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manufacturing industries. Despite this, COVID-19 has positively affected the trucking industry in that it had a positive
impact on the road freight transport turnover. As seen in Figure 1, as the cumulative number of confirmed cases
increases, so does both turnover of road freight transport (FTHT) and turnover of water freight transport (FTWT) (Ho,
2021). This demonstrates that as the pandemic got worse, trucks were more in demand than ever as an essential service.

4.4 COVID-19 Impact on Truck Drivers

Even before the COVID-19 pandemic, long-haul truck driving has been considered a physically and emotionally
demanding profession. Commercial truckers are put under various stressors such as long hours, extended time away
from home, and emotional burnout (Lemke et al., 2020). These stressors have affected truck drivers for the last forty
years but have been amplified over the last year due to COVID-19.

The nature of truck driving makes truck drivers travel hundreds of miles from home. These areas can often be desolate
or positively impacted by COVID-19. Truck drivers are responsible for maintaining the supply chain of essential
goods, which means delivering essential items to areas with a high density of COVID-19 cases. Traveling to both
types of areas puts truck drivers at high risk for contracting COVID-19. If drivers contract COVID-19 in a remote
location, they will unlikely have access to proper health care, quarantine, and personal protective equipment options
(Lemke et al., 2020). Drivers have reported not having access to meals, safe parking, restrooms, and showers during
the pandemic. The conditions of COVID-19 have put commercial truck drivers' health and safety at risk.

Before the COVID-19 pandemic, the trucking industry faced a labor shortage. Due to shutdowns and physical
distancing, commercial trucking training schools have a 40% decrease in enrollment (Huff, 2020). The labor shortage
and the lack of new truck drivers being trained to have put even more pressure on current commercial truck drivers.
The lack of labor has extended the already long hours and far distances of commercial truck driving. Along with the
extended hours and distances, drivers have reported feeling the pressure to maintain the supply chain and deliver
health care goods and food (Lemke et al., 2020). Drivers have the added stress of being at high risk for contracting
COVID-19 as they go in and out of high-risk areas. The unprecedented consequences from COVID-19 have directly
impacted the emotional health and wellbeing of commercial truck drivers.

5. Spread of COVID-19 Caused by Truck Drivers

The COVID-19 pandemic has had a direct impact on the trucking industry due to different demands and other factors,
but the people who are actually responsible for making sure the trucks get to their destinations were impacted as well.
"Long-distance truck drivers around the world have been identified as a high-risk group for this pandemic and are
consequently the targets for prevention and education-based intervention" (Malinga 2020). This case study is focused
on the African region, and synthesized the findings from six different studies describing the consequences of COVID-
19 on long distance truck drivers and different measures countries should consider implementing to protect them. The
areas with weak health systems are of most concern for truck drivers, so it is important for them to check the health
care system of the places they are travelling to, in the event of a COVID-19-related emergency. This study has shown
that, in the African region, truck drivers are at risk of contracting and spreading the disease because of their work
travelling long distances and interacting with different people along the way. Whether they are stopping at a truck stop
to rest or staying in a hotel before the next long-distance drive, truck drivers face the challenge of staying safe without
taking all the precautions others around them do. Truck drivers have not been able to assume the global lockdown
measures because their services have become incredibly important for the delivery of food, medicine, and household
cleaning supplies worldwide (Yowakim et al., 2020). One of the major legal recommendations that the review suggests
is to create guidelines that keep sick truck drivers away from other people and potentially not allow them to travel
around the country. Possible guidelines include "regulation of trade and transport: stating that those trucks that carry
goods will be allowed to operate in interstate operations to ensure continuity of supply chains..." (Maling, 2020).
Controlling the influx of trucks that enter the country is essential in maintaining the potential liability of spreading
COVID-19. It is met with exceptions for short-term stays necessary for essential supplies. Truck drivers have been
greatly affected by the COVID-19 pandemic, and this review highlights the importance of creating legislation and
amenities that protect truck drivers and all the people they encounter. With a profession that requires moving around,
with no permanent "home," truck drivers come in contact with different people across the world and are at a very high
risk of contracting and spreading COVID-19.
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6. Results and Discussion
6.1 Numerical Results

The truck tonnage index is the measure of the gross tonnage of freight transported by trucks in the U.S. Table 1 shows
the truck tonnage index of each month for the years 2018-2020 (. The purpose of this table is to analyze the truck
tonnage index's historical data both pre COVID-19 and during COVID-19. The time period of January 2018 to
February 2020 marks the pre-COVID-19 time, and March 2020 to December 2020 indicates during COVID-19.

Table 1. Truck Tonnage Index over Time

Month
Year|Jan Feb |Mar Apr |May Jun (Jul Aug |[Sep Oct |[Nov Dec
2018 109.2 111.6 112.5 111.7 113.1 1139 113.3 113.8 115 115.9 116.8 115.2
2019 1159 115.8 116.7 117.2 117.1 117.5 1185 120.1 117.4 117.8 117 116.3
2020 116.8 117 117.6 106.8 109.9 111 113.4 111.6 110.8 111.3 111.7 116.7

The data in Table 2 below highlights the relationship between the total number of COVID-19 cases and the total
number of deaths due to driving behaviors in Greece and the Kingdom of Saudi Arabia (KSA) (Katrakazas et al.,
2020).

Table 2.1 COVID-19 Cases vs. Total Number of Deaths Due to Driving (Greece and KSA)

Date 26/2/2020 |27/2/2020 |28/2/2020 |20/2/2020 1/3/2020 2/3/2020 3/3/2020 4/3/z020 5/3/2020 6/3/2020 7/3/2020 8/3/2020
G Total cases 1 3 4 7 7 7 7 9 31 45 66 73
Treece Total
deaths o (o] o] o] o o (o] o] o] o o (o]
Total cases | — — — — — — _ _ 5 5 7 11
KSA
Table 2.2 COVID-19 Cases vs. Total Number of Deaths Due to Driving (Greece and KSA)
9/3/2020| 10/3/2020| 11/3/2020| 12/3/2020|13/3/2020 |14/3/2020 |15/3/2020 |16/3/2020 (17/3/2020 |18/3/2020 [19/3/2020 |20/3/2020
84 89 99 117 190 228 331 352 387 418 464 495
0 o} 0 1 1 3 4 4 5 5 6 10
15 20 45 62 86 103 118 133 171 238 274 344
0 (o] o] 0 0 (o] (0] 0 (o] o] 0 0

Table 2.3 COVID-19 Cases vs. Total Number of Deaths Due to Driving (Greece and KSA)

21/3/2020 |22/3/2020 |23/3/2020 |24/3/2020 [(25/3/2020 |26/3/2020 |27/3/2020 |28/3/2020 |20/3/2020 |30/3/2020 |31/3/2020 1/4/2020

530 624 695 743 821 892 966 1061 1156 1212 1314 1415

13 15 17 20 292 26 28 32 38 a3 49 50
392 511 562 767 900 1012 1104 1203 1299 1453 1563 1720
o o 1 1 2 3 3 4 8 8 10 16

Table 2.4 COVID-19 Cases vs. Total Number of Deaths Due to Driving (Greece and KSA)
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2/4/2020 3/4/2020 4/4/2020 5/4/2020 6/4/2020 7/4/2020 8/4/2020 9/4/2020| 10/4/2020| 11/4/2020| 12/4/2020|13/4/2020

1544 1613 1673 1735 1755 1832 1884 1955 2011 2081 2114 2145

53 59 68 73 79 81 83 86 90 93 98 99
1885 2039| 2179 2385 2523 2795 2932| 3287| 30651 4033 4462 4934
21 25 29 34 38 41 41 44 47 52 59 65

Table 2.5 COVID-19 Cases vs. Total Number of Deaths Due to Driving (Greece and KSA)

14/4/2020 |15/4/2020 [16/4/2020 |17/4/2020 |18/4/2020 [(19/4/2020 |20/4/2020 |21/4/2020 |22/4/2020 |23/4/2020 |24/4/2020 |25/4/2020 |26/4/2020
2170 2192 2207 2224 2235 2238 2245 2401 2408 2463 2490 2506 2517

101 102 105 108 110 113 116 121 121 125 130 130 134

5369 5862 6380 7142 8274 9362| 10,484| 11,631 12,772| 13,930 15,102| 16,299| 17,522

73 79 86 87 92 97 103 109 114 121 127 136 139

Table 2.6 COVID-19 Cases vs. Total Number of Deaths Due to Driving (Greece and KSA)

27/4/2020 |28/4/2020 |29/4/2020 |30/4/2020 1/5/2020 2/5/2020 3/5/2020

2534 2566 2576 2591 2612 2620 26206
136 138 139 140 140 143 144
18,811| 20,077| 21,402| 22,753| 24,097| 25,459| 27,011

144 152 157 162 169 176 184

6.2 Graphical Results

Figure 2 below shows the truck tonnage in the U.S. since 2018. As one can see, the tonnage has been pretty constant
over time with a small dip in the month of March 2020. This correlates with the initial shutdown due to COVID-19
but quickly rebounded through the months of April, May and so on. This is important because the health of the trucking
industry is an indication of many other industries due to their reliance on the trucking industry to transport goods.

Truck Tonage Index Over Time
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Figure 2. Truck Tonnage Index over Time (Excel, 2012)
Figures 3 and 4 highlight the relationship between the number of COVID-19 cases and the number of casualties due

to driving behavior. As you can see from both graphs, there is a positive correlation between the two variables, and
the R values are both above 0.95, proving the strong positive correlation between the number of COVID-19 cases and

© |IEOM Society International 303



Proceedings of the International Conference on Industrial Engineering and Operations Management
Rome, Italy, August 2-5, 2021

road safety deaths. These conditions affect truck drivers and highlight the pandemic's potential consequences on the
driving conditions around the world.
Greece COVID-19 Cases vs. Driving Casualties
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Figure 3. Greece COVID-19 Cases vs. Driving Casualties
KSA: COVID-19 vs. Driving Casualties
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Figure 4. KSA COVID-19 Cases vs. Driving Casualties
6.3 Proposed Improvements

The trucking industry has had to adapt quickly in response to the COVID-19 pandemic. Through various case studies,
it has become apparent that truck drivers are both at high risk of contracting and spreading COVID-19. In the future,
trucking companies need to ensure that their drivers have the proper PPE and health care options while on the job.
Due to the increased demand for essential goods, transportation companies need to have flexible schedules to ensure
they can fulfill all their customers' transportation needs.

6.4 Validation

COVID-19 effects really hit the U.S. in April 2020. This was when the country began seeing a significant number of
cases, and thus hours of service laws were suspended to prevent catastrophic effects on the supply chain. In this
statistical test, we looked at if there was a difference in the proportion of cases of road accidents before and after these
laws were abandoned to see if it influenced driver safety.

When looking further into the data, it is easy to see that the proportion of deaths for car accidents compared to the
number of cases did not have a significant change as COVID-19 spread around the U.S. Figures 5 and 6 show the
Minitab output for a two-sample t-test for a difference in proportions. These results yield a p-value of 0.507, which
further solidifies that we cannot reject the null hypothesis and claim there is a difference in the proportion of cases to
road accidents.
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Test
Descriptive Statistics Null hypothesis Hip.-p,=0
Sample N Event Sample p Alternative hypothesis H:p -p,#0
Sample 1 25931 382 0.014731 Method Z-Value P-Value
Sample2 428208 6527  0.015243 Normal approximation -0.66 0.507
Fisher's exact 0.531
Figure 5. Descriptive Statistics Figure 6. Hypothesis Test Results

7. Conclusion

As shown in this paper, the trucking industry was greatly affected by the COVID-19 pandemic. The trucking industry
is a highly used and supported mode of transportation for goods cross-country. It has been growing in technology and
changing due to different demands in the market. The pandemic increased E-commerce, which was one of the reasons
the trucking industry needed to adapt and be flexible in uncertainty. There were both drastic increases and decreases
in demand for certain goods that rely on trucking. Increases in demand of restocking stores even gave trucking
"emergency relief" benefits and regulations. Truckers were also directly affected by the pandemic through many safety
protocols set by rest areas, gas stations, and restaurants. Due to many of these changes, truckers' stress has increased
drastically, while their overall emotional health has decreased. Truck drivers are one of the most at-risk groups due to
their long-haul distance travels and being in high contact, high variety zones.
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