
Impact of Traffic Volume 

Variations on Travel Delays  

as Illustrated by Pandemic 

Period Data

Preface
Mobility improvement continues to be critical for most cities 

globally. When traffic congestion approached an intolerable 

level, many municipalities attempted to limit the number  

of participants in car traffic in a variety of ways - from 

expansion of public transportation options to bans on entry 

into the central part of the city for a certain percentage  

of cars on certain days [1]. 

For example, in Milan, Italy you cannot visit the city center 

by car with an odd-numbered license plate on an even-

numbered day of the month. 


Such measures brought a certain amount of positive impact 

in terms of reducing delays, although much less than 

expected, but, of course, they were accompanied  

by significant - and obvious to all - inconveniences. 

Therefore, we have seen a whole slate of attempts 

to explain to the voters why significant restrictions 

on freedom of movement lead to only a slight 

decrease in traffic delays [2].

COVID pandemic, with its stay-at-home orders  

that led to obvious - and significant - decrease  

in traffic demand [3,4], while the traffic control did 

not experience any changes, for the first time made 

it possible to objectively assess how important each 

of these components is in overall mobility. 

The explanations and referenced causes include: a significant increase in traffic 

demand in general; reorientation of demand, that is, the drivers’ intent to go 

where “wise” measures have ensured a reduction in traffic delays; shortcomings 

in the interconnectivity of the road network, as well as many other plausible  

but insufficiently supported hypotheses.
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Ticon methodology that allows simultaneous 

analysis of traffic volume and traffic delays provided 

us with a unique opportunity to do so 

quantitatively. 
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This report summarizes the results of the study based on a two-year observation of traffic 

flows on 126 sections of roads ranging in length from 400 to 3500 m, in 9 states of the east 

coast of the United States.  In total, this study analyzed 196,891,570 data points. 

Methodology

The COVID time periods – which differed  

in different states – were taken as the periods 

when COVID restrictions were at their 

maximum, and, accordingly, the flow of traffic 

on the roads was minimal. 

For example, in Massachusetts, we define COVID period  

as started in the first week of April and ended in the second 

week of May (fig. 1). 


In cases where COVID period was in September and November, 

such as in Florida, where formal stay-at-home orders were not 

introduced, and the decrease in traffic demand was caused only 

by the natural impact of the pandemic, April was chosen  

as the pre-COVID period for the comparison, in order to avoid 

distortions caused by seasonal fluctuations. 

For each road, traffic volumes (TV) and travel delays 

(TD) were compared for COVID, pre-COVID  

and post-COVID periods.
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Pre-COVID COVID Post-COVID

As the Pre-COVID period  

we looked at, mostly, 

February 2020.

July 2022 was chosen  

as the post-COVID period. 

Time period when maximal 

traffic volume decrease  

had been noticed

As a result, the delay change rates was calculated as:

α2=β2/γ2

β1=TDcovid /TDpre-covid . .; β2=TDpost-covid /TDcovid . .

γ1=TVcovid /TVpre-covid . .; γ2=TVpost-covid /TVcovid . .

α1=β1/γ1

Where:

- traffic delay decrease,

- traffic demand decrease. 
Since for the purpose of this study Greenshield 

speed/density relationship [5] can be used, we 

can assume the expected value of α<1.
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Flow

Speed

The relationship between flow and speed 

(Greenshield model [5])

Conclusion

Observations have shown that in most cases involving traffic 

light-controlled roads,  even a significant decrease in traffic 

demand (by 30% or more) does not lead to a significant 

change in traffic delays in urban environments. 


On the contrary, if the traffic occurs on uncontrolled roads, 

the delays are reduced even faster than the traffic demand. 


This means that the general strategy for restriction of traffic 

commonly adopted today is incorrect, and restrictive 

measures should be implemented only after it is objectively 

established that the relevant municipal departments achieved 

sufficiently high quality of traffic lights management. 

Observations

These restrictions presented a unique opportunity to examine 

the impact of traffic demand on travel delays. 

During the COVID-19 pandemic, the number of vehicles on the roads substantially diminished due to stay-at-home orders.

In the first few months of the pandemic, stay-at-home 

orders led to reductions in traffic of up to . 75%

After the Massachusetts order went into effect on March 16, 2020, traffic flows started to decrease  

by about 30% per week. By the beginning of April, they were at 15% of those in February. Considering 

seasonality, traffic demands under the COVID restrictions did not exceed 10% of standard levels (fig. 1). 

Figure 2. Weekly Average Daily Traffic (ADT) change under COVID-19 restrictions. Massachusetts, MA
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Therefore, if the delay decreases more slowly 

than traffic demand, this means that the control 

delay prevails for a given road, and the greater 

the influence of control delay the higher is the 

value of α. 
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Figure 2. Weekly Average Daily Traffic (ADT) changes. Miami-Dade County, FL
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Figure 3. Traffic delay change. Miami-Dade County, FL 
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Unexpectedly, in most cases travel delay did not change much with the decrease of traffic demand. 


It is statistically demonstrated that for the majority (55%) of the reviewed roads the traffic delay 

change ratios α≥1. 

In some other states, Like Florida or Alabama, where the officials did not apply COVID restrictions, 

traffic volume decrease was not so pronounced but still substantial (fig. 2). 

It was reasonable to expect 

that reducing traffic volumes 

by more than a third will lead 

to almost complete 

elimination of travel delays. 

Yet, our observations suggest 

that a two-fold reduction  

in traffic demands led only  

to significant but not huge 

reductions in delays (fig. 3). 

Even the most ambitious goals 

for reducing congestion, e.g., 

through public transportation 

enhancement, do not assume 

such drastic reductions in traffic 

demands.
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To test the hypothesis that a decrease in traffic demand does not lead to the expected reduction in 

travel delay due to the insufficiently high quality of traffic management, we considered four separate 

classes of roads: �

� Traffic light-controlled arteries�

� Roads with uncontrolled crossings 

Clearly, in all cases except for traffic light control, travel 

delay decreases in advance of the decrease in traffic 

demand. But on traffic light-controlled arteries the 

control delay obviously prevails. Thus, mobility 

improvement requires, first and foremost, not travel 

restriction measures, but optimization of traffic light 

regimes.

� Round-about controlled roads �

� Highways, i.e., roads without intersections 

Percent of roads with α1≥1

51%

27%

0%

0%

Average α1

1.17

0.65

0.51

0.21

Average β1

0.70

0.44

0.43

0.10

Average γ1

0.62

0.64

0.84

0.49

The results of this review are summarized in the Table 1 below:

Road class

Traffic lights-controlled arteries 

Road with uncontrolled crossings

Round-about controlled roads

Traffic lights-controlled arteries 

Figure 4. A wide range of traffic delay change ratio α for traffic lights controlled roads, and more so, there’s 

virtually no correlation with traffic volume decrease, i.e., parameter ß 
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In some cities travel delay changes little even with a 50% 

decrease in traffic volume (fig 5a, 5b), and in others it 

decreases and increases almost collinear with a change  

in traffic volume, in accordance with theoretical concepts  

(fig. 5c, 5d). 

To confirm the last statement, we additionally analyzed 

post-COVID periods to ensure that increasing traffic 

volumes to previous values on the same streets leads  

to a reverse increase in delays. 

Our observations suggest that the local qualifications  

of traffic engineers responsible for setting traffic lights 

regime have a greater impact on the level of mobility,  

than even the load on the roads (fig. 5e, 5f).

Figure 5a. COVID Travel delay changes in Pennsylvania (pre-COVID, COVID periods) 
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Figure 5b. COVID Travel delay changes in Maryland (pre-COVID, COVID periods) 
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Figure 5c. COVID Travel delay changes in FL, Municipality 1 (pre-COVID, COVID periods) 
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A more detailed analysis showed that for traffic light-

controlled arteries, traffic delay change depends neither  

on annual average daily traffic (AADT), nor the functional road 

class or any other relevant indicators. But sometimes there  

is a significant dependence on geolocation, more precisely,  

on the municipality through which the road passes. 
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Figure 5e. COVID Travel delay changes in FL, Municipality 1 (COVID, post-COVID periods) 
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Figure 5d. COVID Travel delay changes in FL, Municipality 2 (pre-COVID, COVID periods) 
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Figure 5f. COVID Travel delay changes in FL, Municipality 2 (COVID, post-COVID periods) 
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According to ITE report [6] National Traffic Signal 

Report Card score has improved to a national 

grade of C+ in 2019 (page xiii). In other words, 

there is clear room for further improvement  

in traffic light optimization in the US. It should be 

noted that software for TOD signal timing 

optimization is quite well-developed (e.g., HCS 

[7,8]).


Nevertheless, the hardware installed on the 

majority of intersections is used at most at 30% 

(usually, six timing tables are used – three  

for weekends and three for weekdays, while traffic 

controllers can handle from 18 to 864 timing tables 

per week). So even without installing expensive 

adaptive signal control systems, there is still much 

that can be done.  This approach becomes 

increasingly valid now, when modern Big Data 

methods provide efficient, fast, and cheap before-

after analysis of signal timing improvement (such 

as the TrafficScope system [9]). 

Therefore, municipalities interested in mobility 

improvement may need to pay more attention to the 

automatic identification of "hot spots" by areal analysis 

methods (for example, TrafficZoom [11]), and work with 

them using modern automated methods that provide  

the ability to combine the realistic capabilities of a limited 

number of municipal transport engineers with the need  

to improve the operation of multiple traffic light locations. 
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