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ABSTRACT 

Aim The damage caused by the COVID-19 pandemic has made 
the prevention of its further spread at the top of the list of priorities 
of many governments and state institutions responsible for health 
and civil protection around the world. This prevention implies an 
effective system of epidemiological surveillance and the applicati-
on of timely and effective control measures. This research focuses 
on the application of techniques for modelling and geovisualizati-
on of epidemic data with the aim of simple and fast communicati-
on of analytical results via geoportal. 

Methods The paper describes the approach applied through the 
project of establishing the epidemiological location-intelligence 
system for monitoring the effectiveness of control measures in 
preventing the spread of COVID-19 in Bosnia and Herzegovina. 

Results Epidemic data were processed and the results related to 
spatio-temporal analysis of the infection spread were presented by 
compartmental epidemic model, reproduction number R, epi-cu-
rve diagrams as well as choropleth maps for different levels of 
administrative units. Geovisualization of epidemic data enabled 
the release of numerous information from described models and 
indicators, providing easier visual communication of the spread of 
the disease and better recognition of its trend.

Conclusion The approach involves the simultaneous application 
of epidemic models and epidemic data geovisualization, which 
allows a simple and rapid evaluation of the epidemic situation and 
the effects of control measures. This contributes to more infor-
mative decision-making related to control measures by suggesting 
their selective application at the local level.

Key words: COVID 19 pandemic, decision making, epidemiolo-
gical techniques, geocoding, health information systems, repro-
duction number
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INTRODUCTION

Following reports on the first patients with viral 
pneumonia caused by COVID-19 in December 
2019, in the city of Wuhan in China, the disease 
spread rapidly throughout the world (1). Due to the 
major global problems caused by this new corona-
virus, prevention of its spread has become the top 
priority for most governments, medical, economic, 
and political communities around the world (2).
In order to respond quickly to the rapid deve-
lopment of the epidemic situation related to the 
spread of COVID-19 in Bosnia and Herzegovi-
na (B&H), the Committee for Microbiology and 
Related Disciplines of the Department of Medical 
Sciences at the Academy of Sciences and Arts of 
Bosnia and Herzegovina (ANUB&H) launched 
the Project of Epidemic Location and Intelligen-
ce System (ELIS) for monitoring the spread of 
COVID-19. The system was tasked with provi-
ding research and collecting epidemic data on 
COVID-19, communicating with epidemiological 
teams, exchanging information on infection con-
trol, analysing the situation and control measures 
efficiency, reporting to public health institutions 
on the evaluation of epidemic surveillance system, 
informing government institutions and the general 
public about the epidemic situation.
The  ELIS functionality includes: data structure 
analysis and modelling (3), geocoding and map-
ping of tested, confirmed and active cases (4) 
using different address models (5), visualization 
of infection spread over time, mapping of areas 
with vulnerable age groups, mapping of health 
capacities with available medical resources to 
respond effectively to the current epidemic si-
tuation (6), epidemic modelling and prediction, 
and communication and cooperation tools for the 
epidemic surveillance professionals. 
Due to its importance for the whole country and 
its role in the academic community, this system 
has been accepted as a common platform for 
further research and a source of information for 
monitoring the effectiveness of control measures 
in preventing the disease spread.
Of particular importance for the monitoring and 
evaluation of control measures are the functions 
of the system related to modelling and communi-
cation, because they enable presentation of key 
indicators and critical information on the dyna-

mics of the disease spread and spatio-temporal 
visualization of data with a clear presentation of 
the geographical area and time interval related to 
these indicators, which allows easier comparison 
of the effects of control measures. 
These functions are built into the ELIS geoportal, 
which is a presentation tool for spatio-temporal 
data visualization.
The aim of this research was to improve the 
application of epidemiological techniques with 
visualization of spatio-temporal epidemic data 
and the functionality of the geoportal in terms of 
simpler and faster epidemic analysis and commu-
nication of the results to make more informati-
ve decisions related to the application of control 
measures. The paper describes the approach used 
in Bosnia and Herzegovina through the Project 
of the Epidemic Location Intelligence System, 
which will serve for the implementation of epi-
demic analysis functionality important for emer-
gency response to the epidemic threat.

MATERIALS AND METHODS

Study setting and design

The public health system in B&H is organized in 
accordance with its administrative and political 
structure as a country consisting of Brčko Dis-
trict (BD) and two entities: Republic of Srpska 
(RS) and the Federation of Bosnia and Herze-
govina (FB&H) with 10 cantons. 
For the needs of the Epidemic Location and In-
telligence System (ELIS) implementation, due to 
the heterogeneity of health information systems 
and protocols for the use of epidemiological data 
in B&H, a special network for data exchange was 
established allowing direct access to epidemic 
records and databases of public health institutes 
(as the main data sources at the local level), and 
providing continuous downloading of data pu-
blished via the official websites of B&H instituti-
ons. Epidemic data collected from these sources 
were processed applying the adopted analytical 
methodology, and the results were presented by 
tables, diagrams, interactive maps and animati-
ons, arranged in the geoportal (Figure 1). 

Methods 

To analyse the data and to identify the trend of 
infection spread, several different methods were 
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applied including compartmental epidemic mo-
del, reproduction number R, epi-curve diagrams, 
descriptive statistics (with different types of 
graphs), as well as choropleth maps for different 
levels of administrative units. Each of the met-
hods is useful for indicating spatial and temporal 
changes related to the spread of the disease, but 
for the correct interpretation of the results their 
simultaneous use is often required.
Modelling of epidemiological data for monito-
ring and predicting the spread of COVID-19. 
Basic data sets including officially daily reported 
values on cumulative number of laboratory confir-
med cases of COVID-19 for B&H entities, Brčko 
District and the whole country, and epidemiologi-

cal data for cantons and municipalities, were taken 
from databases and available records of public he-
alth institutions (10). These data sets were supple-
mented by other available clinical and laboratory 
information necessary to develop the model for pre-
diction of the spatio-temporal spread of infection. 
Analytical models for monitoring the spread of 
COVID-19 were selected in accordance with the 
availability of epidemiological data sets. The 
dynamics of infectious growth was modelled 
using the SIR (Susceptible; Infectious; Recove-
red) model (Figures 2, 3) applied for the two po-
ssible scenarios (Figure 4), i.e. for the pessimistic 
and optimistic scenario of the infection spread. 
Also, epi-curves (Figure 5) and reproduction 
number R (Figures 6, 7, 8) were used to monitor 
the effectiveness of control measures. Based on 
these models, reports with epidemiological para-
meters related to the dynamics and prediction of 
the disease spread were generated and published 
via the ELIS geoportal.
For modelling of the growth dynamics of dise-
ased cases, the SIR model (Figures 2, 3) was 
applied, which was fitted by calculating the pa-
rameters β (probability of contact between in-
fected and susceptible persons), γ (probability 
of recovery of the infected person, which is in-
verse to the average recovery time) (11), and the 
total number of susceptible persons, Nopt for the 
optimistic scenario and Npes for the pessimistic 
scenario (1). The genetic algorithm was used as 
a mechanism to calculate the optimal values of 
the parameters β and Nopt.
He optimistic scenario (Figure 4b) refers to the 
assumption that due to the action of the control 

Figure 1. Epidemic Location and Intelligence System (ELIS) 
geoportal: presentation of interactive map of the infection 
spread by municipalities with a related report and epidemic 
models

Figure 2. Susceptible – Infectious – Recovered (Resistant) 
model with parameters ß (probability of contact between in-
fected and susceptible persons) and g (probability of recovery 
of the infected person)

Figure 3. The Susceptible – Infectious – Resistant (SIR) model for Bosnia and Herzegovina 
based on an optimistic scenario and data collected from March 4 to May 18, 2020. The 
model is updated by continuous data entry on new confirmed cases

Ponjavić et al. Spatio-temporal epidemic data visualization
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measures taken, the spread of COVID-19 will 
rapidly slow down and stop. The pessimistic sce-
nario (Figure 4a) refers to the assumption that the 
proportion of the total infected cases will be si-
milar to those countries that took similar control 
measures, but had a significantly higher rate of the 
disease. These two scenario models are based on 
continuously updated data enabling continuous 
prediction of the disease dynamics in time close 
to the current moment. This approach was used to 
report on current dynamics and prediction of the 
growth of the infection at all levels of spatial units 
in B&H, i.e. for settlements, municipalities, can-
tons, entities, district and the country as a whole. 
Reproduction number R. The reproducti-
on number (R) represents the average num-

ber of secondary cases of the disease caused 
by a single infected individual over his/or her 
infectious period. The R0 (basic reproducti-
on number) represents a starting value (at the 
beginning of the epidemic), assuming that the 
whole population is susceptible to the infection 
and no restrictive societal measures have been 
undertaken so far. Although R0 is useful for 
judging of general severity of the epidemic at 
its own start, it is of limited use for assessing 
a subsequent change caused by population be-
haviour changes. Calculating instantaneous 
reproduction number Rt allows an evaluation 
of restrictive policies imposed that it results in 
higher alertness of the population, which sho-
uld lead to a decrease of Rt. 

Figure 4. Growth of the number of infected cases from March 4 to May 8, 2020 (66 days from the beginning of the epidemic monitor-
ing) in Bosnia and Herzegovina: A) current and modelled optimistic and pessimistic growth of infection and B) current and modelled 
optimistic growth of infection (detailed view)

Figure 5. Epi-curve diagram based on daily confirmed cases in Bosnia and Herzegovina from March 5 to April 10 2020
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Mapping of epidemic data. In general, epidemi-
ological data, such as, for example, quantitative 
data on the representation of tested or infected 
persons, qualitative data on the manufacturer and 
type of test, or territorial jurisdiction of dispen-
saries and hospitals, relating to specific spatial 
units (settlements, municipalities, cantons) can 
be classified according to the appropriate ranks 
and shown with the applied classification sche-
me of colours on the map (8). As a special met-
hod for spatial-temporal visualization of epide-
mic data, the technique with series of maps was 
used (Figure 9). Also, to show the growth of the 

cumulative number of infected cases and their 
geographical distribution, a time lining animati-
on technique was applied (Figure 10).

RESULTS AND DISCUSSION 

Key indicators on the dynamics of the disease 
spread for certain geographical areas were obtai-
ned from the SIR epidemic model, for the whole 
country (Figure 3), entities, cantons or cities. Also, 
epi-curves were used to show the growth rate of 
diseased cases (Figure 5), and diagrams showing 
the R reproduction number (7) were used as a spe-
cial mechanism for monitoring the effectiveness 

Figure 6. Instantaneous reproduction number Rt for Bosnia and Herzegovina (B&H) with control measures introduced in Republic 
of Srpska (RS) (full vertical lines) and the Federation of B&H (dashed lines), and relaxing of the introduced measures (dotted lines)

Figure 7. Instantaneous reproduction number Rt for Federation of B&H: inception of the restrictive measures (dashed vertical lines) 
and relaxing of the measures (dotted lines) 

Ponjavić et al. Spatio-temporal epidemic data visualization
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of control measures and making decisions on the-
ir intensification or relaxation. These techniques 
are very useful for temporal presentation (12); 
however, they are not suitable or sufficient per se 
for comparing different indicators and epidemic 
information by geographical regions. For exam-
ple, a diagram with the R reproduction number 
represents the relative change in the growth rate 
of infected persons in a given time interval for 
the observed region, which can be useful for re-
cognizing the effect of current control measures. 
It cannot be used for quantitative comparison of 
the effects of the same control measures between 
different regions. Furthermore, tabular and graphi-
cal representations of epidemic parameters and in-
formation for a limited number of spatial units are 
descriptive and understandable, but not suitable 
for comparison between a large number of units at 
different administrative levels, such as settlements 
or municipalities. However, geovisualization of 
epidemic data in conjunction with diagrams and 
tabular data can achieve spatio-temporal visual 
communication and thinking (14) about the distri-
bution of a disease magnitude (9). 
It is necessary to emphasize the importance of 
geovisualization and its synthesis with epidemic 
modelling techniques in recognizing the trend of 
the disease spread, correct inference and more 
informative decision-making related to control 
measures. This synthesis proved to be a parti-
cularly useful approach with the reproduction 

number application for monitoring of the control 
measures in the prevention of the spread of CO-
VID-19 in B&H. 
Being able to calculate the instantaneous repro-
ductive number Rt allows an evaluation of  effec-
tiveness of the introduced societal measures and 
to recognize good time for them to be intensified 
or relaxed. The Rt and the rate of spread (expo-
nential model) of the epidemic are functionally 
related, and the relationship depends on the assu-
med epidemiological model (12). The Rt value 
that exceeds 1 implies that the infection is sprea-
ding at an exponential rate. In practice, using the 
real data from the field, the Rt is calculated using 
time delayed data: since Rt captures the potential 
of the infectious spread, reporting data need to 
be adjusted for the length of symptomatic peri-
od before reporting day, as well as, the length of 
the incubation period. A difference between re-
porting date of the first known COVID 19 case 
and imputed date of an infection (Figures 6, 7, 8) 
illustrates this time difference. 
Figure 6 shows the change of the Rt for B&H, 
illustrating the changes in the disease trend that 
were affected by all control measures applied in 
FB&H and RS.
Figures 7 and 8 show the change of the Rt for 
FB&H and RS, respectively, with the inception 
of control measures and dates of their relaxation. 
From the diagram of the reproduction number R 

Figure 8. Instantaneous reproduction number Rt for Republic of Srpska: inception of the restrictive measures (full vertical lines) 
and relaxing of the measures (dotted lines) 
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for the entity of RS (Figure 8), where the last re-
ading was below 0.5, it could be concluded that 
the current situation is generally better and that 
control measures work better than in the entity of 
the FB&H (Figure 7), where the last reading was 
0.5. However, this is not the case, because these 
diagrams represent the relative change in the rate 
of infection spread and cannot be compared with 
each other in absolute terms. In order to be able to 
make a quantitative comparison of the effects of 
control measures between entities, i.e. geographi-
cal regions in general, it is necessary to have a 
broader understanding of changes in the rate of the 

Figure 10. Spatial distribution of laboratory-confirmed cases 
of COVID-19 in Bosnia and Herzegovina for May 18, 2020. The 
figure shows the cities and municipalities with higher intensity 
of infectious spread

infection throughout the area of interest. In addi-
tion to the application of reproduction number R, 
this implies geovisualization of relevant epidemic 
data and their proper simultaneous interpretation. 

Visualization of spatio-temporal epidemic data

Epidemic data can be aggregated at different ad-
ministrative levels and presented through various 
chart types. This presentation is clear and under-
standable, and the values related to individual 
spatial units can be easily compared with each 
other. Figure 11 shows a bar chart with the num-
ber of confirmed cases per 10,000 inhabitants for 
the various administrative levels, i.e. for the three 
most affected cities, for B&H, RS, FB&H, BD 
and 10 cantons. In this way, the number of confir-
med cases can be compared among spatial units 
at administrative levels (for example for munici-
palities), cantons and entities in B&H. However, 
if it is necessary to expand the comparison by 
certain time periods, this type of presentation is 
not sufficiently readable and clear, and it is nece-
ssary to introduce other techniques of presentati-
on, e.g. visualization of data. 
One of the visualization possibilities is the appli-
cation of time lining tool for geovisualization, 
e.g. animation in the ELIS geoportal, which ena-
bles temporal analysis of the epidemic data by gi-
ving a broader overview of the spatial distributi-
on and rate of spread of the infection (Figure 10). 

Figure 9. Daily average of confirmed cases per 100,000 inhabitants (top raw) and total number of cases per ten-day interval (bot-
tom raw) in municipalities over three ten-day periods from April 09 to May 08 2020

Ponjavić et al. Spatio-temporal epidemic data visualization
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Figure 11. Number of confirmed cases per 10,000 inhabitants for the three the most affected cities in Bosnia and Herzegovina 
(B&H) with two entities, the district, and for ten cantons in the Federation of B&H

This tool can be used simultaneously to sequen-
tially view changes for an epidemic phenomenon 
on a map (number of infected and resistant), and 
to temporally animate these changes in a space 
(13). Combined with interactive symbols, anno-
tations and thematic maps, it represents a very 
useful and powerful mechanism for monitoring 
the development and identification of spatio-tem-
portal patterns of behaviour of an epidemiolo-
gical phenomenon, such as the rate of spread of 
the disease and its spatial distribution (14). This 
mechanism can also be applied to the thematic 
presentation of data with a choropleth map (14). 
As an example, Figure 9 shows the daily average 
of confirmed cases per 100,000 inhabitants and 
the total number for the period in B&H munici-
palities for three ten-day periods from April 9 to 
May 8, 2020. Such maps, in combination with 
other thematic representations, such as socio-de-
mographic data (risk age groups, sensitive social 
categories), meteorological data, contamination, 
and with background contextual layers (orthorec-
tified images, street maps) represent a very useful 
set of information for epidemiological analysis. 
Their role in the context of assessing epidemic 
situation and monitoring control measures is to 

provide a dynamic comparison and broader un-
derstanding of changes in the intensity of the 
infection between spatial units at a given admi-
nistrative level.

Epidemic analysis and communication of the 
findings

Interactive maps and control panels were used to 
communicate the findings via the ELIS geoportal 
(Figure 1) so that the epidemic surveillance pro-
fessionals can quickly communicate the current 
situation and be informed about its expected deve-
lopment. Interactive dashboards are a particularly 
useful tool because they display key indicators and 
provide summary critical information (3). Geopor-
tal users, scientists, health and other professionals 
responsible for epidemic surveillance, have access 
to cartographic layers, diagrams, tables, animati-
ons, series of maps, reports, various records and 
other documents related to specific spatial units 
used to analyse the epidemic situation (Figure 1). 
This analysis should offer answers to questions 
related to the assessment of the current situation, 
the effectiveness of control measures, the growth 
trend of infected and resistant cases, spatial spre-
ad of the infection throughout and in parts of the 
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country etc. It is especially important to continuo-
usly monitor the situation in the regions that have 
recorded an intensive spread of the infection and 
rapid observation of spatial patterns to indicate 
new outbreaks (13).
The following epidemic indicators are used for 
monitoring the situation: cumulative growth of 
confirmed cases, number of daily confirmed, 
recovered, tested cases and deaths, expected 
number of new cases and their ratios by age and 
gender groups, reproduction number R and other 
relevant information. They are mainly presented 
in the form of individual values, tables and dia-
grams. However, only when they are applied si-
multaneously with mapped data that give them a 
geographical context, this information can provi-
de a complete overview of the epidemic situation 
in the space (13).
Based on epidemic models (SIR) and diagrams 
(epi-curves and R), spatial-temporal animation 
and series of maps of the infection spread, the 
spread of COVID-19 virus can be monitored and 
predicted, and the effects of control measures in 
individual regions can be evaluated. Based on the 
SIR model it can be concluded that on May 18 
2020, the trend in the number of confirmed cases 
in B&H (Figure 4) was declining. Reproduction 
number R (Figure 6) was below 1, indicating that 
the situation was generally good and that the con-
trol measures taken were effective and on time. 
However, the situation differed at lower admini-
strative levels. In the RS entity, the number of 
infected persons was significantly higher (Figure 
11), but declined faster than in the Federation of 
B&H (Figures 7, 8). The trend of infection spre-
ading in the entity of the Federation of B&H has 
been somewhat more favourable in the period of 
last twenty days (Figure 9) compared to the who-
le previous period, what is also confirmed by the 
declination in the reproductive number R (Figure 
7). Furthermore, the situation is different at the 
lower level in some entities. In the city of Ba-
nja Luka (RS), the situation has deteriorated over 
the last twenty days (Figure 9), while in most 
cantons the spread of the infection has stopped. 
Potential outbreaks may be associated with the 
cities of Mostar (Herzegovina-Neretva Canton) 
and Maglaj (Zenica-Doboj Canton), as they had 
a slower declining trend compared to other citi-

es and municipalities (Figures 9, 0). In terms of 
the number of infected persons, Banja Luka was 
the most severely affected city in B&H (Figures 
9, 10) and had a risk for the infection to spread 
to other areas. This suggests the application of 
selective control measures at the local level (by 
individual cantons, municipalities or settlements) 
that would be balanced between economic and 
social justification in terms of sustainability of 
economic activities and minimal impact on the 
vulnerable population (15).
Such an epidemic analysis and description of the 
situation throughout the country would not be 
simple without the simultaneous application of 
epidemic models, geovisualization of the epide-
mic data and the communication functionality of 
the geoportal that arranges all this. 
In conclusion, epidemiological techniques for 
monitoring of the spread of infection and the 
effectiveness of control measures are very use-
ful for temporal presentation, but are often not 
sufficient to compare different indicators and 
epidemic information by geographical regions. 
Geovisualization of epidemic data enables the 
release of numerous information from described 
models and indicators, providing an easier visual 
communication of the spread of the disease. Its 
synthesis with epidemiological modelling tech-
niques provides better recognition of the trend of 
the infection spread and a more transparent asse-
ssment of the epidemic situation. 
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