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Analyzing an Employer-1
Emission Reduction in Southern California2

3

Abstract4

Interest for mandatory employer-based trip reduction (EBTR) programs has been renewed due to5
increased emphasis on reducing transportation-related greenhouse gas emissions. This paper analyzes6
survey data from 2004-2016 from an EBTR program in southern California, known as Rule 2202, which7
allows employers above 250 workers to choose between implementing commute reduction strategies to8
meet performance standards, show evidence of obtaining omissions credits, or pay a fee-in-lieu. We9
report program statistics and conduct bivariate and regression analyses to determine which location10
characteristics, employer characteristics, and mitigation strategies explain cross-sectional differences in11
average vehicle ridership (AVR) and AVR improvement to understand where future AVR increases12
might be realized. Decreasing program participation suggests that alternatives to commute reduction13
strategies make financial sense to regulated employers, but Rule 2202 employers report higher alternative14
transportation shares than the region as a whole. AVR is found to be higher at smaller worksites, in15
transit-supported and pedestrian-friendly neighborhoods, and where employers support vanpool16
programs. Multivariate analyses indicates that AVR gains were higher in commercially denser17
neighborhoods, for retail businesses, and where guaranteed ride home programs are offered, showing18
promise for future AVR gains.19

20

Introduction21

Travel demand management (TDM) is a broad category of local actions intended to reduce22
vehicle miles traveled (VMT) in order to reduce congestion, air pollution, greenhouse gas emissions, and23
promote community integration (1). The TDM strategy highlighted in this paper is employer-based trip24
reduction (EBTR), a longstanding program in some regions requiring employers to measure employee25
commutes, incentivize alternative commute modes, and mandating a fee payment which can be reduced if26
a target such as average vehicle ridership (AVR) is met.  Extant analyses of EBTR policies have generally27
found at least some evidence of program effectiveness in fostering alternatives to single-occupant vehicle28
(SOV) commutes (2-4). S Management District has had an29
EBTR program since the 1980s.  Its current program is known as Rule 2202 On-Road Motor Vehicle30
Mitigation Options and requires all employers with more than 250 employees at a worksite to implement31
a program, submit emissions credits, or pay a fee-in-lieu if a certain AVR threshold is not met (5). Based32

s of 2016 Rule 2202 applies33
to roughly 1340 employers and 1.2 million workers in the region (roughly 15%).34

The scope, goals, and popularity of EBTR programs have fluctuated since their inception.35
Fearing undue burdens to employers, the state of California decreased the scope of36
mandatory EBTR program when it raised the employee size threshold from 100 to 250.  The purpose of37
EBTR has also been questioned when, for example, a survey of Atlanta employers showed limited38
support for the principles of EBTR (3; 5). More recently, the benefits of EBTR have grown beyond their39
original goals of congestion management and air pollution reduction.  AVR increase is also a goal of40

41
42

housing, and transportation strategies to meet future GHG emission reduction targets (6).  Additionally,43
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recent California state legislation mandates that employers of 50 or more in Los Angeles County provide1
similar commute benefits to their workers.  While this does not include the same compliance and fee2
payments as Rule 2202, it is indicative of gradually shifting political attitudes surrounding TDM3
following the advent of smart growth legislation and GHG targets.4

The objectives of this paper are to (1) understand the participation rates, characteristics, and5
spatial distribution of the large employers , (2) to use6
location characteristics, employer characteristics, and mitigation strategies to explain differences in AVR,7
and (3) to see which of these factors are most related to change in AVR over 2004-2016 in order to8
understand where future AVR increases (and associated VMT and GHG emissions reductions) might be9
realized.  This paper proceeds by reviewing relevant literature on EBTR and TDM and providing10
additional background on the SCAQMD ds from the11
SCAQMD survey results which cover program participants from 2004-2016. GIS is used to associate12
employer sites with surrounding land use and transportation characteristics derived from MPO and13
Census data.  Finally, we use regression analysis in order to analyze which locational characteristics and14
mitigation strategies are associated with AVR as well as year-over-year AVR changes. We then15
summarize findings and provide recommendations for future policy.16

17

Literature and Background18

Senate Bill (SB) 375 represented a dramatic shift in regional planning in California and placed a19
broad mandate on MPOs to investigate and advance land use and transportation strategies which reduce20
GHG emissions.  For example, most recent Regional Transportation Plan/Sustainable21
Communities Strategy (RTP/SCS) models the impact of several strategies on future travel demand22
including TDM, regional bikeway networks, car sharing programs, sidewalk upgrades, zero-emission23
vehicle availability, and efforts to promote active transportation (7). These strategies largely aim to24

a 19% GHG emission reduction below 2005 levels by 2035 in southern25
California, though EBTR.26

EBTR programs are generally strategies for criteria air pollutant management and predate27
collective action addressing GHG emissions.  While considerable legislative and planning effort has been28

In 1995, during a period of intense29
pro-business legislation, California prohibited EBTR programs from applying to employers of below 25030
employees, citing implementation costs (largely the cost to employers of surveying the travel31
behavior), limited effectiveness, inconsistent enforcement, and the perception that it represented a32
violation of the employee-employer relationship (5). Zuehlke and Guensler report similar findings in33

generally negative reactions that34
employers see minimal benefit to the programs, employees lack interest, and upper management does not35
provide support (3).36

Empirical research has taken up the question of whether EBTR programs are effective at37
changing .  In a 2004 survey of employers in the Denver, Houston, San38
Francisco, and Washington DC, Herzog et al. reported that financial incentives including transit pass39
subsidies, carpool coordination, bicycle facilities, and liberal telework policies were associated with a40
15% reduction in trips and VMT (8).  Nonfinancial strategies, which consisted of marketing programs and41

commute options,42
still showed a 7% reduction in trips and VMT compared to a control group.  This suggested that while43
actual compensation induced greater behavioral change, nonfinancial strategies were still effective.44
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Analyses of EBTR in California have suggested that modest trip reduction resulted from Rule1
2202.  Kneisel uses the employee size threshold change in 1997 as a natural experiment, finding a modest2
decline in AVR at employers who were no longer subject to the rule (4). Despite the dip in overall3
performance, AVR showed no change at employers who had previously elected to implement a commute4
reduction strategy under Rule 2202.  This suggests that performance is more closely linked to employer5

6
actively promote alternatives. Dill and Wardell -7
employee-and-above EBTR law (2). The authors conduct cross-sectional models of commute mode8
share, finding that a variety of locational and programmatic considerations were related to transit,9
walking, or biking share.  Having a downtown location, high nearby retail density, good street10
connectivity, and proximity to light rail or frequent bus service were significant predictors of higher SOV11
shares. In addition, offering discounted transit passes, a guaranteed ride home program, flextime, or12
compressed work week options increased transit ridership region-wide. However, the authors note the13
difficulty in inferring causality in their cross-sectional model.  Furthermore, the fact that the strongest14
predictor of non-SOV share was whether or not an employer was located in15
suggests that improving this measure can only be addressed by promoting business relocation toward16
downtown.17

No studies of which we are aware investigate changes in AVR to measure elements of EBTR18
program effectiveness or for the purpose of identifying supportive employer or neighborhood19
characteristics. Furthermore, the impact of land use on travel demand is complex and involves both local20
and regional factors (9).  Since most travel data are home-based rather than work-based, the contribution21
of worksite land use characteristics on travel is less frequently analyzed but may still be important.22
Additionally, advances in GIS analysis have increased the feasibility of using improved measures of23
neighborhood space e.g. parcels or blocks plus those within a certain distance to better characterize24
the environment surrounding a point in urban space (10; 11).25

26

Data27

The principal data for this project come from a public records request from SCAQMD on the28
Rule 2202 program over 2004-2016. We analyzed a total of 2,450 unique, geocoded worksites in the29
SCAQMD region.  In any individual year, between 1,341 and 1,519 worksites in the region with 250 or30
more employees were included. The full sample includes 18,300 survey results alongside the number of31
employees and the SIC (industry) code, which we aggregate into six categories: (1) Agriculture, Mining,32
Construction, and Manufacturing, (2) Wholesaling, Transportation, and Utilities, (3) Retail, (4) Finance,33
Insurance, and Real Estate (FIRE), (5) Services, including hotels, businesses services, repair services, and34
education, and (6) Public Administration.35

We also analyze the land use and transit characteristics of the urban environment around36
employer locations. A cross-sectional (2010) measure of pedestrian node connectivity was gathered from37

-level (12). This was augmented with38
block group-level ACS/Census data from 2000, 2011, and 2016 and appended to the employer-year39
observation nearest in time measuring population density. A unique value for  these variables is40
generated for each point based on the block group in which it lies plus all other block groups within ½-41
mile, consistent with Hipp and Boessen or42

(10; 11).43
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We use the same egocentric approach to measure the share of land use within 1/8-mile of each1
worksite to capture its immediate built surroundings. 2008 and 2012 parcel-level land use data are2
available from SCAG; the share of nearby land that is residential, single-family residential specifically,3
commercial, commercial/industrial, or open space is joined to each worksite using the closest available4
point in time (7).  While analyses such as Dill and Wardell rely on downtown proximity to analyze the5

urban form (13).6
Finally, we include whether or not a worksite lies within a High-Quality Transit Area (HQTA), defined7
by SCAG as within ½-mile of passenger rail or bus service with 15-minute or better peak service8
frequency.  Rail station proximity (1/2-mile) is also included.9

10

Findings SCAQMD Data11

Compliance Options12

SCAQMD offers three primary compliance options. The first option is the Employee Commute13
Reduction Program (ECRP), which involves deploying an annual survey to all workers asking how they14
traveled to work each day during the past week.  This is used to calculate an employer-level measure of15
AVR which takes into account telecommuting, compressed work weeks, the size of a carpool, and any16
other commute type. We calculate AVR following the SCAQMD17
employees arriving at the worksite between 6-10am divided by the number of vehicles arriving during the18
same time19
location. An employer who misses the target can comply by undertaking approved commute mitigation20
strategies (detailed below). A small number of employers who conduct the AVR survey but do not wish21
to implement mitigation strategies can pay a fee for the difference between their target and actual AVR,22

.23

The second option is the Air Quality Investment Program (AQIP) which, as of July 2018, charges24
the employer a fee of $46.73 for each employee who arrives during the peak window.  Fee revenues are25
used to fund mobile emission projects. No survey is required, thus detailed data are unavailable. The26
final option allows an employer to satisfy Rule 2202 requirements by purchasing emission credit and is27
referred to as Emission Reduction Strategies (ERS), which also does not require employee surveys or the28
submittal of commute reduction strategies for review.29

The number of worksites for which the ECRP option was taken and thus for which survey30
results are available was 7,555 over our 13-year sample.  However, the share of employers who choose31
this option decreased from a high of 51.1% in 2004 and has been consistent at 35% since 2013 (Figure 1).32
Only 481 employers completed the AVR survey during 2016. The various ERS options increased in33
popularity from 2004-2011.34
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1

Figure 12

SCAQMD sets AVR targets based on location (see Figure 3).  Employers in zone 1 which is3
downtown Los Angeles4
of non-vehicular commute options.  The vast majority of the region is in Zone 2 and has a target of 1.5,5
while the outlying desert portions many of which are not urbanized areas have a target of 1.3.  47.9%6
of worksites in Zone 1 choose the ECRP survey option, but only 40.7% of worksites in other zones7
choose this option (difference significant at p<0.0001).8

9

Travel mode choices and AVR over time10

Figure 2 shows aggregate AVR (i.e., not weighted by employer) by target performance zone.11
Overall AVR values have stayed fairly steady over 2004-2016, ranging from a low of 1.29 in 2004 to a12
high of 1.35, achieved in 2013.  The slight decrease between 2013 and 2016 is consistent with many other13
reports showing a rebound in driving during the recovery from the Global Financial Crisis (14).  Average14
vehicle ridership in Zone 1 is substantially higher and increased from a low of 1.59 in 2004 to a high of15
1.82 in 2011 before dropping to 1.75 in 2016.  The VMT rebound (or in this case, SOV ridership16
rebound) is most pronounced in Zone 3, where AVR dropped from 1.28 to 1.18 from 2013-2016.17

Mode shares have remained relatively consistent over time, with the SOV share between 66.8%18
and 70.2% across the study period the highest point representing 2016.  Carpool shares declined fairly19
consistently from their 2004 peak of nearly 21% to below 15% in 2016.  The transit mode share decreased20
noticeably since 2013 when the percentage of respondents selecting bus or rail dropped from 8.1% to21
6.6%.  However, the share of respondents walking or bicycling to work increased from roughly 2.5% to a22
2015 high of 4.4%. The highest shares of active transportation are in Zone 2 and not Zone 1 as might be23
expected, possibly reflecting the l is typically drawn from afar.24

While the SCAG region encompasses more land area and population than SCAQMD25
non-teleworking mode shares provide a basis for comparison: 80.3%26
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drive alone, 10.8% carpool, 4.3% take public transit, and 4.6% use a form of active transportation (7).1
This suggests that employees at large worksites are substantially more likely to carpool and take transit2
and less likely to drive a single-occupant vehicle.3

Employer Type4

We analyze AVR across six broad industrial classifications (Table 1C). While AVR varies5
slightly across categories, all are between 1.29 and 1.39.  Using an analysis of variance (ANOVA), retail6
worksites have significantly lower AVR than those in FIRE, service, and public administration while7
public administration worksites have significantly higher AVR than those in construction /manufacturing,8
wholesale/transportation, and retail.9

10

Figure 211
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1

Figure 32

Mitigation options3

In addition to including survey data on employee commute mode choice, the data also record4
which commute mitigation strategies were undertaken by ECRP employers. The ECRP option includes a5
menu of 26 strategies 15 of which must be selected to receive full credit. Of the 15, five strategies each6
must be chosen from the basic, marketing, and direct strategy lists.  These include a variety of parking7
incentives, rideshare and vanpooling systems, bicycling support, flex/compressed schedules, guaranteed8
ride home programs, transit subsidies, and several others.  Due to the broad and evolving nature of these9
strategies, complete longitudinal data are not available.  Employer-level data are available on three groups10
of strategies: flextime, guaranteed ride home programs, and vanpool incentives.  Guaranteed ride home11
programs provide a company vehicle, rental car, taxi, or other means home in the event of overtime,12
inclement weather, or personal emergency.  Vanpool support strategies cover vehicles owned or leased by13
the employee, employer, or a third party and whether or not the employer provides fuel, maintenance,14
insurance, or a cash subsidy for users. Flextime was counted as a mitigation strategy since it permits15
employees to adjust their work hours to accommodate transit schedules or transportation alternatives.16

Table 1A indicates that in most years, over 2/3 of ECRP employers offered some kind of17
guaranteed ride home program. While flextime data were unavailable after 2013, prior to that, rarely did18
over 10% of employers use this strategy. The share of employers offering vanpool increased from 16.5%19
in 2004 to 20.7% in 2010 and remained relatively constant until a substantial increase was seen in 201620
during which an additional 34 employers began offering vanpool benefits.21

22
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1

Table 12

3

The commute survey also asks how many individual respondents take an electric vehicle a4
share which has increased dramatically but which by 2016 remains just below 1%.  Parking cash out5
programs, which refund subsidized parking to employees who choose alternative transportation, have6
been recorded since 2012 though participation is extremely low (Table 1B).7

8

Findings Correlation analysis9

Figure 4 displays the correlation between AVR and land use/travel characteristics evaluated at the10
employer-level.  Lines indicate how the correlation changed over time, with the total (2004-2016)11
correlation coefficient displayed in the legend.12

Year

Total
employers
reporting

Offers
guaranteed
ride home

Guaranteed
ride home
%

Offers
flextime*

Flextime*
%

Offers/
coordinates
vanpool Vanpool %

Total
employee
respondents

Electric
Vehicles

% Electric
Vehicles

Parking
Cashout

%
Parking
Cashout

2004 693 461 66.5% 53 7.6% 114 16.5% 1,435,590 891 0.06% 0 0.00%
2005 718 574 79.9% 59 8.2% 157 21.9% 1,477,524 1184 0.08% 0 0.00%
2006 709 480 67.7% 46 6.5% 115 16.2% 1,509,283 1803 0.12% 0 0.00%
2007 695 465 66.9% 54 7.8% 113 16.3% 1,479,425 1689 0.11% 0 0.00%
2008 666 434 65.2% 54 8.1% 107 16.1% 1,516,264 1182 0.08% 0 0.00%
2009 560 409 73.0% 70 12.5% 110 19.6% 1,344,423 617 0.05% 0 0.00%
2010 537 373 69.5% 50 9.3% 111 20.7% 1,265,880 742 0.06% 0 0.00%
2011 523 358 68.5% 50 9.6% 113 21.6% 1,315,505 946 0.07% 0 0.00%
2012 514 326 63.4% 5 1.0% 105 20.4% 1,253,073 1428 0.11% 502 0.04%
2013 482 312 64.7% 0 0.0% 100 20.7% 1,216,176 2331 0.19% 427 0.04%
2014 477 303 63.5% 0 0.0% 98 20.5% 1,210,941 3927 0.32% 333 0.03%
2015 476 286 60.1% 0 0.0% 92 19.3% 1,286,458 6546 0.51% 419 0.03%
2016 481 349 72.6% 0 0.0% 126 26.2% 1,333,079 12376 0.93% 467 0.04%

Table 1C: AVR by Employer's Industrial Classification
Avg. AVR

1 Agricultre, Forestry, Fishing, Mining, Construction, Manufacturing 1.335 vs. #5 and vs. #6
2 Wholesale trade, transportation, communication, utilities 1.328 vs. #6
3 Retail trade 1.290 vs. #4, #5, and #6
4 Finance, insurance, and real estate 1.361 vs. #3
5 Services, including hotels, business services, repair, and educational 1.374 vs. #1 and #3
6 Public administration 1.396 vs. #1, #2, and #3

*Data since 2013 unavailable to authors at time of writing. Flextime is still included in the regression, which controls for year.

Table 1A: Employer reporting of mitigation strategies: Table 1B: Additional employee survey responses

Groupings of SIC (Industry) Codes - Description ANOVA, significant differences (p < 0.05)
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1

Figure 42

Whether an employer has single-family residential or overall residential land nearby is immaterial3
to its AVR correlations are slightly negative but insignificant, suggesting that a strategy which promotes4
land-use mixing is not associated directly with AVR here.  However, worksites with more nearby5
commercial land use have higher AVR (r=0.162).  Jobsites with more open space nearby have lower6
AVR (r=-0.102), which is likely indicative of farther-flung worksites far from other urbanized land use7
which tend to be less amenable to alternative transportation. The pedestrian friendliness of the8
surrounding area is weakly positively correlated with AVR (r=0.110); whether high-quality transit is9
present is strongly positively correlated with AVR (r=0.206). Unexpectedly, being near a rail station10
tends to be associated with lower AVR (r=-0.149).11

12

Findings Multivariate analysis13

The purpose of this analysis is to determine which location characteristics, employer14
characteristics, and compliance strategies explain differences in AVR and AVR change across large15
worksites. While panel data allow for rich longitudinal analysis, three challenges arise.  First, survey16
results are only available for employers who participated in ECRP.  Therefore, the universe of this17
analysis is the (decreasing) share of large employers who have signaled a commitment to sustainable18
commuting in this manner. Second, ECRP employers who meet their AVR target are not required to19
engage in or report mitigation strategies.  While many still do, these variables are only robust for20
employers who are below the target necessitating a binary variable to this effect to aid in robustness.21
Third, while the dependent variable exists in all years, certain explanatory variables (e.g. land use,22
HQTAs, and pedestrian friendliness) only exist in certain years which would result in an unbalanced23
panel.  To minimize the risk of model misspecification with panel methods, we use a simpler pooled24
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cross- -year observations into a single1
sample (15). Two model forms are specified:2

3

where AVRt is the average vehicle ridership in year t, LOCt is a matrix of locational characteristics in4
year t (or the closest available year) which includes a binary variable indicating whether the worksite is in5
an HQTA, the level of pedestrian connectedness, the population density (pop/acre), and the percent of6
nearby commercial land use.  EMPt, represents employer characteristics, includes the (log-transformed)7
number of workers, a control variable indicating whether the employer met its AVR target, and five8
dummy variables covering six industry categories.  MITt is a matrix of binary variables representing the9
ECRP mitigation options chosen in each year: guaranteed ride home, vanpool, or flextime.  YRt is a10
matrix of dummy variables of each year (2004-2016) and allows other covariates to be interpreted11
independently of time. The reference category is 2004 and YRt estimates are not reported since they do12
not have a substantive interpretation.13

14

In contrast to the pooled cross-sectional model in Equation 1, Equation 2 evaluates a pooled15
sample of year-over-year AVR change between years t and t+1.  For example, the change in AVR16
between 2004-2005 would be explained using 2004 locational and employer characteristics and17
mitigation strategies. The sample size decreases in Equation 2 from 6,647 to 5,402 since there is no AVR18
change evaluated in the first year of the sample and it is restricted to employers present in both t and t+1.19
While AVR and AVR change are strongly correlated (r=0.455), conceptually they are very different20
outcome measures. Empirical analyses of regional economic growth provide some context: growth in21
GDP can be positively or negatively impacted by the level of GDP (16).  Similarly, if capacity for further22
AVR gains is exhausted, we might expect a different sign in AVR versus AVR change models.23

Both models are solved using ordinary least squares (OLS) regression and use cluster robust24
standard errors. Since we anticipate substantial variation based on intraurban location, we chose to run25
four regressions for either equation: one for all employers and one for each SCAQMD compliance zone.26
Since each zone is a different sample of employers and many covariates such as density and land use vary27
across zones we expect coefficient estimates to vary somewhat.  Zone 1 is a homogenous area with high28
job concentration, features29
residential land.  Zone 3 is made up of the farthest reaches of the SCAQMD region only including Santa30
Clarita and inland Riverside County. Since the vast majority of large employers are in the large and varied31
zone 2, the all zone results are expected to be closest to zone 2 results.32

33
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1

2

Equation 1: Explaining AVR3

Results for all eight specifications are found in Table 2. Goodness of fit ranges from R2 = 0.1974
for the small Zone 3 model to 0.517 for the Zone 2 model. Employer size has an inverse relationship to5
AVR vehicle ridership is higher for smaller employees in zone 1 and overall. While the sample6
includes only employers of 250 and above, this indicates that smaller relative employer size is associated7
with better AVR, thus an expansion of EBTR to even smaller employees may be beneficial. While still8
negative this relationship is no longer significant in zones 2 and 3, indicating the importance of downtown9

importance in this result.10

In the zone 2 model, variables for three industry types are related to significantly lower AVR11
compared to the reference category, which is includes agriculture, construction, and manufacturing. FIRE12
is most negatively associated with AVR, followed closely by retail, then public administration.  In the all13
employers model, only retail is significantly associated with lower AVR. Industrial category makes no14
difference in zones 1 or 3. The density of the residential population within ½-mile of a worksite has15
minimal discernable effect on AVR. This result is anticipated since commercial sites suitable for large16
employers may not be near residential land.  The percent of commercial land use within 1/8-mile may be17
a better indicator of the character of the nearby built environment.  The effect of this is positive and18
significant across all employers, although it is not significant in the zone-specific models indicating that19

TABLE 2:

All Employers
Employers in
Zone 1

Employers in
Zone 2

Employers in
Zone 3 All Employers

Employers in
Zone 1

Employers in
Zone 2

Employers in
Zone 3

Constant 1.320*** 1.492*** 1.262*** 2.035** -0.00474 0.199*** -0.011 0.0668
(-0.0636) (-0.192) (-0.0319) (-0.795) (-0.0111) (-0.0714) (-0.007) (-0.144)

Employer Characteristics
Employees (log) -0.0213** -0.0869** -0.00534 -0.132 -0.00225 -0.0225** -0.000255 -0.0157

(-0.0085) (-0.0359) (-0.0047) (-0.129) (-0.0014) (-0.0097) (-0.0009) (-0.018)
Employer hit AVR target (1/0) 0.482*** 0.661*** 0.395*** 0.325*** 0.0382*** 0.0640*** 0.0336*** 0.0468***

(-0.0281) (-0.0547) (-0.0166) (-0.103) (-0.0042) (-0.0137) (-0.0036) (-0.0166)
Transp, Wholesale, Comm.^ -0.00482 0.115 -0.0126 0.000926 0.00699 -0.00524 0.0062 0.0223

(-0.0208) (-0.135) (-0.019) (-0.0917) (-0.0046) (-0.0342) (-0.0051) (-0.0163)
Retail^ -0.0830*** 0.173 -0.0409*** -0.0595 0.00638 0.018 0.0129*** -0.00885

(-0.0187) (-0.162) (-0.0145) (-0.102) (-0.0048) (-0.0766) (-0.0042) (-0.0213)
Finance, Insurance, R.E.^ -0.00219 0.125 -0.0665*** -- 0.0136*** -0.0139 0.0133*** --

(-0.0254) (-0.133) (-0.0148) -- (-0.0039) (-0.0477) (-0.0039) --
Services^ -0.00135 0.205 -0.018 0.156 0.00978*** -0.0135 0.00833*** 0.0254

(-0.0177) (-0.143) (-0.0115) (-0.139) (-0.0033) (-0.0548) (-0.0025) (-0.0207)
Public Administration^ -0.0094 0.176 -0.0236* -0.0753 .00517* -0.0308 0.00679*** -0.0177

(-0.0159) (-0.147) (-0.0129) (-0.103) (-0.0028) (-0.0419) (-0.0026) (-0.023)
Location Characteristics
Pop. Density (Pop/acre) 1.82E-09 -3.38E-08 -2.00E-09 1.80E-08 1.01E-09 -1.77e-08* 4.64E-11 6.23E-09

(0) (0) (0) (0) (0) (0) (0) (0)
% Commercial LU nearby 0.109*** -0.0552 0.0129 0.449 0.00796** -0.0362 0.00332 0.0718

(-0.0278) (-0.128) (-0.0111) (-0.404) (-0.004) (-0.0406) (-0.0028) (-0.0507)
In HQTA (1/0) 0.0693*** 0.383*** 0.0275*** -0.286 -0.000312 0.00927 -0.00132 --

(-0.0129) (-0.0919) (-0.0077) (-0.215) (-0.0019) (-0.0453) (-0.0016) --
Pedestrian Connectivity -0.000391 0.000513 0.00206*** -0.0272 -0.000438 0.000838 -0.000306 -0.00255

(-0.0024) (-0.0076) (-0.0008) (-0.0234) (-0.0003) (-0.0024) (-0.0002) (-0.0034)
Mitigation Strategies
Guar. Ride Home (1/0) -0.0212 -0.0304 -0.0112 -0.106 0.00299 -0.0327 0.00648*** 0.0146

(-0.015) (-0.0538) (-0.0081) (-0.0744) (-0.0032) (-0.0235) (-0.0024) (-0.0153)
Flextime (1/0) 0.0226 0.0831 0.00499 -0.0454 0.0012 0.00261 0.0015 -0.0211

(-0.0159) (-0.079) (-0.0097) (-0.0624) (-0.0034) (-0.0172) (-0.0034) (-0.0171)
Vanpool support (1/0) -0.00372 0.00305 0.0131* -0.0862 -0.000363 -0.00054 -0.000531 -0.0337

(-0.009) (-0.0444) (-0.0075) (-0.0916) (-0.002) (-0.0256) (-0.0018) (-0.0208)
N 7505 653 6376 476 6221 508 5319 394
R-sq 0.400 0.499 0.517 0.197 0.037 0.063 0.038 0.086
Standard errors in parentheses. * p<0.10, ** p<0.05, *** p<0.01
 ̂Categorical variable for industrial category. Reference category is Agriculture/mining/construction/manufacturing

OLS models of AVR OLS models of year-over-year AVR change
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commercial land use share varies strongly by zone (the mean value is 80.7%, 53.9%, and 29.1% in Zones1
1, 2, and 3 respectively).2

Being in a high quality transit area is the most consistently strong predictor (p<0.01) of AVR3
across all samples except zone 3 in which only one worksite is in an HQTA. While this result does4
indicate causality, i.e. that HQTA location causes higher AVR, this strong association provides evidence5
that employers choosing to locate in HQTAs might expect higher AVR. Pedestrian connectivity is a6
strong predictor of AVR in zone 2 but is not significant elsewhere.  While we might expect this7
relationship to be strongest in zone 1, most of that zone already has high levels of pedestrian connectivity8
and low variance (mean=12.6, std.dev.=2.5).  In contrast, it is in zone 2 where the more highly variable9
level of pedestrian connectivity (mean=10

ECRP employers who are below AVR targets can reduce their fee payments by engaging in11
mitigation strategies which result in AVR increases. Employers who have met AVR targets are not12
required to engage in or report mitigation strategies, though many report them to SCAQMD nonetheless.13
As expected, the control variable for whether the AVR target was met is positive and significant and14
allows for improved inference on mitigation strategy variables.  Participation in guaranteed ride home15
programs shows a negative, yet insignificant relationship with AVR while flextime is positively though16
insignificantly associated with AVR.  Of the strategies able to be analyzed, only vanpool shows a17
significant relationship with AVR weakly positive, and only in zone 2.18

Equation 2: Explaining AVR change19

Model 2 has the advantage of being able to investigate the effect of a policy on any changes20
found by an outcome measure which has frustrated prior21
research efforts. While data limitations result in some model shortcomings and the low variance on AVR22
change reduces model fit (R2 values 0.037-0.086), a number of variables are significant predictors of23
AVR increase.24

In zone 1, downtown Los Angeles, we find that smaller employers are significantly more likely to25
experience bigger increases in AVR. While FIRE employers were associated with lower AVR, they are26
most strongly and consistently associated with AVR gains.  Being a retail employer is associated with27
improved AVR only in zone 2 and follows closely behind FIRE in magnitude.  Service employment also28
shows significant reduction potential relative to the reference category about 60-70% the magnitude of29
FIRE. Public administration, transportation/wholesale/communications, and30
agriculture/manufacturing/construction round out the list of industry categories by AVR reduction31
potential.32

Residential population density is negative but is only significant (weakly) in zone 1, an area33
which has only recently seen substantial residential construction near the core employment center.  This34
would indicate that the less residentially dense areas near downtown LA experience greater AVR gain.35
Further investigation of specific sites may be required to fully understand why this is the case. The share36
of commercial land use is a positive and significant driver of AVR gain only in the all employers model37
providing evidence that AVR improvement is more likely to occur in areas that resemble commercial38
districts rather than those mixed with other land uses especially when downtown LA is included in39
regional totals. While high quality transit was a very strong predictor of AVR, it has no significant40
relationship with AVR increase. Pedestrian connectivity is also statistically unrelated to AVR change.41
That these two variables are strongly related to high AVR; however, on the margin, further AVR42
improvement may be challenging in areas which may have maxed-out potential AVR gains.43
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Encouragingly, undertaking a guaranteed ride home strategy is significantly associated with AVR1
increases in the large zone 2 sample.  While vanpool strategies show a relationship with AVR itself, that2
guaranteed ride home programs show an association with AVR improvement shows promise for untapped3
potential especially in the varied, low and medium-density landscapes of much of zone 2.However,4
vanpool and flextime strategies show no significant relationship to AVR change in these models, though5
this could be impacted by flextime data limitations.6

7

Discussion and Conclusions8

The objectives of this study were to understand the participation rates, characteristics, and spatial9
built10

environment characteristics, employer characteristics, and mitigation strategies were related to average11
vehicle ridership and change in average vehicle ridership over 2004-2016. This is the first study of which12
we are aware which analyzes these three drivers of work travel behavior over a long time horizon using13
program data. While EBTR programs were originally intended to reduce commute-based air pollution,14

n additional motivator: regional GHG emissions reduction15
targets. Employer participation in SCAQMD ECRP option has decreased since 2004, suggesting that16
the cost of fee payments and the availability of emissions credits for purchase may have become17
financially or administratively more attractive than engagement with employee commutes. While18
emissions credits and re-invested fee payments to SCAQMD fund other forms of pollution mitigation,19
only ECRP can be considered a TDM strategy capable of stimulating behavior change something which20
appears decreasingly attractive.21

Results for employee mode share are somewhat consistent with concer22
rebound; he ECRP option have lower drive-alone23
shares.  Despite a long-term decline in carpool share, car/vanpools at large employers show some24
promise.  They tend to be easier to coordinate at large worksites, rates are higher at ECRP employers than25
overall, the number of ECRP employers offering vanpool benefits in 2016 increased substantially, and26
across much of the study area vanpool support is related to higher AVR. However, if increasing AVR is a27

Rather than28
coordinating daily car/vanpools or altering work hours, guaranteed ride home programs may be less29

y are used infrequently, and can provide peace of mind to risk-averse workers such30
that they switch to non-SOV commuting.  Given the rise of transportation network companies (TNC)31
such as Uber and Lyft, providing guaranteed rides home may become cheaper and easier.32

-region finding that nonfinancial33
incentives for VMT reduction could be effective34
guaranteed ride home programs are effective in Portland.  However, the latter study is unable to comment35
on AVR change, and differences in program administrative details and urban geography severely hamper36
interregional comparison.37

Models also suggest that smaller employers are more likely to achieve AVR gains and even those38
below 250 employees deserve consideration.  This is consistent with the objectives of the recently passed39
AB2548 which mandates tax-free transit, carpool, and vanpool deductions be made available to Los40
Angeles county employers of between 50-249 workers.  While this law will not enable a bona-fide EBTR41

-placed42
and well-advertised incentives may be effective in promoting sustainable commuting.43
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The built environment and transportation context near an employer matters.  Good pedestrian1
connectivity in suburban areas is important, as is high quality transit. While HQTAs were associated with2
AVR and not AVR change, the strength of the result for AVR suggests that if future land use strategies3
can promote employer location in those areas, AVR improvement will likely follow. Additionally, AVR4
improvement is more likely in areas that resemble commercial districts than in mixed-use neighborhoods.5
Since the study only investigates large employers, we cannot exclude the possibility that smaller6
workplaces providing residential services may demonstrate high AVR in mixed-use neighborhoods. But7
our results do suggest that promoting job centers or worksite concentration in places with good8
connectivity could show more promise than land use mixing.9

FIRE and retail sectors are associated with lower AVR, but also with AVR increase.  Both10
categories might be considered residential-11
employment is known to be heavy on real estate finance.  While FIRE and retail may be promising areas12
of future AVR gains, this sample is restricted to worksites over 250 employees, which is not consistent13
with the smaller, dispersed stores and offices which typically characterize residential-serving businesses.14

This study has shortcomings principally due to the nature of Rule 2202 and the limited sample for15
the employee survey, which may suffer from some selection bias. Our understanding of mitigation16
options is limited by aggregated program data and further investigation into why specific options are17
chosen is needed. However, the sample investigated is large, comprehensive, and longitudinal and allows18
us to measure performance improvement. While programs which provide incentives for commute19
behavior change without an option for fee-in-lieu payments are stronger forms of TDM, the declining20
popularity of survey and mitigation options suggests that21
financial incentives more closely, with a focus on employers who voluntarily promote sustainable22
commuting through ECRP or their own programs.  Location and built environment characteristics also23
need to be taken into account24
the viability of non-SOV commuting and mitigation strategies. Nudging workers and their employers25
toward sustainable transportation choices is a multi-faceted, long-term effort, but EBTR in its current and26
improved future form TDM toolkit and shows promise for helping27
regions meet GHG reduction targets in addition to congestion and air pollution reduction.28

29
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