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From the beginning of April 2020 the interdepartmental Working Group (WG) of 

representatives of the National Academy of Sciences of Ukraine, Taras Shevchenko 

National University of Kyiv, Vinnytsia National Technical University and the National 

Academy of Medical Sciences of Ukraine, taking into account the international practices 

of the COVID-19 epidemic mathematical modeling based on epidemic dynamics in 

Ukraine and Europe, has been developing and testing the SEIR-U mathematical model. 

Based on the results of the modeling process, the Working Group prepared documents on 

the topic “Forecast of the SARS-CoV-2 epidemic in Ukraine”. 

The Presidium of the National Academy of Sciences of Ukraine officially presented 

the forecasts to government agencies. These forecasts were referred to by the Cabinet of 

Ministers of Ukraine during briefings. The Forecast is supported by the United Nations 

Children's Fund (UNICEF). 

 

The new "Forecast WG-32" document includes: 

⚫ analysis of primary statistical data on the development of epidemic in Ukraine; 

⚫ comparison of the statistical data with the previous period «Forecast WG-32»; 

⚫ forecast of the epidemic development for the next period of December 21, 2020 – 

January 4, 2021 with use of two independent models; 

⚫ analysis of the epidemic spread dynamics in the regions of Ukraine. 

  

 

 

 

 

 

 

 

 

 

http://www.nas.gov.ua/UA/Activity/covid/Pages/wg.aspx
http://www.nas.gov.ua/UA/Messages/Pages/View.aspx?MessageID=7277


 

1. Analysis of statistical data on the development of the COVID-19 epidemic in 

Ukraine. 

 

The working group uses the following data sources for analysis: 

1. Data from daily reports of the Ministry of Health (MOH) of Ukraine. The data on the number 

of new confirmed cases, recovery cases, fatal cases and suspected cases for each region of 

Ukraine are published at daily briefings of the Ministry of Health of Ukraine, as well as on the 

website of the National Security and Defense Council (NSDC) of Ukraine. 

2. Primary data of the Public Health Center (PHC) of the Ministry of Health of Ukraine. A 

description of the data structure and its interpretation are presented in the document "Forecast 

WG-9" dd. June 26, 2020. Regular access to primary data was obtained due to cooperation 

with UNICEF. 

3. Data on the scope of PCR and IFA testing for each laboratory in Ukraine. Data are provided 

by the PHC of the MOH of Ukraine and contain information on the total number of tests 

performed, the number of positive tests and retests. 

4. Data of the National Health Service of Ukraine (NHSU) are updated on daily basis 

and contain information about hospitalization for each hospital in Ukraine. 

5. Data on the all cause mortality and data on citizens’ mobility from the resource “Lockdown 

Economy”.  

6. Statistical data from other states: Worldometer, Financial Times, Ourworldindata. 

 

Daily statistics on all cause mortality is presented in Figure 1. The last update does not include the 

data provided by the Ministry of Justice with rough monthly periodicity. 

 

Figure 1. All cause mortality dynamics with several weekly increments, data of the Ministry of 

Justice available online at «Lockdown Economy» 

All cause mortality compared to its level for the previous 5 years is shown on Figure 2 as of early 

December. From the end of October on, the number of those who died from all causes has been 

approximately one-third higher than the average over the past 5 years 
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https://ourworldindata.org/excess-mortality-covid
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Figure 2. All cause mortality dynamics vs dynamics over the past 5 years, data of the Ministry of 

Justice available online at «Lockdown Economy» 

The nationwide data published by the State Statistics Service on December 18 showed excess mortality 

in October at 18.5% versus 19.4% obtained in “Forecast WG-32”. Regional data are expected by 

December 22. 

 

The numbers of new cases, positive tests, fatal cases and their 7-day average values are presented in 

Figure 3. Decrease in the number of new cases has become slower. The number of the fatal cases 

confirmed has slightly declined. 
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Figure 3. Key epidemical indicators and its 7-day averaging. Fatal cases presented in the right 

scale 

Confirmed cases in terms of their confirmation dates are shown in Figure 4 versus confirmed cases 

in terms of their publication dates and the number of positive tests. 

 

Figure 4. Indicators of case detections and their 7-day averaging 

 



 

Figure 5. Ratio of the number of new cases and the number of positive tests to the number of all 

tests, and their 7-day averaging 

 

 

Figure 6. Testing scope. Daily total number of PCR tests and total number of untested samples 

(residues) in laboratories 

During the last week (December 14-20), 250417 PCR tests were performed with 70327 new cases 

confirmed. The number of PCR tests spent on one newly infected person averages 3.6 PCR tests per one 

new case confirmed, which is 14% higher than the same indicator last week and corresponds to an 

average detection rate of 27.7% nationwide. Test result positivity (the ratio between the number of 



positive tests and the number of PCR tests) has stabilized at 32% (Figure 5). Testing scope has stabilized 

(Figure 6). 

Figure 10 presents MoH epidemical indicators and Google search statistics by «Olfaction», «Taste» and «Oxygen saturation» 

subjects, which may be taken as anticipatory epidemical indicators based on the observation that persons infected with COVID-

19 search for data related to their symptoms, diagnostic and treatment methods. 

The best indicator among the analyzed ones in terms of search requests statistics is the frequency of «Olfaction» search requests, 

while others may be considered as auxiliary. Although the frequency of «Taste» requests is of high background value, it is 

noticeable that it can also warn about an epidemic growth wave. 

Decreasing activity of the search for the above-mentioned subjects can also occur in view of the hypothesis of «search satiety» 

when the search frequency can decline amid a stable epidemical situation because the patients may refer less to the Internet 

searching for data regarding their disease as they become more aware or have wider opportunities for obtaining information 

from other sources. 

 

 

Figure 7. Frequency of Google search requests for «Olfaction», «Taste» and «Oxygen saturation», 

average values; number of new infections and fatal cases according to MoH data (moving 7-day 

average). All data are corrected proportionally to get the maximum value equal to 100 (for search 

data – before averaging) 

 

The share of fatal cases among new patients demonstrates conservative dynamics, remaining within 

the 1.5%-2% range (Figure 8). 



 

Figure 8. Share of new patients with fatal outcome and dynamics of data collection concerning it 

 

Share of infected cases with the identified outcome is presented in Figure 9. 

 

Figure 9. Share of patients with identified outcome by the date of their registration and dynamics 

of data collection concerning it 

 

Mean age of hospitalized patients has moved away from its peak, remaining considerable (Figure 10). 



 

Figure 10. Mean age by infected person category. Weighted 7-day average is applied to the data 

 

The age structure of patients has not substantially changed (Figure 11).  

 

Figure 11. The share of minors, persons aged 60+, persons aged 70+ among new patients, 

respectively, and the share of fatal cases (based on 7-day averaging) 

 

 

According to the official statistics, as of December 21, the average number of recovering patients was 

11364 per day. The average weekly number of new infections as of December 21 was 10047 per day 



nationwide, which is 1200 cases less than the average value identified 7 days ago. The average weekly 

number of new fatal cases as of December 21 was 203 new fatal cases per day, which is 13 less than a 

week ago. 

 

 

Figure 12. Number of new registered cases per day at the moment of publication (а) and at the 

moment of occurrence (testing and recovery/discharge dates) (b). The data are displayed with a 7-day 

moving average 

Figure 12 demonstrates the daily dynamics of new infected, new recovered and new active infected 

cases according to the daily MoH reports (nationwide), which are shown at the moment of data publication 

(a), and the same data adjusted to the event occurrence dates (b). Figure 12 (b) demonstrates new cases as 

of the dates of the PCR test performed, and new recovery cases as of the dates of recovery/discharge). 

Figure 12 (b) shows that up to now there hasn’t been any day with recovery cases exceeding the new 

infections. A significant number of recovery cases appears on the graph (Figure 12 (a)) due to irregular 

data entry.   

The officially published statistical data may be partially explained by the analysis of data publication 

delays. It is known that not all of new the infection and recovery cases presented every day occur actually 

on the previous day. In some cases, there can be significant delays between the date of actual event 

occurrence (testing, discharge, hospitalization, death) and the date of information entry in the database 

and its publication. Figures 13-16 demonstrate the evolution of data entry into the registry. 

 

 



 

Figure 13. Еvolution of retrospective changes in the number of new confirmed cases at various 

moments adjusted to the testing dates. The data are displayed with a 7-day moving average 

 

 

Figure 14. Еvolution of retrospective changes in the number of new recoveries at various moments 

adjusted to the recovery/discharge dates. The data are displayed with a 7-day moving average 



 

Figure 15. Еvolution of retrospective changes in the number of new fatal cases at various moments 

adjusted to the death dates. The data are displayed with a 7-day moving average  

 

Figures 13-15 give an idea of how data can change retrospectively and how much they correspond 

to the data presented on a daily basis. Figure 13 shows retrospective changes in the number of new cases 

subject to clarification within 2-3 weeks. Recovery data may change (Figure 12) within several months. 

The number of fatal cases may be subject to retrospective changes within one month. In general, we may 

differentiate typical time frames for the registry filling: new cases – 2 weeks, fatal cases – 1 month, new 

recovery cases – 2 months. These are the periods after which the accurate number of events that occurred 

on a specific date becomes known more or less accurately. 

The structure of delays in publication of new infections and new fatal cases is presented in Figures 16 and 

17. 

 

 



 

Figure 16. Temporal evolution of delays in publication of the number of new infections. The 

column height indicates the number of published new cases. Colors are used to mark distribution 

of these cases between the previous dates 

 

 

Figure 17. Temporal evolution of delays in publication of the number of new fatal cases. The 

column height indicates the number of published new cases. Colors are used to mark distribution 

of these cases between the previous dates 

 



 

 

Figure 18. Average temporal delays in publication of data on new identified cases, fatal cases, 

hospitalizations and discharge/recovery. Delays were calculated as a difference between the 

publication date (relevant data entry in the database) and the date of actual event occurrence 

Charts in Figures 19-21 show a difference between the published and actual data corresponding to the 

event occurrence date, which cumulatively coincide but can have time shifts. 

 

Figure 19. Comparison of data on the daily number of newly detected cases adjusted to the date of 

publication (black curve) and the date of case registration (blue curve). The data are displayed as a 

smoothed 7-day moving average 



 

 

Figure 21. Comparison of data on the daily number of new fatal cases adjusted to the date of publication 

(black curve) and the date of death (blue curve). The data are displayed as a smoothed 7-day moving 

average 

 

 

Figure 22. Comparison of data on the daily number of new recovery cases adjusted to the date of 

publication (black curve) and the date of death (blue curve). The data are displayed as a smoothed 7-day 

moving average 

 



2. Comparison with the forecast dated 14.12.2020 

Table 1. Comparison of the SEIR-U forecast values of new infections of 14.12.2020 for each region of Ukraine with the observed 
weekly average numbers. Data are displayed as weekly average values 

Region  
Forecast 
average value 
as of 21.12 

Іnterval 
Weekly average 
value observed 

as of 21.12 

Vinnytsia region 150 127-174 167 

Volyn region 292 246-339 361 

Dnipropetrovsk region 531 449-616 517 

Donetsk region 701 589-817 408 

Zhytomyr region 287 242-333 326 

Zakarpattia region 224 189-260 149 

Zaporizhia region 776 655-902 765 

Ivano-Frankivsk region 117 100-136 180 

Kyiv region 710 599-825 631 

Kirovohrad region 124 104-144 85 

Luhansk region 142 119-165 139 

Lviv region 514 433-596 444 

Mykolaiv region 381 321-442 417 

Kyiv city 1611 1357-1872 1340 

Odessa region 954 804-1108 901 

Poltava region 596 502-693 359 

Rivne region 366 309-425 342 

Sumy region 229 194-265 315 

Ternopil region 195 165-227 174 

Kharkiv region 396 334-459 427 

Kherson region 334 281-388 230 

Khmelnytskyi region 325 274-377 282 

Cherkasy region 679 572-790 477 

Chernivtsi region 196 165-227 211 

Chernihiv region 430 363-500 404 

Nationwide  11062 9255-12738 10047 

 

Table 1 presents the forecast intervals calculated in “Forecast WG-32” dated 14.12. 2020 for each region 

of Ukraine, and the observation data as of 21.12.2020 (weekly average values). The table shows that in 

general the data comply with the expected averages. No expectation was exceeded in the most affected 

regions. The forecast has improved for seven regions and worsened for three. Overall in Ukraine, the 

average number of new cases is below the mean value of the forecast interval. 

 

 

3. Epidemic development forecast for Ukraine with the use of the Facebook 

Prophet statistical time series model 

Using statistical analysis methods, we studied the dynamics of the daily number of new patients 

since July 2020 to identify the epidemic spread patterns, to study the impact of holidays and pseudo-

holidays (abnormal dates such as public holidays, warm days without precipitation, etc.) and the impact 

of weekly and other seasonal variability, and to identify its nature. 

Data on new detections per day and new fatal cases for the whole country were analyzed, when 

steady growth was observed with a 7-day periodicity - since July 6, 2020. The most innovative Facebook 

http://www.nas.gov.ua/UA/Messages/Pages/View.aspx?MessageID=7277


Prophet model was used, demonstrating high efficiency for modeling timelines containing abnormal dates, 

different types of seasonality and linear or nonlinear dynamics of the impact of different model 

components. 

As before, we took the public holiday dates, dates of potential vacationer number growth (very 

warm days without precipitation), and lockdown restriction mitigation dates according to the open data 

from the dataset of the COVID-19 Open Data Google platform as abnormal dates (holidays and pseudo-

holidays). Like the week before, we added 620-day periodicity assuming that one-fourth of the period 

accounts for the interval between the highest and neighboring peaks of 26 June and 18 November (155 

days) which allowed the error to be reduced by half. The same as last week, “holiday lockdown days” 

were taken into account. A model was constructed, which provided a forecast for 22.12-14.01 based on 

data for 6.07-21.12, with 5.68% total relative error during the past 7 days (Fig. 23). The same as last week, 

considering the fluctuating character of the data, only last 7 days were analyzed for verification, up to 

28.12 (Table 2). 

 

 

 
Figure 23. Daily number of new confirmed COVID-19 cases in Ukraine since July 6, 2020 : black 

dots – monitoring data by 21.12.2020, blue line – result of modeling and forecasting for 2 weeks by 

4.01.2021 based on the Facebook Prophet model 

 

 

 
Table 3. Projected number of new confirmed COVID-19 cases in Ukraine based on the model using impact of abnormal 

dates 

 

Date  

Lower threshold of 

confidence interval, 

number of cases 

Projected value, 

number of cases 

Upper threshold of 

confidence interval, 

number of cases  

22.12.2020 7751 8096 8448 

23.12.2020 9162 9524 9886 

24.12.2020 9971 10367 10719 

25.12.2020 11266 11642 12009 

26.12.2020 9923 10292 10654 

27.12.2020 6610 6979 7305 

https://github.com/GoogleCloudPlatform/covid-19-open-data
https://www.kaggle.com/vbmokin/covid-in-ua-prophet-with-4-nd-seasonality?scriptVersionId=49850676


28.12.2020 4371 4738 5081 

 

Regarding the newly confirmed cases, we compared the Facebook Prophet forecast for two 

following weeks (1,2 and 3 weeks ago) and new forecast (Figure 24). 

 
 

 
Figure 24. Last 6 weeks of observations and 2 weeks of forecasting 

 

  
Аnalysis of newly confirmed and fatal case numbers has shown the following: 

- Comparison of the observed data with the last week’s forecast shows that the process of 

decrease in the number of new patients has slowed down. It is not unlikely that incidence soon 

can get stabilized or begin to grow, which can be caused by wider contacts in the pre-New 

Year period. 

- Under a new model with long-term periodicity, a minor impact of holidays and other abnormal 

dates has occurred in Ukraine again, unlike under the model used a week ago but the same as 

in previous weeks. According to results of modeling based on data as of 20.12.2020, significant 

impact takes place in some other countries: the US, Portugal, Indonesia and India where the 

model considering holidays and pseudo-holidays generates an error 1.25-1.75 times lower than 

the one generated by the model ignoring such abnormal dates; this error for the last week is 

less than 5-20%. In Ukraine, the simplified model which includes abnormal dates gives 5.36% 

(5.17% in a more efficient model), and 5.49% without abnormal dates considered. 

- The swift decline in the projected values for the number of new patients, unfortunately, does 

not generate confidence that such dynamics will be kept for several more weeks as the 

observation series is too small for such forecasts, hence we recommend to apply the forecast 

with caution. 

Calculations based on the Prophet model and analysis of the results obtained were performed by 

Prof. V.B. Mokin, Dr. Sc. (Tech.), Head of the Systemic Analysis and IT (САІТ) Department  of 

Vinnytsia National Technical University, and A.V. Losenko, CAIT Department postgraduate student. 
  

 

 

 

 

 

https://www.kaggle.com/vbmokin/covid-19-new-cases-in-70-countries-fb-prophet?scriptVersionId=49829118


4. Epidemic development forecast in Ukraine with the use of a compartmental 

model 

 

Prognostic variables are calculated for individual regions, not nationwide, and values for the whole 

country are calculated as the sum of all its regions. Table 6 shows the average results of forecasts for the 

regions of Ukraine for the period from December 28 and January 4. The forecasts do not take into account 

the impact of changes in the number of tests, the number of suspected cases and decisions to change 

quarantine restrictions. The calculations are based on the assumption that the reproduction number and 

the mortality rate remain stable during the period of the forecast. The reproduction number and the 

mortality rate are calculated based on the calibration algorithm of the mathematical model, and for the 

forecast scenario the average values for the previous week were used. 

To consider the possible temporal change of the contact number we additionally analyzed two scenarios 

for each region: with gradual increase and decline of contacts at the level of 25% each. The number was 

gradually changing during the week. Table 6 presents projected average rates of new infections detected 

per day and the range of their values as of December 28, 2020. We also provide the average weekly 

estimate of the reproduction number for each region used for the forecast calculations.   

 

Table 4. Projected values of new infections per day as of 28.12.2020 and 4.01.2021, and the current reproduction number estimate 

Region  
Forecast average 
value as of 28.12 

Іnterval 
R 

(as of 21.12) 
Forecast average 

value as of 4.01.21 

Vinnytsia region 167 141-194 0.99 158 

Volyn region 426 358-496 1.12 483 

Dnipropetrovsk region 425 359-493 0.82 323 

Donetsk region 383 323-445 0.89 336 

Zhytomyr region 345 291-401 1 346 

Zakarpattia region 128 108-149 0.82 102 

Zaporizhia region 773 651-898 0.99 735 

Ivano-Frankivsk region 143 121-166 0.8 106 

Kyiv region 592 500-687 0.9 519 

Kirovohrad region 69 58-79 0.76 51 

Luhansk region 162 136-188 1.1 181 

Lviv region 414 349-481 0.9 361 

Mykolaiv region 455 383-529 1.05 473 

Kyiv city 1305 1101-1515 0.92 1192 

Odesa region 925 779-1075 0.99 896 

Poltava region 302 255-350 0.82 235 

Rivne region 340 287-396 0.96 319 

Sumy region 266 225-308 0.85 209 

Ternopil region 153 129-177 0.85 125 

Kharkiv region 415 350-482 0.97 379 

Kherson region 221 186-256 0.9 198 

Khmelnytskyi region 252 213-293 0.88 210 

Cherkasy region 434 367-504 0.85 369 

Chernivtsi region 208 176-242 0.97 194 

Chernihiv region 417 351-484 0.93 407 

Nationwide 9801 8103-11751 0.92 8871 



 

According to the considered scenarios, Zaporizhzhia, Kyiv, Odesa oblasts and Kyiv city are regions with 

the highest expected number of infections. 

If we add up the modeling results from all regions we will obtain the following projected values at the 

nationwide level: 

Reproduction number – 0.92 (average value for the last week, downward trend). 

Average number of new infections per day as of 28.12: [8103-11751] with average value 9605. 

Average number of new fatal cases per day as of 28.12: [163-221] with average value 192. 

Average number of new infections per day as of 4.01.21: [5375-12774] with average value 8871. 

Average number of new fatal cases per day as of 4.01.21: [144-214] with average value 179. 

 

 

Figure 25. Temporal change of the reproduction number according to calibration of the SEIR-U 

mathematical model 

 

Figure 26 demonstrates the temporal change of the reproduction number nationwide obtained as a result 

of the mathematical model calibration on statistical data. Thin lines show the reproduction number 

estimates for different regions. Currently, the weekly average value is 0,89. We did not consider the 

reproduction number changing trend while forecasting. The forecast scenarios were calculated with a fixed 

weekly average value of the reproduction number. 

 



 

Figure 26. Projected values for new cases in Ukraine with account of weekly variability. Dots 

mark the monitoring data as of 14.12.2020, and the line indicates modeling calculations for the 

calibration period (25.03-14.11) and for the projected period 

Table 4. Projected values for new cases based on results of calculations with the Prophet statistical model and the SEIR-U 
compartmental model 

 

Date  

Prophet average projected 

values 

SEIR-U average projected 

values 

22.12.2020 8096 9108 

23.12.2020 9524 10152 

24.12.2020 10367 10598 

25.12.2020 11642 11111 

26.12.2020 10292 10970 

27.12.2020 6979 8986 

28.12.2020 4738 7686 

29.12.2020 6852 8502 

30.12.2020 8310 9280 

31.12.2020 9181 9574 

01.01.2021 9812 9975 

02.01.2021 9154 9824 

03.01.2021 5848 8048 

 

Таble 4 demonstrates comparison of projected values for the number of new cases by January 3, calculated 

with the use of two independent models: the Facebook Prophet statistical model and the SEIR-U 

compartmental model. In general, the Prophet model stipulates slightly steeper fading and wider ranges 

of weekly variations than the compartmental model; comparison of their results is presented in Figure 26. 

Importantly, the projection error grows considerably with extension of the forecasting interval, therefore 

the results obtained must be treated with caution. 

 

 

 

 

 



CONCLUSIONS 

1. The epidemic spread indicators in Ukraine have continued to go down during the 

last week but the decrease has become slower. The reproduction number has 

remained below one but has slightly increased, to 0.92, with a minor upward trend. 

It means that the situation can become stable in the weeks to come or even begin 

to grow although the mathematical models based on the average weekly dynamics 

project continued slight fading of the epidemic in the near future. Slower fading 

can also be connected with a relative increase in the number of tests. The new case 

detection percentage has decreased to 28%. According to the calculations, the 

average number of new cases will be 8805 (Prophet) and 9801 (SEIR-U) during the 

week of December 22-28, and 7540 (Prophet) and 8871 (SEIR-U) during the week 

of December 29 – January 4. A detailed forecast is presented in Tables 2-4 and 

Figures 23-26. 

2. The number of fatal cases has started to decrease slightly, with some lag behind the 

decline in the weekly number of confirmed cases, positive tests, and test positivity 

observed earlier. The observed mortality remains within the 1.5-2% range. The 

State Statistics Service data, published recently, showed excess mortality in 

October at 18.5% versus 19.4% estimated in the “Forecast WG-32”. Regional data 

are expected to arrive on December 22. 

3. The rate of detection of new infections using PCR tests has decreased to 28% during 

the last week. The percentage of positive tests has settled down at 32%. 

 


