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1Identifying Latent Transit Ridership

Transit  agencies are constantly working to attract riders. In many cases, that 

means installing new services, redesigning existing routes or increasing 

frequency. While these and other strategies can impact ridership, agencies also rely 

on a bevy of statistical and demographic models to anticipate ridership levels and 

plan service. 

EXECUTIVE SUMMARY

Executive Summary

This report provides another tool for agencies to use 
in planning services by offering a method to show 
which parts of Houston METRO’s service area may 
have latent or untapped ridership. By analyzing the 
existing demographic, land use and transit service 
characteristics of transit lines, this report identifies 
areas where opportunities to increase ridership may 
exist. Underperforming areas are defined as the 
neighborhoods where existing ridership is lower than 
statistically expected ridership of a given area based on 
key characteristics. The goal of this work is to augment, 
not replace, the planning practices of METRO or other 
agencies. This approach identifies neighborhoods 
that might be well served by future service and also 
points to some small-scale interventions that might 
create greater ridership in areas already served. It is 
essential that local agencies apply their on-the-ground 
knowledge of their systems—the intricacies of specific 
routes and peculiarities of ridership patterns—in 
future applications. This work does not take into 
account questions of funding, a topic that would shape 
responses to the findings.
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Key Findings

• The most important factor affecting METRO’s 
ridership is the concentrated presence of transit 
facilities. Areas well served by METRO’s existing 
services—including Park & Ride lots, transit 
centers, bus stops and light rail stations—obviously 
have consistent ridership, but some could still 
see increases if more were added. Areas that are 
underserved with such infrastructure stand to make 
the largest gains. 

• Areas with activity centers such as schools or high 
concentrations of jobs are places where actual transit 
ridership is often lower than the calculated potential 
ridership. Given concentrated activity, additional 
service could increase ridership.

• Demographic indicators such as the population living 
in poverty, the number of renters without vehicles 
and high population density are factors that can 
increase the number of potential riders.   

• However, other demographic indicators were 
found to be negatively associated with the current 
transit ridership in Harris County—these included 
concentrations of seniors (65 years and over) and 

youth (17 years and under) and larger average 
household size. The negative indicators of seniors and 
youth population and larger household size jointly 
demonstrate that family households generally live in 
suburban areas where public transportation service 
was not readily accessible. The senior and youth 
age groups alone do not have a positive relationship 
with current Houston’s ridership. Similarly, the 
larger household size, the less likely people use 
public transportation. This is because many large 
households are found in suburban areas, whereas 
most ridership is present inside the city of Houston. 

• Rising median household income is likewise related 
to a decrease in ridership.

• The more diverse land uses in a neighborhood, the 
higher the ridership. 

• Increasing ridership in areas where actual ridership 
is lower than expected goes beyond simply identifying 
sites of potential ridership. Other factors that 
influence travel behavior, such as bus stop amenities, 
might also influence choices. 

• Census block groups that have lower ridership than 
expected ridership based on our statistical models are 
found throughout the METRO service area. 

EXECUTIVE SUMMARY
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This report aims to provide METRO with a latent ridership demand estimation 

for its service area and give an idea of where improved or new services might 

result in increased ridership. Predicted ridership numbers were produced by using 

a regression analysis to identify key factors currently influencing ridership on 

METRO’s bus and rail lines. The census block groups with lower current ridership 

than predicted ridership are classified as areas where METRO could prioritize 

improved or expanded service. In addition, we highlight factors that were not worked 

into the regression analysis that may play a role in suppressing ridership. Addressing 

individual factors such as improving bus shelter or bench facilities could benefit 

ridership as well. This work should be viewed as an attempt to support METRO 

and other agencies with another tool for existing planning practices. As with other 

models, it is essential that local agencies bring on-the-ground knowledge of their 

systems to bear on this information.  

 

INTRODUCTION

Introduction
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INTRODUCTION

Figure 1 displays the census block groups that have 
lower ridership than expected ridership based on our 
statistical models. These underperforming neighborhoods 
are found throughout the METRO service area. Dark 
red census block groups are greatly underperforming, 
indicating large latent ridership, orange census block 
groups are moderately underperforming, and yellow 
census block groups are slightly underperforming than 
expected.  
 
Methodology

The ridership analysis was conducted using regression 
models. Conventional travel demand estimation models 
have ridership as the dependent variable and numerous 
characteristics of individual travelers, neighborhoods and 
transit services as independent variables.1  Our ridership 

research generally follows conventional models. However, 
it employs census block groups as the unit of analysis 
to utilize neighborhood characteristics that influence 
ridership and measures the ridership as the combined 
light rail and bus ridership to assess the whole public 
transportation ridership pattern as well as bus ridership 
alone to evaluate bus ridership in more detail.  
 
The analysis done here is at the census block group 
level using combined boarding and alighting numbers 
from buses and light rails at each stop or station and 
then aggregated to census block groups. More than 10 
independent transit-related, demographic, neighborhood,  
land use and other characteristics were used as indicators 
to assess the influence on ridership in each census block 
group. 

Underperforming Census Block Groups based on the Standard ModelFIGURE 1 FIGURE 1
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Since not all parts of Harris County are covered by the 
METRO service area, a subsection of census block groups 
is looked at here. Block groups included in this analysis 
meet the following criteria: 

• Census block groups that have their centroid point in 
METRO’s service area2  

• Census block groups that have a METRO bus stop or 
light rail station

• Census block groups through which a bus route or a 
light rail line runs

Because of these criteria, some block groups analyzed 
here may appear to be outside of METRO’s service area, 
but all meet at least one of the above criteria for inclusion. 
One caveat of this approach is that the demographic-
based analysis is based solely on the demographic profile 

of residents within a block group. Those block groups 
that house a park and ride lot undoubtedly have a more 
diverse ridership from outside the block group itself. 
That population is not captured in this analysis and could 
impact those block groups marked with a dot in all figures 
in the main body.

The model used throughout this report, or Model 1, 
uses combined bus and light rail ridership as the basis 
of analysis. During the research process, additional 
models (Models 2 and 3) were created using bus ridership 
alone. Model 1 proved to capture the most influential 
characteristics shaping public transit ridership in 
Houston and is the standard analysis model. Models 
2 and 3 do not significantly change the implications of 
Model 1, so are not included in the body of the report. (See 
Appendix 1 for further discussion of the models.)

INTRODUCTION
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Each characteristic was assessed to measure its strength 
and significance of the association with ridership and 
afterward used for the estimation of the expected 
ridership in each census block group. The expected 
ridership is later compared to the actual ridership on 
the census block group level. Many transportation 
service characteristics (park and rides, transit centers, 
bus stops and light rail stations) are positive indicators 
of the ridership, and schools and jobs are also positively 
related to the number of transit riders. Some demographic 
characteristics such as population density, poverty and 
renters without a vehicle are positively related to the 
ridership, whereas others including youth, seniors, 
household size and median household income are 
negatively related. A land use diversity index, a measure 
of the mixture of different uses within a block group, was 
also found to have a positive relationship with ridership, 
indicating that dynamic land use mix is more likely to 
attract public transit riders.

Figure 2 shows how census block groups in METRO’s 
service area fared in terms of the relationship between 
actual and expected ridership.3  The red and orange 
census block groups are those that are underperforming 
in that their actual ridership is lower than the statistically 
predicted potential ridership. Red census block groups 
are in the bottom 4 percent in terms of the gaps in 

actual versus predicted ridership. Orange census block 
groups are slightly better in terms of performance, but 
actual is still smaller than expected. Yellow census block 
groups represent areas that have about equal actual and 
expected ridership. The census block groups in dark 
green and light green are the neighborhoods where the 
current ridership is larger than the predicted ridership. 
This suggests that routes and service in these areas are 
performing well. 

Hashed areas in Figure 2 represent census block groups 
with very little population and development, making the 
results for those block groups limited. These include the 
block groups around the Addicks and Barker Reservoirs 
and the George Bush Intercontinental Airport. 

In some dark green block groups, high ridership should 
not be taken as a sign that ideal service is being provided. 
Places with the highest population density could be even 
better served and potentially see more ridership with 
additional service. Likewise, red colors do not necessarily 
mean that METRO serves these areas poorly, but rather 
that this analysis suggests that METRO could see more 
ridership in those areas and that further study should 
be undertaken. Table 1 demonstrates the breakdown of 
the 1,905 census block groups in terms of their ridership 
performance.

Ridership by census block group was analyzed using regression analysis models. 

The dependent variable in the models is the logarithm of transit riders. The key 

independent variables are transportation service characteristics, such as park and 

ride facilities, transit centers, bus stops and light rail stations. Other independent 

variables are school, demographic, neighborhood and land use characteristics, such 

as the number of schools, population density, youth, seniors, jobs, poverty, household 

size, renters without vehicles, minority population, median household income and a 

land use index on a 0-100 scale.

IDENTIFYING RIDERSHIP TRENDS

Identifying Ridership Trends
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IDENTIFYING RIDERSHIP TRENDS

Gaps in Actual versus Expected Ridership within the METRO 
Service Area by Census Block Group (based on standard deviations 
of the combined bus and rail ridership Model 1)

FIGURE 2

Standard Deviations Colors on Maps Meaning # of Block Groups

Smaller than -2 Dark Red Lower than the 4th percentile (bottom 4 percent) 71

Between -2 & -1 Orange Between the 4th and 13th percentiles 168

Between -1 & +1 Yellow Between the 13th and 87th percentiles 1,427

Between +1 & +2 Light Green Between the 87th and 98th percentiles 198

Larger than +2 Dark Green Higher than the 98th percentile (top 2 percent) 41

Standard Deviations of Residuals and the Percentiles of Each ColorTABLE 1
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IDENTIFYING RIDERSHIP TRENDS

Underperforming Block Groups and METRO’s Bus RoutesFIGURE 3
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It is also notable that some generally higher income areas 
such as the Memorial area and parts of the Heights are 
shown as places with ridership gaps, suggesting either 
that not enough service is going to those areas or that 
choice riders, those who have mobility options beyond 
transit, are not using transit. Other areas, such as census 
block groups alongside I-45 in the southeast Houston 
and those in the northwest and north around the George 
Bush Intercontinental Airport and Aldine are also 
underperforming. 

On the other hand, some dark greens with really high 
density, such as Gulfton and downtown Houston, already 

have huge ridership. Despite this, it is possible that 
they could be served by even greater frequency. As a 
reference, Figure 3 shows where bus routes are located. 
At least a few routes serve most places that significantly 
underperformed, but many of the dark red areas are not 
served by existing routes. 

It should be noted that this analysis is based on ridership 
patterns from before Hurricane Harvey in August-
September of 2017. As a result of the storm, some of 
these areas’ statuses may have changed due to service 
interruptions or changing routes.

IDENTIFYING RIDERSHIP TRENDS
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The 21 most underperforming block groups are examined here in more depth. In 

these areas, residents are using transit at rates far lower than our model would 

suggest and have the greatest gap between actual and expected ridership. Identifying 

why these block groups may be underperforming should include an analysis of the 

overall level of service, but can also benefit from looking at other factors such as the 

presence of stop amenities. 

Block Groups with the  
Largest Ridership Gaps

BLOCK GROUPS WITH THE LARGEST RIDERSHIP GAPS

The 21 Most Underperforming Census Block GroupsFIGURE 4
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The block groups with the largest ridership gaps have 
slightly higher populations of non-white residents 
and tend to have elevated levels of poverty (Table 2). 
The lowest performing block groups are mainly inside 
of Beltway 8 and can be grouped into a few types of 
neighborhoods. 
 
Limited Transportation Options,  
Lower-Income

The first set of similar block groups are areas where 
residents have limited transportation options available 
and are often reliant on existing public transportation. 
These areas tend to also have mostly low-income 
households. The neighborhoods with a higher poverty 
rate than the county’s average are represented in blue 
numbers as shown in Figure 4.  Some examples are 
census block groups 4 and 19 in Denver Harbor/Port 
Houston, census block group 15 in Northshore and census 
block group 11 in Lawndale/Wayside. 

In some cases, servicing these communities with public 
transportation can be a challenge because of limited and 
older infrastructure. In areas like Denver Harbor, local 
roads are narrow and often poorly maintained, making 
bus service difficult. Further, many of these communities 
lack other ancillary infrastructure such as good sidewalks 
or street lighting. This issue contributes to residents’ low 
usage of public transit. 

It is again important to note that the impacts of Hurricane 
Harvey on METRO operations may change the results for 
some of these communities. For example, after the storm, 
the agency began a new service schedule on route 137 in 
Northshore (number 15 in Figure 4), a community that 
was hit hard. The changes mean more service from the 
pre-storm routes. 

Choice Riders, Higher-Income

Another set of similar block groups in the 
underperforming category are those located in wealthier 
areas on the west side of Houston. In these communities, 
those who take transit are often “choice riders,” people 
for whom transit is one of several options. Given this 
reality, it is difficult to attribute causation to ridership 
gaps. In some places, the service might be adequate, but 

riders are not choosing to use it. These areas tend to have 
a lower minority population as well. The neighborhoods 
with a lower poverty rate than the county’s average are 
represented in purple numbers as shown in Figure 4. For 
example, census block groups 5 and 17 in Oak Forest, 7 
and 16 in Uptown and 20 in Mid-West have many choice 
riders. 

According to this model, increasing frequency of existing 
routes or adding new routes in or to these areas is most 
likely to increase ridership. However, METRO can 
also consider looking into other factors such as stop 
amenities.4 Identifying external reasons why these 
block groups may have low ridership can help METRO 
intervene or consider ways to address motivating factors. 
Bus stop features such as shelters and benches can be 
another reason why ridership in these neighborhoods 
is low. Balancing the realities of funding with the desire 
to cultivate more ridership is always difficult. METRO 
currently has a 35-rider-per day threshold to deem a stop 
viable for shelter investment. Given the limited budget for 
these elements, setting a clear threshold is important, yet   
there are likely situations where such investment, when 
teamed with improvements to sidewalks or additional 
frequency, could influence longer-term ridership uptake.

Underperforming block group 11 in the Lawndale and 
Wayside neighborhoods, for instance, has three bus stops 
that have no shelters or benches. This is a pattern that 
repeats itself across the underperforming census block 
groups. Increasing the amenities at stops could help 
address some of the discomfort that some residents feel 
about the idea of riding public transit. 

There are multiple other factors that could influence the 
gap between actual and expected ridership. One likely 
key indicator is households without a car or fewer cars 
than residents. In the existing model, this was captured 
only among renters, not all residents due to a statistical 
multicollinearity problem with other indicators.5  
Additionally, safety and access concerns are likely to 
influence ridership as well. Whether a resident feels safe 
and is able to access a bus stop or rail station by walking 
through their community is a huge hurdle in places that 
lack infrastructure.

BLOCK GROUPS WITH THE LARGEST RIDERSHIP GAPS
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BLOCK GROUPS WITH THE LARGEST RIDERSHIP GAPS

ID Community Tabulation Areas Total Population (#) Minority (%) Below Poverty (%)

1 Willowbrook 5,670 84.3 1.6

2 Eldridge North 2,997 56.3 5.5

3 Klein South 3,218 85.9 10.7

4 Denver Harbor/Port Houston 783 88.3 27.2

5 Oak Forest 907 19.7 2.9

6 Eastex - Jensen 1,401 87.7 23.9

7 Uptown 1,024 23.6 3.9

8 Eastex - Jensen 2,144 94.5 20.9

9 Minnetex 7,353 94.5 9.4

10 Sharpstown 2,023 96.3 41.2

11 Lawndale/Wayside 1,528 84.9 26.8

12 Clear Lake 1,109 24.3 8.5

13 Hobby 2,456 97.4 31.8

14 Clear Lake 2,510 58.0 39.1

15 Northshore 1,334 97.8 32.1

16 Uptown 1,638 25.8 2.8

17 Oak Forest 1,606 26.5 2.0

18 Aldine Southeast 717 92.5 21.5

19 Denver Harbor/Port Houston 898 100.0 25.6

20 Mid-West 625 31.7 1.0

21 Brays Oaks 1,408 84.7 8.8

Averages of 21 BGs 2,064 69.3 16.5

Averages of all BGs in the service area 2,071 69.3 15.9

The Most Underperforming Census Block Groups
with Demographic Information

TABLE 2
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BLOCK GROUPS WITH THE LARGEST RIDERSHIP GAPS

ID Community Tabulation Areas
Bus Stops (#)

Both Shelter & Bench
Bus Stops (#)

Either Shelter/Bench
Bus Stops (#)

Neither Shelter/Bench

1 Willowbrook 0 0 2

2 Eldridge North 0 0 1

3 Klein South 0 0 1

4 Denver Harbor/Port Houston 0 0 1

5 Oak Forest 0 0 2

6 Eastex - Jensen 1 1 1

7 Uptown 0 0 2

8 Eastex - Jensen 0 0 1

9 Minnetex 0 0 1

10 Sharpstown 0 0 1

11 Lawndale/Wayside 0 0 3

12 Clear Lake 0 0 1

13 Hobby 0 0 1

14 Clear Lake 1 1 0

15 Northshore 1 1 0

16 Uptown 1 1 0

17 Oak Forest 0 0 1

18 Aldine Southeast 0 0 2

19 Denver Harbor/Port Houston 0 0 1

20 Mid-West 0 0 2

21 Brays Oaks 0 0 1

The Most Underperforming Census Block Groups with Bus Stop AmenitiesTABLE 3
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Transit agencies regularly refine their ridership models and services with the aim 

of improving their overall system and ridership. The methodology employed 

here offers another way to identify underperforming areas with an eye toward 

investigating ridership within them in greater detail. With the funding realities 

and on-the-ground knowledge that agencies have, our models can provide essential 

information to support service interventions and improvements.  

 

Conclusion

CONCLUSION
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Models

• Model 2 utilizes the same characteristics as Model 1, 
except Model 1 has the rail station presence indicator 
to capture the influence of light rail stations on the 
additional number of rail riders in the dependent 
variable. Model 3 adds minority and household 
income characteristics to Model 2 in exchange for 
removing youth population, poverty and land use 
index characteristics for an issue of variance inflation 
factors among independent variables.

• With a slight change in the result of the rail station 
number variable but without the rail station presence 
variable, Model 2 is not significantly different 
from the result of Model 1, and therefore Model 1 
can be mainly used to interpret the significance of 
characteristics of METRO’s transit ridership, while 
Model 2 can be used to understand that of METRO’s 
bus ridership. Model 3 is an alternative analysis 
result when the effects of minority population and 
median household income on the bus ridership are 
concerned. 

• Log-transformed variables are used for seven 
independent variables that have a positively skewed 
distribution: population density, population aged 
0-17, population aged 65 or plus, the number of jobs, 
population living in poverty, minority population and 
median household income. The log transformation 
makes originally skewed variables more normally 
distributed when the natural log is taken.

Interpretations and the  
Regression Results

• Dependent variable: weekday ridership6 

• Coefficient (βi) interpretation

• When an independent variable is log-
transformed: a one-percent increase in the 
independent variable is associated with βi percent 
increase in ridership.7 

• When an independent variable has raw values: 
one unit increase in the independent variable 
is associated with 100*βi percent increase in 
ridership.8 

  

APPENDIX 1: REGRESSION ANALYSIS

Appendix 1:  
Regression Analysis

Appendix 1 introduces the comparisons among the three models that were used 

in assessing the ridership, interpretations of the models, a table for regression 

results and maps for Models 2 and 3 that were not included in the main body.
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APPENDIX 1: REGRESSION ANALYSIS

Variables
Model 1 Model 2 Model 3

Ln (Bus & Rail Ridership) Ln (Bus Ridership) Ln (Bus Ridership)

Transportation 
Service

Park & Ride (D) 2.2241*** (0.1873) 2.2200*** (0.1869) 2.1751*** (0.1868)

Transit Centers (D) 2.7041*** (0.2128) 3.0041*** (0.2093) 3.0132*** (0.2096)

Bus Stop (D) 4.3093*** (0.0519) 4.3166*** (0.0518) 4.3344*** (0.0511)

Light Rail Station (D) 1.9306*** (0.3002)

# of Light Rail 
Stations 0.4700*** (0.1579) 0.6349*** (0.0954) 0.6627*** (0.0954)

School # of Schools 0.1123*** (0.0259) 0.1164*** (0.0259) 0.1211*** (0.0252)

Demographic & 
Neighborhood I 
(Log-transformed)

Ln (Pop / sqml) 0.1730*** (0.0296) 0.1641*** (0.0295) 0.1410*** (0.0284)

Ln (Pop 0-17) -0.0673** (0.0322) -0.0673** (0.0321

Ln (Pop 65+) -0.0473** (0.0225) -0.0547** (0.0225) -0.0633*** (0.0227)

Ln (# of Jobs) 0.1214*** (0.0155) 0.1238*** (0.0154) 0.1403*** (0.0130)

Ln (# of Poverty) 0.0350** (0.0167) 0.0342** (0.0166)

Demographic & 
Neighborhood II

Average HH size -0.0957** (0.0409) -0.1029** (0.0408) -0.1423*** (0.0387)

% of Renters  
w/o Vehicles 0.0267*** (0.0030) 0.0264*** (0.0030) 0.0246*** (0.0033)

Land Use Land Use Index 
(0-100 scale) 0.0029** (0.0013) 0.0025* (0.0013)

Additional 
Demographic & 
Neighborhood 
(Log-transformed)

Ln (# of Minority) 0.0024 (0.0324)

Ln (Median 
Household Income) -0.1157** (0.0532)

Intercept Constant -1.4876*** (0.3128) -1.3541*** (0.3122) 0.0212 (0.6889)

N 1,905 1,905 1,905

R2 0.866 0.863 0.863

i) Standard errors in parentheses        
ii) *: p < 0.1; **: p < 0.05; and ***: p < 0.01

Regression Analysis ResultsTABLE 4
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APPENDIX 1: REGRESSION ANALYSIS

Gaps in Actual versus Expected Ridership within the METRO Service 
Area by Census Block Group (based on standard deviations of bus 
ridership only Model 2)

FIGURE 5
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Gaps in Actual versus Expected Ridership within the METRO Service
Area by Census Block Group  (based on standard deviations of bus 
ridership only Model 3 with “minority population” & “median household 
income” indicators)

APPENDIX 1: REGRESSION ANALYSIS

FIGURE 6
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Independent Variable Descriptions

APPENDIX 2: VARIABLE DESCRIPTIONS

Variables 9 Description Unit Data Source

Park & Ride (D) Block groups with a park and ride facility = 1; otherwise = 0 Dummy (1 or 0) METRO website

Transit Centers (D) Block groups with a transit center = 1; otherwise = 0 Dummy (1 or 0) METRO website

Bus Stop (D) Block groups with a bus stop = 1; otherwise = 0 Dummy (1 or 0) METRO data

Light Rail Station (D) Block groups with a light rail station = 1; otherwise = 0 Dummy (1 or 0) METRO website

# of Light Rail Station Number of light rail stations # METRO website

Schools Number of schools # City of Houston

Ln (Pop / sq.ml.) Ln (Population density) Ln (Persons/ 
sq.ml.) 2016 5-Year ACS

Ln (Pop 0-17) Ln (Population aged between 0 and 17 years old) Ln (Persons) 2016 5-Year ACS

Ln (Pop 65+) Ln (Population aged 65 years or older Ln (Persons) 2016 5-Year ACS

Ln (# of Jobs) Ln (Jobs) Ln (Job 
numbers) 2015 LEHD10

Ln (# of Poverty) Ln (Population below the poverty level among 20-64 years old) Ln (Persons) 2016 5-Year ACS

Average HH size Average household size of occupied housing units Persons 2016 5-Year ACS

% of Renters  
w/o Vehicles Renter-occupied housing units without a vehicle available Housing units 2016 5-Year ACS

Land Use Index Land Use Index11 Index (0-100) HGAC12

Ln (# of Minority) Ln (Minority population) Ln (Persons) 2016 5-Year ACS

Ln (Median 
Household Income) Ln (Median household income) Ln ($) 2016 5-Year ACS

Intercept Constant term - -

Appendix 2: Variable Descriptions

TABLE 5
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Appendix 3:  
Ridership Characteristics

APPENDIX 3: RIDERSHIP CHARACTERISTICS

Log-transformed 
Bus and Rail 
Ridership (Weekdays): 
Dependent Variable in 
Model 1

Log-transformed Bus
Ridership (Weekdays): 
Dependent Variable in 
Models 2 and 3 

FIGURE 7

FIGURE 8
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Appendix 3:  
Ridership Characteristics

APPENDIX 4: METRO’S NINE VALUED CHARACTERISTICS 

Appendix 4: METRO’s  
Nine Valued Characteristics

Log-transformed Median
Household Income

FIGURE 12

Log-transformed 
Population Density 
(Persons/Square Mile)

FIGURE 9

FIGURE 10
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APPENDIX 4: METRO’S NINE VALUED CHARACTERISTICS 

Percentages of Renters
without Available Vehicles 

Average Household Size

FIGURE 12

FIGURE 11
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APPENDIX 4: METRO’S NINE VALUED CHARACTERISTICS 

FIGURE 13

Log-transformed Jobs

Log-transformed 
Minority Population

FIGURE 14

FIGURE 13



24 Rice University Kinder Institute for Urban Research

APPENDIX 4: METRO’S NINE VALUED CHARACTERISTICS 

Log-transformed 
Seniors (65+ years old)

Log-transformed
Youth (0-17 years old)

FIGURE 15

FIGURE 16
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APPENDIX 4: METRO’S NINE VALUED CHARACTERISTICS 

Log-transformed 
Population living 
in Poverty (among 
Population aged 
20-64 years old)

FIGURE 17
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ENDNOTES

1      Brown, J., Thompson, G., Bhattacharya, T., & Jaroszynski, M. (2014).  
        Understanding transit ridership demand for the multidestination,        
        multimodal transit network in Atlanta, Georgia: Lessons for  
        increasing rail transit choice ridership while maintaining transit  
        dependent bus ridership. Urban Studies, 51(5), 938-958.

2      Source: METRO GIS datasets on the METRO’s official website:  
         https://ridemetro.org. 

3      The representation of residuals by color is originally used in the  
         following article: Cardozo, O. D., García-Palomares, J. C., &  
         Gutiérrez, J. (2012). Application of geographically weighted  
         regression to the direct forecasting of transit ridership at station- 
         level. Applied Geography, 34, 548-558. 

4      Transit agencies could install more shelters to maximize  
         passengers’ comfort while waiting and therefore eventually  
         ridership when weather is shown to have a significant influence on  
         ridership (Stover, V. W., & McCormack, E. D., 2012, The impact of  
         weather on bus ridership in Pierce County, Washington. Journal of  
          Public Transportation, 15(1), 6.).

5      When an independent variable is linearly predicted by another in a  
         model, the issue of multicollinearity would produce inaccurate  
         coefficients of the correlated variables and include redundant  
         predictors in the model.

6     The dependent variable is the total ridership (boarding and  
        alighting) as of October 2016, which is aggregated in 2016 census 
        block groups. In Model 1, the combined ridership of buses and light  
        rails is converted to log-transformed values, and in Models 2 and 3,  
        the ridership of buses is converted to log-transformed values. In  
        order to prevent extremely low negative values (original values  
        between 0 and 1) and null values (original values 0) after the log- 
        transformation, value 1 was added to all original values.  

7      E.g., Ln (Pop 65+) in Model 1 (-0.0473**): one percent increase in  
        senior citizen population (65+ years old) in a census block group is  
        associated with .05% ridership decrease in the census block group.  
        This number is statistically significant at the .05% level.

8     E.g., # of Schools in Model 2 (0.1164***): one school increase in a  
        census block group is associated with 11.64% ridership increase in  
        the census block group. This number is statistically significant at the  
        .01% level.

9      All independent variables are aggregated at the 2016 Census Block  
         Group level. 

10    Longitudinal Employer-Household Dynamics (LEHD).

11     Land use indicators are calculated based on the function of  
        H

1= -100*∑ i=1(pi) ln(pi )/ln (s) where H1 is diversity index, pi is  
        proportions of each of the six land use types such as residential,  
         commercial, industrial, multiple, government/medical/education and  
         park/open space uses, and s is the number of land uses, in this case,  
         s=6. The higher the value, the higher land use mix (Song, Y., &  
        Knaap, G. J. (2003). New urbanism and housing values: a     
        disaggregate assessment. Journal of Urban Economics, 54(2), 218-238.). 
        The value was multiplied by 100, to adjust the indices on the 0-100  
        scale.

12    Houston-Galveston Area Council (HGAC).
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