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1. Introduction: The Potential Benefits 
of Transportation Broadband 
Strategy 

Southern California Association of Governments (SCAG), with the California 
Emerging Technology Fund (CETF) and Southern California Regional Broadband 
Consortia, contracted with Magellan Advisors, along with DKS Associates, to study 
the relationship between broadband availability and reduced Vehicle Miles Traveled 
(VMT) and Greenhouse Gas Emissions (GHG). The focus of the study is inclusion of 
broadband in transportation facilities, planning, and projects. This should (a) reduce 
costs to deploy broadband, especially in rural and disadvantaged communities, 
which then (b) provides a substitute for commuting and other trips, thereby 
reducing VMT and GHG emissions.  

The implication is that developing broadband infrastructure can be an important 
transportation demand management strategy (TDM) that also creates more 
equitable access to education, healthcare, and jobs. Planning for broadband and 
including communications network infrastructure in public rights-of-way on 
interstates, state highways, bridges, regional roads, and local streets should be 
standard practice in transportation. Broadband should be an eligible transportation 
project cost, a standard TDM measure, and included in the concept and 
construction of complete streets.  

This report summarizes insights from prior analyses and provides local socio-
economic context before analyzing primary data collected during the COVID-19 
pandemic to determine the impact of telecommuting on VMT and GHG emissions. 
This analysis is then used to project long-term impacts of full broadband 
deployment. Lastly, we analyze costs and funding strategies for including 
broadband in transportation projects. The two essential questions we address are: 

1. What is the relationship between broadband and GHG emissions? Does 
broadband substitute for travel—specifically commuting to work—thereby 
reducing VMT and, consequently GHG emissions? 

2. What are the costs to incorporate communications network infrastructure in 
transportation projects and how might this impact capital investment 
necessary to offer broadband? 

Prior to the COVID-19 pandemic about 5% of all workers telecommuted. During the 
first peak of COVID-19, that jumped to around 40%, with some reports much 
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higher. Trips to school, medical, local government, and retail and service 
destinations also greatly decreased. Approximately 20% of the workforce will 
continue to telecommute at least one day per week post-COVID-19. While 
telecommuters may add trips to their routines due to their flexible schedule, it is 
also possible that they may combine trips and/or make them at non-peak times. 
Use of distance learning, telehealth, online government, and other online services 
post- pandemic are likely to continue, driving the need for broadband while 
reducing demand for local travel. The purpose of this report is to help close the 
gaps in practice, policy, and leadership for a comprehensive vision or strategy to 
develop broadband as a means to reduce VMT and GHG emissions. 

The bulk of costs to deploy broadband comes from construction costs, especially 
labor. These costs are often highest for disadvantaged and rural communities, 
leading them to be under-served—to have no or few options for broadband 
available. Internet service providers must absorb these costs to reach prospective 
subscribers, then are disinclined to make the infrastructure available to potential 
competitors. Communications network infrastructure—conduit, fiber, and other 
physical assets—may be incorporated into many transportation projects at a small 
marginal cost. It is an investment that adds value to and capitalizes on the public 
right-of-way as it reduces traffic congestion and enables traffic management.  

The pandemic has starkly highlighted the severe need for broadband, which is 
driving policy, planning, and deployment to improve access, costs, and options. This 
study examines how this interacts with transportation. The two are clearly related 
in their use of the public rights-of-way. Broadband as a substitute for travel adds 
another layer of interaction between the two. New state and federal funds to 
improve and update infrastructure creates other financial and practical 
connections. Broadband, mobility, and quality of life are issues that matter to all 
residents across the region. By clearly showing the environmental and socio-
economic benefits of including broadband in transportation projects, we hope to 
change practices and integrate public strategies for both.  

TELECOMMUTING BENEFITS LITERATURE REVIEW1 
In 2017, companies FlexJobs and Global Workspace Analytics reported that the 3.9 
million workers who work from home at least half the week avoided 7.8 billion VMT, 
530 million vehicle trips, and 3 million tons of greenhouse gases. This translates to 

 
1 This sub-section was produced by DKS Associates. 
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a reduction of 2000 personal vehicle miles (or a 20% over US VMT average of 9800 
miles) per year.  

To better understand the reported benefits of telecommuting on reducing VMT and 
emissions, six relevant literature sources were reviewed. With the emergence of 
intelligent transportation systems (ITS) and domestic telecommunications 
applications, numerous home-based and center-based telecommuting 
demonstration projects were conducted in California and Washington during the 
1990s. A selection, based on those highlighted by Handy, et al. (2013) and others, 
are given in Table 1 below. 

Table 1: Transportation Safety SCAG Regional Targets 

Authors and Year Participants and Methodology VMT Findings 
Kitamura, R 
Mokhtarian, PL, 
Pendyala, RM, 
Goulias, KG, 
1991 

California State Employees 
Two three-day travel diary surveys 
73 telecommuting employees and 45 
associated household members, 65 
control group employees and 36 
associated control household 
members 

A home-based telecommute 
had a 76.1% personal VMT 
reduction per telecommuter 
per telecommuting day, and a 
48.1% reduction per 
household per telecommuter 
per telecommuting day 

Henderson, DK, 
Mokhtarian, PL, 
1996 

Mix of employees from public and 
private employers both at-home and 
at a telework center 
Travel diaries taken during the Puget 
Sound Demonstration Project 
96 home telecommuters 8 regional 
telework center telecommuters and 
41 control group members 

Telecommuting from home 
decreased commute VMT by 
90.3% and personal daily VMT 
by 66.5% per telecommuter 
per telecommuting day 
Telecommuting from a 
telework center reduced 
commute VMT by 62% and 
personal daily VMT by 53.7% 
per telecommuter per 
telecommuting day 

Balepur, PN, 
Varma, KV, 
Mokhtarian, PL,  
1998 

Travel diaries and entry-and-exit logs 
24 participants, affiliations unknown, 
who used California Neighborhood 
Telecenters 

Telecommuting to a telework 
center reduced commute VMT 
by 77.2% and personal daily 
VMT by 64.8% per 
telecommuter per 
telecommuting day 
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Authors and Year Participants and Methodology VMT Findings 
Koenig, BE, 
Henderson, DK, 
Mokhtarian, PL, 
1996 

Participants in the State of California 
Telecommuting Pilot Project, which 
were State employees drawn from 
across various state agencies, 
primarily in the Sacramento and San 
Francisco Bay areas. 
Travel diaries 
40 telecommuters and 58 control 
group members 

Telecommuting reduced 
average telecommuter VMT by 
77% on telecommuting days 

The Koenig, et al. study also reviewed the environmental impacts of telework, 
finding a reduction of 48% in total organic gases (hydrocarbons), 64% in carbon 
monoxide, 69% in nitrogen dioxides, and 78% in particulate matter on telework 
days compared to non-telework days. A 2004 review of studies by Walls and 
Safirova concluded that for those working from home, telecommuters reduced 
trips taken by 27% to 51% versus non-telecommuting days, and telecommute days 
reduced VMT by 53% to 77% for telecommuters.  

An important caveat is that these studies were largely program specific (i.e., applied 
to a single employer) and are specific to only the home-based work trip. Hence, the 
percentages cited would not directly translate to regional benefits. Henderson and 
Mokhtarian (1996), for instance, warn that their Puget Sound study participants 
were not representative of the wider workforce in important ways, and that caution 
should be used when extrapolating their results. Koenig, et al. (1998) note that their 
VMT savings are likely larger than representative, since their telecommuters had 
longer commutes than the regional average. Changes to commute/travel patterns 
and technology in intervening decade(s) is also likely to change the feasibility and 
capacity of teleworking on a regional level.  

Based on the literature review reported in Effects of Travel Reduction and Efficient 
Driving on Transportation: Energy Use and Greenhouse Gas Emissions (U.S. 
Department of Energy Office of Energy Efficiency and Renewable Energy, March 
2013), regional benefits of telecommuting and resulting expected energy use and 
GHG emission reduction effects vary widely from strategy to strategy. The 
estimated impact of individual strategies on surface transportation energy use and 
GHG emissions ranges from less than 1% to a few percent. The study estimated the 
cumulative effect (i.e., regional benefit) when travel behavior strategies are 
combined to result in a 7% to 15% reduction in energy use and emissions by 2030. 
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Insights to the potential regional VMT and GHG reduction benefits of 
telecommuting can be made by considering the regional travel behavior changes 
that occurred during the COVID-19 pandemic shelter-in-place orders. The extent of 
telecommuting was directly tied to the definitions of essential versus non-essential 
workers. In a Rand Corporation study: The COVID-19 Pandemic and the Changing 
Nature of Work Lose Your Job, Show Up to Work, or Telecommute? (Rand 
Corporation, Philip Armour, Katherine Grace Carman, Kathleen J. Mullen, Shanthi 
Nataraj, June 2020) surveys of on 1,049 workers demonstrate how telecommuting 
arrangements vary significantly by occupation (see Table 2).   

Larger questions remain about the wider applicability of telecommuting research. 
The effects of telecommuting on emissions can remain uncertain depending on the 
scope definition (O’Brien and Alibadi, 2020). Scoping transportation, office 
buildings, residential building, information and communication technology, and 
telecommuting impacts over time, rather than relying on short term personal travel 
diaries, should create more realistic estimates of net emissions. As for VMT alone, 
rebound effects like the dispersion of residential location (resulting in seldom-
driven but longer-distanced commutes), increased non-work travel, and intra-
household dynamics leading to additional vehicle use, should ideally be accounted 
for. However, most studies in the literature fail to do so (Hook et al. 2020). 

The Broadband and Environmental Benefit Data and Literature Review prepared by 
Inland Empire Regional Broadband Consortium is provided as an appendix to this 
final report. 

Table 2. Telecommuting Arrangements Vary Widely by Occupation2 

Occupational Area 

Percentage of Workers in Each 
Telecommuting Category in May 2020 

None Some Only 
Protective service  96% 2% 2% 

 
2 SOURCE: Authors' calculations based on 1,049 responses from the ALP survey conducted May 1–6, 
2020. The exact wording of the question to determine telecommuting status was "In the past seven 
days, on how many days were you required to leave your home to do your MAIN job?" Exclusive 
telecommuting was defined as never being required to leave home to do a main job. Some 
telecommuting was defined as having to leave home to do a main job at least once, but also working 
from home at least once. No telecommuting was defined as not being able to telecommute or not 
working from home at all. Occupations are based on information from the ALP's household 
information survey fielded in February 2020. The sample is limited to workers reporting that they 
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Occupational Area 

Percentage of Workers in Each 
Telecommuting Category in May 2020 

None Some Only 
Production  96% 1% 3% 
Construction and extraction  94% 3% 3% 
Food preparation and serving related 92% 8% 0% 
Transportation and material moving 90% 7% 3% 
Building and grounds cleaning and 87% 0% 13% 
Installation, maintenance, and repair 81% 17% 2% 
Health care practitioners and technical 73% 8% 19% 
Personal care and service  69% 5% 26% 
Sales and related  58% 10% 33% 
Community and social service  51% 26% 24% 
Health care support  50% 7% 43% 
Management  37% 36% 27% 
Office and administrative support  30% 28% 42% 
Arts, design, entertainment, media, sports 21% 11% 68% 
Life, physical, and social science  12% 41% 46% 
Business and financial operations  12% 11% 77% 
Educational instruction and library  11% 18% 72% 
Architecture and engineering  6% 9% 84% 
Computer and mathematical  6% 11% 83% 
Legal  3% 26% 71% 
Overall 46% 14% 40% 

 
  

 
were working at the same main job as in February 2020. The farming, fishing, and forestry 
occupation is excluded because fewer than ten respondents reported working this occupation. 
Some rows do not sum to 100 percent because of rounding. 
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2. Regional Socio-Economic Overview 
To understand broadband, VMT, and GHG emissions in context, we analyzed US 
Census Bureau estimates3 of socio-economic characteristics of the SCAG region for 
2019, comparing them to prior years and to the nation as a whole.  

POPULATION 
The 2019 total population for the SCAG region was 18,892,651, which was 5.8% of 
the nation’s population. The population of the region increased by 796,555 between 
2010 and 2019, for an annual growth rate of 0.48% and aggregate 5.8% growth. 
While Los Angeles was the largest in terms of population (and was the most 
populous county in the nation), Orange County had the greatest population density, 
and Riverside had the fastest growth (see Table 3). 

Table 3. Population, Density, and Growth of SCAG Counties Compared 

County 
2019 

Population 
Population 

Density 

2010-2019 
Annual 

Growth Rate 
Imperial 181,215 40.4 0.37% 
Los Angeles 10,039,107 2,112.2 0.23% 
Orange 3,175,692 3,349.9 0.56% 
Riverside 2,470,546 338.3 1.28% 
San Bernardino 2,180,085 108.4 0.73% 
Ventura 846,006 383.2 0.27% 

It is notable that the counties of the SCAG region vary greatly in size. San 
Bernardino, in particular, at 20,105 square miles, is the largest county in the 
country. Riverside is relatively large at 7,303 square miles but small in comparison. 
Imperial and Los Angeles counties are similar size—4,482 and 4,753 square miles, 
respectively. Ventura is relatively large compared to all other counties: It has 2,208 
square miles and the national average is 1,124. Orange County is by far the smallest 
at 948 square miles, but it is still larger than the average county in a third of the 
United States. 

 
3 Unless otherwise noted all statistics were sourced from  
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AGE 
The population of the region was generally younger than the nation, particularly 
Imperial and San Bernardino counties, as shown in Figure 1. Los Angeles and 
Orange counties had relatively large populations of working age adults. Ventura 
was comparable to the nation as a whole in terms of age distribution and had the 
highest percentage of older adults for the region. 

 
Figure 1. Age Distribution of Populations Compared 

ETHNICITY AND RACE 
The region was more racially diverse than the nation, particularly for persons of 
Hispanic or Latino heritage. Ventura County was the exception, with a substantially 
larger portion of the population of white races than the nation and relatively small 
portion of Hispanic/Latino persons relative to the region. Nearly 90% of the 
population of Imperial County, in contrast, was Hispanic/Latino. Los Angeles had 
the lowest percentage of white population. Orange County had the largest percent 
of the population of Asian descent, followed by Los Angeles, particularly relative to 
the nation, while Imperial had relatively few. 
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Figure 2. Racial Distribution of Populations Compared4 

EDUCATIONAL ATTAINMENT 
Generally, residents of the region are more educated than the nation as a whole. 
That said, as shown in Figure 3, four of the six counties—Imperial, Los Angeles, 
Riverside, and San Bernardino—had relatively more of the population with no more 
than a high school degree. Fifty-two percent of Imperial County’s population over 
25 with income were in this category, compared with 38% for the U.S. Orange and 
Ventura counties have the largest percentages with high levels of academic 
achievement. Riverside and San Bernardino were relatively strong in associates 
degrees or some college but no degree. Orange County stood out for the percent of 
the populace with a doctoral or other professional degree—15.2% compared to 
10.1% for the SCAG region and 12.8% for the nation. 

 
4 Total percentage across racial categories are greater than 100% due to persons of more than one 
race in the population. 
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Figure 3. Percentage of Population over 25 with Earnings by Educational Achievement Compared 

INCOME 
The region’s residents generally had generally had higher incomes, as shown in 
Table 4Error! Not a valid bookmark self-reference., except for persons with less 
than high school education, which brought the overall median earnings for the 
region ($41,211) below the national median ($41,801). No high school completion 
meant lower income for residents of Imperial County, where they earned 67% of 
the national median income for persons with that level of educational achievement. 
In contrast, persons with high school education in Imperial County well exceeded 
the national median pay. See Figure 4. Ventura and Orange counties tended to have 
the highest wages, particularly for persons with college education. 

Table 4. Median Earnings by Level of Educational Attainment Compared 

Educational Attainment 
Median Income 

U.S. SCAG 
All levels $41,801 $41,211 
Less than high school graduate $25,876 $24,639 
High school graduate (includes equivalency) $31,956 $33,135 
Some college or associate’s degree $38,125 $39,928 
Bachelor's degree $56,344 $56,780 
Graduate or professional degree $75,495 $81,048 
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Figure 4. Percentage of US Median Income (=100%) by Educational Achievement Compared 

Given the income levels, it is not surprising that Imperial County surpassed the 
state and region for the percentage of families with income below the poverty level, 
and, as shown in Figure 5, was the only area to see an increase in this statistic in 
recent history. Ventura and Orange counties were well below the nation in poverty 
and Los Angeles has seen the largest decrease. 
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Figure 5. Percentage of Families with Income Below the Poverty Level 

OCCUPATION 
A comparison of occupation shown in Figure 6 reveals that Los Angeles, with over 
five million civilian employed residents, has the largest workforce, and Imperial has 
the smallest at just over 60,000. Overall, the most people are employed in business 
management, science, or arts occupations. Only Orange County exceeds the nation 
for the percentage of these occupations, though. The region exceeds the nation in 
natural resource, construction, and maintenance, sales and office, and service 
occupations.  
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Figure 6. Percentage of Working Population by Occupational Area Compared 
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Table 5. Employment Location Quotient by Economic Sector for the SCAG Region and its Six Counties 

Economic Sector 
SCAG 

Region Imperial 
Los 

Angeles Orange Riverside 
San 

Bernardino Ventura 
Accommodation and food 
services 1.17 1.13 1.11 1.11 1.48 1.01 1.19 

Administrative and support 
services 0.66 0.36 0.67 0.77 0.73 0.68 0.72 

Agriculture, forestry, fishing 
and hunting 3.04 14.35 0.15 0.16 1.22 0.26 2.12 

Arts, entertainment, and 
recreation 1.28 0.57 1.40 2.20 1.46 1.10 0.94 

Construction 1.15 0.81 0.71 1.27 1.90 1.09 1.12 
Educational services 0.77 0.24 1.44 0.74 0.65 0.72 0.84 
Finance and insurance 0.71 0.46 0.80 1.19 0.38 0.51 0.90 
Health care and social 
assistance 0.96 1.17 0.96 0.74 0.90 1.04 0.98 

Industries not classified 1.00 - 1.99 0.82 1.03 0.91 1.23 
Information 0.84 0.39 1.87 0.93 0.45 0.61 0.76 
Management of companies 
and enterprises 0.57 0.12 0.80 1.25 0.21 0.42 0.62 

Manufacturing 0.96 0.96 0.90 1.06 0.85 0.94 1.05 
Mining, quarrying, and oil and 
gas extraction 0.51 2.04 0.14 0.07 0.10 0.22 0.49 

Other services (except public 
administration) 0.89 0.71 1.03 0.89 0.93 0.90 0.91 
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Economic Sector 
SCAG 

Region Imperial 
Los 

Angeles Orange Riverside 
San 

Bernardino Ventura 
Professional, scientific, and 
technical services 0.81 0.39 1.11 1.27 0.52 0.41 1.16 

Real estate and rental and 
leasing 1.24 1.32 1.45 1.72 1.03 0.89 1.01 

Retail trade 1.27 2.07 0.90 0.82 1.34 1.25 1.27 
Transportation and 
warehousing 1.32 1.21 1.17 0.51 1.56 2.95 0.53 

Utilities 1.00 2.64 0.73 0.37 0.46 1.14 0.64 
Wholesale trade 1.33 1.32 1.37 1.54 1.04 1.51 1.20 

Table 6. Percentages of U.S. Average Annual Pay by Economic Sector for the SCAG Region and its Six Counties, Sorted from Highest to Lowest 
Percentage for the Region 

Economic Sector 
Average 

Annual Pay SCAG Imperial 
Los 

Angeles Orange Riverside 
San 

Bernardino Ventura 
All sectors $55,858 106% 67% 113% 111% 76% 83% 102% 
Arts, entertainment, 
and recreation $37,599 193% 60% 281% 112% 73% 83% 82% 

Industries not 
classified $31,680 122% NA 130% 131% 82% 68% 61% 

Real estate and 
related $58,313 116% 58% 118% 126% 82% 92% 100% 

Mining and related $94,862 114% 90% 140% 62% 93% 79% 97% 
Retail trade $29,983 114% 87% 118% 117% 106% 105% 107% 
Accommodation and 
food services $21,077 114% 88% 118% 113% 112% 93% 101% 
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Economic Sector 
Average 

Annual Pay SCAG Imperial 
Los 

Angeles Orange Riverside 
San 

Bernardino Ventura 
All sectors $55,858 106% 67% 113% 111% 76% 83% 102% 
Utilities $111,910 111% 91% 116% 103% 106% 100% 116% 
Finance and 
insurance $106,614 110% 49% 122% 104% 64% 66% 91% 

Health care and 
social assistance $52,224 110% 88% 112% 108% 102% 115% 102% 

Information $112,479 108% 45% 116% 96% 46% 70% 61% 
Professional, 
scientific, and 
technical services 

$91,007 106% 44% 110% 104% 64% 63% 152% 

Transportation and 
warehousing 

$52,369 105% 82% 117% 102% 89% 85% 92% 

Manufacturing $61,127 104% 65% 106% 113% 87% 88% 107% 
Construction $64,917 102% 83% 101% 114% 88% 99% 90% 
Other services 
(except public 
administration) 

$35,079 102% 77% 107% 97% 90% 94% 90% 

Educational services $41,289 99% 66% 104% 88% 73% 83% 84% 
Administrative and 
support services $43,552 97% 92% 98% 108% 75% 85% 90% 

Agriculture and 
related $46,235 96% 78% 77% 95% 117% 74% 109% 

Wholesale trade $75,118 94% 70% 89% 114% 79% 78% 108% 
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Economic Sector 
Average 

Annual Pay SCAG Imperial 
Los 

Angeles Orange Riverside 
San 

Bernardino Ventura 
All sectors $55,858 106% 67% 113% 111% 76% 83% 102% 
Management of 
companies and 
enterprises 

$114,474 88% 51% 90% 89% 65% 61% 111% 

 

Table 7. Percentage of U.S. Average Pay by Occupational Area for the SCAG Region and its Six Counties, Sorted from Highest to Lowest Percentage 
for the Region Sorted by Percentage for the Region. 

Occupational Area 
U.S. Average 
Annual Pay SCAG Imperial 

Los 
Angeles Orange 

Riverside-San 
Bernardino Ventura 

All Occupations $56,310 118% 105% 127% 124% 113% 119% 
Protective Service $52,220 128% 145% 128% 114% 115% 138% 
Educational Instruction 
and Library $59,810 120% 115% 126% 125% 119% 116% 

Food Preparation and 
Serving Related $27,650 120% 116% 124% 125% 117% 118% 

Personal Care and Service $32,610 119% 106% 127% 121% 109% 134% 
Community and Social 
Service $52,180 118% 110% 123% 115% 120% 122% 

Healthcare Practitioners 
and Technical $85,900 118% 111% 122% 120% 119% 120% 

Building and Grounds 
Cleaning and 
Maintenance 

$32,760 118% 110% 123% 120% 119% 119% 
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Occupational Area 
U.S. Average 
Annual Pay SCAG Imperial 

Los 
Angeles Orange 

Riverside-San 
Bernardino Ventura 

All Occupations $56,310 118% 105% 127% 124% 113% 119% 
Construction and 
Extraction $53,940 114% 110% 120% 122% 108% 111% 

Installation, 
Maintenance, and Repair $52,360 111% 105% 115% 116% 108% 112% 

Healthcare Support $32,250 110% 100% 112% 115% 109% 115% 
Life, Physical, and Social 
Science $79,360 109% 99% 120% 108% 108% 112% 

Legal $112,320 109% 84% 123% 135% 105% 99% 
Office and Administrative 
Support $42,390 109% 98% 115% 115% 106% 111% 

Architecture and 
Engineering $90,300 107% 91% 115% 115% 102% 113% 

Arts, Design, 
Entertainment, Sports, 
and Media 

$64,400 106% 85% 141% 111% 96% 97% 

Sales and Related $45,750 105% 87% 112% 124% 99% 103% 
Production $41,760 105% 110% 104% 105% 101% 105% 
Transportation and 
Material Moving $39,680 104% 102% 114% 100% 103% 100% 

Farming, Fishing, and 
Forestry $33,310 103% 100% 113% 112% 96% 96% 

Management $126,480 101% 83% 111% 114% 93% 102% 
Business and Financial 
Operations $80,680 99% 89% 109% 103% 92% 104% 
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Occupational Area 
U.S. Average 
Annual Pay SCAG Imperial 

Los 
Angeles Orange 

Riverside-San 
Bernardino Ventura 

All Occupations $56,310 118% 105% 127% 124% 113% 119% 
Computer and 
Mathematical $96,770 98% 73% 107% 104% 93% 112% 



 
 

 
Southern California Association of Governments 
Transportation Broadband Strategies to Reduce VMT and GHG 
Draft 

23 

EMPLOYMENT 
In terms of employment in various sectors, the SCAG region far exceeded the nation in 
agricultural industries overwhelmingly due to Imperial County. Table 5 shows location 
quotients5 for each county and the region as a whole. While only 1.8% of Imperial County 
employees were extractive industries, that far outstrips the nation. A more substantial 
25% of Imperial County’s employees were in retail, which also far exceeded the nation. 
The region overall was strong in wholesale trade, transportation and warehousing, art, 
entertainment and recreation, retail, and real estate and leasing, in that order. 

The largest location quotient other than agriculture in Imperial was transportation and 
warehousing in San Bernardino County with 12% of the workforce. Riverside had relatively 
high employment in construction but also transportation and warehousing and 
accommodations and food services. Information and unclassified industries were strong 
sectors for Los Angeles. Orange County was particularly strong in arts, entertainment, and 
recreation, real estate, and wholesale trade employment.  

Emerging Industries 

Comparing sector location quotients at prior and recent times shows which industries are 
growing (or declining) relative to the rest of the nation. Mining and related industry in 
Imperial County had the strongest relative growth, but it was a small (1.0%) portion of the 
economy and the sector lost strength in San Bernardino and Ventura Counties. A similar 
situation was evident for utilities, which gained strength in Los Angeles County, and 
Riverside and Orange counties, while losing in San Bernardino and Ventura counties, but 
had a small portion of employment. 

Transportation and warehousing gained strength in San Bernardino, building on recent 
history. This growth occurred to a lesser extent in Riverside but was enough to indicate an 
emerging industry. Orange County had the clearest case of emerging industry in the arts, 
recreation, and culture sector. Although relatively weak in Imperial County, the sector 
gained substantially there. Finance was also relatively weak but had substantial growth in 
Imperial, as did real estate and related, which were historically strong in that county. 

 
5 A location quotient is the percentage of employees in a sector for a county divided by the percentage for 
the nation. A location quotient of 1.0 means the county is equivalent to the nation. Values greater than one 
means the county has relatively more employees in that sector, and fewer employees are evident in number 
less that 1. The larger the value, the more extreme the difference. 
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PAY 
On average across all sectors, pay in SCAG was 109% of the nation, as shown in Table 6, 
based on U.S. Census estimates for 2019. Data for 2021 from the State of California 
Employment Development Office6 compared to similar data for the nation,7 indicates 
even higher relative pay—118% of the nation on average for all occupations. Data 
summarized in Table 7 shows relative pay for the region and counties (the State of 
California combines Riverside and San Bernardino counties) with particularly high levels 
(³120% of national average) highlighted. 

Residents of the region were generally paid more than their counterparts elsewhere in the 
country. Pay was relatively highest in Los Angeles, especially for arts, entertainment, and 
recreation companies. Protective services was the relatively highest paying occupation. 
Los Angeles and Orange counties had numerous occupations, generally more labor-
intensive and lower paying professions, that earned substantially more than the national 
average. Other relatively high wage industries were real estate, accommodations and 
food services, and retail trade. Unclassified firms paid relatively well as did industries with 
relatively small employee bases (e.g., mining).  

Some of the region’s major sectors, specifically accommodations and food services, were 
among the sectors with the lowest average pay, although local pay was generally higher 
than the national average. Pay in the information sector was relatively low across the 
region except for Los Angeles. Finance, retail, transportation, and utilities were also paid 
relatively well in Los Angeles but not other parts of the region. Arts and media 
occupations paid well above average in Los Angeles. Overall, employees in Imperial 
County were paid two thirds of national average and in Riverside they were paid three 
quarters the national average. 

COMMUTING 
Over three quarters of employed persons commuted to work by driving alone. As 
illustrated in Figure 7, the region overall and all counties except Los Angeles had higher 
than average percentage of population commuting by car. Los Angeles had the highest 
percentage of transit riders, exceeding the national average as well as the rest of the 
region. Imperial had the largest percentage of carpoolers and walkers. The region was 
slightly above average for percentage of employed persons working from home. Orange 

 
6 Data sourced from https://www.labormarketinfo.edd.ca.gov/data/oes-employment-and-wages.html#OES. 
7 Data sourced from https://www.bls.gov/oes/current/oes_nat.htm. 
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County had substantially higher percentage of telecommuters than other counties, the 
region, or the U.S. overall. 

 
Figure 7. Percentage of Working Population by Methods of Commuting to Work for the Nation, SCAG Region, and 

Six Counties Compared 

Riverside had the longest commute times. See Table 8. Imperial County commuters had 
the shortest drive but also some of the largest increases in commute time over recent 
years. The SCAG region overall increase in percentage of commuters was greater than the 
nation—over 20% growth for Riverside and San Bernardino counties. The region 
increased the percentage of telecommuters and walkers but had substantial decreases in 
public transit and carpooling. These estimates were for 2019, prior to the COVID-19 
pandemic and associated changes in travel. 

Table 8. Mean Travel Time to Work and 2010-2019 Change by Areas 

Area 

Mean travel 
time to work 

(minutes) 
Change 

2010-2019 
United States 27.6 9.1% 
SCAG Region 30.0 12.3% 
Imperial County 23.7 15.0% 
Los Angeles County 32.8 13.9% 
Orange County 28.3 9.3% 
Riverside County 35.7 12.6% 
San Bernardino County 31.9 8.5% 
Ventura County 27.8 15.8% 
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REGIONAL SUMMARY 
SCAG is a very diverse region—from very rural areas on the east to some of the most 
densely populated areas in the country on the west, with both the largest county and the 
most populous county in the United States. The region generally gained population in 
recent years but some parts of the region—particularly Riverside County—grew relatively 
quickly while others—dense Los Angeles as well as rural Ventura and Imperial counties—
grew slower than the nation.  

While the region was generally younger, more diverse, and better educated than other 
parts of the country, demographics vary greatly across the region. Imperial and San 
Bernardino had relatively young population, while Ventura was generally older. Hispanic 
culture was pervasive in Los Angeles but not so much in Orange. In contrast Orange 
County has a far larger Asian population that the country and the region. Ventura County 
had the largest percentage of white residents, exceeding most of the nation. 

Los Angeles and Orange counties had relatively well-educated and large working age 
populations. Most areas of the region had relatively high pay, particularly for better-
educated workers. Ventura and Orange counties were especially notable for this. Los 
Angeles and Orange counties had large talent pools. In contrast, educated workers in 
Imperial County lagged far behind their peers in pay. Generally, Los Angeles had most of 
the regional workforce, especially in management occupations. 

The region’s economy varied widely from overwhelming dominance of agriculture in 
Imperial County to distinctive strengths in the transportation (San Bernardino) and 
information (Los Angeles) sectors. The clearest evidence of emerging industry was arts, 
culture, and recreation in Orange County. Generally, health care and social assistance 
employment strengthened slightly throughout the region, while administrative and 
management services generally declined. 

Commuting was pervasive and increased in all counties, well ahead of the nation. 
Somewhat fewer people worked from home in Imperial County, and somewhat more in 
Orange County, but the region generally matched the nation on this demographic. Public 
transit use for commuting across the region was well below national levels, although it 
was relatively high in Los Angeles. Given all of the above, Los Angeles, Orange, and 
Ventura counties seem prime for greater adoption of telecommuting. The more rural 
counties lacked the occupations most amenable to telecommuting. Riverside, which had 
the longest commutes, along with Los Angeles and San Berdarndino, was best poised for 
workforce development to enable telecommuting. 
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3. Current Broadband Availability 
To ascertain the impact of broadband substituting for trips, it is necessary to identify 
where broadband is, and is not, available. Broadband availability (BA) is the critical 
intervening variable for determining the relationship between broadband in 
transportation and reduction of VMT. BA varies across geography: Some places have 
abundant, fast, inexpensive broadband. Other places are broadband deficient: 
Consumers have high prices, low speeds, and no options. 

ASSESSING BROADBAND AVAILABILITY 
Broadband availability can be assessed in terms of speed—bandwidth or throughput as 
measured as megabits per second (Mbps)—and costs. Ideally, BA data includes some 
information about speed, if only “faster than” or “slower than” a benchmark. The data 
should also include some cost information. BA data must include geographic location. 
Ideally, this would be a specific, geo-codable street address. It may be aggregated to the 
Census block level, which is the smallest geographic unit of the Census. The entire country 
is divided into Census blocks along geographic and political lines. The actual population in 
a block may vary from zero to several hundred or thousands of people, depending on the 
location.  

Whether BA results from transportation-related strategies is largely dependent on the 
actions of private companies. Thus, data on private companies leasing or otherwise using 
network infrastructure deployed as part of transportation projects would be ideal. Some 
of this data resides in government agencies along with data on deployment of network 
infrastructure (i.e., permits). Providers could be directly asked about the likelihood of 
using network infrastructure deployed as part of transportation projects, but it is 
practically impossible to be sure of this information: People aren’t always forthright and 
plans and priorities change. 

As discussed below, VMT will be analyzed by Transportation Analysis Zones (TAZ), which 
typically have a population of around 3,000 people, although that varies substantially, and 
are constructed of Census blocks. Therefore, BA data may be reported at the TAZ level. 
Similarly, Census block groups are comprised of blocks and have populations of 
approximately 600 to 3,000 persons. While block groups don’t align perfectly with TAZ, 
they generally align, so BA data may be reported at that level.  

Census tracts are larger geographic areas. While they are comprised of Census blocks, 
and relatively permanent boundaries, they are typically defined locally and do not 
necessarily align with TAZ. ZIP codes have similar characteristics and issues. Both Census 
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tracts and ZIP code areas are too large to effectively characterize availability. Therefore, 
BA data should not be aggregated to these geographic levels. 

Broadband availability doesn’t necessarily mean adoption or use, particularly as a 
substitute for travel. Broadband may be available but too expensive, particularly relative 
to income, so people may not actually subscribe to the service, which is the effective 
definition of “adoption.” A subscription to a broadband service does not necessarily mean 
it is used for a particular purpose such as telecommuting, telehealth, or virtual schooling. 
Ideally, we would have data indicating level and type of broadband use. Broadband use 
indicates availability but any data on use must be geo-referenced at some level to analyze 
impact on vehicle travel. 

SOURCES OF DATA ON BROADBAND AVAILABILITY 
BA data is available from multiple sources. The ultimate sources of this data are either 
service providers or consumers. Provider data indicates what the company nominally 
offers in the area. Generally, the provider must offer a service to at least one location in 
an area for it to be considered served. Information provided annually by providers to the 
Federal Communications Commission (FCC) via form 477 is possibly the most notable 
source of BA data from providers.8 Reported down to the Census block level, this data is 
notoriously inaccurate.9 The 477 data does not include information about adoption or 
use. The California Public Utilities Commission (CPUC) collects availability data from 
providers, which it thoroughly validates and reports at the block level.10  

The CPUC also collects information on adoption (subscriptions) but that is only reported 
to the block group level due to data privacy and propriety concerns. The Census Bureau 
collects information on what type(s) of computer, internet, and telephone, if any, 
households have but that, too, is reported only to the block group level.11 

 
8 See https://broadbandmap.fcc.gov/#/ and https://www.fcc.gov/general/broadband-deployment-data-fcc-
form-477 for details on this data source. 
9 See https://www.bbcmag.com/law-and-policy/broadband-mapping-is-a-mess-no-one-knows-what-to-do-
about-it for one of many discussions about the issues with this data. 
10 See https://www.broadbandmap.ca.gov/ for an interactive map of the CPUC data.  
11 Specifically, “Presence and Types of Internet Subscriptions in Household,” which is table B28002, part of 
the American Community Survey topic (universe) of “Households,” for 2019 5-Year Estimates Detailed 
Tables, is located at 
https://data.census.gov/cedsci/table?t=Telephone,%20Computer,%20and%20Internet%20Access&tid=ACSD
T5Y2019.B28002&hidePreview=true.  
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Most consumer sourced data come from individuals running a speed test. The CPUC does 
this via its CalSPEED program.12 The CPUC reports point data for CalSPEED results via the 
state’s broadband map. Unfortunately, there are relatively few such points, possibly 
because this speed test is done via an app that must be downloaded to the individual’s 
computer or smart phone. Multiple organizations provide web-based speed tests, 
including Cloudflare,13 Fusion Connect (formerly Speakeasy),14 GEO Partners,15 M-Lab,16 an 
initiative of the non-profit, Code for Science & Society,17 Ookla,18 and Speedof.Me.19 

The speed tests typically use a computer’s IP address to estimate the physical location. 
Some tests, specifically the version of the M-Lab test offered by the National Digital 
Inclusion Alliance, pull data from the participant’s browser’s location services. The 
respondent must have location services enabled and should agree to sharing this 
information. Beyond that, speed tests cannot automatically determine a respondent’s 
geographic location, so it is necessary to ask the respondent to provide an address. 

The availability of data from speed tests varies. Most provide speed tests and resulting 
data for a fee to providers and public agencies. The National Telecommunications and 
Information Agency (NTIA) sources speed test data from Ookla, as well as M-Lab. This data 
is only viewable online not readily available to be incorporated into geographic 
information system (GIS) mapping for analysis.20 Generally, these organizations are 
opaque about how they conduct their speed tests and generate results. Cloudflare is an 
internet performance and security service that operates an extensive core network, which 
it uses as infrastructure for its speed test. Unfortunately, Cloudflare does not collect 

 
12 Visit http://www.calspeed.org/about.html for more information about the CPUC speed test. 
13 Cloudflare’s speed test is online at https://speed.cloudflare.com/, and the company’s website is 
https://www.cloudflare.com/.  
14 See https://www.speakeasy.net/ for more information about the company and visit 
https://www.speakeasy.net/speedtest/ to run their speed test. 
15 GEO Partners only provides their speed test to public agencies, some of which are listed on their website, 
is https://geopartnersllc.com/. 
16 Find M-Lab’s speed test at https://speed.measurementlab.net/#/, a more complete survey that captures 
geo-location at https://speed.digitalinclusion.org/, and additional information about the organization at 
https://www.measurementlab.net/about/.  
17 Visit https://codeforscience.org/ for more information. 
18 See https://www.speedtest.net/ for Ookla’s speed test and visit https://www.ookla.com/ to find out more 
about the company. 
19 Online at https://speedof.me/.  
20 Users can only export data for specific geographies in CSV format. Visit 
https://broadbandusa.maps.arcgis.com/apps/webappviewer/index.html?id=ba2dcd585f5e43cba41b7c1ebf2
a43d0 to view the map. 
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location data and their data is not readily available. M-Lab is the only organization that 
makes its data readily available.21  

ASSESSING BROADBAND AVAILABILITY 
Given the issues discussed above, the best data source for current purposes is the U.S. 
Census Bureau’s American Community Survey, specifically Table B28002, “Presence and 
Types of Internet Subscriptions in Household.” A full analysis of this data to identify where 
broadband is available and where potential broadband infrastructure expansions would 
be useful is included in section 6, “Transportation Broadband Investment, Penetration, 
and Impacts on VMT and GHG Emissions,” below. 

 
21 Go to http://shredtechular.github.io/m-lab.github.io/faq/ for information about how to directly access M-
Lab’s speed test data. 
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4. Transportation System Performance 
Analysis 

To identify transportation-related factors that contribute to greenhouse gas (GHG) 
emissions influence VMT, transportation system performance data was reviewed and 
analyzed based on several information sources including SCAG’s activity-based model 
(ABM). This section22 summarizes the analysis results. SCAG’s ABM adopts a true activity-
based approach by focusing explicitly on activity episode generation and their 
characteristics. Key ABM model characteristics include: 

• Creates robust socio-economic characteristics for each person and for each 
household in the SCAG region. 

• Simulates daily activities and travel patterns of all individuals in the region, as 
affected by transportation system level of services. 

• Predicts decisions “whether, when, where, for how long, with whom and in what 
sequence” to participate in activities. 

• Simulates the effects of transportation and land development investments and 
policies on the quality (time and cost) and quantity (traffic volume, congestion, and 
vehicle miles traveled) of travel by different modes (walk, bike, transit, and auto). 

• Generates performance indicators, conformity analysis, and environmental justice 
analysis for the 2016 RTP/SCS. It is being developed to be capable of analyzing the 
impact of infrastructure investment, land use development, pricing policy, active 
transportation, high speed rail, and travel demand management. 

Existing Data Evaluation 

For this study, the project team worked with SCAG staff to exam the 2016 baseline and 
2045 future year transportation system performances using SCAG ABM. The results are 
presented below. The project team also collected safety metrics from the Connect Socal 
Performance Measure Report. The safety metrics are presented here as well. To better 
understand the effects of telecommunicating on VMT and emission, the project team 
reviewed some past studies and summarized major findings in Section 1 of this report.  

 
22 This section of the report was developed by DKS Associates, Inc. 
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LEVEL OF CONGESTION 
The project team examined SCAG ABM 2016 network wide annual vehicle miles travelled 
(VMT), vehicle hours travelled (VHT), vehicle hours delay (VHD) and volume to capacity 
ratio (V/C) along all links within the roadway network. The results are shown in Table 9. 

Table 9: SCAG ABM 2016 Level of Congestion Metrics 

 VMT VHT VHD 

PASSENGER VEHICLES 427,205,797 12,170,601 2,484,014 

LIGHT TRUCKS 5,877,749 134,496 25,694 

MEDIUM TRUCKS 4,345,778 100,475 18,443 

HEAVY TRUCKS 20,960,500 409,955 68,076 

TOTAL 458,389,824 12,815,527 2,596,227 

Overall, in 2016, over 458 million vehicle miles were travelled within the SCAG region. The 
annual delay is about 2.6 million vehicle hours. 

The V/C ratios during the AM and PM peak periods are plotted and shown in Figure 8 and 
Figure 9, respectively. As shown in these two figures, PM peak is more congested than AM 
and the most congested is the City of Los Angeles area. Interstate Highway (IH) 5 also sees 
significant congestion during both AM and PM peak periods. 

Figure 10 is an exhibit from the Connect SoCal Performance Measures Technical Report 
(ConnectSoCal.org, 2020) which demonstrates the SCAG region freeway PM peak speed in 
2016.
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Figure 8. SCAG ABM AM V/C Plot: Base Year 2016 
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Figure 9. SCAG ABM PM V/C Plot: Base Year 2016 
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Figure 10. FREEWAY PM PEAK SPEED MAP: Base Year 2016 



 
 

 
Southern California Association of Governments 
Transportation Broadband Strategies to Reduce VMT and GHG 
Draft 

36 

ORIGIN-DESTINATION 
Trip characteristics of the 374 SCAG travel demand model Transportation Analysis Zones 
(TAZs) identified as having low quality broadband access were evaluated using StreetLight 
data.23 This section outlines the trip characteristics of the origin and destination trips of 
the 374 zones to and from all the zones in the SCAG model area. 

Origins 

The data estimates 965,385 trips from the identified zones in the p.m. peak period (3 p.m. 
to 7 p.m.).  

• The average number of trips between two specific TAZs is 5 
• The maximum number of trips between two specific TAZs is 4,328 
• The average proportion of Home Based Work trips between zones24 is 19 percent 
• The average proportion of Home Based Other trips between zones2 is 46 percent 
• The average proportion of Non-home based trips is 35 percent 

Destinations 

The data estimates 926,196 trips to the identified zones in the p.m. peak period (3 p.m. to 
7 p.m.). 

• The average number of trips between two specific TAZs is 9 
• The maximum number of trips between two specific TAZs is 4,335 
• The average proportion of Home Based Work trips between zones2 is 18 percent 
• The average proportion of Home Based Other trips between zones2 is 47 percent 
• The average proportion of Non-home based trips is 35 percent 

Trip length statistics25 

• The weighted average (by volume) trip length is 6.5 miles for trips starting in the 
analysis zones 

• The weighted average (by volume) trip length is 5.5 miles for trips destined to the 
analysis zones 

• The minimum trip length (excluding trips within a single TAZ) is 0.2 miles 

 
23 Identification of non-broadband areas is outlined in the Broadband Quality Methodology memorandum 
10/20/21 
24 Based on OD pairs with more than 20 trips. 
25 Trip length statistics were calculated from the SCAG Regional Model using non-zero OD pairs from 
Streetlight. This provides a point of comparison between the existing conditions baseline and the 
broadband sensitivity analysis which will rely solely on output from the SCAG regional model. 



 
 

 
Southern California Association of Governments 
Transportation Broadband Strategies to Reduce VMT and GHG 
Draft 

37 

• The maximum trip length is 218.8 miles 

These summary statistics provide a description of baseline traffic conditions and patterns 
for origin and destination demand in the analysis zones. They will inform the adjustments 
made to the origin-destination matrix to account for the improvements to broadband 
accessibility which will be discussed in a later memorandum. 

SAFETY 
On average, each year in Southern California, 1,450 people are killed, 5,500 are seriously 
injured, and 124,000 are injured in traffic collisions (SCAG, 2021). Each year, SCAG works 
with the state to develop annual safety targets to comply with federal requirements. They 
work together to assess fatalities and serious injuries on all public roads and set safety 
targets at the statewide and regional levels. Table 10 lists the 2021 transportation system 
safety targets for the SCAG region (SCAG, 2021) along with the 2016 baseline 5 year rolling 
average and 2017 single year data (ConnectSocal.org, 2020). 

SCAG is now working towards achieving annual reductions of 3.5 percent in fatalities and 
serious injuries until 2050 (roughly aligning with the horizon year of Connect SoCal, 2045), 
at which time the region is targeted to experience zero traffic-related fatalities. 

Table 10. Transportation Safety SCAG Regional Targets 

PERFORMANCE MEASURE 2016 BASELIINE 5-YEAR 
ROLLING AVERAGE 

2017 
SINGLE 

YEAR 

2021 SCAG 
REGIONAL 
TARGET26 

NUMBER OF FATALITIES 1,403 1,505 1,622 

FATALITY RATE (PER 100 MILLION 
VMT) 0.88 0.906 1.32 

NUMBER OF SERIOUS INJURIES 5,044 6,386 6,672 

SERIOUS INJURY RATE (PER 100 
MILLION VMT) 3.162 3.843 5.45 

TOTAL NUMBER OF NON-MOTORIZED 
FATALITIES + SERIOUS INJURIES 2,046 2,118 2,212 

Note: Figures refer to number of victims, not number of collisions 

  

 
26  
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5. Broadband in Transportation Projects 
Inclusion of broadband infrastructure, specifically conduit, in transportation projects is a 
general tactic for increasing broadband availability. Essentially, this tactic is to capitalize 
on public expenditures to reduce capital expenses for private companies. There are 
aspects, or more specific tactics, to this: One tactic is simply to minimize deployment costs 
for both public and private efforts. The second is to acquire or reallocate funding to 
projects that deploy network infrastructure. This section is a detailed consideration of 
both.   

COSTS ESTIMATES AND COST REDUCTION TACTICS 
The costs to deploy conduit, based on recent schedules of value for CalTrans projects, are 
summarized in Table 11. Conduit might be deployed as a standalone project or as part of 
another, larger project involving excavation, creating an open trench. Full deployment cost 
is 26 times greater than open trench deployment due to labor and project overhead costs. 
Overall, based on these assumptions, installing conduit as part of a transportation project 
will reduce total costs by 83% from over $310K per mile to under $55k. 

Table 11. Cost to Deploy Conduit in Highway Rights-of-Way 
 

Each or  
Per Foot Per Mile 

Conduit Full Deployment $51.84 $273,702 
PVC conduit $3.20 $33,825 
Pull boxes $1,998.96 $9,994.79 

Conduit Full Deployment Cost $317,522 

Open Trench Deployment $2.00 $10,560 
PVC conduit $3.20 $33,825 
Pull boxes $1,998.96 $9,994.79 

Open Trench Deployment Cost $54,380 

The conduit itself is continuous plastic (PVC) in 1.5” to 3” in diameter. It costs $3.20 per 
linear foot on average. Typically, at least two conduits would be deployed together. A pull 
box, which costs about $2,000 each, is required every 1,000 to 1,500 feet or 5 per mile on 
average. These components fully meet standards set by the Institute of Electrical and 
Electronics Engineers (IEEE), Building Industry Consulting Services International (BICSI), 
National Electrical Contractors Association (NECA), American National Standards Institute 
(ANSI), and Telecommunications Industry Association (TIA). 
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Cost Reduction Tactics 

The most basic cost reduction tactic is to place conduit in the ground whenever a trench is 
dug. Many transportation projects involve excavation or other ground disturbance that 
doesn’t necessarily involve a trench, per se—installing a sidewalk or resurfacing a road, for 
examples. The key to joint build opportunities is that some element of a transportation 
project might reduce the cost of network construction. Traffic rerouting costs may be 
eliminated, for example, and engineering costs substantially reduced by literally building 
broadband into transportation projects. In most cases, “joint build” literally involves 
different parties building different things at the same time. While this can greatly reduce 
overall costs, as discussed below, it requires substantial coordination. 

The other cost reduction tactic is “value engineering,” which is a methodical approach to 
delivering required functionality at the lowest possible cost. It is a practically universal 
practice in telecommunications. The major issue with value engineering is that by 
eliminating components or features not required for immediate purposes, infrastructure 
may require extensive rework to accommodate additional purposes in the future. For 
example, fiber routes are often value-engineered to serve specific sites, which involves 
selecting the shortest, least-cost route and minimizing physical access points along it, 
regardless of other sites (or future sites) in the area. Consequently, adding sites near such 
a route effectively requires a new build, whereas a route designed to accommodate 
additional sites and growth could be extended at minimal costs. 

OPTIONS FOR FUNDING BROADBAND IN 
TRANSPORTATION PROJECTS 
A major option for funding broadband in transportation projects is simply to include 
conduit in any project that meets basic criteria, such as “more than 300 lineal feet” and/or 
“involves ground clear more that 6 inches deep and 3 feet wide.” While the conduit would 
need additional excavation to be placed 36” below surface, this would cause relatively a 
small marginal increase in project costs but huge cost savings for deploying fiber-optic 
cable. Changes in federal and state policies are required to allow use of transportation 
assets and funds for broadband and to make conduit a standard component of projects. 
There would need to be specific rules and/or on-going governance to ensure conduit isn’t 
dropped from projects due to cost overruns or similar issues. 

California Assembly Bill 41 requires the Department of Transportation, as part of those 
projects that are funded by a specified item of the Budget Act of 2021 and that are located 
in priority areas, to use the project planning phase to ensure that construction projects 
include the installation of conduits capable of supporting fiber-optic communication 
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cables. It also requires the CPUC, in collaboration with other relevant state agencies and 
stakeholders, to maintain and update a statewide, publicly accessible, and interactive map 
showing the accessibility of broadband service in the state. 

Capital Improvements to Other Infrastructure 

While transportation capital improvements are prime opportunities to deploy network 
infrastructure, other capital improvements may also be opportunities to deploy network 
infrastructure. Power and water utility improvements are potentially even a better fit with 
broadband than transportation. Development of and improvements to public facilities can 
also be excellent opportunities to economically deploy network infrastructure. Many 
schools have high-capacity connections today due to public subsidies to private providers. 
Ironically, students and their families around the schools often remain underserved 
because the providers had no reason to build or improve access infrastructure for the 
community. Numerous school districts around the country are leveraging capital 
improvements to facilities to extend access. Local governments are using similar tactics 
with community centers, fire stations, parks, et cetera 

Development Agreements, Joint Build, and Other Partnerships 

Transportation agencies could partner with private companies to deploy conduit and 
other network infrastructure. Generally, this would involve an agreement on how the 
infrastructure assets might be used, under what circumstances specific assets would be 
deployed, and how any expenses and revenue would be allocated to the partners. By the 
same token, federal and state transportation agencies may more actively partner with 
city, county, and regional agencies.  

As directed by California Senate Bill 156, state agencies including the California Public 
Utilities Commission and California Department of Technology are planning a statewide 
middle-mile network with multiple routes through the SCAG region. It should be possible 
to identify numerous cost efficiencies and joint build opportunities by engaging in this 
middle-mile network planning. It is almost certain that large amounts of private capital will 
mobilize in parallel with this effort. Local public investment will be necessary to capitalize 
on the state middle mile network and attract private investment. 

The private partner(s) would need to be involved in planning activities to identify joint 
build opportunities and ways in which projects would need to be modified to 
accommodate broadband. There would also have to be on-going coordination at both 
executive and front-line levels. The public agencies involved would need to monitor, if not 
directly manage, use of the asset. To the extent that local jurisdictions partner with state 
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and federal agencies, they will need capacity to manage those relationships and monitor 
use of jointly owned or shared assets. 

Real estate developers might also be included in these arrangements. Many jurisdictions 
include conduit, if not fiber, as conditions for development. Typically, the developer 
absorbs the capital expense and passes it on to buyers as part of the purchase price then 
deeds the network assets over to the jurisdiction just as with easements, lights, roads, and 
sidewalks. As with other partnership options, this tactic requires the jurisdiction to ensure 
plans include network assets as appropriate and track use of the public assets. 

Grants and Low-cost Loans 

Not only are the equipment, materials, and services required for broadband rather costly, 
money to pay for those items can be quite costly. Indeed, the cost of money in the form of 
finance fees and interest can be the largest cost for broadband development. There are 
multiple grants and low-cost loans available for broadband development. Most notably, 
both the American Rescue Plan Act (ARPA) and the Infrastructure Investment and Jobs Act 
(IIJA) include funding for network infrastructure. The State of California allocated $540M of 
ARPA funds for capital Projects. It has established a RAISE Transportation Fund27 totaling 
$100M total, providing up to $25M per project. The U.S. Departments of Agriculture and 
Commerce offer financial support for broadband. Some of these programs, particularly 
those that fund actual construction, are only available for rural areas and require 
applicants or their partners to have an established broadband business. 

State of California broadband policy is very supportive of broadband infrastructure 
expansion. Governor Newsom’s Executive Order on broadband policy explicitly directs 
state agencies to seek to close the “Digital Divide”, which includes support for local 
government broadband deployments. The recently ratified California Senate Bill 156 
contains provisions which fund and allow middle-mile facilities to be provided by 
municipal authorities. The Broadband Loan Loss Reserve Fund authorized by SB 156 will 
support necessary borrowing to construct middle-mile facilities although the fund is not 
yet operational (SB 156 was just recently signed into law) and the CPUC has not yet 
developed the required rules and regulations.   

Revenue Generation 

Broadband can fund itself. Network infrastructure consists of valuable real assets that can 
be leased for use. The entity that owns the assets can supplement them with network 
equipment to provide broadband services directly to consumers or to internet service 

 
27 The Rebuilding American Infrastructure with Sustainability and Equity discretionary grant program was 
established under the IIJA through the US Department of Transportation. 
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providers. Of course, this requires establishing a fully staffed broadband enterprise with 
all necessary ancillary assets and systems—buildings, software, vehicles, et cetera—or 
partnering with an existing provider. While this increases the upfront investment, it is the 
approach most likely to generate excess revenue to support broadband expansion. 

6. Transportation Broadband Investment, 
Penetration, and Impacts on VMT and 
GHG Emissions 

This section28 presents the results of the analysis performed to quantify the potential for 
VMT and GHG emission reduction benefits resulting from expanded broadband access, 
coupled with assumed employer-based policies for telecommuting flexibility, for non-
essential workers in the SCAG region. The process to screen Transportation Analysis 
Zones (TAZ) associated with broadband access is first described. TAZs identified as having 
low or no broadband were identified. The Home-Based-Work trip generation of the non-
broadband TAZs were then modified based on the expected benefit of improved 
broadband. Three future scenarios were developed and reflected by modifying the future 
year SCAG regional activity-based travel demand model trip tables. The SCAG model 
results provide the potential transportation system VMT reduction benefit of improved 
broadband in the SCAG region associated with journey-to-work trips. The VMT results 
were then input into the California Air Resources Board emissions model EMFAC to 
determine the on-road mobile source GHG emission reductions of each scenario. 

STEP 1: PRE-SCREENING AT THE BLOCK GROUP LEVEL  
Census table B28011 “Internet Subscriptions in Household” contains information on the 
status of internet service in households. This table was used to index each block group by 
the proportion of households with a broadband internet connection. The broadband 
status for each block group is based on a ratio of the percentage of households with 
broadband internet to the percentage of households with slow or no internet access, i.e., 
the area's “Broadband Index.” If more than 50 percent of households within a block group 
had a broadband connection, then it was considered a broadband block group. Block 
groups without population were automatically removed. A block group with a Broadband 
Index greater than 0.0 is considered a “broadband block group” and those with an index 
equal to or less than 0.0 is considered a “non-broadband block group.”  

 
28 This section was produced by DKS Associates. 
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This binary cutline was used to classify each block group. These block groups were then 
aggregated to the TAZ level (using the TAZ 1 layer in the SCAG regional travel demand 
model). The same relationship was applied again at this geography and TAZs with less 
than 50 percent of the households from a served block group with broadband were 
retained (Broadband Index of <0.5). The TAZs with parent non-broadband block groups 
represent higher density underserved areas. These TAZs are referred to as “Non-
Broadband TAZs” and are shaded as teal in Figures 11-14. 
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Figure 11. Non-Broadband Areas (shown in Teal): Region 
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Figure 12. Non-Broadband Areas (shown in Teal): South LA/Long Beach Sub-Area 
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Figure 13. Non-Broadband Areas (shown in Teal): San Bernardino Sub-Area 
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Figure 14. Non-Broadband Areas (shown in Teal): Imperial/Riverside Sub-Area 
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STEP 2: HOUSEHOLD BROADBAND ADOPTION BY TAZ 
With the underserved TAZs identified, the proportion of the households within each zone 
were calculated. This calculation relied upon the same census data table B28011, with 
data at the block group level, and aggregated to the TAZ level. These TAZs and their 
characteristics are shown in Appendix A. There are 374 non-broadband TAZs identified 
with an average broadband service ratio of 43 percent (unweighted). The total number of 
households projected to locate in these TAZs is 441,712. This represents 5.8% of the total 
households in the SCAG region under 2045 conditions.  

Region-wide the median total households for income distribution per TAZ are 458, 476, 
410, and 141 for low income, median income, high income, and very high income, TAZs 
respectively (see Figure 15). Within the sample of non-broadband TAZs the median total 
households for income distribution are 605, 394, 174, and 45 (see Figure 16). These 
results show that within the non-broadband zones there is a significantly higher 
proportion of low-income households.  

 
Figure 15. Household median Income Distribution   
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Figure 16. Non-broadband Median Income Distribution 

STEP 3: MODEL ADJUSTMENTS 
Given that some workers will have the flexibility to work remotely at home, assuming 
adequate broadband service, while others (i.e., essential workers) will be unable to work 
remotely regardless of their household broadband status, the overall benefit to the 
transportation system will be related to the proportion of essential versus non-essential 
workers in each TAZ. In addition, two different behavior scenarios were assumed to 
examine the potential benefit of broadband expansion. 

1. The Shelter in Place Behavior (SIPB) proportion was determined using location-
based services data from StreetLight Data. Using time intervals from various closing 
and reopening periods during the COVID-19 pandemic, origin-destination volumes 
between the non-broadband TAZs and all other zones were collected. The average 
difference, relative to traffic volumes in 2019, was used to create an initial factor. 
This factor was further adjusted using the proportion of home-based work (HBW) 
trips between zones.   

2. The Upper Bound Behavior (UBB) proportion was determined using the 
classification from the Department of Homeland Security – Cybersecurity and 
Infrastructure Security Agency for the North American Industry Classification 
System (NAICS) and the number of workers in each NAICS category in the SCAG 
model TAZ. Non-essential workers’ preferences and employer flexibility to work 
remotely is assumed to be 100 percent. 
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Based on these two travel behavior responses, the AM and PM peak auto trips29 in the 
2045 SCAG Activity Based Travel Model origin-destination (OD) trip table were factored at 
the TAZ level to yield the following three potential broadband commuter markets: 

1. Non-Broadband Expansion Increment – Shelter in Place Behavior (NBEI-SIPB): 
This scenario reflects changes to the SCAG travel demand model trip matrices using 
the SIPB factor for each underserved TAZ. This analysis reflects the potential 
incremental change in vehicle activity assuming quality broadband service is 
expanded to non-broadband areas and the mixed adoption of worker preference 
emulates the empirically observed travel characteristics during the various shelter-
in-place order inflection points experienced during the COVID-19 pandemic in 2020 
and 2021. This analysis reflects only the incremental benefit resulting from 
adoption within current non-broadband areas. It does not assume any benefits 
associated with areas currently served by broadband in the SCAG region. 

2. Non-Broadband Expansion Increment - Upper Bound Behavior (NBEI-UBB): 
This scenario reflects changes to the SCAG travel demand model trip matrices using 
the UBB factor for each underserved TAZ. This analysis shows the potential change 
in vehicle activity assuming quality broadband service is expanded to non-
broadband areas and 100 percent of non-essential worker’s preference and 
employer flexibility to work remotely is achieved. This analysis reflects only the 
incremental benefit resulting from adoption within current non-broadband areas. 

3. Total Broadband – Upper Bound Behavior (TB-UBB): This scenario reflects 
changes to the SCAG travel demand model trip matrices using the UBB factor for all 
TAZs independent of existing broadband status. This analysis shows the change 
in travel patterns that could be expected from 100 percent broadband adoption 
and 100 percent non-essential worker’s preference and employer telecommute 
flexibility in both broadband and non-broadband areas. 

STEP 4: SCENARIO ANALYSIS 
The three factored trip tables described above were submitted to SCAG for model 
execution. Each of the scenarios below were executed independently to isolate their 
relative benefits.   

A. 2045 Future Baseline - Pre-Pandemic Travel Behavior – SCAG RTP/SCS Preferred 
Scenario 

B. 2045 Non-Broadband Expansion Increment – Shelter in Place Behavior 
C. 2045 Non-Broadband Expansion Increment – Upper Bound Behavior 

 
29 Off-peak matrices are not factored. 



 
 

 
Southern California Association of Governments 
Transportation Broadband Strategies to Reduce VMT and GHG 
Draft 

51 

D. 2045 Total Broadband – Upper Bound Behavior (region wide) 

The following travel and operational metrics of Scenarios B-D was compared with 
Scenario A to determine the relative benefits of each scenario. This includes an 
assessment of how optimistic the upper bound market scenarios are relative to travel 
behavior observed during the shelter-in-place restrictions. 

• Vehicle Miles of Travel (Regionwide) 
• Vehicle Hours of Travel (Regionwide) 
• Volume Difference Plots of SCAG Network 

STEP 5: TRANSPORTATION SYSTEM BENEFIT RESULTS 
Network difference plots shown in Figures 17-22 show the change in traffic volume on 
roadways resulting from each broadband scenario (Scenarios B-D) relative to the future 
baseline condition (Scenario A) during the AM and PM peak period respectively. Based on 
these plots, key roadways in the system projected to yield the highest trip and VMT 
reduction benefit resulting from greater broadband adoption were identified (shown with 
a green band). These roadways and projected volume reductions are provided in each 
figure. For Scenarios B and C (Expansion Increment Figures 17-20), the most heavily 
utilized roadways serve areas (i.e., TAZs) that have a disproportionately greater proportion 
of disadvantaged households relative to areas currently served by broadband. These 
include I-10, I-110, I-605, I-710, SR 215, SR 91, SR 72, SR 42 and several local arterials 
(North Waterman, South Atlantic Boulevard, Riverside Drive, East 7th, Figueroa Street, 
West 120th). With less volume and therefore less VMT, it can be surmised that peak 
period operations would improve (i.e., less delay) and with less conflict exposure (i.e., less 
VMT), collision rates would also decrease suggesting a safety benefit, or at minimum, a 
neutral safety implication on these facilities. 

Table 12 provides the percent reduction of regional vehicle hours of travel during the 
AM/PM peak periods respectively. Based on the results, peak period vehicle hours of 
travel decrease between 3-6% under the incremental scenarios (B and C) and between 50-
55% under the regionwide upper bound scenario (D). 

Table 12. Peak Period Vehicle Hours of Travel Comparison 

 Period 
AM PM 

2045 Baseline 2,950,217 4,345,241 
2045 Increment SIP 2,843,388 4,213,802 
2045 Increment UBB 2,814,035 4,099,249 
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 Period 
AM PM 

2045 Total UB 1,978,484 2,802,368 
Increment SIP Diff -106,829 -131,438 
Increment UBB Diff -136,182 -245,991 
Total UBB Diff -971,733 -1,542,873 
Increment SIP % Reduction -3.8% -3.1% 
Increment UBB % Reduction -4.8% -6.0% 
Total UBB % Reduction -49.1% -55.1% 
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Figure 17. 2045 AM Peak Period Volume Difference Plot: Non-Broadband Expansion Increment – Shelter in Place Behavior vs. Future Baseline  
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Figure 18. 2045 PM Peak Period Volume Difference Plot: Non-Broadband Expansion Increment – Shelter in Place Behavior vs. Future Baseline 
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Figure 19. 2045 AM Peak Period Volume Difference Plot: Non-Broadband Expansion Increment - Upper Bound Behavior vs. Future Baseline 
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Figure 20. 2045 PM Peak Period Volume Difference Plot: Non-Broadband Expansion Increment - Upper Bound Behavior vs. Future Baseline 
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Figure 21. 2045 AM Peak Period Volume Difference Plot: Total Broadband – Upper Bound Behavior vs. Future Baseline 
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Figure 22. 2045 PM Peak Period Volume Difference Plot: Total Broadband – Upper Bound Behavior vs. Future Baseline 
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VMT AND EMFAC GHG RESULTS 
The VMT results for Scenarios A, B, C, and D were stratified by speed class based on 
SCAG’s regional VMT by speed class distribution used for on-road mobile source 
emissions estimates/inventories. Total on-road mobile source emissions of carbon 
dioxide (i.e., GHG) associated with each scenario was generated using the latest 
emissions model EMFAC2021 developed by the California Air Resources Board. The 
deltas between the three broadband scenarios (Scenarios B-D) relative to the future 
baseline (Scenario A) yield the relative benefit of these futures. The VMT and CO2 
reduction results are provided in Table 13. 

Table 13. SCAG Travel Demand Model Reassignment Results 

Scenario 
Total VMT 
LDA/LDT 

Percent 
Change 
of Total 

VMT 

CO2 

(tons 
per day) 

Percent 
Change of 
Total CO2 

A: 2045 Baseline 459,090,327 - 164,369 - 
B: 2045 NBEI-SIPB 454,523,915 -1.00% 163,009 -0.89% 
C: 2045 NBEI-UBB 451,795,887 -1.61% 162,185 -1.43% 
D: 2045 TB-UBB 400,444,110 -14.65% 148,397 -11.48% 

Results indicate that broadband expansion into areas of the SCAG region that 
currently do not have access to quality broadband service (as defined in this study) 
could result in daily VMT reductions of between 4.6 million and 7.3 million 
depending on travel behavior and employer telecommuting policies for non-
essential workers. These absolute reductions equate to a 1-2 percent reduction of 
regionwide daily VMT. These relative benefits should be expected given that this 
analysis focused exclusively on a single trip purpose – the Home-Based Work trip 
whose activity predominantly occurs during a sub-set of a given weekday (i.e., AM 
and PM peak period or approximately six hours). Benefits of other trip purposes 
that could benefit from broadband expansion to reduce vehicle trips (e.g., tele-shop 
or tele-health) are not reflected in this analysis.  

In addition, based on the operative definition of broadband vs. non-broadband 
area used in this analysis, expansion into currently underserved areas is projected 
to augment broadband service to just 6 percent of total households in the SCAG 
region by 2045. These non-broadband areas are characterized as having 
disproportionately greater disadvantaged households and therefore a larger 
proportion of essential workers. The commuting characteristics of essential 
workers will not be affected by broadband access.  
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Analyzing the SCAG region as a whole (including both current broadband and non-
broadband areas) and assuming 100 percent of non-essential workers 
telecommuting, daily VMT reductions approach 59 million which translates to 
nearly a 15% reduction. This should be considered the upper bound on what is 
possible from broadband expansion and supportive polices in the SCAG region. 

The CO2 emission reductions resulting from broadband expansion into areas of the 
SCAG region that currently do not have access to quality broadband service range 
between 0.9-1.5%. The regionwide upper bound analysis yields a percent reduction 
of CO2 of 11.5%. The projected VMT reductions result in lower percentage 
reductions of daily CO2 emission reductions given that the VMT reductions were 
applied to only the Light-Duty Auto (LDA) and Light-Duty Truck (LDT-1 and LDT-2) 
vehicle class and technology groups which are lower emitting vehicles. Also, by 
2045 the light-duty vehicle fleet demographics/composition will reflect a relatively 
cleaner fleet that what exists today (i.e., fleet turnover from the market penetration 
of newer cleaner light-duty vehicles over time).  

NEXT STEPS 
The following analyses are logical enhancements or follow-ups to the analysis 
described above.  

Refine the Definition of Broadband Availability 

This analysis based the definition of broadband availability using a “Broadband 
Index” based on Census estimates of the number of households with various types 
of internet subscriptions. A block group with a Broadband Index greater than 0.0—
more than 50 percent of households within that block group had an internet 
connection considered to be broadband—is considered a “broadband block group.” 
Those with an index equal to or less than 0.0 is considered a “non-broadband block 
group.” Block groups without population were automatically removed.  

This binary cutline was used to classify each block group for analysis. Greater 
granularity was beyond the scope of this study due to limited data. A more 
meaningful definition of broadband availability would be based on multiple criteria, 
including cost and speed/throughput. More importantly, since broadband is 
provisioned to and utilized at specific locations—locations right next to one another 
can have very different internet service options—a more refined analysis requires 
address specific data on available and taken services. Analysis should begin at the 
finest level—the “customer premise”—which can then be aggregated to block, block 
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group, TAZ, and other geographic levels. This would improve the accuracy of the 
analysis and its usefulness for informing policy. 

Additional Scenario for Next Cycle SCAG RTP/SCS 

“Scenario A: 2045 Future Baseline - Pre-Pandemic Travel Behavior” reflects SCAG’s 
most recent Preferred Scenario.30 The plan reflects significant investments in 
alternatives to single occupancy auto use including transit and active 
transportation. By 2040, over 170,000 miles of bus routes and 72,000 miles of 
transit rail will be added to the system. This will allow over 45 percent of the total 
household growth and 55 percent of total employment growth to locate within 
high-quality transit areas. In 2018, the California Air Resources Board (CARB) 
revised SCAG’s GHG emission reduction target from -13% by 2035 relative to 2005 
levels to -19%. Achieving additional VMT and therefore GHG emission reductions to 
meet this target and future adjustments to the target by CARB are critical measures 
of the plan’s success.  

GHG emission reductions resulting from broadband expansion is an obvious 
programmatic strategy that SCAG can credit towards achieving these state 
mandated targets. Scenarios B and C of this analysis serve to isolate the potential 
benefit of expanding broadband to unserved areas. Scenario D reflects the upper 
bound of both broadband expansion and permissive telecommuting policies 
regionwide and would not suffice as a SCS scenario. It would be appropriate to 
analyze an additional scenario— “Total Broadband – Shelter in Place Behavior”—as 
it represents a more plausible future and could be more acceptable to CARB. 

  

 
30 The Preferred Scenario in SCAG’s Regional Transportation Plan and Sustainable Community 
Strategy (RTP/SGS), Connect SoCal, is the operative combination of planned transportation 
improvements coupled with the preferred land use scenario. 
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7. Conclusions and Implications 
Telecommuting clearly reduces VMT and has a substantial impact on GHG 
reduction. If broadband were expanded in underserved areas, identified in Figures 
11-14 [in section 6], and all non-essential workers telecommuted, there would a 
15% reduction in VMT, and GHG emissions would be reduced 11.5%. While this 
scenario is unlikely, this analysis does not account for broadband replacing travel 
for other purposes than commuting (doctor visits, school, shopping, et cetera). Nor 
does it consider how essential workers’ travel might be impacted by these changes 
or complementary improvements such as intelligent traffic management and lower 
emission vehicles. 

Including network infrastructure assets in transportation projects is much more 
economical than deploying them as stand-alone projects. The cost to drop conduit 
in an open trench is only about 1/6 the cost of deploying it as a standalone 
construction project. Even with the cost of fiber, this equates to effectively cutting 
the cost of backbone or middle-mile infrastructure development in half. Presuming 
conduits were included in transportation projects through areas underserved by 
broadband, costs for providers to expand their geographic coverage and improve 
service offerings would be substantially reduced. Figures 11-14 point to locations 
within the SCAG region where broadband infrastructure expansion would be 
beneficial. 

Assets deployed in transportation projects may be incorporated into systems for 
providing retail broadband and other network services to the area around those 
projects. The assets must be accessible to providers and must comport with 
providers’ build models and overall strategy. In most situations, network assets 
deployed as part of transportation plans will comprise only a fraction of the 
infrastructure necessary to deliver services to the customer. Such reductions in 
barriers to market entry may not be enough to drive expansion by private 
companies. Public investment intentionally aligned with market demand as well as 
public priorities for broadband and digital inclusion is likely necessary to increase 
availability.  

Even with increased broadband availability, actual reductions in VMT and GHG 
emissions will depend on changes in employers’ policies and practices as well as 
adoption by consumers and use for telecommuting and other purposes that 
substitute for vehicular travel. Digitalization is the process of replacing labor-
intensive manual activities with automated functions, including changes that 
reduce the need for driving. Internet service providers are more likely to invest in 
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areas with programs to promote digitalization because it translates into more 
revenue for them. 

The comprehensive maps of the region in this report illustrate to the extent 
possible how the SCAG region is served by broadband. Along with the conclusion 
that a significant portion of the SCAG region is underserved, the analysis highlights 
the profound limitations of available data. There is no detailed data on where 
broadband is deployed, what services are offered, and what it costs. Data on the 
geographic distribution of adoption and use are also lacking. The most consistent, 
valid source of data—the Census Bureau’s American Community Survey—is not 
localized to a level necessary for assessing broadband access. Data from other 
sources is inconsistent or of dubious validity. Address-level information about 
current demand, infrastructure, and services would enable investment and 
effective policy making.   
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APPENDIX A. UNDERSERVED BROADBAND TAZS 
T1_TAZ BROAD

_PER 
LINC_H

H 
MINC_

HH 
HINC_

HH 
VHINC

_HH SFDU MFDU LINC_
WRK 

MINC_
WRK 

HINC_
WRK 

TOT_E
MP 

TOTLO
W_EM

P 

TOTME
D_EMP 

TOTHI
G_EMP 

43594000 41% 326 165 243 30 367 397 248 114 103 308 151 62 95 
53995000 46% 273 171 91 11 417 129 295 175 28 348 219 103 26 
43595000 36% 15 42 43 0 43 57 42 9 14 18 9 6 3 
53885000 15% 56 33 14 4 23 84 43 36 5 18 4 7 7 
43589000 38% 496 187 54 28 666 99 472 104 46 230 138 58 34 
43597000 34% 54 40 15 5 57 57 6 2 1 20 6 11 3 
43579000 3% 205 56 15 1 83 194 258 25 3 119 46 32 41 
14003000 46% 567 208 328 167 1210 60 842 362 438 1660 1080 298 282 
43470000 12% 512 477 172 80 581 660 142 61 33 471 263 137 71 
43585000 32% 107 93 35 4 137 102 127 49 16 92 8 22 62 
53994000 21% 21 5 3 3 30 2 8 8 3 0 0 0 0 
53882000 19% 19 9 5 0 21 12 26 10 0 111 39 16 56 
43577000 5% 1064 391 219 56 550 1180 778 176 111 807 412 247 148 
43582000 21% 0 0 1 0 1 0 0 1 0 0 0 0 0 
14001000 22% 1136 624 316 16 1406 686 1594 607 75 342 190 31 121 
14004000 46% 18 15 5 0 32 6 20 11 1 15 7 5 3 
43469000 26% 253 343 186 36 408 410 169 101 35 202 63 72 67 
43596000 47% 170 79 67 118 391 43 32 22 29 107 46 16 45 
43467000 34% 325 284 84 36 402 327 85 75 17 184 96 45 43 
43444000 25% 127 58 29 8 55 167 98 40 23 77 65 7 5 
43443000 49% 210 262 266 126 553 311 244 253 175 313 150 72 91 
14105000 30% 4 8 1 0 4 9 16 7 0 0 0 0 0 
43576000 49% 65 17 4 0 26 60 18 1 1 6 2 3 1 
14109000 20% 616 160 142 5 611 312 737 173 31 1917 803 620 494 
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T1_TAZ BROAD
_PER 

LINC_H
H 

MINC_
HH 

HINC_
HH 

VHINC
_HH SFDU MFDU LINC_

WRK 
MINC_
WRK 

HINC_
WRK 

TOT_E
MP 

TOTLO
W_EM

P 

TOTME
D_EMP 

TOTHI
G_EMP 

14006000 33% 1395 858 1001 178 2810 622 2072 1614 632 159 116 36 7 
43442000 27% 170 204 261 152 545 242 224 214 186 361 160 92 109 
14096000 29% 15 27 18 6 43 23 19 27 14 118 50 43 25 
14100000 10% 8 9 4 3 17 7 5 7 5 53 14 16 23 
14086000 13% 17 22 0 1 31 9 54 7 1 1221 175 267 779 
14013000 34% 67 26 12 5 63 47 105 22 8 64 12 18 34 
14014000 0% 35 12 16 5 40 28 39 19 10 49 20 19 10 
14074000 43% 223 68 23 1 121 194 251 54 8 5847 2836 1484 1527 
14007000 44% 60 47 48 19 67 107 85 62 37 345 103 112 130 
14076000 49% 1604 875 361 200 1218 1822 3514 800 276 1682 715 398 569 
14039000 53% 1273 434 212 25 822 1122 2038 417 76 6364 2855 1737 1772 
14040000 47% 1173 281 137 16 311 1296 2022 254 20 5578 2297 1535 1746 
14042000 47% 307 98 169 29 238 365 450 145 81 1000 624 253 123 
14054000 49% 449 211 111 2 429 344 689 189 24 807 366 203 238 
53878000 51% 534 225 116 18 690 203 400 193 41 1148 254 239 655 
53915000 49% 600 719 621 220 1903 257 639 615 365 404 223 124 57 
20345000 11% 21 14 11 3 39 10 23 19 8 5 2 1 2 
53897000 14% 213 185 114 21 529 4 597 189 69 0 0 0 0 
53889000 38% 225 146 45 13 329 100 304 84 31 329 73 88 168 
53894000 24% 225 587 298 15 825 300 591 504 137 8 5 3 0 
53887000 46% 696 367 172 118 686 667 854 321 198 151 93 33 25 
20347000 6% 78 51 26 17 150 22 113 69 33 2071 535 493 1043 
43216000 27% 405 532 449 247 1468 165 575 432 409 260 80 62 118 
43299000 50% 445 552 443 174 1317 297 1046 626 360 114 58 42 14 
53900000 56% 446 611 376 66 1293 206 844 590 214 440 243 79 118 
53893000 39% 869 587 346 32 1070 764 1156 565 180 658 314 154 190 
53892000 54% 197 357 723 104 1103 278 289 527 599 1105 703 176 226 
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T1_TAZ BROAD
_PER 

LINC_H
H 

MINC_
HH 

HINC_
HH 

VHINC
_HH SFDU MFDU LINC_

WRK 
MINC_
WRK 

HINC_
WRK 

TOT_E
MP 

TOTLO
W_EM

P 

TOTME
D_EMP 

TOTHI
G_EMP 

53888000 37% 187 362 128 431 978 130 342 130 473 179 148 19 12 
53858000 29% 263 312 241 126 859 83 434 288 254 204 130 37 37 
53907000 41% 175 353 181 96 695 110 371 306 183 187 64 47 76 
43181000 48% 273 332 353 149 935 172 1148 678 247 5661 2024 1662 1975 
43235000 48% 1081 377 206 50 178 1536 1244 313 21 9931 3813 2499 3619 
43246000 43% 2141 931 329 318 753 2966 1662 394 269 5864 2094 1669 2101 
43243000 46% 394 530 220 86 555 675 1515 477 160 491 156 120 215 
43143000 60% 575 281 151 35 637 405 1251 300 63 549 269 145 135 
53729000 52% 796 290 213 28 678 649 1330 355 25 10018 4261 2768 2989 
60001000 34% 208 88 86 23 355 50 112 57 37 72 24 22 26 
60052000 33% 734 391 308 294 252 1475 679 196 354 1315 424 346 545 
20281000 46% 109 105 79 28 238 83 162 128 70 14918 6047 3716 5155 
20336000 34% 65 49 19 3 123 13 144 23 15 92 41 28 23 
20264000 34% 40 21 12 8 65 16 72 26 14 39 17 20 2 
20365000 45% 646 472 491 203 813 999 833 451 454 8679 4269 2196 2214 
20313000 42% 2289 710 121 284 589 2815 631 822 324 5176 2508 1012 1656 
20509000 43% 178 376 191 173 119 799 726 366 225 14060 4492 3601 5967 
20521000 51% 693 542 171 13 25 1394 1797 425 43 2034 905 519 610 
60102000 44% 170 135 108 83 436 60 398 117 74 1189 307 370 512 
60097000 41% 121 221 61 7 104 306 394 100 30 1356 472 686 198 
60074000 53% 1128 1329 540 306 872 2431 4742 1004 372 858 224 176 458 
60206000 48% 538 838 670 651 1569 1128 1688 784 779 2850 1064 691 1095 
20785000 35% 5 21 8 0 20 14 231 12 15 4293 698 1122 2473 
20371000 50% 900 522 164 46 594 1038 1495 387 81 1608 784 420 404 
20391000 23% 158 193 221 34 563 43 194 255 153 332 200 77 55 
20373000 29% 4 8 13 23 43 5 27 34 34 14 12 2 0 
20378000 30% 107 45 159 46 151 206 138 160 120 38 9 11 18 



 

 
Southern California Association of Governments 
Transportation Broadband Strategies to Reduce VMT and GHG 
Draft 

67 

T1_TAZ BROAD
_PER 

LINC_H
H 

MINC_
HH 

HINC_
HH 

VHINC
_HH SFDU MFDU LINC_

WRK 
MINC_
WRK 

HINC_
WRK 
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MP 

TOTLO
W_EM

P 

TOTME
D_EMP 

TOTHI
G_EMP 

22299000 48% 162 257 154 77 601 49 904 285 85 1501 635 507 359 
22317000 57% 336 617 520 62 1128 407 1853 780 178 4011 1106 987 1918 
22288000 52% 864 607 508 118 564 1533 1551 735 317 3094 1666 736 692 
22318000 36% 354 229 115 76 316 458 762 264 126 1604 500 462 642 
22280000 49% 358 407 268 18 693 358 1864 333 29 990 498 258 234 
22237000 34% 226 159 60 24 152 317 596 110 42 899 394 202 303 
22236000 49% 1148 869 317 37 954 1417 3709 420 51 2128 841 538 749 
53672000 38% 170 352 157 35 243 471 1139 298 73 15833 5792 4337 5704 
22156000 52% 654 695 510 82 312 1629 1129 744 315 3322 1369 831 1122 
22207000 44% 694 568 193 40 473 1022 2202 365 67 410 193 109 108 
22213000 40% 512 333 83 26 283 671 872 251 67 2761 1089 725 947 
22239000 60% 365 480 315 75 604 631 1460 470 193 740 204 337 199 
22234000 45% 635 486 181 37 557 782 2099 309 56 917 472 219 226 
20985000 47% 907 398 106 16 81 1346 1507 290 52 1077 796 95 186 
22027000 49% 411 361 150 43 481 484 1225 268 95 1467 670 367 430 
22158000 49% 1101 853 736 206 910 1986 1998 982 565 3197 1720 709 768 
22141000 53% 684 435 204 79 225 1177 1318 468 46 1265 694 275 296 
22173000 52% 1094 753 739 182 1315 1453 2567 1011 464 4282 2585 852 845 
21067000 52% 943 271 139 32 55 1330 1349 271 67 563 345 92 126 
22016000 46% 81 29 104 5 49 170 142 76 64 1969 1145 382 442 
21965000 53% 624 458 83 28 282 911 1460 238 38 593 398 111 84 
21369000 41% 30 0 1 4 10 25 54 5 5 7072 2984 2165 1923 
21378000 45% 1070 865 288 119 102 2240 1887 599 354 2355 1044 682 629 
21354000 51% 639 325 173 53 301 889 1560 315 92 5439 1772 1331 2336 
21367000 46% 257 38 5 35 13 322 341 66 45 991 337 243 411 
21394000 53% 1093 510 151 55 140 1669 1447 378 178 1234 727 317 190 
21404000 60% 1074 711 292 68 478 1667 1666 589 291 1493 696 400 397 
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T1_TAZ BROAD
_PER 

LINC_H
H 

MINC_
HH 

HINC_
HH 

VHINC
_HH SFDU MFDU LINC_

WRK 
MINC_
WRK 

HINC_
WRK 

TOT_E
MP 

TOTLO
W_EM

P 

TOTME
D_EMP 

TOTHI
G_EMP 

21334000 54% 351 443 180 7 289 692 1343 370 45 225 161 57 7 
21337000 53% 185 374 221 94 316 558 1048 342 162 2028 639 454 935 
21346000 56% 262 461 404 57 781 403 1312 527 212 952 475 208 269 
21352000 55% 472 419 224 35 621 529 1529 364 90 370 198 123 49 
21402000 46% 1079 547 228 34 211 1677 1837 433 146 1139 427 222 490 
21368000 55% 491 419 323 44 103 1174 770 831 53 162 54 25 83 
21595000 46% 490 429 262 96 623 654 1772 445 143 5077 1609 1359 2109 
21586000 43% 608 537 338 180 772 891 1473 678 457 1637 815 442 380 
21628000 49% 602 430 163 46 651 590 1782 327 32 755 545 150 60 
21622000 48% 499 687 191 21 685 713 1774 505 58 697 473 141 83 
21583000 42% 314 259 115 3 400 291 937 196 12 853 291 225 337 
21617000 47% 695 518 291 51 361 1194 2367 503 66 211 142 51 18 
21579000 44% 632 634 252 42 825 735 1722 520 102 562 281 140 141 
21574000 50% 1209 683 279 64 1166 1069 2323 600 168 233 181 21 31 
21572000 43% 1934 1060 251 358 1569 2034 1411 595 356 747 386 142 219 
21580000 60% 269 153 119 6 347 200 762 184 14 276 92 62 122 
21576000 42% 484 287 142 18 500 431 1217 256 34 504 224 174 106 
21618000 48% 275 186 67 8 127 409 812 127 8 276 171 77 28 
21564000 42% 1012 589 257 116 866 1108 2437 511 54 507 280 106 121 
21542000 49% 553 531 426 28 916 622 1899 648 90 183 90 30 63 
21543000 48% 818 596 263 104 709 1072 1449 546 140 327 293 33 1 
21637000 43% 854 429 305 30 436 1182 2546 381 29 1429 855 305 269 
21549000 53% 958 625 188 142 986 927 1951 444 90 1009 511 222 276 
21539000 50% 647 527 174 78 526 900 1224 333 122 1428 659 367 402 
21510000 39% 663 368 63 23 338 779 1187 146 27 937 412 217 308 
21570000 46% 903 330 120 68 456 965 1692 205 66 604 338 99 167 
21538000 30% 774 199 27 64 145 919 620 111 79 444 278 90 76 
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T1_TAZ BROAD
_PER 

LINC_H
H 

MINC_
HH 

HINC_
HH 

VHINC
_HH SFDU MFDU LINC_

WRK 
MINC_
WRK 

HINC_
WRK 

TOT_E
MP 

TOTLO
W_EM

P 

TOTME
D_EMP 

TOTHI
G_EMP 

21516000 36% 609 297 172 57 744 391 1450 279 17 345 212 74 59 
21588000 49% 268 148 62 11 209 280 677 103 6 31 30 1 0 
21567000 52% 1073 781 282 96 946 1286 2314 465 130 1045 556 279 210 
21511000 47% 1365 820 184 65 1030 1404 2808 414 75 712 490 105 117 
21566000 50% 1100 1007 485 108 830 1870 2207 941 187 1080 603 224 253 
21541000 45% 1780 1389 640 185 1141 2853 2727 1008 389 1016 492 285 239 
21594000 36% 1022 423 98 18 133 1428 1847 201 35 1266 666 423 177 
21577000 38% 615 297 73 15 257 743 1584 130 13 1017 456 326 235 
21533000 37% 1916 1056 464 180 881 2735 2619 1036 198 1548 503 458 587 
21508000 50% 1194 729 221 140 883 1401 2296 477 129 5320 2700 1328 1292 
21575000 42% 374 219 141 1 266 469 1043 184 20 1707 651 469 587 
21558000 36% 570 139 75 9 196 597 1185 82 9 781 390 184 207 
21592000 46% 1149 299 255 122 152 1673 1305 436 125 2802 1657 692 453 
21578000 56% 415 208 75 17 182 533 996 145 17 447 190 121 136 
21587000 36% 4671 1879 608 1983 43 9098 1123 725 2358 29174 11597 7655 9922 
21620000 39% 566 58 299 338 22 1239 481 279 599 281 202 61 18 
21625000 46% 307 435 153 252 200 947 665 344 434 5242 2122 1674 1446 
21619000 54% 104 329 124 125 238 444 346 113 282 754 385 148 221 
21626000 51% 589 285 136 84 198 896 975 251 175 1327 756 318 253 
21650000 51% 85 343 123 191 467 275 176 215 108 76 68 8 0 
22010000 53% 1187 219 262 494 60 2102 221 272 725 4231 1820 1112 1299 
21331000 57% 480 445 338 69 335 997 923 538 236 1458 534 370 554 
21333000 51% 444 356 290 103 598 595 1459 513 123 384 320 39 25 
21165000 53% 542 620 105 108 486 889 1821 421 156 859 373 232 254 
21201000 55% 606 406 259 6 502 775 1958 403 22 699 211 153 335 
21191000 35% 732 453 133 41 96 1263 335 395 58 2567 1271 564 732 
21226000 55% 610 541 410 44 951 654 1427 545 175 509 310 90 109 
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H 
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HH 
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HH 
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_HH SFDU MFDU LINC_
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MP 
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P 

TOTME
D_EMP 

TOTHI
G_EMP 

21235000 42% 576 401 290 61 523 805 1572 477 130 642 319 118 205 
21234000 51% 1135 677 374 185 837 1534 2488 709 374 498 347 59 92 
21231000 49% 406 400 296 79 814 367 1120 457 140 501 195 98 208 
20955000 49% 2483 1146 473 190 469 3823 2773 1075 353 1020 627 212 181 
20959000 47% 1404 545 316 51 578 1738 1473 543 189 1195 598 273 324 
21248000 46% 757 408 244 18 385 1042 1184 409 158 187 163 18 6 
20939000 47% 2141 1195 415 68 50 3769 2291 987 236 528 309 102 117 
21489000 47% 984 621 202 28 956 879 2237 349 54 1241 733 230 278 
21493000 44% 369 326 101 51 360 487 978 204 51 392 278 51 63 
21038000 46% 1601 752 361 212 1283 1643 1558 814 229 789 504 169 116 
21492000 44% 1218 640 138 91 852 1235 2152 439 91 1195 707 288 200 
21491000 42% 1002 960 135 144 476 1765 1497 501 152 588 286 118 184 
21498000 54% 791 890 212 97 1246 744 1432 592 135 924 370 244 310 
20940000 51% 1041 570 319 50 543 1437 1369 553 174 461 295 101 65 
21515000 46% 1023 649 145 125 893 1049 1945 376 111 1081 544 314 223 
21518000 52% 1412 1052 362 96 1008 1914 2210 667 137 630 351 145 134 
20957000 54% 1438 667 353 139 320 2277 1079 574 352 1231 661 304 266 
21094000 50% 1315 449 165 69 352 1646 1729 366 122 917 458 293 166 
20994000 59% 1583 483 325 118 290 2219 1488 474 303 1751 705 593 453 
21095000 51% 1511 474 129 45 427 1732 2156 324 70 595 401 120 74 
20824000 46% 625 299 17 24 26 939 1719 75 48 103 89 9 5 
21530000 50% 612 618 561 59 1560 290 2195 751 134 4978 1814 1337 1827 
21240000 50% 443 321 239 22 431 594 1269 351 70 1434 489 468 477 
21241000 48% 1336 860 267 43 823 1683 3211 617 68 504 290 103 111 
21243000 59% 593 582 401 44 681 939 1745 614 173 1872 767 440 665 
21551000 46% 335 211 183 0 582 147 878 186 65 427 162 90 175 
21246000 51% 337 444 252 89 840 282 1108 408 142 2622 898 736 988 
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21521000 50% 555 363 418 39 658 717 720 654 137 1780 709 481 590 
21039000 49% 629 489 364 45 861 666 1391 451 163 951 544 153 254 
21069000 46% 804 492 204 37 328 1209 1451 345 102 434 322 84 28 
21081000 56% 775 403 227 21 657 769 1874 358 53 693 312 276 105 
21104000 48% 920 485 254 66 762 963 2124 420 118 1128 649 213 266 
21043000 41% 538 227 119 25 361 548 1169 200 20 501 223 108 170 
21074000 43% 915 368 139 35 211 1246 1736 247 82 1789 943 303 543 
21073000 41% 1100 413 85 32 171 1459 1736 240 55 408 163 107 138 
21072000 44% 733 367 106 28 251 983 1324 191 51 495 226 119 150 
21099000 35% 826 361 152 21 347 1013 1507 238 61 253 164 46 43 
21107000 51% 1075 629 214 45 670 1293 2923 316 63 711 461 157 93 
21109000 34% 479 91 24 1 27 568 947 49 201 4174 1571 1111 1492 
21108000 47% 1099 444 115 19 450 1227 2195 200 39 1217 528 398 291 
21505000 41% 605 315 139 58 509 608 1813 186 56 378 241 64 73 
21523000 51% 503 322 222 22 474 595 1719 271 32 610 301 158 151 
21071000 56% 1201 382 165 230 83 1895 2227 466 219 1430 621 357 452 
21532000 40% 622 356 126 30 508 626 1526 200 37 890 522 131 237 
21545000 52% 503 360 100 10 454 519 1590 152 12 382 181 92 109 
21020000 46% 1037 589 229 222 331 1746 1799 243 335 762 492 143 127 
21082000 46% 493 308 275 44 131 989 1052 386 133 840 379 282 179 
21914000 58% 1623 428 305 144 99 2401 3345 524 264 1804 579 491 734 
21537000 48% 492 410 73 19 265 729 1489 152 23 737 343 184 210 
21065000 51% 1016 382 127 40 183 1382 1212 251 98 1350 625 426 299 
21083000 30% 802 272 36 21 156 975 1442 101 46 504 211 180 113 
21905000 45% 604 171 42 14 63 768 1099 77 17 362 185 121 56 
21912000 30% 900 262 106 19 103 1184 1590 152 43 760 334 222 204 
21906000 44% 695 287 20 23 27 998 1033 137 28 875 328 430 117 
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21915000 40% 570 315 47 45 92 885 1430 166 39 303 162 112 29 
21070000 49% 1098 525 150 55 40 1788 1760 253 125 1186 648 252 286 
21910000 41% 1174 553 85 45 29 1828 1764 293 65 1827 827 562 438 
21919000 31% 1107 408 69 22 27 1579 1930 210 28 690 315 262 113 
21909000 47% 1360 432 157 30 82 1897 1962 286 92 921 658 171 92 
20998000 58% 1067 634 477 98 1124 1152 1409 738 249 625 411 118 96 
21101000 46% 796 408 119 52 316 1059 1775 227 57 469 241 110 118 
21520000 44% 600 227 105 12 264 680 1361 141 16 518 307 106 105 
21929000 38% 731 706 267 136 50 1790 668 512 377 4188 1699 1113 1376 
21916000 44% 1031 118 174 90 68 1345 905 127 178 1244 429 290 525 
21553000 32% 186 32 11 37 3 263 56 20 22 9300 3063 2881 3356 
21939000 48% 828 592 380 126 1 1925 741 538 455 2824 926 718 1180 
21927000 42% 1182 346 106 49 57 1626 1756 199 76 1827 879 446 502 
21555000 21% 4830 1024 115 1394 18 7345 1879 627 1570 12922 5170 3448 4304 
21940000 52% 1999 981 374 300 200 3454 3385 848 389 2201 811 545 845 
21923000 32% 1192 393 111 45 21 1720 1994 216 68 1557 960 376 221 
21926000 33% 492 238 95 64 17 872 1282 169 85 2197 1169 595 433 
21922000 42% 1244 356 33 39 25 1647 1781 145 24 772 557 115 100 
21920000 42% 936 376 59 36 30 1377 1303 218 52 3168 1172 749 1247 
21935000 48% 2038 507 165 81 42 2749 3125 339 116 437 230 94 113 
21928000 35% 1130 517 108 31 41 1745 1920 318 46 345 219 110 16 
21423000 46% 836 470 426 47 360 1419 1515 703 150 1665 536 417 712 
21390000 50% 900 424 120 134 16 1562 756 379 250 1299 731 269 299 
21822000 59% 138 257 277 72 682 62 965 347 154 1491 726 290 475 
21872000 0% 0 0 0 0 0 0 0 0 0 13869 4359 3785 5725 
21726000 51% 469 292 89 17 391 476 1050 178 18 829 298 226 305 
21683000 45% 544 493 150 60 331 916 1695 352 75 1328 705 353 270 
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21711000 48% 811 732 293 52 939 949 2573 542 63 1366 735 297 334 
22201000 54% 254 395 239 24 596 316 1383 312 62 4170 1659 1118 1393 
22221000 51% 653 644 210 77 684 900 2318 406 86 4108 1819 1264 1025 
22165000 50% 435 399 173 35 571 471 1373 296 54 888 597 158 133 
22164000 41% 650 664 383 61 946 812 2225 637 105 725 424 158 143 
22195000 34% 277 157 92 37 150 413 893 163 38 3756 1991 861 904 
22204000 46% 656 706 354 399 926 1189 1820 810 490 1028 460 246 322 
22215000 49% 263 534 139 102 386 652 934 419 191 519 257 116 146 
22224000 48% 700 701 147 43 487 1104 2075 375 60 1125 400 299 426 
22222000 52% 1836 1176 434 246 848 2844 1463 1015 359 5603 2468 1219 1916 
22228000 38% 801 653 227 42 369 1354 1746 536 97 541 371 105 65 
21752000 46% 1106 540 458 84 612 1576 2053 684 177 1904 969 459 476 
22184000 56% 778 944 536 253 1445 1066 2276 992 367 2210 1062 527 621 
21743000 53% 339 379 156 28 325 577 878 322 60 1258 693 362 203 
21744000 40% 621 380 335 56 492 900 1346 477 131 4725 1376 1260 2089 
21737000 35% 537 468 294 35 889 445 1771 498 59 538 368 113 57 
21730000 36% 601 508 266 72 753 694 1902 477 110 1740 1003 461 276 
21727000 42% 437 443 304 9 411 782 741 460 88 2721 1019 561 1141 
21716000 38% 634 490 251 38 736 677 1702 461 60 1854 967 475 412 
21746000 49% 431 301 196 39 305 662 857 357 60 1748 718 508 522 
21735000 52% 903 580 315 24 900 922 2541 495 46 494 406 64 24 
21720000 48% 457 370 214 11 611 441 1479 336 47 207 118 29 60 
21706000 33% 841 652 266 100 929 930 2128 535 137 1483 697 346 440 
21407000 38% 537 204 16 33 18 772 1074 21 40 85 80 5 0 
21733000 45% 704 424 180 34 671 671 1973 341 33 1010 456 222 332 
21731000 34% 16 7 13 1 24 13 52 16 1 11316 3729 3212 4375 
21734000 37% 108 28 12 36 88 96 272 61 25 19099 7690 6409 5000 
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21719000 46% 761 552 218 30 902 659 2268 410 37 1285 841 247 197 
21715000 50% 185 136 152 21 265 229 589 234 56 2639 1396 951 292 
21651000 51% 310 331 60 76 382 395 1018 167 78 434 155 87 192 
21709000 50% 312 128 59 12 262 249 657 99 22 5493 2404 1820 1269 
21722000 42% 638 489 221 50 571 827 1822 423 61 1326 713 367 246 
21717000 48% 561 494 179 15 805 444 1746 318 28 379 233 116 30 
21688000 50% 878 592 233 28 1132 599 2951 336 46 1308 493 379 436 
21692000 45% 748 490 318 51 762 845 2244 476 133 1098 722 259 117 
21699000 37% 218 204 154 5 374 207 759 238 23 2178 738 631 809 
21707000 41% 995 746 372 67 1150 1030 3023 655 83 692 469 158 65 
21698000 29% 644 339 160 50 439 754 1419 282 84 457 236 84 137 
21697000 40% 768 356 183 17 712 612 1494 327 39 409 275 47 87 
21681000 38% 487 309 208 59 620 443 1446 354 84 202 192 10 0 
21684000 47% 750 673 307 40 858 912 2422 543 85 229 99 82 48 
21718000 43% 489 296 147 77 437 572 1346 354 96 463 381 82 0 
21705000 49% 477 344 199 37 605 452 1279 396 53 712 265 328 119 
21602000 47% 806 364 153 41 310 1054 1716 324 63 477 311 104 62 
21671000 57% 484 464 148 13 463 646 1393 330 21 1565 1045 393 127 
21703000 49% 447 491 172 13 496 627 1664 315 20 231 114 40 77 
21694000 40% 583 363 152 9 477 630 1484 262 18 679 348 128 203 
21693000 46% 476 373 138 7 456 538 1535 238 11 138 80 44 14 
21677000 51% 320 180 83 33 224 392 820 168 31 156 84 32 40 
22039000 47% 411 241 72 86 313 497 832 124 120 1390 596 300 494 
21642000 48% 549 130 153 213 324 721 94 211 417 493 189 213 91 
21665000 52% 452 311 283 258 690 614 967 241 400 294 170 64 60 
21652000 59% 430 97 108 294 296 633 87 116 602 102 94 8 0 
21634000 48% 787 309 232 193 446 1075 1199 357 298 2921 897 730 1294 
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21704000 45% 355 289 272 76 503 489 1177 423 130 311 111 66 134 
21687000 34% 760 584 254 53 779 872 2262 463 91 1267 521 310 436 
21686000 44% 796 587 144 104 663 968 1956 397 99 658 319 186 153 
21680000 49% 836 621 272 65 940 854 2021 519 102 1147 750 285 112 
20568000 45% 563 388 257 116 381 943 1521 485 152 596 305 118 173 
20593000 59% 818 747 442 83 1072 1018 3165 758 159 2130 1083 498 549 
20580000 49% 876 790 411 72 362 1787 1646 795 251 888 465 211 212 
20591000 54% 842 434 91 75 181 1261 1839 313 99 1845 750 481 614 
20592000 38% 566 429 147 13 118 1037 1416 307 52 2271 858 655 758 
20619000 45% 628 578 466 44 516 1200 1546 742 217 1293 687 318 288 
20606000 37% 526 388 114 30 197 861 1301 274 61 1300 529 332 439 
20676000 49% 106 330 291 47 450 324 752 350 76 1419 434 373 612 
21958000 53% 1036 916 442 114 404 2104 2138 838 291 5892 3192 999 1701 
21982000 47% 650 515 171 65 218 1183 1267 417 129 4049 1647 1201 1201 
22004000 60% 449 344 214 59 498 568 1232 329 103 836 349 242 245 
22187000 57% 581 681 555 136 926 1027 1547 914 367 1277 585 332 360 
22203000 57% 737 563 608 112 68 1952 1055 798 442 3158 1198 736 1224 
20369000 48% 2385 616 90 90 164 3017 2601 280 187 2995 1405 666 924 
43148000 49% 16 24 9 3 23 29 53 15 6 20012 5887 5301 8824 
22427000 40% 537 547 214 41 526 813 1986 373 79 353 183 85 85 
53713000 46% 30 58 39 13 126 14 120 72 21 3006 871 839 1296 
20312000 47% 357 692 244 56 690 659 1267 391 128 465 279 76 110 
20323000 56% 952 912 582 76 1729 793 1697 1064 301 1032 659 248 125 
20317000 37% 3423 836 229 289 914 3863 1488 483 207 5630 2250 1356 2024 
53879000 14% 382 326 97 1 386 420 394 232 18 172 65 64 43 
53976000 19% 142 59 17 3 137 84 95 65 0 137 38 38 61 
53959000 19% 236 91 71 0 237 161 226 114 10 70 42 21 7 
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53944000 17% 331 101 89 12 402 131 321 156 24 1294 382 303 609 
53965000 44% 481 265 225 49 916 104 448 305 95 281 160 58 63 
53962000 47% 677 632 324 6 1339 300 801 579 63 1244 525 360 359 
53969000 35% 2588 1113 219 173 1920 2173 1314 522 134 11099 4653 2885 3561 
53903000 39% 1844 603 186 90 1435 1288 2106 402 132 602 196 141 265 
53978000 30% 55 26 9 2 64 28 44 29 1 0 0 0 0 
53977000 26% 444 214 117 16 735 56 335 203 32 102 79 10 13 
53974000 19% 916 293 144 62 1274 141 752 257 116 1067 300 248 519 
53961000 42% 382 372 242 55 930 121 472 344 143 169 112 33 24 
53983000 26% 845 277 185 66 1290 83 555 302 116 181 132 18 31 
53989000 23% 810 519 341 31 1496 205 679 505 90 440 96 98 246 
43471000 40% 128 117 14 5 185 79 43 6 2 4 0 1 3 
53963000 27% 211 198 109 68 462 124 241 162 111 112 67 25 20 
43456000 58% 1421 1087 583 137 1935 1293 1527 852 302 5812 2236 1540 2036 
53821000 44% 548 596 329 96 565 1004 1289 622 158 335 139 82 114 
53812000 56% 1129 883 317 20 1896 453 2573 890 40 530 420 96 14 
53754000 46% 2468 1596 659 430 2981 2172 1504 1805 336 1722 816 374 532 
53806000 35% 228 78 41 15 343 19 389 65 28 2879 1057 823 999 
53810000 38% 2931 1152 296 46 1191 3234 2766 719 97 5495 2360 1542 1593 
53805000 45% 637 252 71 16 214 762 975 167 37 933 398 402 133 
53815000 52% 868 418 251 16 1072 481 2005 438 31 748 322 172 254 
53793000 43% 2000 1073 286 272 1137 2494 2471 819 381 3859 1816 1144 899 
53803000 40% 987 473 194 31 1114 571 1664 323 58 6169 2133 1508 2528 
53781000 38% 422 271 118 6 704 113 858 209 21 1043 491 254 298 
53773000 48% 477 179 47 1 450 254 939 52 2 1395 527 420 448 
53765000 48% 1105 850 474 49 2032 446 1995 800 176 1291 511 308 472 
53763000 50% 1035 1217 507 176 1172 1763 2108 1153 349 389 133 106 150 
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53796000 39% 39 43 28 2 100 12 74 36 16 7550 2374 2096 3080 
53785000 51% 354 142 19 18 469 64 577 51 21 2755 929 675 1151 
53795000 16% 210 121 27 2 149 211 369 64 4 10701 4134 2888 3679 
53783000 43% 690 286 103 2 591 490 1222 184 17 5145 2344 1346 1455 
53778000 53% 2212 971 415 252 2908 942 3330 882 382 4628 1992 1245 1391 
43446000 48% 562 233 343 153 403 888 335 132 173 763 308 206 249 
43267000 48% 268 338 235 16 228 629 713 281 116 6959 2789 2036 2134 
43279000 46% 2181 1727 689 24 359 4262 1346 1449 445 4028 1681 1101 1246 
53772000 30% 688 476 207 114 546 939 364 225 193 5296 2196 1397 1703 
43282000 57% 547 543 146 33 940 329 1222 380 110 84 73 6 5 
43373000 53% 909 520 232 36 1045 652 928 375 86 2070 824 592 654 
53776000 44% 680 479 102 95 1131 225 1244 256 98 1021 484 276 261 
53790000 23% 805 79 6 13 77 826 555 36 3 12391 4059 3105 5227 
53800000 45% 1839 434 168 71 402 2110 1406 355 156 4452 1688 1108 1656 
53902000 37% 1480 1385 659 268 2565 1227 2787 1048 460 989 287 246 456 
43492000 47% 1912 1587 581 215 3403 892 1892 1205 196 2746 1128 725 893 
53970000 45% 201 130 73 28 406 26 188 133 34 6198 2577 1652 1969 
43575000 20% 359 203 89 11 365 297 790 155 37 1332 314 332 686 
43580000 32% 1503 798 485 247 1244 1789 3412 1030 362 658 429 106 123 
43578000 19% 232 133 51 11 202 225 303 66 23 3598 1507 1186 905 
43574000 42% 1252 856 286 123 1494 1023 1850 525 229 828 422 190 216 
43563000 36% 511 189 118 57 480 395 929 202 75 3468 1493 809 1166 
43567000 42% 208 214 80 28 356 174 481 129 37 1188 390 463 335 
43570000 27% 827 556 249 84 1258 458 979 391 191 1818 748 474 596 
43559000 42% 1038 318 110 28 657 837 1462 226 49 2042 948 499 595 
43590000 48% 525 280 84 55 381 563 918 147 49 1718 911 367 440 
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