losses, the reasons for the decline in production are the decline in demand for durable and luxury goods and those requiring imported raw materials from countries affected by the pandemic that are also experiencing production stoppages.



Changes in the price of oil (PRICE) affect the export revenues of exporting countries (Russia), a decline which leads to lower export revenues (Export_GR) and correspondingly lower GDP (GDP_GR). Another economic indicator that is affected by changes in oil price is the cost of imports (Import_GR). For importing countries, oil price reduction has a positive impact on the economy. Factors affecting foreign trade are also indicators of dynamics of production volumes, services sector of the country under study (Product_GR), and the country of the main trade partner (Product_GR_p), as well as trade costs index (COST). Decrease in production volumes leads to a decrease in exports of finished goods and imports of raw materials or components necessary for production. The dynamics of production of the partner countries have an identical influence. The main trading partners for Russia are China, for Ukraine and Belarus: Russia, for Bulgaria, Hungary, Poland, Romania, Slovakia, Czech Republic: Germany, for Moldova: Romania [5]. Therefore, for calculating the indicator Product_GR_p as a saturation threshold of a partner country for Ukraine and Belarus, the saturation threshold (t’) in Russia is taken, while for Bulgaria, Hungary, Poland, Romania, Slovakia, and the Czech Republic it equals the t’ for Germany (calculated in the same way as for Eastern European countries). Finally, for Moldova it equals t’ for Romania. The partner country saturation threshold has not been used for Russia because China’s quarantine period is over and preliminary data are available on the level of production decline during the epidemic. Indicator Product_GR_p for the Russian GDP forecast model is preliminary data on the level of production decline in China, for the GDP forecast model of other Eastern European countries, it is calculated that production decline is based on the saturation threshold (Equation (5)) and that the supply of goods and services during the quarantine period will decrease by 80% [21].



The adequacy of the built models of interdependencies between the economic indicators PRODUCT, Product_GR, Product_GR_p, PRICE, COST, Export_GR, Import_GR, Product_GR_p, GDP_GR is evidenced by the indicators of determinacy (R2), the values of which are close to one, and Fisher F-criterion, the calculated values of which, by module, are higher than the tabular one.



The performed calculations show that the Russia’s GDP in annual terms will decrease by 5.95%, Ukraine’s by 7.59%, Belarus’ by 8.13%, Bulgaria’s by 6.01%, Hungary’s by 4.1%, Moldova’s by 7.01%, Poland’s by 4.69%, Romania’s by 5.48%, Slovakia’s by 6.33%, and Czech Republic’s by 5.82% (Figure 2).



The economy of Eastern European countries (except Russia) is positively influenced by the decrease in the world oil price. As a result, the value of imports decreases, which provokes the GDP growth by 0.49–1.71%. For Russia, the decrease in the world oil prices is the main reason for the export decrease, as a result of which a GDP decrease of 3.01% is forecasted for the year. For all countries, the COVID-19 pandemic will have a significant destabilizing effect on 2020, due to the reduction in production and export output.




5. Discussion


As part of this study, a predictive model of the impact of the epidemic on the economies of Eastern Europe was developed. An assessment tool for this region is necessary, as the leading rating agencies estimate that the economies of developing countries are more vulnerable to a deeper recession than those in the developed market. The predictive model is aimed at determining quantitative estimates of economic development; in particular, changes in GDP growth rates over a period of one year, which makes it possible to determine and build strategies of economic management for a long period of time, in contrast to tactical forecasting models [4,6].



In addition, given the different intensity of the spread and the rate of infection, the "critical infection" model was used to determine the number of infected people, which was an advantage of the proposed approach to accurately estimate the impact on the economy. This, in contrast to the SIR and SIS models and exponential explosion model [27,28,29,30], makes it possible to take into account in the prognostic model the number of infected people who have pronounced symptoms of COVID-19 disease and have received a positive COVID-19 test. The model will not include the number of potentially infectious populations that have not been tested for COVID-19. For them, the disease is asymptomatic, therefore they cannot be a reason to decide to strengthen quarantine conditions and thus do not affect the economy. In addition, the key parameter of the predictive model is the threshold of epidemiological saturation, after which the rate of human coronavirus infection decreases, which, therefore, leads to the weakening of quarantine and increased economic activity. That is, we take into account the presence of an epidemiological saturation threshold at which the growth of infected people tends to zero, as well as a system of objectively significant factors that may affect the number of infected people. That is, the forecast of economic development trends takes into account not only the intensity and period of infection of people, but also the probability period of the end of the pandemic. That is, a constant increase in infection is not assumed, which is not taken into account in, for example, SIS and exponential explosion models [27].



It should be noted that this study regards economic processes under conditions of high uncertainty, where it is difficult to predict the course of events, the efficiency of measures to level out or reduce the impact of the pandemic on the development of national economies. Under these circumstances, the issue of the need to develop open innovation, which consists of close cooperation between scientific potential and the economy, becomes very acute. The effectiveness of these innovations has been proven by scientists in multiple studies [47,48,49,50,51], not only during the digitalization of the economy [47,48,49,50], but also during the development of synthetic, universal, specific tools of diagnostics [48] and forecasting of the development [48] of the economy in the most unpredictable conditions. The introduction of various products of open innovative technologies and solutions helps to function much easier in crisis conditions [48]. It is also necessary to take into account the fact that business entities are more open to innovation during a crisis, as they face forced changes in their habits [51].



It should be noted that, in the absence of a sufficient statistical basis, a number of assumptions were made in the modeling study:




	
The patterns of COVID-19 propagation in Eastern European countries correspond to those in China, Spain, Italy, Germany, Austria, South Korea, Australia, Iceland;



	
The example of quarantine abolition in China is effective for Eastern European countries;



	
There is no second wave of aggravation in COVID-19 propagation in the world;



	
The impact of duration of quarantine on the economy under COVID-19 and previous pandemics is identical;



	
Decrease in production due to the picture in Eastern European countries and Germany (as the main trade in Eastern Europe and Germany).








The highest degree of uncertainty is in the forecast model of the Belarusian economy due to the fact that at the time of the study there were no restrictions imposed on the country aimed at containing the spread of COVID-19, which creates the risk of more infections and greater economic losses due to an additional factor—a steady intensive growth in the number of cases and deaths.




6. Conclusions


An empirical study to model the impact of the COVID-19 pandemic on economic development in a number of Eastern European countries shows that the leading factors are:




	
The timeliness of quarantine implementation;



	
Discipline of the population and clear compliance with restrictive measures;



	
The efficiency of healthcare system;



	
Efficiency of organizational and economic measures to support business and citizens.








Taking into account the impact of these factors, it is predicted that the incidence in Eastern Europe will increase to 0.245–0.448% of the total population during the period of exponential epidemic growth. Belarus is most vulnerable to infection due to the lowest level of key factors relative to other countries in the region. The most probable scenario for the spread of COVID-19 in Eastern European countries suggests a significant increase in the incidence and continuation of restrictive measures for a period of 3.5–7.1 months from the start of registration of infected people (from 4 March to 16 March 2020).



Using the calculation of the epidemic threshold, the developed predictive model to estimate the economic impact of the pandemic on the economies of Eastern European countries made it possible to say that in 2020, GDP in Eastern Europe should be expected to decrease by 6.1% on average as a result of the COVID-19 pandemic. The main reason for this decline is the decline in production, which is crucial for all countries except Slovakia. For Slovakia, where the share of exports and imports in GDP is >90%, the most significant contribution to the decline in GDP is from export volumes. Poland’s economy will be the least vulnerable, as a decline of 4.69% in GDP is projected; Belarus’ economy will be the most sensitive, with a decline of 8.13% in GDP in 2020.



The difficulty in predicting and estimating an economy influenced by a pandemic also lies in the fundamental incompatibility between dependence on monthly data and an economy that operates with a minimum delay of one month, whereas COVID-19 transforms the economy and lives on a daily basis. A fundamentally new macroeconomic reality is taking shape. In a rapidly changing environment, it is extremely difficult to quantify the exact amount of impact using monthly economic development data. Therefore, our future research priorities will be to develop models for predicting the impact of the pandemic on the economy, based on retrospective assessment.







Author Contributions


Conceptualization, M.V. and I.N.; Data curation, M.V. and V.P.; Formal analysis, N.K. and V.I.; Investigation, M.I.; Methodology, M.M.; Project administration, M.V.; Resources, I.N.; Supervision, M.V.; Visualization, A.Z.; Writing—review & editing, A.Z. and I.E. All authors have read and agreed to the published version of the manuscript.




Funding


This research received no external funding.




Acknowledgments


We wish to thank the team of Journal of Open Innovation: Technology, Market, and Complexity for their insightful and valued comments. We are also very grateful to the Autonomous Non-Profit Organization “Publishing House Scientific Review” (Nauchnoe Obozrenie), Moscow, 127051, Russia for providing free access for data to make scientific research and for technical support.




Conflicts of Interest


The authors declare no conflict of interest.




References


	



Fendrick, A.M.; Shrosbree, B. Expanding coverage for essential care during COVID-19. Am. J. Manag. Care 2020, 26, 195–196. [Google Scholar] [CrossRef]

	



Organisation for Economic Co-Operation and Development. Tackling Coronavirus (COVID-19): Contributing to a Global Effort. Available online: http://www.oecd.org/coronavirus/en/ (accessed on 12 April 2020).

	



Nordea. Markets. Large Corporates & Institutions. Available online: https://nordeamarkets.com/ (accessed on 12 April 2020).

	



Evdokimova, T.; Zhuang, A.Y.; Christensen, N.; Lund, M.; Zhirnov, G.; Helgesson, G. Emerging Markets View. Nordea. Available online: https://e-markets.nordea.com/api/research/attachment/108333 (accessed on 12 April 2020).

	



Trend Economy. Available online: https://trendeconomy.ru/ (accessed on 12 April 2020).

	



Amur.info. Russia Loses 1 Billion Rubles a Day Because of the Coronavirus Epidemic in China. Available online: https://www.amur.info/news/2020/02/21/168292 (accessed on 12 April 2020).

	



World Travel & Tourism Council. Available online: https://wttc.org/en-us/ (accessed on 12 April 2020).

	



Maanimo. Online Oil Quotes in the World Today: Price, Dynamics, Chart. Available online: https://maanimo.com/oils#tsena-neft-urals (accessed on 12 April 2020).

	



The Guardian. Oil Prices Fall Again Despite Opec+ Deal to Cut Production. Available online: https://www.theguardian.com/business/2020/apr/10/opec-russia-reduce-oil-production-prop-up-prices (accessed on 12 April 2020).

	



Shelomanova, P.A.; Kuzmin, R.A. State program of import substitution in the Russian economy until 2020. Dev. Top. Issues Mod. Sci. 2017, 5, 72–76. [Google Scholar]

	



The Vienna Institute for International Economic Studies. Eastern Europe Coronavirus Tracker: Preparing for the Worst. Available online: https://wiiw.ac.at/eastern-europe-coronavirus-tracker-preparing-for-the-worst-n-430.html (accessed on 12 April 2020).

	



Lee, J.-W.; McKibbin, W. Globalization and disease: The case of SARS. Asian Econ. Pap. 2004, 3, 113–131. [Google Scholar] [CrossRef]

	



McKibbin, W.; Sidorenko, A. Global Macroeconomic Consequences of Pandemic infLuenza. Centre for Applied Macroeconomic Analysis. Crawford School of Public Policy. 2006. Available online: https://cama.crawford.anu.edu.au/pdf/working-papers/2006/262006.pdf (accessed on 12 April 2020).

	



Kotsopoulos, N.; Haitsma, G.; Connolly, M.P.; Standaert, B. Estimating the money flow in the economy attributed to rotavirus disease and vaccination in the Netherlands using a social accounting matrix (SAM) framework. Expert Rev. Pharmacoecon. Outcomes Res. 2019. [Google Scholar] [CrossRef]

	



Kelly, A.H. Ebola vaccines, evidentiary charisma and the rise of global health emergency research. Econ. Soc. 2018, 47, 135–161. [Google Scholar] [CrossRef]

	



Rana, R.H.; Alam, K.; Gow, J. Health expenditure and gross domestic product: Causality analysis by income level. Int. J. Health Econ. Manag. 2020, 20, 55–77. [Google Scholar] [CrossRef] [PubMed]

	



Fiorillo, D. Reasons for unmet needs for health care: The role of social capital and social support in some western EU countries. Int. J. Health Econ. Manag. 2020, 20, 79–98. [Google Scholar] [CrossRef] [PubMed]

	



McKibbin, W.; Fernando, R. The Global Macroeconomic Impacts of COVID-19: Seven Scenarios. Available online: https://www.brookings.edu/wp-content/uploads/2020/03/20200302_COVID19.pdf (accessed on 16 April 2020).

	



Niankara, I.; Al Adwan, M.N.; Niankara, A. The role of digital media in shaping youth planetary health interests in the global economy. J. Open Innov. Technol. Mark. Complex. 2020, 6, 49. [Google Scholar] [CrossRef]

	



Congressional Budget Office. A Potential Influenza Pandemic: Possible Macroeconomic Effects and Policy Issues. Available online: https://www.cbo.gov/sites/default/files/109th-congress-2005-2006/reports/12-08-birdflu.pdf (accessed on 16 April 2020).

	



Burns, A.; van der Mensbrugghe, D.; Timmer, H. Evaluating the Economic Consequences of Avian Influenza. The World Bank Group. Available online: http://documents.worldbank.org/curated/en/977141468158986545/Evaluating-the-economic-consequences-of-avian-influenza (accessed on 16 April 2020).

	



Evans, D.K.; Goldstein, M.; Popova, A. The Next Wave of Deaths from Ebola? The Impact of Health Care Worker Mortality; World Bank Group: Washington, DC, USA, 2015; Available online: https://elibrary.worldbank.org/doi/pdf/10.1596/1813-9450-7344 (accessed on 16 April 2020).

	



Keogh-Brown, M.; Wren-Lewis, S.; Edmunds, W.J.; Beutels, P.; Smith, R.D. The possible macroeconomic impact on the UK of an influenza pandemic. Health Econ. 2009, 19, 1345–1360. [Google Scholar] [CrossRef]

	



Dixon, P.; Lee, B.; Muehlenbeck, T.; Rimmer, M.; Rose, A.; Verikios, G. Effects on the U.S. of an H1N1 epidemic: Analysis with a quarterly CGE model. J. Homel. Secur. Emerg. Manag. 2010, 7. [Google Scholar] [CrossRef]

	



United Nations Conference on Trade and Development. Investment Trends Monitor. Impact of the COVID-19 Pandemic on Global FDI and GVCs. Updated Analysis. Available online: https://unctad.org/en/PublicationsLibrary/diaeiainf2020d3_en.pdf (accessed on 16 April 2020).

	



Dorn, F.; Fuest, C.; Göttert, M.; Krolage, C.; Lautenbacher, S.; Link, S.; Peichl, A.; Reif, M.; Sauer, S.; Stöckli, M.; et al. Dievolkswirtschaftlichen Kostendes Corona-Shutdownfür Deutschland: Eine Szenarienrechnung. Available online: https://www.ifo.de/DocDL/sd-2020-04-fuest-etal-volkswirtschaftliche-kosten-corona-2020-04-15.pdf (accessed on 16 April 2020).

	



Yates, C. How to Model a Pandemic. The Conversation. Available online: https://theconversation.com/how-to-model-a-pandemic-134187 (accessed on 16 April 2020).

	



Lopez, L.R.; Rodo, X. A modified SEIR model to predict the COVID-19 outbreak in Spain and Italy: Simulating control scenarios and multi-scale epidemics. Medrxiv 2020. Available online: https://www.medrxiv.org/content/10.1101/2020.03.27.20045005v3.article-metrics (accessed on 16 April 2020). [CrossRef]

	



Chen, Y.-C.; Lu, P.-E.; Chang, C.-S.; Liu, T.-H. A Time-Dependent SIR Model for COVID-19 with Undetectable Infected Persons. Available online: https://arxiv.org/abs/2003.00122 (accessed on 12 April 2020).

	



Ranjan, R. Predictions for COVID-19 outbreak in India using epidemiological models. Medrxiv 2020. Available online: https://www.medrxiv.org/content/10.1101/2020.04.02.20051466v2 (accessed on 12 April 2020). [CrossRef]

	



Peckham, R. Economies of contagion: Financial crisis and pandemic. Econ. Soc. 2013, 42, 226–248. [Google Scholar] [CrossRef]

	



Hasell, J.; Ortiz-Ospina, E.; Mathieu, E.; Ritchie, H.; Beltekian, D.; Roser, M. To Understand the Global Pandemic, We Need Global Testing-the Our World in Data COVID-19 Testing Dataset. Available online: https://ourworldindata.org/covid-testing (accessed on 14 April 2020).

	



Cabinet of Ministers of Ukraine. What do You Need to Know about the Novel Coronavirus? Available online: https://covid19.gov.ua/en (accessed on 12 April 2020).

	



Number of Coronavirus (COVID-19) Tests, Hospitalized Patients, Cases, and Deaths in Belarus as of April 12, 2020. Available online: https://www.statista.com/statistics/1104310/coronavirus-situation-belarus/ (accessed on 12 April 2020).

	



Statista. Number of Coronavirus (COVID-19) Tests Carried out in Europe as of April 12, 2020, by Country. Available online: https://www.statista.com/statistics/1109066/coronavirus-testing-in-europe-by-country/ (accessed on 12 April 2020).

	



Statista. Rate of Coronavirus (COVID-19) Tests Performed in the Most Impacted Countries Worldwide as of April 12, 2020 (per Million Population). Available online: https://www.statista.com/statistics/1104645/covid19-testing-rate-select-countries-worldwide/ (accessed on 12 April 2020).

	



World Justice Project. WJP Rule of Law Index 2020. Available online: https://worldjusticeproject.org/our-work/research-and-data/wjp-rule-law-index-2020 (accessed on 16 April 2020).

	



Knoema. Global Markets Moved by China Coronavirus Outbreak. Available online: https://knoema.com/lwdhxyc/global-markets-moved-by-china-coronavirus-outbreak (accessed on 16 April 2020).

	



The Economist. Global Democracy Has Another Bad Year. Available online: https://www.economist.com/graphic-detail/2020/01/22/global-democracy-has-another-bad-year (accessed on 16 April 2020).

	



Global Health Security Index. Available online: https://www.ghsindex.org/#l-section--map (accessed on 16 April 2020).

	



Jenkins, D.G.; Quintana-Ascencio, P.F. A solution to minimum sample size for regressions. PLoS ONE 2020, 15, e0229345. [Google Scholar] [CrossRef]

	



Stennikov, V.A.; Dobrovolskaya, T.V. Methods of regressive analysis in researching thermal-consumption in Russia. Vestn. Plekhanov Russ. Univ. Econ. 2018, 2, 142–153. [Google Scholar] [CrossRef]

	



Hämäläinen, E.; Twrdy, E.; Inkinen, T. Cost aggregation in export logistics chain. J. Open Innov. Technol. Mark. Complex. 2017, 3, 26. [Google Scholar] [CrossRef]

	



Organisation for Economic Co-operation and Development. OECD. Stat. Available online: https://stats.oecd.org/viewhtml.aspx?datasetcode=MEI_TRD&lang=en# (accessed on 16 April 2020).

	



Our World in Data. Available online: https://ourworldindata.org/charts (accessed on 16 April 2020).

	



European Commission. Eurostat. Available online: https://ec.europa.eu/eurostat/data/database (accessed on 16 April 2020).

	



Du, J.; Leten, B.; Vanhaverbeke, W. Managing open innovation projects with science-based and market-based partners. Res. Policy 2014, 43, 828–840. [Google Scholar] [CrossRef]

	



Yun, J.J.; Won, D.; Park, K. Entrepreneurial cyclical dynamics of open innovation. J. Evol. Econ. 2018, 28, 1151–1174. [Google Scholar] [CrossRef]

	



Yun, J.; Liu, Z. Micro- and macro-dynamics of open innovation with a Quadruple-Helix model. Sustainability 2019, 11, 3301. [Google Scholar] [CrossRef]

	



Yun, J.H.; Zhao, X.; Jung, K.H.; Yigitcanlar, T. The culture for open innovation dynamics. Sustainability 2020, 12, 5076. [Google Scholar] [CrossRef]

	



Chiaroni, D.; Chiesa, V.; Frattini, F. Unravelling the process from closed to open innovation: Evidence from mature, asset-intensive industries. R D Manag. 2010, 40, 222–245. [Google Scholar] [CrossRef]








[image: Joitmc 06 00092 g001a 550][image: Joitmc 06 00092 g001b 550] 





Figure 1. Growth stages of COVID-19 infection worldwide: (a) exponential stage of disease growth in China; (b) logarithmic stage of disease growth in China; (c) dynamics of the number of diseases in Spain; (d) dynamics of the number of diseases in Italy; (e) dynamics of the number of diseases in Germany; (f) dynamics of the number of diseases in Austria; (g) dynamics of the number of diseases in South Korea; (h) dynamics of the number of diseases in Australia; (i) dynamics of the number of diseases in Iceland. 
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Figure 2. Impact of factors determining the change in GDP in Eastern Europe in 2020 under the impact of COVID-19 epidemic. 






Figure 2. Impact of factors determining the change in GDP in Eastern Europe in 2020 under the impact of COVID-19 epidemic.



[image: Joitmc 06 00092 g002]







[image: Table] 





Table 1. Regression models of indicators impact on the COVID-19 distribution pattern in Eastern Europe.
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Model

	
Model Validity Indicators

	
Elasticity Coefficient of the Dependent Variable




	
R2

	
Fisher F-Criterion

	
Student t-Criterion

	
p-Value






	
it1 = 0.53 − 0.09 × QIP

	
0.91

	
26.75

	
−3.07

	
0.03

	
−0.0004




	
it1 = 0.59 − 0.26 × SQM

	
0.89

	
14.77

	
−6.68

	
0.00

	
−0.0040




	
it1 = 0.53 − 0.34 × WJP

	
0.90

	
15.13

	
−8.46

	
0.00

	
−0.0059




	
it1 = 0.31 − 0.59 × DI

	
0.93

	
29.05

	
−7.44

	
0.00

	
−0.0056




	
it1 = 0.49 − 0.40 × GHSI

	
0.84

	
11.38

	
−8.17

	
0.00

	
−0.0058




	
ΔĪt0 − t1 = 1.14 − 0.42 × QIP

	
0.83

	
6.89

	
−4.68

	
0.01

	
−0.0010




	
ΔĪt0 − t1 = 1.24 − 0.48 × SQM

	
0.88

	
11.73

	
−5.04

	
0.01

	
−0.0033




	
ΔĪt0 − t1 = 1.05 − 0.68 × WJP

	
0.93

	
26.40

	
−8.24

	
0.00

	
−0.0059




	
ΔĪt0 − t1 = 0.46 − 0.90 × DI

	
0.89

	
15.34

	
−8.33

	
0.00

	
−0.0059




	
ΔĪt0 − t1 = 1.01 − 0.58 × GHSI

	
0.97

	
31.82

	
−5.61

	
0.00

	
−0.0036




	
ΔĪt1 − t’ = 1.16 − 0.21 × SQM

	
0.90

	
9.35

	
−2.81

	
0.03

	
−0.0013




	
ΔĪt1 − t’ = 1.05 − 0.32 × WJP

	
0.85

	
7.47

	
−3.57

	
0.02

	
−0.0022




	
ΔĪt1 − t’ = 0.78 − 0.78 × DI

	
0.94

	
10.25

	
−3.91

	
0.02

	
−0.0023




	
ΔĪt1 − t’ = 1.02 − 0.58 × GHSI

	
0.96

	
28.66

	
−7.59

	
0.00

	
−0.0036




	
ΔĪt1 − t’ = 0.98 − 0.68 × it1

	
0.89

	
9.01

	
−5.47

	
0.00

	
−0.0028
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Table 2. Predicted numbers of infected people at the time t1 and COVID-19 spread rate in the Eastern European countries.






Table 2. Predicted numbers of infected people at the time t1 and COVID-19 spread rate in the Eastern European countries.





	
Country

	
Indicators Predicted Values




	
it1, % in the Total Population

	
ΔĪt0 − t1

	
ΔĪt1 − t’






	
Russia

	
0.322

	
1.143

	
1.018




	
Ukraine

	
0.287

	
1.112

	
1.030




	
Belarus

	
0.448

	
1.235

	
1.041




	
Bulgaria

	
0.356

	
1.168

	
1.022




	
Hungary

	
0.362

	
1.159

	
1.011




	
Moldova

	
0.289

	
1.105

	
1.024




	
Poland

	
0.313

	
1.121

	
1.004




	
Romania

	
0.274

	
1.113

	
1.013




	
Slovakia

	
0.255

	
1.094

	
1.008




	
The Czech Republic

	
0.245

	
1.081

	
1.002
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Table 3. Calculation model for the impact of the pandemic onto the Eastern European economies.
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Model

	
Model Adequacy Indicators




	
R2

	
Fisher F-Criterion




	
Russia






	
Product_GR = 0.94 × PRODUCT + 0.08

	
0.87

	
5.64




	
Export_GR = 0.94 × Product_GR_p + 0.87 × Product_GR + 0.57 × PRICE − 0.38 × COST − 0.02

	
0.92

	
11.75




	
Import_GR = 0.88 × Product_GR_p + 0.68 × Product_GR − 0.48 × COST + 0.49

	
0.87

	
6.48




	
GDP_GR = 0.90 × Product_GR + 0.43

	
0.89

	
7.05




	
GDP_GR = 0.91 × Export_GR + 0.26

	
0.93

	
9.69




	
GDP_GR = 0.41 × Import_GR + 0.52

	
0.90

	
9.02




	
Ukraine




	
Product_GR = 0.95 × PRODUCT + 0.06

	
0.92

	
11.53




	
Export_GR = 1.02 × Product_GR_p + 0.91 × Product_GR − 0.27×COST + 0.01

	
0.98

	
19.57




	
Import_GR = 0.79 × Product_GR_p + 0.94 × Product_GR − 0.54 × PRICE − 0.67 × COST + 0.94

	
0.88

	
6.75




	
GDP_GR = 0.87 × Product_GR + 0.49

	
0.96

	
18.46




	
GDP_GR = 0.42 × Export_GR + 0.67

	
0.93

	
11.59




	
GDP_GR = 0.56 × Import_GR + 0.30

	
0.90

	
10.94




	
Belarus




	
Product_GR = 0.98 × PRODUCT + 0.02

	
0.89

	
12.53




	
Export_GR = 0.87 × Product_GR_p + 0.75 × Product_GR − 0.27 × COST + 0.21

	
0.88

	
9.57




	
Import_GR = 0.94 × Product_GR_p + 0.57 × Product_GR − 0.24 × PRICE − 0.54 × COST + 0.80

	
0.89

	
9.12




	
GDP_GR = 0.79 × Product_GR + 0.54

	
0.95

	
15.72




	
GDP_GR = 0.68 × Export_GR + 0.27

	
0.87

	
7.59




	
GDP_GR = 0.66 × Import_GR + 0.18

	
0.99

	
23.75




	
Bulgaria




	
Product_GR = 0.99 × PRODUCT + 0.02

	
0.98

	
11.44




	
Export_GR = 1.06 × Product_GR_p + 0.88 × Product_GR − 0.29 × COST − 0.37

	
0.92

	
10.65




	
Import_GR = 0.68 × Product_GR_p + 0.39 × Product_GR − 0.29 × PRICE − 0.56 × COST + 0.76

	
0.94

	
10.75




	
GDP_GR = 0.95 × Product_GR + 0.36

	
0.89

	
7.46




	
GDP_GR = 0.66 × Export_GR + 0.54

	
0.89

	
6.34




	
GDP_GR = 0.60 × Import_GR + 0.18

	
0.96

	
7.94




	
Hungary




	
Product_GR = 0.97 × PRODUCT + 0.03

	
0.88

	
7.19




	
Export_GR = 1.01 × Product_GR_p + 0.93 × Product_GR − 0.33 × COST − 0.18

	
0.94

	
9.42




	
Import_GR = 0.55 × Product_GR_p + 0.87 × Product_GR − 0.15 × PRICE − 0.64 × COST + 0.63

	
0.92

	
8.34




	
GDP_GR = 0.94 × Product_GR + 0.31

	
0.94

	
8.89




	
GDP_GR = 0.82 × Export_GR + 0.27

	
0.96

	
9.06




	
GDP_GR = 0.77 × Import_GR + 0.08

	
0.89

	
7.41




	
Moldova




	
Product_GR = 0.96 × PRODUCT + 0.04

	
0.86

	
8.88




	
Export_GR = 1.04 × Product_GR_p + 0.79 × Product_GR − 0.34 × COST + 0.22

	
0.91

	
10.31




	
Import_GR = 0.94 × Product_GR_p + 0.87 × Product_GR − 0.34 × PRICE − 0.47 × COST + 0.51

	
0.90

	
9.42




	
GDP_GR = 0.91 × Product_GR + 0.43

	
0.89

	
7.54




	
GDP_GR = 0.41 × Export_GR + 0.63

	
0.94

	
9.61




	
GDP_GR = 0.59 × Import_GR + 0.32

	
0.93

	
5.49




	
Poland




	
Product_GR = 0.97 × PRODUCT + 0.04

	
0.98

	
9.75




	
Export_GR = 0.99 × Product_GR_p + 0.84 × Product_GR - 0.21 × COST − 0.46

	
0.94

	
8.41




	
Import_GR = 0.76 × Product_GR_p + 0.79 × Product_GR - 0.39 × PRICE − 0.38 × COST + 0.20

	
0.86

	
7.56




	
GDP_GR = 0.92 × Product_GR + 0.27

	
0.94

	
7.98




	
GDP_GR = 0.79 × Export_GR + 0.41

	
0.86

	
6.99




	
GDP_GR = 0.50 × Import_GR + 0.41

	
0.97

	
8.02




	
Romania




	
Product_GR = 0.99 × PRODUCT + 0.02

	
0.97

	
11.89




	
Export_GR = 0.87 × Product_GR_p + 0.89 × Product_GR − 0.39 × COST + 0.03

	
0.96

	
10.67




	
Import_GR = 0.99 × Product_GR_p + 0.95 × Product_GR − 0.40 × PRICE − 0.34 × COST + 0.04

	
0.94

	
9.45




	
GDP_GR = 0.86 × Product_GR + 0.39

	
0.92

	
7.31




	
GDP_GR = 0.40 × Export_GR + 0.66

	
0.95

	
8.66




	
GDP_GR = 0.46 × Import_GR + 0.50

	
0.95

	
8.91




	
Slovakia




	
Product_GR = 0.98 × PRODUCT + 0.02

	
0.86

	
8.43




	
Export_GR = 0.96 × Product_GR_p + 0.90 × Product_GR − 0.41 × COST − 0.01

	
0.85

	
8.21




	
Import_GR = 0.86 × Product_GR_p + 0.88 × Product_GR − 0.25 × PRICE − 0.45 × COST + 0.26

	
0.86

	
8.89




	
GDP_GR = 0.78 × Product_GR + 0.44

	
0.86

	
9.07




	
GDP_GR = 0.83 × Export_GR + 0.27

	
0.92

	
12.75




	
GDP_GR = 0.89 × Import_GR + 0.01

	
0.91

	
11.94




	
The Czech Republic




	
Product_GR = 0.96 × PRODUCT + 0.05

	
0.96

	
12.38




	
Export_GR = 1.02 × Product_GR_p + 0.91 × Product_GR − 0.11 × COST − 0.49

	
0.87

	
10.45




	
Import_GR = 0.77 × Product_GR_p + 0.96 × Product_GR − 0.29 × PRICE − 0.50 × COST + 0.21

	
0.89

	
11.69




	
GDP_GR = 0.84 × Product_GR + 0.32

	
0.94

	
12.058




	
GDP_GR = 0.76 × Export_GR + 0.30

	
0.96

	
12.97




	
GDP_GR = 0.71 × Import_GR + 0.19

	
0.97

	
13.69








Note: Product_GR_p—growth rates of the production and the service sector of the country—the main trade partner.
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