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Evidence from our COVID-19 and commute analysis suggests that during the first one and a half 
years of COVID-19, lower-income essential workers traveled more, while higher-income workers were 
able to shield themselves. Similarly, essential natural resources and production workers traveled more 
and hence likely faced higher exposure to COVID-19 at their workplace, while service, sales and office, 
and business / science / arts workers had flexibility to travel less. Both patterns were the reverse of the 
pre-COVID-19 pattern that showed high-income ZCTAs and those with fewer natural resource and 
production workers generated more peak AM trips. Our results also provide verification of existing 
income and occupation disparities in commute flexibility that likely contribute to making people more 
vulnerable to COVID-19.  

Our study contributes to the long-term understanding of travel behavior recovery during a 
prolonged shock such as a pandemic. We show that health interventions and safety perceptions (as 
proxied by vaccine take-up rates) were a necessary condition for AM peak and home-based-work trip 
recovery. Reopening policy, in turn, dictated which ZCTAs recovered trips quicker. We surmise that in 
future crises, addressing the core of the crisis (e.g., virus prevention) will lead to quicker traffic volume 
recovery than administering and repealing stay-at-home orders.  
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Figure 1. Map of the geographic extent of the study  
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The dibs survey had a comparably larger share of lower-income respondents than the ACT 
survey (Table 3.2). Public transit use was highest in the lowest income group in both surveys, 15% of ACT 
survey respondents and 14% of dibs survey respondents making less than $50,000 used public transit as 
their primary mode of transportation. Carpool / Vanpool shares were relatively comparable by income 
across both surveys, similar to the dibs results in Figure 2 above. The highest income category in the dibs 
survey suffers from low sample size. 

 

Table 3.2: dibs v. ACT: Primary Mode of Transportation by Income 

ACT survey 

Pre-Covid Mode 
Less than 
$50,000 

$50,000 - 
$75,000 

$75,000 - 
$100,000 

$100,000 - 
$150,000 

Above 
$150,000 All Incomes 

Drive Alone 38% 41% 56% 46% 51% 46% (125) 
Carpool/Vanpool 35% 36% 32% 36% 26% 33% (90) 
Bike/Walk 13% 14% 4% 7% 13% 10% (28) 
Public Transit 15% 8% 6% 11% 11% 10% (27) 
Telecommute 0% 2% 2% 0% 0% 1% (2) 
Total Respondents 55 64 50 56 47 272 
 

dibs survey 

Pre-Covid Mode 
Less than 
$50,000 

$50,000 - 
$75,000 

$75,000 - 
$100,000 

$100,000 - 
$150,000 

Above 
$150,000 All Incomes 

Drive Alone 68% 67% 74% 59% 67% 46% (59) 
Carpool/Vanpool 11% 10% 5% 18% 33% 33% (10) 
Bike/Walk 7% 14% 16% 18% 0% 10% (11) 
Public Transit 14% 10% 5% 6% 0% 10% (8) 
Telecommute       
Total Respondents 28 21 19 17 3 88 
 

Survey respondents indicated a primary occupation, in both surveys. The occupation 
classifications in both surveys were reclassified and harmonized to compare between surveys. Several 
response options were combined including health and education, business, financial, and tech, and 
government and civil service jobs (Table 3.3). In both surveys government and civil service had the 
largest number of responses. In the ACT survey 42% of respondents were working in the government 
sector and 45% of dibs respondents worked in the same field. The government / civil service employees 
had the highest carpool / vanpool use among all respondents in all surveys. Construction / Utilities / 
Warehouse workers also had high responses in terms of carpool / vanpool use. Certain occupation 
categories had very low sample sizes. 
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Figure 3.1: How Far do dibs Respondents Commute? (dibs Survey 2021) 

 

Median commute distance provides a different measure of dibs program impact. Respondents 
indicated that after registering with dibs, drive alone, transit, and carpool median distances changed. 
Specifically, median carpool distance went up by 3.5 miles and median transit distance more than 
doubled, while median drive alone distance fell by 3.8 miles (Table 3.7). This suggests that dibs impacted 
commute travel by reducing the number of miles respondents drove alone, and increasing shared 
mobility (transit or carpool / vanpool), in line with findings in Tables 1 and 2. During the pandemic, 
median commute distances stayed largely the same, except for transit where they dropped dramatically. 
This suggests that those who drove alone, carpooled, and biked generally did so for distances in line 
with pre-pandemic medians.  

Table 3.7. Median Distance by Mode for dibs Survey Time Periods (dibs Survey 2021) 

Median distance (miles) Pre-dibs Post-dibs During Covid-19 
Drive Alone 12.2 8.4 9.8 
Transit 7.8 16.6 6.6 
Carpool 17.2 20.7 20.4 
Biking 4.3 4.3 3.7 
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Among household and commute characteristics, being employed in a government occupation relative to 
all other occupations increased carpool use by 0.83 increments. Commute distance is also positively 
associated with incremental changes in carpool use: a 10-mile commute distance suggests a 0.2 
incremental increase in shared mobility. Both impacts are statistically significant at the 5% level. 
Commute distance remains positively associated with incremental increases in carpool use once the 
pandemic starts, but government employment is no longer statistically significant.  

Table 3.9. Incremental Change in Carpool / Vanpool Use: Socioeconomic Variables 

DV: Incremental Change in Carpool Use from 
Registering for Dibs  

DV: Incremental Change in Carpool Use from 
Pandemic 

Variable Coef. 
Std. 
Err. t P>t   Variable Coef. 

Std. 
Err. t P>t 

gender (female is 
baseline) -0.03 0.35 -0.09 0.93   

gender (female is 
baseline) 0.17 0.30 0.56 0.58 

income (<$50K is 
baseline)           

income (<$50K is 
baseline)         

$50-75K -0.11 0.47 -0.24 0.81   $50-75K 0.16 0.40 0.41 0.68 
$75-100K -0.29 0.48 -0.61 0.55   $75-100K 0.18 0.41 0.45 0.66 
>$100K -0.52 0.50 -1.04 0.30   >$100K -0.18 0.43 -0.42 0.68 
age (<35 y.o. is 
baseline)           

age (<35 y.o. is 
baseline)         

35-44 0.56 0.50 1.10 0.27   35-44 0.01 0.43 0.03 0.98 
45-54 -0.33 0.55 -0.61 0.54   45-54 -0.31 0.46 -0.68 0.50 
55+ 0.11 0.52 0.21 0.83   55+ 0.02 0.44 0.04 0.97 
race (white is 
baseline)           

race (white is 
baseline)         

Hispanic 0.62 0.42 1.50 0.14   Hispanic 0.12 0.36 0.33 0.74 
Asian 0.86 0.58 1.50 0.14   Asian -0.06 0.49 -0.11 0.91 
Black/Other 0.98 0.53 1.86 0.07   Black/Other 0.44 0.44 0.99 0.33 
Constant 0.39 0.48 0.80 0.43   _cons 0.35 0.41 0.86 0.39 
                      
# of Observations 77.00         # of Observations 76.00       
R-squared 0.14         R-squared 0.06       
P>F 0.38         P>F 0.93       

 

  











https://www.labormarketinfo.edd.ca.gov/cgi/dataanalysis/AreaSelection.asp?tableName=ces




https://www.cdph.ca.gov/Programs/CID/DCDC/Pages/COVID-19/COVID19CountyMonitoringOverview.aspx
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Table 4.1. Summary statistics of variables 

Category Variable Obs. Mean Std. dev. 
Trips Peak AM trips 225,178 13,701.38 10389.99 

Home-based work trips (all day) 225,178 14,060.22 10350.49 
Average travel distance (mile) 225,178 2.13 0.37 

COVID-19 Daily COVID-19 cases per 100,000 225,178 10.36 17.58 
% Population fully vaccinated 225,178 0.11 0.24 

Demographics Total population 225,178 30,761.41  19,491.63  
Median household income 222,913 98,591.68  43,344.08  
% Asian 224,346 0.20 0.17 
% Black 224,346 0.06 0.07 
% Hispanic 224,346 0.26 0.18 
% Commute by public transit 223,963 0.08  0.10  
% Renter 223,459 0.42  0.20  
% Below poverty 224,346 0.11  0.09  
% College graduated 224,346 0.41  0.22  

Occupation Total employment 225,178 15,212.58  9,940.32  
business/science/arts 225,178 0.45  0.18  
Service 225,178 0.16  0.07  
Sales and office 225,178 0.19  0.05  
natural resource/construction 225,178 0.09  0.07  
production/transportation 225,178 0.11  0.07  

2020 
presidential 
election 

Total votes 216,075 14,800.94  8,834.05  
Biden votes 216,075 10,209.13  6,507.57  
Trump votes 216,075 4,269.06  3,513.66  
Biden/Trump ratio 216,075 3.95  4.65  

Neighborhood 
 

Population density 224,346 2,057.28 2,780.82 
Distance to nearest job center 224,346 9,249.98 14,273.77 
Distance to nearest city hall of 
principal/secondary city of each MSA 

224,346 15,856.76 14,482.39 
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Methodology 
COVID-19 stages 

Figure 4.1 compares the overall trend of workday (without weekends and national holidays) 
peak AM traffic volume and COVID-19 cases per 100,000 by county from March 4, 2019 to September 
25, 2021.4 The first confirmed case of COVID-19 in California was on January 26, 2020 and the number 
jumped to two digits around March 6th to 9th in the Bay Area counties. Although California did not issue a 
statewide shelter-in-place order until March 19, 2020, the data show a cliff-like drop in peak AM volume 
as early as March 10, 2020. Therefore, we use this day as the cutoff point of the COVID-19 outbreak.  

Peak AM volume decreased more in the Bay Area than in the Central Valley initially. One 
possible reason for the quick response is that many tech companies had already announced remote 
working options to their employees in late February 2020. In contrast, workers in other industries might 
have had to continue commuting until the state-wide emergency order was issued.  

 

 

Figure 4.1. Daily peak AM traffic volume and COVID-19 cases 

  

 
4 See Appendix for home-based work trip trends by county over time  



https://www.gov.ca.gov/wp-content/uploads/2020/03/3.19.20-attested-EO-N-33-20-COVID-19-HEALTH-ORDER.pdf
https://www.gov.ca.gov/wp-content/uploads/2020/03/3.19.20-attested-EO-N-33-20-COVID-19-HEALTH-ORDER.pdf
https://emd.saccounty.gov/EMD-COVID-19-Information/Documents/California-Color-Coded-Tier-System--en.pdf
https://emd.saccounty.gov/EMD-COVID-19-Information/Documents/California-Color-Coded-Tier-System--en.pdf




Commuting During and after COVID-19 

38 
 

Descriptive Analysis 
Table 4.3 shows the average number of peak AM trips per ZCTA by COVID-19 stage and 

Blueprint tiers in our study area (home-based work trips follow a similar pattern, see Appendix C). In the 
pre-COVID-19 period (stage 0), the average peak AM trips per ZCTA is 17,751. This number dropped to 
10,402 (-40% from pre-COVID-19) after COVID-19 outbreak (stage 1) and remained similarly low in 
stages 2 (10,606) and 3 (10,692). After fully reopening on June 15, 2021, the average peak AM trips per 
ZCTA rebounded to 13,012 (73% of the pre-COVID-19 level). When looking at Blueprint tier assignments, 
in stage 2 (after the launch of Blueprint but before vaccine distribution) peak AM traffic volume 
between tiers 2, 3, and 4 was not much different. However, in stage 3, the average peak AM traffic 
volume of tier 4 is much higher than those in tier 1. Traffic volume recovery began with vaccine rollout 
and differed by location based on the degree of reopening. 

 

Table 4.3. Average peak AM traffic volume per ZCTA by COVID-19 stages and blueprint tiers 

COVID-19 
Stages Statistics No tier 

assignment 

Tier 1: 
Widespread 
Risk 

Tier 2: 
Substantial 
Risk  

Tier 3: 
Moderat
e Risk 

Tier 4: 
Minimal 
Risk 

Total 

Stage 0: 
Pre-
COVID-19 

Mean 17,751   .   .   .   .  17,751  

Std. dev. 12,320   .   .   .   .  12,320  

Stage 1: 
COVID-19 
outbreak 

Mean 10,402   .   .   .   .  10,402  

Std. dev. 7,393   .   .   .   .  7,393  

Stage 2: 
Blueprint 
start 

Mean  .   9,937   11,119   11,698   10,416   10,606  

Std. dev.  .   6,951   7,459   7,729   5,729   7,276  

Stage 3: 
Vaccine 
rollout 

Mean  .   9,271   11,637   11,537   12,425   10,692  

Std. dev.  .   6,440   7,991   7,811   7,266   7,380  

Stage 4: 
Fully 
reopen 

Mean 13,012   .   .   .   .  13,012  

Std. dev. 9,214   .   .   .   .  9,214  

All Stages 
Mean  14,957   9,595   11,379   11,586   12,121   13,701  
Std. dev.  11,174   6,702   7,734   7,786   7,091   10,390  

 

Table 4.4 shows the average number of daily COVID-19 cases per 100,000 persons and the share 
of the population fully vaccinated per ZCTA during all five stages. Average daily COVID-19 cases were the 
highest (26.44) in stage 2; the case rate decreased to 16.16 in stage 3 and increased to 21.96 in stage 4. 
The average share of the population fully vaccinated is 0.25 in stage 3 and 0.64 in stage 4. 
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Table 4.4. Summary statistics of COVID-19 variables by COVID-19 stages 

COVID-19 Stages Daily COVID-19 cases per 100,000 % Population fully vaccinated 
Mean Std. dev. Mean Std. dev. 

Stage 0: Pre-COVID-19 0.02 0.12 - - 
Stage 1: COVID-19 outbreak 8.75 10.27 - - 
Stage 2: Blueprint start 26.44 26.69 - - 
Stage 3: Vaccine rollout 16.16 19.96 0.25 0.23 
Stage 4: Fully reopen 21.96 15.91 0.64 0.17 

 

Regression Analysis 
Model Specification 

Daily traffic volume dropped precipitously throughout the study area in March 2020, just as 
California began to have double-digit COVID-19 case rates and issued a statewide shelter-in-place order 
(Table 2). As of September 2021 (latest Streetlight data available), neither workday peak AM traffic 
volumes nor all daily home-based work trip volumes had returned to pre-pandemic averages. This paper 
tests 4 broad hypotheses regarding the impact of the COVID-19 pandemic on commute volume.  

Health risks and interventions: We test the hypothesis that traffic volumes followed COVID-19 
case rates as people were afraid of catching and transmitting the virus. Once a health intervention (the 
vaccine) was available, people let down their guard and traffic volumes reverted to pre-pandemic 
norms. 

Closing the economy: We test the hypothesis that traffic volumes responded to government 
action which shut down in-person economic activity for certain sectors of the economy and that traffic 
volumes increased following the economy reopening. 

Differential impact of stay-at-home orders, health risks, and interventions by income and 
occupation: We test the hypothesis that travel behavior and response to health and policy interventions 
followed income and occupation characteristics. Higher-income households and knowledge-intensive 
workers were, in this hypothesis, more flexibly able to adjust their commute behavior to engage in 
social-distancing order during COVID-19. Lower-income households and essential workers were less 
flexibly able to change the way they commuted and end up with less participation in the social-
distancing order. 

Unpacking these hypotheses, we believe, sheds light on the continued evolution of travel as 
pandemic recovery continues and provides guideposts for future pandemics or similar-scale economic 
disruptions.  

We set up a regression model to capture the change in trip volume across socioeconomic groups 
in different COVID-19 periods. The focus is on estimating the interaction between income, occupation, 
travel distance, and the five stages we defined while controlling for a variety of ZCTA characteristics. We 
use OLS regression with time-fixed effects to estimate traffic volume across the population of ZCTAs. 
Time-fixed effects are applied to control for the variance that is constant across observations but varies 
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Regression Results 
Table 4.5 shows the regression results for all four commute traffic models with daily fixed 

effects. Models 1 and 2 focus on examining only the COVID-19-related variables. Models 3 and 4 run the 
full equation with all explanatory variables. The dependent variable for models 1 and 3 is peak AM 
volume, which we consider our primary model. The dependent variable for models 2 and 4 is the 
StreetLight-defined home-based work trip, which serves as a robustness check. The results of the 
explanatory variables are discussed below. 
COVID-19 

Model 1 focuses on the relationship between Peak AM traffic and COVID-19-related variables. 
Using pre-COVID-19 peak AM traffic volume (19,663) as the baseline, ZCTA peak AM trips decreased by 
40% in stage 1 (-8,060), and stage 2 (-8,741). The number remained low (-8,557) in the first 6 months 
since vaccine distribution. The peak AM traffic grew back to 80% of the pre-COVID-19 level in the fully 
reopened stage 4 (-3,904). Similar patterns are seen in models 2, 3, and 4. 

The COVID-19 rate (daily COVID-19 cases per 100,000) is significantly negatively related to peak 
AM and home-based work trips in all four models. Fully vaccination rate is significantly positively related 
to peak AM and home-based work trips in three models (Model 1, 3, and 4). The magnitude of the 
coefficient of the COVID-19 rate is relatively small, while the full vaccination rate is relatively large when 
compared with other explanatory variables. In models 3 and 4, results indicate that a one percentage 
point increase in the share of the population fully vaccinated is associated with an increase of 60-80 
(depending on the model) peak AM or home-based work trips per day. 

When looking at Blueprint assignment in stage 2, ZCTA traffic volumes in the riskiest tier (tier 1) 
ZCTAs decreased most (-8,349), followed by tier 2 (-7,838) and then tier 3 (-7,390), compared to the 
lowest risk tier (tier 4). However, in stage 3, after vaccines were available, the difference between each 
tier became less obvious. In the COVID-19-focus model 1, peak AM traffic decreased by 11,319 for tier 1, 
9,293 for tier 2, and 9,375 for tier 3. With the full equation of model 3, peak AM traffic decreased by 
12,926 for tier 1, 12,537 for tier 2, and 13,186 for tier 3.  

Lower COVID-19 rates and higher vaccination rates provided workers more confidence to go 
back to work and the higher blueprint tiers allowed more business and activities to reopen. The 
regression results suggest that vaccination progress is most influential to peak AM traffic and home-
based work trips compared with Blueprint assignment and COVID-19 case rate.  
 

Travel Distance 
ZCTAs with Peak AM and home-based work trips of longer average travel distance generated 

fewer peak AM and home-based work trips during COVID-19. ZCTAs with shorter peak AM and home-
based work trip distances recovered more than longer peak AM and home-based work trip ZCTAs in the 
post-vaccine period. In stage 0, the pre-COVID-19 period, one additional mile in average ZCTA travel 
distance is associated with -3,186 peak AM trips departing from a ZCTA. One mile addition on average 
travel distance is associated with +766 peak AM trips departing from a ZCTA in stage 1. This number 
gradually decreased in stage 2 and stage 3. In the fully opened stage 4, one-mile addition on average 
travel distance is associated with -207 peak AM trips departing from a ZCTA. 
 



Commuting During and after COVID-19 

42 
 

Income 
In the pre-COVID-19 period (stage 0), ZCTAs with higher median household income produced 

more peak AM and home-based work trips than ZCTAs with lower median household income. Based on 
the result of model 3, ZCTAs with median household income >$100k are associated with 3,949 more 
peak AM trips than ZCTAs with median household income <$25k in stage 0.  

Throughout COVID-19 (stages 1-4), ZCTA median household income was negatively associated 
with traffic volume. ZCTAs in the highest income band (>$100k) had the largest traffic volume decreases, 
relative to the lowest income band (<$25k) (Figure 5). These highest income ZCTAs decreased traffic 
volume by a factor of two relative to those with a median income of $25-100k. In the post-vaccine 
period (stages 3 and 4), peak AM trips in ZCTAs with lower median household income recovered more 
than ZCTAs with higher median household income.  

This result is in line with findings from previous research that higher-income households have 
higher flexibility to work-from-home and are more likely to engage in social-distancing orders, while 
lower-income households are less likely to engage in social-distancing orders due to fear of losing 
income (Yilmazkuday, 2020; Srichan et al., 2020, Baker et al., 2020, Austrian et al., 2020). 

 

Occupation 
Before the COVID-19 outbreak, ZCTAs with higher ratios of service workers to sales / office 

workers had larger traffic volumes, while those with higher ratios of natural resources, construction, and 
maintenance had the lowest traffic volumes.  

Throughout COVID-19, ZCTAs with higher ratios of natural resource / construction relative to 
sales and office had increased traffic volumes (Figure 4.3). The results indicate that, although primary 
and secondary industries generate fewer commutes pre-COVID-19, the commutes in those industries 
were most likely to remain during COVID-19. In contrast, ZCTAs with higher ratios of service and 
production / transportation occupations had the largest decrease in peak AM traffic volume. The reason 
for such decline could relate to fact that service activities involve a lot of face-to-face interactions, which 
was highly restricted during the COVID-19 outbreak. Interestingly, the home-based-work results show 
service occupations more in line with sales and office, potentially indicating that service workers still 
commuted, but shifted their commutes outside of the peak AM time window. Business / science / arts 
traffic volumes were largely in line with those for sales and office occupations. Occupations associated 
with natural resources / construction / maintenance, had relatively higher peak AM volume during 
COVID-19.  

In post-vaccine period, the peak AM trips of service occupations bounced back the most. The 
relative peak AM volume of service occupation grew back in stage 4. The peak AM trips of natural 
resources, construction, and maintenance occupations remain high in stage 3. The comparative 
difference between them and other tertiary industries went closer to the pre-COVID-19 level in stage 4.  
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Figure 4.3: Estimated differences in trips per day by stage by income group, relative to lowest 
income ($0-25k group). All estimates shown are statistically significant at the p<0.001 level 
(see Table 4.5). 
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Figure 4.4: Estimated differences in trips per day by stage by ratio of occupation share to 
Sales / Office occupation share. All estimates shown are statistically significant at the p<0.001 
level (see Table 4.5). 

 

 

-6000

-4000

-2000

0

2000

4000

6000

8000

Stage 0: Pre-
Covid

Stage 1: Covid
Outbreak

Stage 2:
Blueprint Start

Stage 3:
Vaccination

Started
Stage 4: Fully

Reopen

Peak AM Traffic Volume

Business/Science/Arts Natural Resource/Construction

Production/Transportation Service

-6000

-4000

-2000

0

2000

4000

6000

8000

Stage 0: Pre-
Covid

Stage 1: Covid
Outbreak

Stage 2:
Blueprint Start

Stage 3:
Vaccination

Started
Stage 4: Fully

Reopen

Home-Based Work Trips

Business/Science/Arts Natural Resource/Construction

Production/Transportation Service
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https://www.usnews.com/news/economy/articles/2022-03-04/the-great-return-companies-are-calling-their-workers-back-to-the-office-as-covid-19-fades
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Data Management Plan 
*Note to PI: This section is required: Data and schema must be submitted with final report. You can 
access our DMP instructions here: 
https://www.metrans.org/sites/default/files/PSR_DMP_Instructions.pdf 
 
Products of Research  
We used data from five sources, two of which can be released to the public and three of which, due to 
data confidentiality, cannot be released. 
 
Public data sources: 

1. California Department of Public Health, Open Data Portal (Covid cases, vaccination, and 
Blueprint for a Safer Economy data, at county level) 

2. Census American Community Survey, 2015-2019 (socioeconomic data, at ZCTA level) 
 
Data with restrictions on data release 

1. Survey data of vanpool and app-based rideshare users from the San Joaquin Council of 
Governments (SJCOG) dibs program 

2. Survey data of commuters from the National Association for Commuter Transportation (ACT) 
Data release for both survey data requires further confirmation with the San Joaquin Council of 
Governments (SJCOG) 

Data that cannot be released: 
StreetLight 
 
Data Format and Content  
We will deposit the Covid related data and ACS socioeconomic data used in this study in the Dataverse 
data repository. The files will contain information about the data and variables. 
 
Data Access and Sharing  
The public can access the data via Dataverse. 
 
Reuse and Redistribution  
Traffic data from StreetLight was made available to the research team through agreements that require 
that those data not be released publicly, to protect subject confidentiality. The release of dibs and ACT 
survey data needs further confirmation with the San Joaquin Council of Governments (SJCOG). 
 
 

  

https://www.metrans.org/sites/default/files/PSR_DMP_Instructions.pdf
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Appendix 
Appendix A: dibs Survey Questionnaire 

This appendix provides screenshots of the dibs survey questionnaire. A demo version of the survey is 
available  here: 
https://demo.metroquestsurvey.com/?u=bm4p4l#!/?p=web&pm=dynamic&s=1&popup=WTD  
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