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MIXED IMPACT OF THE COVID-19 PANDEMIC AND THE 
EARTHQUAKE ON TRAFFIC FLOW IN THE NARROW CITY CENTER: A 

CASE STUDY FOR ZAGREB-CROATIA 

ABSTRACT 

Congestion is one of the key problems faced by traffic engineers and authorities. The application of 
Intelligent Transport Systems (ITS) is one of the main approaches to solve this constant problem. The 
ITS is particularly significant in cases of post-disaster occurrences such as flood, fire, or earthquake.  
The new pandemic caused by SARS-CoV-2, named COVID-19, has elements of a post-disaster events. So 
far, not many researchers deal with its impact on the traffic flow caused by it. Besides that, there is a 
lack of research on the effect on the traffic flow caused by earthquakes. In this paper, we try to 
investigate traffic flow trends before and during the COVID-19 pandemic. Additionally, we analyze 
traffic flow during the earthquake, which hit Zagreb on Sunday 22nd March 2020 at 6:24 AM. The 
results of this study can be useful for traffic managers dealing with post-disaster traffic management 
strategies. 
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1. INTRODUCTION 

Many traffic experts and companies around the world deal with congestion issues and try to find 

various solutions to mitigate this problem. Congestion is a big issue in most cities around the world 

and significantly affects citizen mobility. The phenomenon is characterized by lower vehicle speeds, 

increased travel times, arrival unreliability, and longer vehicular queueing [1]. Congestion is a non-

linear function, so as a road approaches its maximum capacity, small changes in traffic volumes can 

cause proportionately more significant changes in congestion delays [2]. It can be non-recurrent or 

recurrent occurring on a daily, weekly, or annually bases caused by recurring bottlenecks, network 

demand greater than capacity, or poor traffic light signal plan timing. A non- recurrent congestion is 

unexpected and usually unpredictable or with small predictability. It can be caused by traffic incidents, 

vehicle breakdowns, work zones, weather, or special events [3].  

Analysis of the traffic flow in cases of natural disasters is necessary to manage the unexpected and 

potentially harmful situations. Authors in [4] study regional traffic flow in a high-density area under 

sudden fire disaster. In [5], authors use network modeling during flooding disaster to produce a 

response plan for road users. Authors in [6] proposed a post-disaster traffic control optimization 
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method for better use of road capacity and reduced network connectivity change. In [7], authors 

developed an earthquake transportation emergency decision-making optimization. Authors in [8] were 

estimating a state of the traffic flow after an earthquake. 

The new COVID-19 pandemic can be aligned with an unexpected disaster. It forced the government 

to impose various measures to assist in limiting the spread of the virus that mostly resulted in 

movement restrictions. Consequently, traffic flow and traffic congestion are reduced or fade away. 

According to INRIX, personal travel is down for 46 percent nationwide, while truck travel is down for 

13 percent. This may indicate that consumer demand is still strong, as stated in [9]. 

In this paper, we investigate the impact of COVID-19 government measures on traffic flow in the 

narrow city center. We compared the speed and volume during the average working day with its 

corresponding values during the COVID-19 pandemic. Furthermore, an earthquake hit Zagreb on 

Sunday 22nd March at 6:24 AM. The speed and the volume values are compared in the near earthquake 

time with the previous day. We found that shortly after the earthquake there were many more vehicles 

on the road if compared to normal conditions. This is attributed to the psychological effect of fear, 

where citizens choose to drive a vehicle rather than stay in or around their buildings. 

The rest of the paper is organized as follows. In Section 2, a description of used methods is given. 

Section 3 gives a description of the used equipment and the test site where measurements were made. 

Section 4 brings discussion of the obtained results and Section 5 gives concluding remarks. 

2. METHODOLOGY 

Given the set of counting data collected by the radar-based traffic sensor, this paper aims to present 

the impact of the natural disasters on the traffic parameters in the narrow urban center. This section 

briefly describes the three main steps of the methodology used in this paper that includes: (i) data 

collection, (ii) data preprocessing, and (iii) traffic parameter estimation methods.   

2.1 Radar Data 

The radar data collection system consists of a radar detector or scanner, power supply, casing, and 

equipment for mounting. A radar detector is designed to be mounted mainly on lighting poles or above 

the road and detects passing vehicles, collects data, sends, and store data on a server.  

Radar detectors constantly scan the detection zone in search of targets - vehicles. Successful 

detection means that a detector correctly counts a vehicle passing in the scanned traffic lane. A radar 

detector can store data from passing vehicles. It detects timestamp, speed, vehicle length, traffic lane, 

and direction. An example of a recorded radar dataset is shown in Table 1. Besides providing only 

detection, a radar detector can be used to calculate plentiful traffic data at micro-location such as 

volume, occupancy, speed profile. This data can be separated by direction and traffic lane. 

Table 1 - Example of one datapoint captured by the radar sensor 

 

 

Timestamp Speed Length Lane Direction 

1/6/2020 12:00:00 AM 50 km/h 3.5 m 2 1 
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2.2 Volume and occupancy 

Volume and occupancy are traffic flow parameters which can be easily collected using a traffic point 

detector. Combination of their values is often used to present traffic flow conditions. 

Volume (qT) is as a number of vehicles passing throw defined road section in the defined interval T 

[10], 

 𝑞𝑇 = ∫ 𝑞(𝑡)
𝑇

0
 [veh/h]. (1) 

Radar detector used in this case study cannot measure occupancy directly. Therefore, occupancy can 

be calculated from vehicles' speed and length.  

     Occupancy is defined as the percentage of time a point on the road is occupied by vehicles [11], 

[12], or as the total dwell time of all vehicles in the detection zone of a detector in the observed interval 

T, 

 𝑂𝐶𝐶 =  
∑ 𝑡𝑜𝑐𝑐𝑖

𝑇
 [%], (2) 

where OCC is the percentage of occupancy, tocci is occupancy time (dwell time) of the ith vehicle, n is 

the total number of vehicles in the observed interval T. Vehicle occupancy time tocci is a function of 

vehicle speed, vehicle length, and detection zone length, 

 𝑡𝑜𝑐𝑐𝑖 =  
𝐿𝑖 + 𝐿𝐷

𝑣𝑖
 [s], (3) 

where Li is length of the ith vehicle, vi is the speed of the ith vehicle, and LD is the length of the detection 

zone. 

As it can be read from (3), occupancy and speed are correlated. Our test site is far enough away from 

the intersection, and for small congestion levels, this site can be treated as a site of free flow traffic. 

Because of that we decided to use vehicles' speed to present changes in the traffic flow. In our case 

the mean speed 𝑣�̅�, averaged in defined time intervals is used to characterize the traffic flow. 

 𝑣�̅� =  
1

𝑛
 ∑ 𝑣𝑖

𝑛

𝑖=1

[km/h], (4  

where n is the number of vehicles in defined time intervals, vi is the measured speed of the ith vehicle. 

2.3 Data preprocessing 

In this research, traffic parameters on average working days from 2019 were compared to the traffic 

parameters during the two mentioned disasters. Traffic data was captured during the 2019 and the 

beginning of 2020. The average working day of 2019 was calculated by considering traffic parameters 

captured at all working days and aggregated in the 15- min intervals. For the 2020, data is captured 

from 1st of January to the 11th of April, as shown in Figure 3. To extract the accurate estimation of 

average traffic conditions from 2019, the raw radar data were preprocessed by applying:  
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(i) seasonal filtering, (ii) data aggregation, (iii) anomaly removal, and (iv) smoothing. Seasonal filtering 

is one of the most important steps in the filtering process of the traffic data, especially in countries like  

Croatia with developed tourist seasons [13]. The experiment showed that traffic parameters like 

speed behave differently due to the lack of traffic volume in cities belonging to the continental part of 

the country. On the other side, the Mediterranean cities showed the contrary behavior because of the 

increase in traffic volume due to larger amounts of tourists (Figure 1). Therefore, summer months, July 

and August, were excluded from the case study because the City of Zagreb is in the continental part of 

the country. 

The traffic data mention in most of the literature sources is aggregated into the 5-, 15- or 60- min 

intervals [14,15]. In this research, data is aggregated into 15-min intervals by extracting the average of 

observed traffic parameters. To achieve greater accuracy, the anomalies from the data were removed 

by using standard statistical methods. Firstly, the 25th percentile data point Q1, datapoint on the 75th 

percentile Q3, and the interquartile range Q3-Q1 were calculated. Then, all the data that had a lower 

value than Q1-1.5*IQR and the data with higher values than Q3+1.5*IQR were declared as anomalies 

and, therefore, excluded from the experiment. 

For the smoothing of the traffic parameters showed as the time-series data, the Savitzky-Golay method 
is used [16]. The method presents a digital filter for the smoothing that performs a least-squares 
polynomial fitting when the filter coefficients are convolved with the input signal. The results of the 
smoothing are shown in Figure 1. 

3. EQUIPMENT FOR MEASUREMENTS AND TEST SITES 

Equipment for measurements used in this case study includes a radar traffic detector, a solar-

powered system independent of outside power source for counting the total number of vehicles, and 

measuring their speed, occupancy, and volume. The radar detector used for the overall flow 

measurement was Frequency Modulated Continuous Wave Radar (FMCW), model Huston SpeedLane, 

working in 24 GHz K-band. This radar is specifically designed for portable or permanent traffic data  

 

Figure 1 - Examples of the raw (red) and smoothed (black) speed profiles in the summer months and the rest of 
the year. 
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measurement and collection [17].  The photovoltaics power supply system contains a solar panel, 

a battery, and a charge controller. Data acquisition was conducted in Zagreb near the underpass - 

Miramarska street. All equipment was mounted on the concrete pole, and the exact location of the 

radar is shown in Figure 2. 

4. RESULTS AND DISCUSSION 

In this study, we used an average working day from 2019 in comparison with working days in March 

and April 2020, when COVID-19 pandemic and earthquake in Zagreb occurred. The day when the 

earthquake with the magnitude of 5.5 ML hit Zagreb was 22nd March 2020.  

The comparison was made based on the time-series plots of traffic parameters recorded on the 

weekly basis from the beginning of 2020 to the date of the earthquake. The traffic parameters used 

for the comparison are speed and volume. The mutual interactions of the parameters were observed 

as well as the change of the parameters in 15-min intervals during the day. 

Figure 3 shows the time-mean speed data collected from January to April 2020 aggregated on a 

weekly basis. The speed profiles that show the speed data after the 16th of March show a speed that 

 

Figure 2 - The location of the radar traffic counter in the City of Zagreb (Miramarska street) 

 

 

Figure 3 - The speed profiles aggregated on the 15-min intervals using data measured by radar sensor during 
the 2020 collected on the weekly basis 
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is close to the speed limit of 50 km/h, and there are no signs of recurrent morning and afternoon 

congestions in the rush hours that are usually beginning at 7:00 AM and 3:00 PM. These lines show 

weeks when the earthquake in Zagreb and COVID-19 government measures for restricted movement 

have coincided. As expected, a substantial increase in speed can be noticed due to the smaller number 

of vehicles on the roads. 

Figure 4 a) shows a comparison of speeds and volumes of an average working day in 2019 labeled 

with black dots and the week when an earthquake occurred labeled with red dots. Each point on the 

scatter plot shows the value of speed on the x-axis with corresponding volume on the y-axis within 15-

minute intervals. The speed values recorded during the disasters indicate a significant shift towards 

the higher average speeds compared to the average working day in 2019, with very few points having 

low speed values. This observation can be explained by fewer vehicles on the road due to the 

mentioned restrictions, which allowed the drivers to achieve the speed that is near the speed limit. 

Figure 4 b) the red line shows the traffic volume in the week when the earthquake and COVID-19 
government restrictions coincided. It can be noticed that the overall traffic volume is reduced by one 
third due to the COVID-19 pandemic and the earthquake compared to the normal conditions during 
an average working day in 2019 showed with a black line. Also, there is no recurrent congestion 
common for morning and afternoon peak hours, which is, in normal conditions, accompanied by the 
increase in the traffic flow. 

The next phenomenon occurred on the day of the earthquake 22nd March 2020 Sunday at 6:24 AM. 

Figure 5 shows that there was a much larger volume of vehicles at the time of the earthquake (red line) 

than the day before (black line). We attribute this to the psychological effect caused by the earthquake. 

In the time near the earthquake, citizens choose to drive around in the vehicles rather than stay in or 

around their buildings. That effect lasted a few hours until the fear of the second strike of the 

earthquake ended [18].  

 
 

a) Relations of the volume and speed for the 
average working day in 2019 (black) and the week 

with COVID-19 restrictions (red) 

b) Traffic volume profiles for an average working day in 
2019 (black) and the week with COVID-19 restrictions 

(red) 

Figure 4 - Traffic parameters comparation 
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Figure 5 - Comparison of the traffic volume profiles on the day of the earthquake (red) and the day before 
(black) 

5. CONCLUSIONS 

This paper presents an analysis of the traffic state parameters in a case of disaster events. For the 

use case, the City of Zagreb is used as a city affected by the COVID-19 and the earthquake 

simultaneously. The data in the form of the traffic parameters were collected on the weekly basis in 

2020 and compared to the average working day from 2019. Before the usage, data was preprocessed 

by applying seasonal filtering, data aggregation, anomaly removal, and smoothing. Worldwide, the 

COVID-19 pandemic brought great economic losses. In addition, an earthquake occurred in Zagreb and 

brought consequences for city traffic flow. This research shows that in such a situation, a longer period 

is required to stabilize traffic in a city and return it to normal traffic flow. This paper shows that only 

one radar detector can be a valuable source of the information because it can provide useful insights 

into extraordinary situations like earthquakes and COVID-19 pandemic, emphasizing the importance 

of real-time traffic data collection for implementation in an intelligent transport system. 

This research showed some notable traffic mobility patterns during the natural disasters. One of 

the important patterns related to the psychological effects of the disasters is captured during the time 

after the earthquake. The traffic volume was unexpectedly increased due to the fear of staying in the 

old buildings in the city center. This information and captured pattern could be useful for the large 

amount of the interdisciplinary studies like influence of the psychological effects on the mobility 

pattern during the crisis. This information also gives the insights for traffic managers dealing with post-

disaster traffic management strategies. 

Future work will include wider research area including more versatile sensors for traffic data 

collection. The comparison to other traffic data collection techniques is required to validate the results 

and conclusions given in this research. The data fusion of more than one type of data like Bluetooth 

and GPS data could give more actionable and useful traffic insights as different traffic patterns can be 

extracted. 
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