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Chairmanôs Desk:  

 

Dr. Sunil Bhatia  

W e give heat or take it out from some elements which  have inbuilt 

physical or chemical  characteristics. Elements have varied level of 

change . W hat we are attempting by citing such examples from the 

past to remind our present designers that it is old practice of using 

the ñrole of surface area ò in their design and it is nothing new.  This 

phenomenon has existed before the story of óAdam & Eve ô and had 

surface d  in new shapes as technologi cal advance .  What we see 

today about the surface of the earth is not the same a s that was in 

the  beginning  after big bang and reason of change is because of 

change in  the  behavior of surface area. Role of surface area in 

design was known to primitive man since he  start ed  living in groups  

and then they had designed sharp stone s for killing the animals for 

food. As technology improved nature of tools  also changed. Major 

change ha d  come because of better knowledge in the field of surface 

area. óIs sharpening not based on surface area? ô Museu m s are 

displaying various  tools or pots either made with mud or various 

metals. They indicate  us that  people of every  civilization w ere  aware 

about role of surface area in design and dissipation of knowledge 

was uniform. Modern man has more  knowledge compa red to our 



3          May 2013 Vol - 8 No - 5      Design For All Institute of India  

ancestors. We are better equipped with modern technologies that 

are far superior & can enhance the knowledge of domain  of physical, 

biological and chemical  fields , making  us to venture in to  unexplored 

areas for the use  of society. Our knowledge is capable in  exploring 

surface  area in designing various devices at the level less than atom 

under the nanotechnology and in some areas results are wonderful. 

Ancient man was aware about surface impact -  the physical sensation 

objects we touch influences o ur more abstracts feelings. He was 

astonished to observe when lizard changes its surface area that is 

color of the skin by changing pigmentation as defense mechanisms. 

When man shivers due to winter his defense is to coil his head leg 

and hand in such a wa y that it should be least expose d  and using 

body heat for warmth. When it was not sufficient to prevent cold he  

could  have designed covering himself  with dry grass, cotton quilts 

etc. to counter winter.  óIs it not design with surface area? ô  

Why does hot w ater come to room temperature faster if it is place in 

broad mouth container? Why do we design mouth of the bottle 

narrow? Is it because narrow surface area interfaces minimal with 

the environment so helping in maintaining the content at the same 

state for  longer time? Is design of Kite not such that it floats against 

the wind direction and head of it is under the control of the user for 

creating desired movements? What is the function of detergent in 

extracting of dirt from the clothes? Answer is simple su rface area 

since  it is directly  associated with surface tension. Have we ever 

given proper thought about role of surface area in design? It is 

natural thing given to us by divine power. When I look at the fumes, 

it reminds me act of vanishing of dark smoke s by mingling with air. 

Is it not act of simplest design by divine power by increasing surface 

area of smoke? Eruption of volcano is natural and its lava comes out 
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with smoke. Smoke spread in the air and lost its form and lava 

becomes solid as it gets cold  and spreads on the earth and do es  not 

remain hot and liquid what it was at the time of coming out. Earth 

quake is nothing but act of attempt of changing surface area by its 

own mechanism. It creates tremor on earth and sometime it is so 

powerful that it m ay give the impression that existence of human 

race may end . Rivers are flowing as these swells in there  surface 

area s and create havoc through  floods. A change of a  sapling in to a 

plant makes the person to understand the reason of growth of 

surface area. What does make the plant to grow and what are the 

reason s it fails or prevents to grow , is the cause of birth of 

agriculture science along with various discipline s. 

How beautifully ancient man  designed the natural phenomena for 

the benefits of mankind is a dmirable. He was aware smoke always 

moves upward and he designed chimney as well as developed the 

language among the group it c ould be  used as signal when person is 

in trouble or distress. When someone is in emergency or  lost his 

way in jungle or where ch ances of visit of man is rare and needs 

help, signal of smoke  gives the message that someone is in trouble 

and rush for help  whosoever is witnessing. This signal is equally 

good in night as well in day time. Fear of possibility of quake force 

the person to design the abode accordingly with inbuilt character of 

minimum damage to  occupants. The character of flowing water helps 

the human to design the boat using the property of thrust. Better the 

design of surface area of boat better for the floating, moveme nt & 

safety. Drying the vegetables in  future use forced men  to spread 

them on the ground exposed to sunlight. If they spread the fish for 

drying on the earth surface, they have realized bacteria of earth 

destroyed the dead fish faster than drying and it is  no more fit for 
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human consumption. To tackle such problem they designed the 

vertical structures with local resources and it is generally made with 

bamboo like sticks tied with rope and dead fishes are tied with 

structure for hanging for drying under the s unlight.  Fishes are away 

from the earth that eliminates the chances of spoil by bacteria and 

remain useful for human consumption.  

In modern time we design variety of illuminations keeping the area 

in mind. It means we plan wh ich surface area is to be ill uminated. 

We cut the vegetables for even, fast cooking and in this attempt we 

increase the surface area and eliminate those portions that require 

different times of cooking. Why do we design various utensils for 

cooking? Surface area is different of variou s edible items. We need 

cutting, peeling, grinding, frying, and baking for cooking so we need 

different tools for efficient managements. A fryer or cooking utensils 

is designed with keeping in mind different  surface area s. Is it 

concept of nonstick cookwar e not based on design of surface area?  

Rail tracks are designed keeping in mind when two metals are 

interacting friction force comes into actions and heat is natural 

byproduct. Heat expands the metal so we need gap at the time of 

coupling of two rail track s. If we donôt do make the provision it may 

invite accident. A carpenter uses variety of tools to shape the area 

as per requirement. It means man had been long aware about 

importance  of surface area in design and he so designed filing, 

cutting tools and ab rasive papers. Is design of the pair of shoe s not 

technique to interface of all types of terrains with minimal interface 

of surface design? Design of pesticides management is based on 

sprinkle or spread with pump that changes liquid into spr ay . It is an 

ac t of increasing surface area. Is not compression an act of surface 

design? We use various elastic to use the property of surface area 
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for achieving our goals. Is design of parachute not design with 

surface area? When we design solar panel for absorbing max imum 

sunlight for conversion into electricity we use panel with maximum 

areas. Is design of spring or hydraulic not application of concept on 

surface area?  

Most of the designer s think much has been discussed and nothing is 

left unexplored. I say possibili ties are everywhere and we need 

probing mind s that should search  possibilities from all angles.  There 

is an incidence in recycled paper manufacturing unit where waste 

paper were stored in open ground and a small fire turned worth of 

millions  of currencies   into ashes. When I investigated the reason 

there was clear case of surface area and in no one could imagine 

that a small glass piece is the reason of sparking fire in paper. I 

found that while importing the waste papers from different countries 

somewhere  a glass piece made its place among the paper. That glass 

piece accidently might have exposed to sunlight and it turned into 

sharp pointed sunlight and generated such heat that was enough to 

generate  fire in waste paper. This experience of surface design w as 

different and ignoring a tiny glass piece cost heavy to the owner as 

well as insurance industry.  In modern time, better compact design 

of automobiles has generated new problems due to surface area. 

The biggest challenge for automobile engineer is to ma nage the 

problems of surface area of engine by designing better parts or 

lubricants.  

In daily life we use products that are designed with the concept of 

surface area. Tissue paper, diapers, sanitary napkins are designed 

with gel to absorb the liquid. Gel a bsorbs and increases its surface 

areas and helps in preventing of spilling of human waste. Roads 

surface area needs frictional force for applying brakes and it 
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demands different designing. Roads are slippery at the time of rain 

and high probability of acci dents is noticed.  D esign of radial tyre  is 

latest to encounter such problems by increasing the grip on the road 

and reducing  somewhat  chances of accidents by skidding .Similarly 

skates are designed with keeping surface area and property of ice  in 

view . Co smetics or paint industries are using surface area design to 

win the customer. Lipstick with different colors and shades with 

spreading and lasting are the winning points. Similarly with paint, 

how much it can spread and color the area is winning point. Wh y 

does woman use mascara or eyeliner? It is to appear virtual 

highlighting the surface area. Medical sciences are using implant 

material for surgery.  There is technique to build the surface with 

resorbable blast media (RBM) for  providing a macro/micro des ign 

with optimal surface roughness values and an increased surface area 

for osseointegration . Is design of medicine capsule not based on 

concept of surface design?  Mobile companies are using a honey bee 

hexagonal design for coverage of entire population wi th the towers 

and it covers entire surface areas of the cities for better 

connectivity. Why washbasin or toilet seats are designed with 

ceramics with different surface design? Is it not it only gives desired 

surface areas for better operation?  Cotton fibe r with vast surface 

area is light and absorbent material and designer design the cotton 

wool for cleaning the wound. If we reduce the surface area of cotton 

fiber by twisting it has better strength as t h read and can use for 

weaving cloth es. Knitting, weavi ng and many associated fields have 

come to existence because of proper management of surface areas.  

Is design of stairs not with surface area?  Is design of t raction for  

the maximum frictional force that can be produced between surfaces 

without slipping  n ot considering surface area? What is the basic 
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principle of Nanotechnology? Is it not surface area one of the prime 

area for Nanotechnology?  For Wright brothersô biggest challenge 

was the management of surface area for achieving their goal? How 

are  we to control the breeding of mosquitos in standing water 

reservoir? Use the property of oil that spreads over the exposed 

water surface area as thin film and does not allow passing oxygen 

for breeding to mosquitos. What is role of iron heating press to 

remove t he wrinkles of the clothes? It is simply using heat on moist 

areas as it expands water evaporates with heat and clothes does not 

come back to previous shape  and acquires a wrinkle free . Is it not 

surface area application? A sudden release of pressure incr eases the 

surface area and this phenomenon is known as adiabatic. This 

concept is used in designing engine as well as refrigeration. 

Explosion is not based on sudden increase of surface area?  

Todayôs consumers are demanding quality packaging that is easy to 

use and that demonstrates the company is environmentally aware. 

Some corporations are working to keep material costs low  and 

reduce their impact on the environment. This means that package 

designers have to find the balance between minimizing packaging 

m aterials and maximizing surface area.  The birth of aerosol products 

is nothing but complying environment friendly philosophy. We never 

think about perfume or deodorant bottle is designed to increase the 

surface area. The relationship between volume and sur face area is 

also critical in the design of bulk packaging and shipping containers . 

We generally take the help of knowledge of mathematics for 

calculating the surface area. Sphere, cylinder, cone and many more 

geometrical shapes has different surface areas . 

We know that heat expands and when we take out it generally 

contracts. This theory is well use in medical sciences. When 
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someone is in pain medical practitioner advises application of hot 

water bottle in affected areas. It expands vein and clear the bloc k 

blood or allow crack of muscles to expand and healing process 

expedite. In other case they also advice application of ice pack in 

affected area. It contracts and to maintain the body temperature 

bodyôs blood rushes to affected areas and healing starts. Is it not 

application of surface area for treatment?  Modern surgery is 

focusing on one area that is surface areas of skin and muscles 

should be damage as minimal possible for fast recovery. They are 

applying Laser beam or ultra sound technique for applying  this 

philosophy. The surface area, which can be influenced by porosity, is 

an important property of a material in some applications such as 

catalysis, sorbents, pharmaceuticals and nanomaterial. The ability to 

measure surface area is hence extremely impor tant in comparing 

and evaluating materials for these applications as it can influence 

their effectiveness and reactivity.  Designer should know the latest 

scientific developments in the area of material science as well in 

process that will help in designing  better products.  

When child grows its  surface area keeps on changing and we 

witness growth. We design stylish dress with such materials that 

should not last for years because life of the dress is short and child 

dress may not fit after a few months.  On the other hand , a s we 

grow and I am getting old and it appears to me that my body is 

shrinking and those dresses were not fitting me few years back is 

fitting by body and now I can wear. At last my coat will remain 

hanging in the wardrobe as it is and my body surface area will shrink 

to that level that my existence is no more in physical and my 

remains will go to ashes.  
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We are grateful to Prof Lalita Sen of Texas University for referring 

Prof Dr. Kenneth Joh  who was the first among few who has not only 

ac cepted our invitation but appreciated this idea of declaring year 

2013 year of student designers. It is great honor for us that he has 

made our publication a true international and I feel like to stand and 

salute for making our publication pioneer in desig n communities.   

 ñLook beneath the surface; let not the several quality of neither a 

thing nor its worth escape theeò Marcus Aurelius (Roman emperor, 

AD 121 - 180)  

With regards  

Dr. Sunil Bhatia  

Design For All Institute of India  

www.designforall.in  

dr_subha@yahoo.com  

Tel 91 - 11 - 27853470®  

 

 

 

                

 

 

 

 

 

http://www.designforall.in/
mailto:dr_subha@yahoo.com


11          May 2013 Vol - 8 No - 5      Design For All Institute of India  

                  Forthcoming issues  

                 June 2013 Vol - 8 No - 6  

Ms. Cathy Dalton  is a final - year PhD can didate 

at the Cork Centre for Architectural Education, 

Cork, Ireland, where she is researching potential 

use of ambient technologies in residential 

environments for elderly people, as part of the 

NEMBES embedded technologies project. She held 

a NEMBES PhD scholarship from 2009 to 2012 and 

is a qualified architect, with experience in the 

design of healthcare buildings.  

Tomás Maher  is a Final Year Student in the BSc 

Architectural Technology course at the Cork 

Institute of Technology.  

                      Jul y 2013 Vol - 8 No - 7  
 

Christian Guellerin is president of Cumulus, 

the International Association of 

Universities and Schools of Design, Art and 

Media since 2007. The organization counts 

178 establishments in 44 countries. He is 

also the executive director of  the Ecole de 

design Nantes Atlantique, which trains professionals to create and 

innovate for socio - economic development, with an interface between 

technology, economics, and the sciences. Today theyôre expanding to 

China and India. He writes on design and  pedagogy. He will act as 

philosopher & guide for this special issue and students of different 

streams will participate in this special issue.  



12          May 2013 Vol - 8 No - 5      Design For All Institute of India  

          August 2013 Vol - 8 No - 8  

 Dr. Antika Sawadsri  PhD in Architecture, 

Planning and Landscape University of 

Newcastle upon Tyne, UK. Lecturer, School 

of Interior - Architectural Design (2004 -

present) Faculty of Architecture King 

Mongkutôs Institute of Technology 

Ladkrabang (KMITL) Thailand will supervise 

this special issue of student designers.  

  

          Septemb er  2013 Vol - 8 No - 9  

 
"Inclusive Tourism: international 

perspectives, accessibility and inclusion in 

the Brazilian tourism" is topic suggested by 

Prof Regina Cohen Pro - Access Group -  

Federal University of Rio de Janeiro and she 

will be Guest Editor.  

 

         ñWoman Designer year of 2014ò 

IMMA BONET  Executive Patron of Design 

For All Foundation has accepted the 

invitation of  Guest Editor for  our inaugural 

issue of our declared new series for 

highlighting the contributions of women in 

social movements of Des ign For All/ 

Universal Design.  
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 Guest Editor:  

 

 

 

 

 

 

 

 

 

Dr. Kenneth Joh is an Assistant Professor in the Department of 

Landscape Archite cture and Urban Planning at Texas A&M 

University, Program Coordinator of the Graduate Certificate Program 

in Transportation Planning, and an Assistant Research Scientist at 

the Texas Transportation Institute.  
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GUEST EDITOR IAL  

This issue highlights empirical studies that focus on the relationship 

between transport and urban design, and the role of non - motorized 

modes of transport in the contemporary city.  Planning for 

sustainable and healthy communities has become the domi nant 

paradigm for architects and urban planners in the 21st century, with 

the promotion of active transport such as walking and bicycling, and 

discouraging automobile use.  This is an especially important 

concern to address in newly industrializing countri es such as India, 

which is experiencing a rapid rise in motorization rates.  

Automobile transport is the dominant mode of transport for much of 

the developed and rapidly developing world.  The United States is 

the most highly motorized country in the world , with almost 800 

vehicles for every 1,000 persons in 2010.  This is largely due to a 

legacy of pro -auto transport and land use policies in the U.S. for 

much of the 20th century, such as the Interstate Highway Act of 

1956 which encouraged the development o f automobile - oriented 

suburbs.  As a result, almost one - half of all Americans live in 

suburbs today, and most of them are designed for car use and not 

for pedestrians or cyclists.  The lack of alternative transport modes 

presents a significant burden for d isadvantaged groups such as low 

income persons, the elderly, and the disabled, raising concerns 

about accessibility and social equity.  

In recent years, there has been a convergence of support for 

sustainable and walkable communities from urban designers, 

t ransportation planners, environmentalists, and public health 

professionals.  Some of the key tenets of the sustainable transport 

paradigm are the emphasis on accessibility over mobility, 
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multimodal transport modes, and recognizing the social and 

environmen tal costs of transport.  There has been increasing 

interest in promoting more walking and cycling in communities, not 

only for environmental reasons but also to increase public health.  

For example in the U.S., the obesity epidemic has been linked with 

an auto - dependent lifestyle.   

This issue showcases the professional works by masterôs students in 

the Landscape Architecture & Urban Planning Program at Texas A&M 

University.  Texas A&M University (TAMU) is one of the leading 

research institutions in the U.S ., and the oldest university in Texas, 

founded in 1876.  Located in College Station, it is in the heart of the 

Texas Triangle, a rapidly growing megaregion of approximately 15 

million people which includes larger cities such as Dallas, Houston, 

and San Ant onio.  TAMU is the largest university in Texas and the 7th 

largest university in the U.S., with over 53,000 students.  It is one of 

the top 20 research institutions in the U.S. in terms of funding and 

has made notable contributions to many fields.  

The urba n planning program at Texas A&M has a strong 

transportation focus, given TAMUôs affiliation with the highly 

renowned Texas A&M Transportation Institute, which is the largest 

transportation research agency in the U.S. TAMUôs planning program 

is also unique for its Certificate Program in Transportation Planning, 

which provides students with a substantive base of knowledge 

necessary to be a successful transport and urban planner.  As the 

coordinator of the certificate program and a faculty member in 

transport planning, I have taught and advised dozens of students 

during my tenure at Texas A&M.  
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This issue examines multiple dimensions of sustainable transport 

focusing on non - motorized transport from four of my top students.  

The first article by Allison Hyde is a  case study of the integration of 

bike share and public transit in Denver, Colorado.  The second article 

by Todd Hansen examines multimodal commuting and mode choice 

in Dallas County, Texas.  The third article by Nair Barrios is a U.S. -

Mexico comparative c ase study of pedestrian accessibility for school 

children.  Finally, the fourth article by Yichi Liu is a bicycle study of 

Texas A&M University.  

 

 

 

 

 

 

Dr. Kenneth Joh , Assistant Professor in the Department of Landscape 

Architecture and Urban Planning at Texas A&M University  
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About the Authors  

   

 

Allison Hyde  received her Master of Urban Planning degree from 

Texas A&M University in May 2013. Her work on the integration of 

bike share and light rail transit in Denver, Colorado, USA was 

inspired by a n internship with the City of San Antonio, Texas, USA, 

where she helped plan an extension of bike share within the San 

Antonio Missions National Historical Park. Ms. Hyde is a proponent of 

cycling for transportation and seeks to help communities in the U.S . 

shift their auto usage to more active modes of transportation. An 

avid traveler, she hopes to make her first visit to India in the near 

future and thanks Design for All Institute of India for this 

opportunity to share her capstone work abroad.  
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Todd Ha nsen  earned his Master of Urban Planning degree with a 

Certificate in Transportation Planning from Texas A&M University in 

May 2013. He was the winner of the Jesus "Chuy" Hinojosa 

Academic Excellence Award in Spring 2013. He participated as part 

of a team on the Texas A&M University Bike Share Feasibility Study. 

He has worked in transportation planning with the Brazos Valley 

Council of Governments and currently with the Transit Mobility 

Program at the Texas A&M Transportation Institute. He earned a 

Bachelor 's of Business Administration in Management with a minor 

in History from Texas A&M University in May 2010.  
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Nair Barrios  earned her Master of Urban and Planning degree 

with a Certificate in Transportation Planning from Texas A&M 

University in May 2013.  She also has an architecture degree with an 

emphasis on urban design in Mexico.  She is interested in multimodal 

transportation, transit and sustainable development.  Ms. Barrios is 

the recipient of the AICP Outstanding Alumni Award 2013 for her 

alma mate r from the American Planning Association. Currently 

President of the Association of Student Planners, she intends to go 

back to Latin America and work in alternative transportation 

planning.  
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Yichi Liu  earned her Master of Urban Planning degree at Texas  

A&M University in May 2013, specializing in transportation planning. 

After receiving a bachelorôs degree in Geographic Information 

Science from Zhejiang University in China, Ms. Liu moved to the 

United States to pursue graduate study. Her two - year study 

experience in the United States has given her numerous 

opportunities to learn different cultures and expanded her vision. 

She has strong interests in promoting non - motorized transportation 

and sustainable development, as well as using GIS tools for analysis .  
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Integration of Bike Share and Transit:  

The relationship between Denver B - cycle and light 

rail transit in Denver, Colorado  

 

ALLISON HYDE, Master of Urban Planning, Texas A&M 

University  

 

Abstract  ï How cycling and transit have and can be integrated is 

gaining greater acknowledgement in research and in practice. 

Accommodating cycle - transit users at the origin or destination end 

of their trip using a public bike share system is a recent development 

of the last five years in North America but one which holds much 

potential for encouraging multimodal transportation over the use of 

single occupancy vehicles. This study considers whether bike share 

within walking distance of light rail transit has led to a greater 

improvement in transit ridership than at tr ansit stations outside of 

walking distance to bike share. Denver Colorado, where bike share 

has been operational since April 2010 and a light rail system has 

been in service since 1994, serves as the study area. The available 

data does not prove bike share  causes increased transit ridership, 

but a spatial analysis of the study area supports conclusions 

regarding the success of bike share stations in and outside of 

walking distance to light rail transit.  
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INTRODUCTION  

Over the past decade, a growing base of  research has identified 

three potential benefits of cycle - transit integration (Krizek & 

Stonebraker, 2010 & 2011). For one, the relationship solves the First 

and Final Mile problem by linking transit to final destinations, and in 

enlarging the catchment a rea around transit stations and stops, 

should logically lead to higher transit ridership. Additionally, it 

improves the efficiency of transit by reducing the importance of 

feeder bus service to trunk bus or rail lines. Importantly, it should 

increase the m ode share of bicycling.  

 

Proponents of public bike share systems tout them as being 

particularly well - suited for cycle - transit integration. When bike 

share is used to replace trips made by personal vehicles, it reduces 

greenhouse gas emissions and reliance  on fossil fuels and deducts 

those vehicles from the roadway, reducing congestion. Each trip also 

provides an opportunity for the rider to be physically active while 

traveling to his or her destination. Supporters also often cite the 

natural propensity for  bike share systems to link users with public 

transit.  

 

Indeed, in surveys of bike share users, respondents report 

decreasing their automobile usage 1  since joining bike share (Capital 

Bikeshare, 2012, p. 45) or to have used bike share to connect 

to/from tr ansit 2  (Duvall, 2012) . Such self - reported behavior 

provides some evidence that there is indeed a connection between 

bike share and transit usage. However, studies looking particularly 

                                                           
1 Forty - one percent of respondents to a survey by Capital Bikeshare reported 

driving less since joining the bike share program.  
2  Of annual members of the Denver B - cycle system, 26.4% answered that they 

used bike share to connect to a light rail or bus stop.  
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at bike shareôs influence on transit ridership are rare. This is, to the 

knowledge of the principal investigator, the first study that 

compares quantifiable usage of a bike share with quantifiable usage 

of a transit system.  

Thus, this study poses the following question:  

 

Does the availability of a public bike share system increase 

transit ridership by facilitating the Final Mile connection?  

In using the phrase, ñfacilitating the Final Mile connection,ò it is 

meant that the availability of bike share has made taking public 

transit a viable commuting option for more people through providing 

a link between a transit station to a final destination that before the 

implementation of bike share would have left the transit station 

inaccessibly distant from the final destination. To understand this 

situation,  this study focuses on the relationship between public bike 

share and light rail usage in the city of Denver, Colorado. The 

following hypothesis is made:  

 

Light rail stations within walking distance of a Denver B - cycle 

station will have witnessed a rising level of ridership above 

that of stations not within walking distance of bike share.  

 

One - quarter mile is considered as walking distance for this study, 

although one - half and one mile buffers are additionally mapped to 

give further perspective of the relat ive bike share and light rail 

stations distances.  

 

STUDY AREA BACKGROUND  
 

Denver, Colorado  

In Denver, the percent of commutes made by bicycle has grown 

faster than it has nationally. In 2011, 2.4% of journeys to work in 
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Denver were by bicycle, placing the city sixth for this commute mode 

among the 44 U.S. cities with populations over 400,000 (U.S. Census 

ACS, 2012). Fig. 1 depicts the change in commute mode share for 

cycling and transit in Denver and the U.S. While rates for both modes 

remain quite stagnant  on the national scale, capturing just a few 

percent more each across the six - year period, rates for cycling and 

transit for Denver reflect greater variance. From 2006 to 2010, they 

are inversely related. While the percent of commutes by cycle had 

been gro wing since 2008, the percent of commutes by transit was 

dropping, until both commute modes saw an increase in use 

between 2010 and 2011. The change seen since 2008 in bicycling 

has been substantial, growing 50% from 1.6% to 2.4%.  

 
Figure 1  The mode share of commutes made by transit and bicycling in Denver, Colorado 

and the U.S. (Source: ACS 2006 - 2011)  
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Regional Transportation District of Denver  

The Regional Transportation District (RTD) operates five light rail 

lines and 140 bus ro utes among other transportation services for 

eight counties within the Denver Metro Area. The cityôs light rail 

transit (LRT) system opened in 1994 and has been expanded three 

times since 2000. Its 35 - mile service length and 35 stations 3  

attracted over 65, 000 average weekday riders in Fourth Quarter 

2012  (APTA, 2013, p. 3) . A 12 - mile extension of the LRT system 

from downtown Denver to the western suburb of Golden opened in 

April 2013. (For a current system map, visit r td - denver.com.)  

 

Denver Bike Sharing and Denver B - cycle  

When its full - scale public bike share program, Denver B - cycle, 

launched on Earth Day, April 22, 2010, Denver became the first city 

in the U.S. to establish a bike share program (DBS, 2011, p. 9) . 

Owne d and operated by the 501(c)3 non - profit, Denver Bike Sharing 

(DBS), the system originally comprised 40 stations and 400 bikes 

but added 10 more stations within a few months of the launch, 

bringing its first year total to 50 stations. DBS cites seeking inp ut 

from ñbike advocates, city planners, traffic engineers, transportation 

planners, sustainability advocates, and a global public bike sharing 

scholarò as it planned Denverôs system (2011, p. 9) . Among the 

criter ia that were deemed necessary for station locations 4   was 

proximity to high use transit stops.  

 

                                                           
3
 A 36 th  station, 29 th  & Welton, was closed in January 2013. As it was op erational 

throughout the timeframe under analysis, though, it was still considered part of 

the RTD light rail system for this study.  
4  Other factors DBS considered included whether locations served as both an 

origin and destination; density of the neighbor hood; nearness to bike - friendly 

streets and trails; connectedness to employment centers, parks, and cultural and 

sport facilities; and station visibility.  
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The Denver B - cycle system closes for the winter in mid - December 

and opens again in mid - March. Over its second and third years in 

operation, the bike share syste m netted three additional stations, 

totaling 53 stations and 530 bikes by the end of 2012, although 

several stations had been closed or relocated throughout the 

timeframe (Burnap, 2012) . The system operates within about a 12.5 

square mile area, yielding an average station density of just over 

four stations per square mile (Toole, 2012, p. 58) . Denver B - cycle 

began its fourth year of operation in March 2013 and is expected to 

open 27 additional stations funded by state and federa l grants over 

the course of 2013  (Denver Post, 2012) . 

 

STUDY DESIGN  
 

A pretest - posttest quasi - experimental design is employed to 

compare usage data before bike share was available in the Denver 

area (the pre - test timeframe) and  after Denver B -cycleôs launch (the 

post - test timeframe). All light rail stations are measured prior to 

receiving the ñtreatmentò of bike share stations: B- cycle stations are 

collocated within one - quarter mile proximity, recognized as walking 

distance to t ransit, of 16 light rail stations. On the other hand, 20 

light rail stations are further than one - quarter mile from the bike 

share system and deemed ñuntreatedò. Association, time order and 

alternative explanations are sought in order to establish causalit y 

between the presence of bike share stations and increased light rail 

station ridership. RTD and DBS provided usage data for this 

accomplishment to be attempted.  

 

The availability of light rail ridership counts stipulated the 

organization of data and thus  structure of analysis for this study. 

The RTD works on a calendar divided into three schedule 
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(ñrunboardò) periods. Boarding and alighting counts are registered 

for each station using Automatic Passenger Counters (APC), a 

passive infrared counter in the d oorways of a sample fleet of light 

rail trains. The counts are averaged over the schedule period to 

produce a reliable estimate of weekday ridership at the station level 

that is also directional (north - bound or south - bound train) and 

reflects purpose of tr ip (boarding or alighting). The APC came into 

use during mid - 2006 as extension of a 13 - station Southeast line was 

underway. With its completion in November 2006, the light rail 

system increased to 36 stations. Due to the timing of the runboard 

periods, the  first for which average weekday ridership counts of all 

stations were accounted was Winter 2007, spanning January 15 

through May 4, 2007. This is thus the first ñseasonò this study could 

consider for its pre - test dataset.  

 

In considering the post - test dat aset, it was necessary to take into 

account timing of Denver B -cycleôs launch on Thursday, April 22, 

2010. As this falls near the end of the RDTôs Winter 2010 runboard, 

the first weekly checkout data to be considered in this study 

coincides with the RDTôs Summer 2010 runboard, which spanned 

May 2 through August 21, 2010 5 . Additionally, as B - cycle checkouts 

are reported weekly, pooling of the checkout reports into coinciding 

runboard periods was required to undertake comparative analysis.  

 

 

                                                           
5
 The RTDôs usage of ñseasonò to describe their schedule (ñrunboardò) periods is 

an approximation of calendar - year seasons. While all 52 weeks are encompassed 

in the average weekday ridership counts, they are divided into three versus four 

seasons, Winter, Summer and Fall, lacking a Spring designation.  
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In total , 10 runboard seasons, over three years of average weekly 

ridership counts, could make up the pre - test dataset. However, this 

study considers just 

nine of these 

runboard seasons, 

Summer 2007 

through Winter 2010, 

when interpreting 

light rail ridership 

data before the 

implementation of 

bike share in Denver. 

This allows for a 

more consistent 

comparison between 

pre -  and post - test 

datasets. With 

Summer 2007 as the 

first season 

considered within the 

pre - test dataset and 

Summer 2010 the first season considered wit hin the post - test 

dataset, change in light rail ridership before and after B - cycle may 

be analogously compared between summer and winter seasons. In 

the Data Interpretation section, it will become clear why the 

seasonality of light rail ridership supports this organizational 

decision. To conclude, the pre - test dataset includes three full years 

of average weekly ridership counts for interpretation (Summer 2007 

through Winter 2010), while the post - test dataset is composed of 

Pre - test Year 1  

Summer 
2007  

Fall 2007  Winter 2008  

Pre - test Year 2  

Summer 

2008  

Fall 2008  Winter 2009  

Pre - test Year 3  

Summer 
2009  

Fall 2009  Winter 2010  

Post - test Year 1  

Summer 
2010  

Fall 2010  Winter 2011  

Post - test Year 2  

Summer 

2011  

Fall 2011  Winter 2012  

Table 1  RTD seasons were grouped as shown below into 

three years of pre - test data and two years of post - test data 

that represent ridership trends before and after the launch 

of B - cycle in D enver.  
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the following two full years (Summ er 2010 through Winter 2012), 

outlined in Table 1.  

DATA INTERPRETATION  

Analysis of System - Wide Usage  

At the end of the 2012 calendar year, DBS was operating 53 B - cycle 

stations. However, over the life of the system, an additional three 

stations that once w ere active have been closed, and checkouts for 

all 56 total locations have been cataloged throughout the three 

years Denver B - cycle has been in operation. Although checkout data 

encompassing the total time span of this analysis is not available for 

each B - cycle station, every station is considered in the analysis 

where possible.  

 

Fig. 2 depicts system - wide weekly checkout counts for B - cycle 

during its first three years in operation, 2010 - 2012. The number of 

checkouts has trended upward, reaching new usage h ighs each 

successive year.  

 

 
Figure 2  Weekly checkouts for the B - cycle Denver system over the first three years 

of its operation, 2010 - 2012. Compiled from checkout data provided by DBS.  
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While system usage is rising overall, wheth er that growth is 

consistent among stations will be considered in a spatial analysis 

below. When checkouts are observed at the individual station - level 

instead of at the aggregate system - level, it becomes evident, 

though, that proximity to light rail is no t an all - purpose predictor for 

bike share station popularity. While the 10 bike share stations with 

the most checkouts each year were consistently found within one 

mile or less of a light rail station, most of the 10 stations in 

operation that ranked the l east popular were also within this 

distance.  

 

As mentioned in the previous section on Study Design, the 

timeframe used for calculations of growth and decline impacts our 

understanding of overall ridership trends due to this seasonality. 

Comparing annual g rowth that occurs within the calendar year 

versus year - to - year growth that occurs over successive seasons 

results in numbers of differing magnitudes, represented in Fig. 3. For 

instance, the light rail systemôs percent change in ridership over 

three winter s, winter  2007 through Winter 2010, a pre - test time 

frame, is 9%. This rises to 15% if pre - test ridership change is 

calculated as the percent change  
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Figure 3  (top) Seasonal average weekday ridership for RTD Denver 

light rail an d (bottom) average daily checkouts for B - cycle from 

Winter 2007 through Winter 2012. Compiled from data provided by 

the Regional Transportation District and Denver Bike Sharing.  

  

between Summer 2007 and Winter 2010 ridership levels due to the 

summertimeôs traditionally lower ridership level. It is a difference 

that affects what we perceive as normal, pre - test ridership growth. 

The launch of bike share in April 2010 places the first season of the 

post - test dataset at Summer 2010, necessitating the substanti ally 

lower ridership of the summer to figure into the percent - change 

calculation. It is best to likewise interpret pre - test ridership data 

using the same calendar year order, beginning with summer data 

and ending with winter data.  

As Fig. 3 indicates, the summer with the lowest transit ridership 

counts during the study timeframe, pre -  or post - test, was the 

Summer of 2010, just after the launch of bike share. However, the 

light rail system recovered well over the next two years, reaching its 
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highest ridershi p to date during Winter 2011 and topping that again 

in Winter 2012. Of additional interest is the negative correlation 

between the usage of bike share and light rail in the summer 

seasons. While light rail ridership is lowest during the summer, bike 

share usage is at its highest. Weather in Denver is most conducive 

for bicycling in the summer, likely accounting for bike shareôs higher 

summer usage. On the other hand, light rail usage declines in the 

summer, perhaps because students and employees are less li kely to 

make regular commutes. While it is possible that bike share attracts 

a portion of LRT users away from rail and toward bike share during 

the summer, accounting for some of the loss in light rail boardings 

and gains in bike share checkouts, the rider ship of light rail is vastly 

greater than bike share checkouts and impossible mathematically to 

account for the entire shift in ridership.  

Thus, the dip of light rail ridership during the first season of the 

post - test timeframe and the opposing summer tren ds in modal 

usage together demonstrate that the magnitude of light rail 

boardings will overshadow any influences bike share may have on 

light rail ridership at the system - wide scale. To continue the study at 

a finer detail, a spatial analysis is performed at the level of 

individual light rail and bike share stations, visualizing stations by 

their percent changes in ridership.  

It is necessary to analyze stationsô growth or decline using percent 

change between the pre -  and post - test study timeframes, as 

compa ring average weekday ridership at face value is inadequate to 

detect changed  change, While a stationôs ridership may grow 

throughout the study timeframe, the question of what is ñexpectedò 

growth and what is growth that could be attributable to the nearby 
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presence of a bike share station would be unanswerable. The next 

sections explain the spatial analysis process.  

Spatial Analysis: Pre - Test (Summer 2007 ï Winter 2010)  

The percent change of average weekday light rail ridership over the 

three - year, pre - test period (Summer 2007 -  Winter 2010) was 

calculated for each light rail station. Table 2 depicts the distribution 

of data, of which the median percentage increase observed was 8%. 

Auraria West Campus Station is a potential outlier with a percent 

change in av erage weekday boardings during the timeframe of more 

than three standard deviations from the mean. Based on this spread 

of data across the light rail system, station - level ridership was 

reclassified by the percentile into which it fell.  

 

Map 1 shows the spatial distribution of 

the light rail stations. Because the RTD 

operates transit for an eight - county 

area, some light rail stations are located 

outside the De nver city boundaries. As 

ridership data was available for all 

stations, these nine stations were still 

included in this study and, along with 11 

other light rail stations beyond a one -

quarter mile distance of the B - cycle 

network, serve as study controls, o r the 

light rail stations that did not receive the 

ñtreatmentò of a co- located bike share 

station.  

 

Mean  20  

s 49  

10 0% Max  183  

75% Q3  23  

50%  Median  5  

25%  Q1  - 8  

0%  Min  - 48  

IQR  31  

Count  34  

Table 2  Variability in pre - test 

average weekday light rail 

ridership  
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While the three end point stations of the suburban - reaching lines, 

Littleton/Mineral, Lincoln and Nine Mile Stations, experienced a 

percent change in riders hip of varying degrees, high actual ridership 

was common for all three.  

 

Among the cluster of 15 stations in the downtown core, nearly 

three - fourths fall into the bottom 50 th  percentile of ridership change 

between Summer 2007 and Winter 2010. The three st ations in the 

downtown core where ridership level of improvement was within the 

4 th  Quartile were Theatre District/Convention Center, Colfax at 

Auraria and Auraria West Campus Stations. Two are on Auraria 

Campus, which serves three institutes of higher edu cation, including 

the University of Colorado Denver. Their ridership appears to follow 

an academic pattern, dipping in the summer but picking back up in 

the fall and remaining consistent through the winter seasons. 

However, in terms of actual ridership, th e two stations differ vastly. 

Colfax at Auraria Station, often places 2 nd  among the Top 10 most 

popular light rail stations, and Auraria West Station has inched 

upwards from the very bottom position of ridership counts to a place 

in the upper Bottom 10.  

 

A final observation of the pre - casual spatial analysis involves the 

four stations on Welton St. and one more on nearby Downing St. All 

the Welton Street Stations increased in ridership but at slow rates, 

placing them in the lower 50 th  percentile of ridersh ip change as well 

as consistently in the lowest stations in terms of actual ridership. 

The station at 30 th  & Downing increased in ridership more 

substantially and performed above average in actual  
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Map 1  Pre - test average weekday ride rship at each of 36 light rail stations is 

categorized by its level of decreasing or increasing change from Spring 2007 through 

Winter 2010, the three years preceding the existence of Denver B - cycle.  
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boarding counts. While the five stations service the D  line only, 30 th  

& Downing Station serves as an end station, which, like the end 

stations outside the Denver boundary, tended to attract higher 

boarding counts. While outside the timeframe of this study, it is 

worth mentioning that 29 th  & Welton is the onl y light rail station to 

have been closed, stopping service in January 2013 as part of an 

effort to maintain train efficiency and improve bus connections at 

neighboring 30 th  & Downing Station.  

Spatial Analysis: Post -test of Bike Shareôs Effect on Light 

Rail  Ridership  

 After spatially analyzing the pre - test change in ridership of light rail 

stations, the next step of analysis is to understand the effects bike 

share may have on light rail ridership based on geographic proximity 

and trends in bike share station  usage. As was done for light rail 

stations, a percent change in usage from Summer 2010 to Winter 

2012 was calculated for each B - cycle station. Eighteen stations 

opened after the initial launch or were relocated before the end of 

the second year. For 14 of  these stations, percent change was 

calculated using the first or last full season for which the station was 

operational. A percent change could not be calculated for the 

remaining four stations, that opened during Fall 2011 or Winter 

2012 because checkout  data was only available for one (or less) full 

season.  
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Furthermore, the calculation required that 

weekly checkouts pooled together into RTD light 

rail ru nboard season be normalized by days per 

season. When stationsô weekly checkout reports 

were aggregated to coordinate with light rail 

runboard periods, the winter season of the B -

cycle system, which is not operated during mid -

December through mid - March, bec ame much 

shorter than the summer or fall seasons. By 

normalizing checkout counts by days per season and working with 

this number akin to average daily checkout versus actual weekly 

counts, the inconsistent length of the seasons does not affect the 

percent - change measure of station performance.  

 

Table 3 shows the distribution of the bike share dataset, of which 

the median percentage increase observed was 34%. Buchtel & High 

Station, with a z - score of 3.9, is a potential outlier.  

 

Map 2 aids our understanding  of each stationôs change in checkouts 

in relation to others within the system from its launch through 

Winter 2012. The stations that consistently saw the highest and 

lowest number of annual checkouts over the three years of the 

systemôs operation are also designated. The map depicts, too, the 

relative distance of all bike share stations to light rail stations based 

on one - quarter, one - half and one mile radius buffers from the B -

cycle stations.  

Mean  49  

s 49  

100% Max  239  

75% Q3  52  

50% Median  34  

25% Q1  19  

0% Min  1  

IQR  33  

Count  52  

Table 3  Variability in 

average daily 

checkouts  
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Map 2 . B - cycle stations are classified by their change in number of checkouts from Summer 

2010 to Winter 2012. B - cycle stations that have consistently yielded the greatest or lowest 

numbers of checkouts throughout the systemôs three years in operation are noted as Top 10 

or Bottom 10 performers , and a multi - ring buffer around B - cycle stations conveys relative 

distances from fixed rail transit.  
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Based on the hypothesis that ridership at light rail stations within 

walking distance of a bike share station will increase more markedly 

than that at li ght rail stations which are beyond walking distance of 

bike share, B - cycle stations are studied for their potential to support 

improved ridership levels at nearby light rail stations.  It is suspected 

that Top 10 - performing stations in particular are most l ikely to 

contribute to increasing light rail ridership. Using Map 2 to visualize 

stationsô percent change of checkouts reveals four other scenarios of 

interest:  

 

 High - performing stations in the 100 th  percentile of checkout 

growth:  

o 1350 Larimer  grew 69%  

o 14 th  & Champa grew 64%  

o 16 th  & Platte grew 119%  

 High - performing stations in the 25 th  percentile of checkout 

growth:  

o 13 th  & Pearl Station grew only 1%  

o 16 th  & Little Raven grew only 11%  

o 19 th  & Pearl grew only 10%  

 Low - performing stations in the 100 th  percentile  of checkout 

growth:  

o 10th & Osage grew 90%  

o DU Nagel Hall grew 139%  

o Five Points grew 52%  

 Low - performing stations in the 25 th  percentile of checkout 

growth:  

o 14 th  & Elati Station grew only by 1%  
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Stations in the first and third categories that are within w alking 

distance of LRT are expected to be associated with light rail 

ridership that increases more than expected based on the pre - test 

trend. Stations in the second and fourth categories that are within 

walking distance of an LRT station are expected to be  associated 

with light rail ridership that increases a negligent amount or 

decreases based on pre - test trends.  

 

Average daily checkouts nearly tripled for Buchtel & High, the B -

cycle station near the University LRT station, from 3.5 per day to 12 

per day. The two other B - cycle stations servicing the University of 

Denver campus, DU Driscoll Center and DU Nagel Hall (before being 

relocated in Winter 2012), also saw over 100% increases in 

checkouts. Checkouts at four more bike share stations, 1450 Wazee 

and 16 th  & Platte near the Union Station neighborhood as well as 7 th  

& Grant and 12 th  & Sherman in the Capitol Hill neighborhood also 

increased over twofold during the study timeframe. Of the 13 

stations that showed the most improved number of average daily 

chec kouts (were in the 100 th  percentile) only four, of which one was 

the Buchtel & High location, were within one - quarter mile distance 

of one or more light rail stations.  

 

DBS relocated three stations during the timeframe: from Union 

Station to 17 th  & Blake,  from DU Nagel Hall to Louisiana & Franklin 

and from 15th & Tremont to 11 th  and Emerson.  The B - cycle station at 

11 th  & Emerson, installed in Summer 2011 replaced a bike share 

location that had been within one - quarter mile distance of the 18 th  

Street light rail stations. The new location was over one mile from 

any light rail station, but by Winter 2012, the 11 th  & Emerson station 
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was attracting five times the number of checkouts that the station at 

15 th  & Tremont had the prior winter.  

 

Maps 3 and 4 serve o ur investigation into actual changes in light rail 

ridership. The percent change in average weekday ridership was 

again calculated for the post - test timeframe of Summer 2010 

through Winter 2012. The distribution of the data is not as varied, 

demonstrated b y the smaller IQR and range (see Table 4) . Auraria 

West Campus Station, which has a z - score of 3.5, is again identified 

as a potential outlier station. As Map 1 illustrated the pre - test 

percent changes in average weekday light rail ridership, Map 3 

demonst rates the post - test percent changes.  

Assuming that, without the addition of the B -

cycle bike share network, ridership at each 

station would have continued to gr ow or decline 

at the same rate it had during the pre - test 

timeframe, the difference in percent change 

each station experienced can be examined. Four 

possible outcomes are of interest :  

 

(a)  Ridership increased more than expected at 

light rail stations within on e- quarter mile 

distance of a B - cycle station,   

(b)  Ridership increased less than expected or 

decreased at light rail stations within one - quarter mile distance 

of a B - cycle station  

(c)  Ridership increased more than expected at light rail stations 

not within one - qu arter mile distance of a B - cycle station, or  

Mean  32  

s 33  

100% Max  148  

75% Q3  45  

50% Median  27  

25% Q1  19  

0% Min  - 19  

IQR  26  

Count  34  

Table 4  Variability in 

post - test, average 

weekday riders hip  
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(d)  Ridership increased less than expected or decreased at light 

rail stations not within one - quarter mile distance of a B - cycle 

station  

 

Comparing the percent change in ridership over the pre - test 

timeframe to the percent change in ridership over the post - test 

timeframe, some stations improved ridership counts faster while 

growth of others remained steady or slowed. The change at each 

station is as follows:  

  Light rail stations within one - quarter mile distance of a B- cycle 

station that saw ridership increase more than expected were:  

o 16 th  St Stations  

o 18 th St Stations  

o 20th St & Welton Station  

o Pepsi Center / Elitch Gardens Station  

o Sports Authority Field at Mile High Station  

o University of Denver  

 

 Light rail stations w ithin one - quarter mile distance of a B - cycle 

station that saw ridership increase less than expected or 

decrease were:  

o 10 th  & Osage Station  

o 27th St & Welton Station  

o Auraria West Campus Station  

o Louisiana & Pearl Station  

o Theatre District /  Convention Center  

 

 Light rail stations not within one - quarter mile distance of a B -

cycle station that saw ridership increase more than expected 

were:  
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o 30 th  & Downing 

Station  

o Alameda  

o Arapahoe at Village 

Center Station  

o Belleview Station  

o Colorado Station  

o Dayton Station  

o Dry Cr eek  

o Englewood  

o Evans  

o I - 25/Broadway 

Station  

o Littleton/ Downtown 

Station  

o Littleton / Mineral 

Station  

o Lincoln Station  

o Orchard Station  

o Oxford Station  

o Yale Station  

 

 Light rail stations not within one - quarter mile distance of a B -

cycle station that saw ridership  increase less than expected or 

decrease were:  

o Colfax at Auraria Station  

o County Line Station  

o Southmoor Station  

 

Over half of the stations that are outside typical walking distance of 

a bike share station saw their ridership increase by at least 20%. It 

is possible that bike share played a role in these ridership gains, 

attracting new light rail users because of the final mile connection 

facilitated by bike share at their destination. However, the ridership 

gains are likely demonstrative of other factors bey ond bike share 

contributing to increased average weekday ridership at these light 

rail stations. Increases in suburban population along these LRT lines, 

for instance, likely led to increased patronage of these stations.  
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Map 3  Post - test average weekday ridership at each of 36 light rail stations 

is categorized by its level of decreasing or increasing change from Spring 

2010 through Winter 2012, the first two years of operation of Denver B -

cycle.  
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Map 4  Light r ail stations are depicted by the difference in the percent change in 

ridership measured during the pre -  and post - test timeframes. A multi - ring buffer 

around B - cycle stations depicts their relative distance from light rail  



47          May 2013 Vol - 8 No - 5          Design For All Institute of India  
 

One station that is within typica l walking distance of a bike share 

station saw its changes in ridership from the pre -  and post - test 

timeframes actually worsen. The percent change in ridership 

between Summer 2007 and Winter 2010 for 27 th  & Welton Station 

was 2% but this declined to a perc ent change of - 10% in the post -

test period. Within the timeframe under study, the station never 

achieved average weekday boardings over 468 (Winter 2008), 

although the closure of neighboring 30 th  & Welton Station in January 

2013 may impact ridership in the  future. The 27 th  & Welton LRT 

station is under a 300 ft network distance from the Five Points B -

cycle station, a Bottom 10 performing bike share station but one that 

is in the fourth quartile for increasing checkouts.  

DISCUSSION  

 

As stated earlier, associ ation, time order and alternative 

explanations are sought in order to establish causality between the 

location of bike share within walking distance of LRT stations and 

increase of ridership at those stations. The quasi - experimental 

nature of this study me ans the time order can be fixed; the 

proportion of light rail stations treated with the addition of bike 

share proximity is observed two years after  the launch of B - cycle in 

Denver. The trend in percent change of ridership at LRT stations 

does not imply an  association, however. While the 16 stations that 

did receive treatment (were within one - quarter mile of a B - cycle 

station) averaged a 7% improvement in boardings between the pre -

test and post - test timeframes, the 20 stations that did not receive 

treatment  (were not within one - quarter mile of a B - cycle station) 

improved more markedly (18%) over the duration of the study 

timeframe.  
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Thus, association between the treatment and increased ridership is 

not necessarily supported by the observed data. Alternative 

explanations are likely to impact the relationship further. Numerous 

variables, including the availability of parking spaces at LRT 

stations, gas prices, surrounding land use, or population and 

employment density, contribute to the functionality of particu lar 

light rail stations and the growth and decline of resultant ridership. 

A multiple regression analysis which could attempt to control for 

such variables was outside the scope of this study. While causality is 

not achievable with the current data set, sp atial analysis of LRT and 

bike share station usage reveals two intriguing relationships.  

Closest Bike Share Observation  

Proximity within one - quarter mile distance of a light rail station does 

not guarantee a bike share station placement in the upper 50 th  

percentile of usage growth. In almost every case where more than 

one bike share station shares the same one - quarter mile buffer from 

a light rail station, the closest bike share station to the LRT station 

showed more improved percent change and a higher n umber of 

checkouts.  

 

Examples include the B - cycle station at 14 th  & Champa, which shares 

a one - quarter mile buffer from the Theatre District/Convention 

Center LRT Station with a B - cycle station at 14 th  & Welton. But, the 

B- cycle station at 14 th  & Champa ha ppens to be half the distance 

from the LRT station of the B - cycle station at 14 th  & Welton. It grew 

in checkouts by 64% (vs. 16%) during the study timeframe and saw 

an average of 26 checkouts per day in Winter 2012 to 14 th  & 

Weltonôs 16 checkouts per day. Similarly, the B - cycle station at 18 th  

& California, which shares a one - quarter mile buffer around the 18 th  
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& California LRT station with B - cycle stations at 17 th  & Curtis and 

1550 Glenarm but that is situated across the street from the LRT, 

outperforms bo th B - cycle stations in the number of checkouts and 

growth. While the B - cycle station at 1550 Glenarm, the closest 

station of five B - cycle stations within a one - quarter mile buffer of 

the 16 th  & California LRT station, does not perform as well as 14 th  & 

Cha mpa or 18 th  & California B - cycle stations, both of these, as 

discussed, are primarily influenced by the LRT stations they are most 

directly situated beside. It does perform better than the two B - cycle 

stations it shares the buffer with but which are no clo ser to any 

other LRT station.  

 

To further this concept, we can more closely examine the case of 

11 th  & Emerson, the B - cycle station that was relocated from 15 th  & 

Tremont. As described above, the station previously at 15 th  & 

Tremont was within one - quarter mile distance of light rail, but it was 

not the closest B - cycle station to the 16 th  & California LRT station 

and thus had difficulty competing with other nearer B - cycle stations. 

When moved to 11 th  & Emerson, over a mile from the closest LRT 

station, compe tition was relieved, and the service instead was able 

to extend to an area where demand for bike share had previously 

existed unsatisfied. By Winter 2012, the 11 th  & Emerson station was 

attracting five times the number of checkouts that the station at 15 th  

& Tremont had the prior winter.  

 

The B - cycle station at 16 th  & Little Raven is an example where the 

closest B - cycle station did not produce the greatest percent change 

in checkouts. However, as it is consistently one of the most popular 

stations in terms of checkouts, its low percentage change is likely 
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due to it having reached a saturation point of accommodating 

checkouts.  

Successful Neighbor Observation  

As discussed above, location near a light rail station does not 

guarantee a successfully growing bike share station, but spatial 

analysis of the usage data shows that successful bike share stations 

often guarantee that another successful bike share station is located 

within a one -half mile distance. According to the FHWAôs State of the 

Practice and Guide t o Implementation  for bike share, the standard 

station spacing of urban bike share programs is about one - half mile  

(2012, p. 18) . Where the one - quarter mile buffers around bike share 

stations touch or overlap in M ap 2, the distance between the bike 

share locations meets such a threshold. All but two bike share 

stations that ranked in the fourth quartile of checkout growth 

(symbolized in green in Map 2), were within one - half mile distance 

of another station that als o placed in the upper quartile of checkout 

growth or of a Top 10 performing station.  

 

Successful system usage requires that bike share stations for both 

picking up and dropping off be within convenient walking distance of 

a userôs origin and activity destination. Such a pattern of usage is 

supported by the visual representation of percent change in 

checkouts at Denver B - cycle stations. As checkouts at particular 

stations grew during the post - test timeframe, growth in checkouts 

was necessitated at a station  within reasonable cycling distance to 

accommodate the checking back in of such trips. It is not common, 

though, for a bike share station that ranked in the top quartile of 

growth to be the closest neighbor of another such station. The pod 

of stations on t he University of Denver campus, near the University 
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LRT station, is an exception, presumably because the three stations 

served primarily as origins and destinations to each other and grew 

in parallel.  

 

One of the two exceptions mentioned above is the 10 th  & Osage B -

cycle station, which opened in Summer 2011 directly beside the LRT 

station at 10 th  & Osage. While it is relatively secluded from the rest 

of the bike share system, its extreme accessibility to the LRT station 

likely contributed to the improvement  in checkouts it witnessed 

since then. The 9 th  & Santa Fe B - cycle station, 10 th  & Osageôs closest 

bike share neighbor was not installed until Winter 2011, so users 

must have been attracted beyond a Final Mile from the Denver 

Health, 14 th  & Elati, or other distant bike share stations. While 

transit - cycle integration may have aided usage of the bike share 

station, the light rail station slipped from the 75 th  to 50 th  percentile 

of ridership change between the pre - test and post - test timeframe, 

meaning its rider ship was growing since B - cycle was initiated, but 

not as strongly relative to the rest of the LRT system as it had been 

prior to treatment. Though growing, the bike share station at 10 th  & 

Osage simply did not attract enough daily checkouts to better 

influ ence weekday average light rail boardings.  

 

Overall, the spatial analysis suggests a fine line exists between 

locating stations to accommodate convenient system linkage and 

saturation of an area occurring. The eight stations, from 14 th  & 

Welton east to 16 t h  & Sherman and south to the Denver Public 

Library, exemplify possible system saturation. All eight place in the 

bottom 50 th  percentile in terms of percentage change in checkouts. 

While three, the Denver Public Library, 14 th  & Welton and 16 th  & 

Broadway sa w at least 16 daily checkouts in the last season of the 
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post - test timeframe, four others ranged from five to 14 and were not 

growing. The last was 15 th  & Tremont, which was relocated and 

discussed previously. It appears that growing stations always have 

gr owing or Top 10 - performing neighbors, but not all neighbors of 

growing stations will grow.  

Recommendations  

The data show that bike share stations within the same one - quarter 

mile Euclidean distance of a light rail station compete for cycle -

transit trips. T he closest bike share station to the light rail station 

often shows the highest increase in checkouts. While providing a 

dense network of stations conveniently accommodates overflow and 

increases the accessibility of the system to customers, the 

importance  of extending access outward to a new area on the edge 

of the network may be more beneficial when competition near light 

rail transit facilities appears to decrease the productivity of bike 

share stations beyond the most convenient location. This 

demonstra tes that a linkage between transit and bike share 

productivity exists, but it furthers the understanding of bike share 

and transit integration by exemplifying that walking distance 

proximity to transit is not enough of a reason to site a bike share 

station . When there is adequate station density, the most productive 

stations are situated very near or adjacent to transit access points, 

and it may actually disservice bike share stations to be located close 

but not close enough to a transit linkage.  

 

Furthermo re, bike share succeeds when well connected to other 

system locations. Light rail can be one factor of success, but if the 

bike share station itself is not integrated into the system, the station 
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will probably not serve cycle - transit riders well because th ere may 

be no attractive bike share station to cycle toward within a 

reasonable distance. When considering relocation of existing bike 

share stations, it is worthwhile to consider both percent change in 

checkouts in tandem with actual checkout counts. If a  station is 

inhibited by the success of a growing neighbor near it, the bike 

share station may better serve users if relocated where it may 

extend the system one - half mile outward from a different successful 

bike share station. For instance, the B - cycle st ation at 14 th  & Elati 

may benefit from relocation next to the Colfax at Auraria light rail 

station if also within one - half mile of the growing, Top 10 

performing B - cycle station at 14 th  & Champa.  

 

Another recommendation to increase the effectiveness of cyc le -

transit integration is to make a concerted effort to streamline bike 

share membership and RTD transit passes, which would not only 

encourage the dual usage of the systems by easing the link between 

bike share and transit but would enhance data collectio n and 

interpretation of the cycle - transit relationship in Denver.  

 

It is not state - of - the - practice within North America to offer 

combined - use discounts, let alone intermodal fare systems. No such 

ñcommon bikesharing/transit cardò has been issued in the U.S. or 

Canada which would require multiagency cooperation (Shaheen, 

Martin, Cohen, & Finson, 2012, p. 35) .  However, bikeshare in 

Hangzhou, China, the worldôs largest system with over 60,600 bikes 

in use at over 2,400 stations, exemplifies such intermodal benefits 

(Shaheen, Zhang, Martin, & Guzman, 2011, p. 35) . Under the same 

authority as that which runs the cityôs bus, bus rapid transit (BRT) 

and metro rail, the Hangzhou Public  Transport Corporation, 
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Hangzhou Public Bicycle bikesharing has been instilled in the public 

eye as a legitimate public transportation option. The inclusion of 

bikeshare under the umbrella of Hangzhou Public Transport 

Corporation greatly eases bikeshare - tr ansit cooperation.  With DBS 

and RTD being two separate operators, cooperation is encouraged to 

spearhead combined - use bike share - transit membership in North 

America that would incentivize residents to incorporate light rail, 

bus and bikeshare into multimod al commutes and help the city meet 

its goal to achieve a 15% bicycling and walking commute mode 

share by 2020 (City of Denver, 2011).   

CONCLUSION  

 

The benefits of better integrating cycling with transit ï the First and 

Final Mile connection it resolves and  thus the catchment area around 

transit facilities that it enlarges; the efficiency of the transit system 

it achieves through minimizing the need for transit feeder services; 

and the mode shift toward bicycling that it should prompt ï make 

this relationshi p an exciting one to pursue in more depth.  

 

While it is widely believed that bike share and transit are natural 

complements to one another, the research into this topic that exists 

is self - reported bike share user survey data or usage analysis of bike 

sha re stations in proximity to transit. However, no study as yet has 

analyzed pre -  and post - test usage data of both transit and a bike 

share system. This paper has attempted to begin filling that gap by 

quantifying this relationship.  Spatial organization of the usage data 

revealed the interesting observations that 1) successful bike share 

stations must neighbor another successful bike share station though 

not all neighbors will be successful, and 2) that being within 

walking - distance proximity from transit do es not itself guarantee a 
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bike share station will grow in checkouts if other bike share stations 

are located even closer still.  

 

While the spatial patterns revealed in the data still point to a linkage 

existing between bike share and transit, demonstrated particularly 

by the Closest Bike Share  observation in the Discussion section, the 

hypothesis that ridership of light rail stations within walking 

distance of bike share stations would increase more so than that of 

light rail stations not within walking dis tance of bike share stations 

cannot be accepted. A comparison of the percent change in ridership 

before and after light rail stations received or did not receive 

treatment of bike share proximity revealed that those outside a one -

quarter mile distance from  bike share improved in ridership more 

substantially than those to which bike share was collocated.  

Limitations and Potential for Further Study  

As discussed in the section on Data Preparation, light rail transit 

ridership data is averaged by the RTD into three schedule 

(ñrunboardò) periods. Ridership data aggregated instead by week, 

comparable to the checkout data available for bike share, has the 

potential to improve this study. Variability in usage may be revealed 

at the finer weekly scale that here is p erhaps hidden within the 

broadness of the seasonal context used for the percent change 

comparison. Additionally, the composition of timeframes used for 

the percent change calculation in this study may have skewed trends 

that could have been better reflecte d using timeframes composed of 

annual, consecutive seasons (Summer 2007 against Summer 2008, 

for instance, instead of Summer 2007against Winter 2010).  
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Making this change in data preparation in combination with an 

analysis of more refined light rail ridersh ip data, if obtainable, could 

yield an insightful future study of bike share and light rail usage in 

Denver, CO. If undertaken, multiple regression analysis or a 

difference in differences technique should be utilized to better 

understand the relationship b etween bike share and transit as it 

shifts on a weekly basis due perhaps to changing weather or gas 

prices or better accounting for the sociodemographic and land use 

characteristics of treated and untreated stations.  

With more bike share systems being est ablished in North America 

and those in operation continually maturing, the expansion in usage 

data that results should yield stronger datasets from which causality 

between bike share usage and improved transit ridership may 

eventually be proven.  
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Multimodal Commuting and Choice in Dallas  

County, Texas  

TODD HANSEN, Master of Urban Planning, Texas A&M 
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Abstract  ï This paper focuses on commuting through multiple 

modes of tr ansportation rather than the traditional automobile - only 

commute and analyzes it in a particular setting. Many American 

cities such as Dallas, TX grew up in the age of the automobile and 

are built almost exclusively for this mode. However, by increasing 

th e amount of infrastructure for alternative modes of transportation, 

the accessibility of connection nodes between those modes, and the 

amount of mixed - use areas throughout zoned districts, the use of 

other modes of transportation such as cycling, transit, and even 

walking will increase as people look for other ways to get to work 

besides congested highways. The paper takes these lessons and 

applies them to Dallas County by looking at reported commuter trips, 

commuting mode choice sample data, and transit an d bike route 

locations to identify correlations between the infrastructure and 

types of commutes to work. Following that will be an analysis of any 

correlations found and a description of policy recommendations for 

the area to consider to increasing altern ative commuting mode 

share.  

INTRODUCTION  

Commuting is an every weekday activity which most Americans must 

go through, whether it is for five minutes or a few hours. How 

people get from their place of residence to their place of work is 



60          May 2013 Vol - 8 No - 5          Design For All Institute of India  
 

heavily determined b y what sort of transportation infrastructure is 

in place. The majority of the countryôs major cities, including Dallas, 

Texas, depend on our highway system to make this daily journey. 

Despite the high desire in public policy to reduce the number of 

drive - a lone trips, there has been limited success in densely 

populated corridors. ñWhile work travel is about 20% of total travel 

in the U.S., it remains important because of its absolute size and the 

predictability of travel times (Silver, 2012, p. 5).ò 

Commutin g times and choices in cities can be greatly improved with 

more intermodal connections and higher service quality. Cities in the 

U.S. which have public transit systems and other alternative mode 

infrastructure in place are often able to compete with automo biles in 

terms of travel time. A 2006 study by Robert Cervero found that 

about 20 percent of Californians working in office buildings near rail 

stations commute by transit regularly, the point being that if 

workers have a choice they are likely to take adv antage of it. Some 

people also choose their residence based on what travel options they 

have rather than figuring out their commute after the fact. Both land 

use and transportation have large implications for the travel 

behavior of commuters, and these two  factors should be taken into 

account together when planning for the needs of people travelling to 

work.  

This paper will look at the relationship between peopleôs choices in 

travel modes, place of residence, and place of work, as well as 

examples of soluti ons which are being used to influence those 

choices. These traits will be examined through an in - depth analysis 

of Dallas County, Texas, including information about the area, 

highway and transit infrastructure, and commuter choice data. The 

case study will  specifically identify any connections between the 
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kinds of commutes people in Dallas take and the locations of 

alternative facilities such as transit stations to see if these measures 

are affecting mode share for trips to work. Following will be a survey 

of methods and techniques that cities can use to increase 

intermodality and make an impact on the growing problem of 

highway congestion, including few specific case studies about 

intermodal commuting in different types of American cities. The 

results will show if providing better infrastructure and service will 

increase the willingness and likelihood of commuters to switch from 

private automobile - exclusive commuting to integrating other 

transportation modes into their commute in a specific setting.  

CASE STU DY  

Dallas County is one of the most urbanized counties in the state of 

Texas as well as the country, with a population of 2,368,139 in 2010 

(U.S. Census). Its largest cities include Dallas, the county seat, 

Irving, Richardson, Carrollton, and Addison. Like  many southern 

cities in the United States, Dallas exploded in population during the 

1960s as people and companies began to move from the northeast 

more frequently, jumping from 434,462 people in 1950 to 679,684 

ten years later, 844,401 in 1970, and today has reached 1,197,816 

people in 2010 (U.S. Census). Meanwhile growth in the suburban 

communities around it also grew dramatically during this time 

period, as cheaper home prices and better school districts enticed 

people away from the central city. With ve ry little in the way of 

geographic barriers to contain growth or concentrate densities, the 

character of Dallas County as well as the D/FW Metroplex has 

become very suburban - focused and reliant on longer commutes to 

get to job centers.  
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This pattern of popu lation movement away from central business 

districts is not an uncommon occurrence in the United States. What 

does put Dallas in a particular group of large urban areas is how the 

region grew in population for many years without any kind of 

substantial tra nsportation infrastructure. In the early twentieth 

century the Dallas area did have operating streetcar lines, but they 

were abandoned by 1956 (Cumbie, 2010). This made the Dallas area 

especially auto - reliant, and highways represented the sole points to 

ac cess for people traveling between home and work. The major 

highways in Dallas County include Interstate 20, Interstate 30, and 

State 183, which run East to West, Interstate 45, Interstate 35, and 

State 75, which run North to South, and Interstate Loop 635,  which 

goes around most of the county (Figure 1: Dallas Highways). The 

construction of these highways have allowed for populations to 

spread out in all directions by providing greater mobility than 

realized before. Today they also are the source of massive  gridlock 

during peak driving hours as workers try to travel to and from 

Downtown Dallas.  

 
Figure 1 : Dallas Highways  

Demographically Dallas County exhibits the kind of diversity that is 

expected from a major urban area. The 2011 estimates found in the 
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Am erican Community Survey set the racial breakdown at 69.3 

percent White, 22.5 percent Black, 1.2 percent American Indian, 5.3 

percent Asian, and .1 percent Native American and Other Pacific 

Islander. The ethnic background split for the county is 38.9 percen t 

Hispanic or Latino Origin and 32.8 percent non - Hispanic White. The 

median household income estimate in 2011 was $48,942, while the 

poverty level was measured at 18.3 percent. From these statistics it 

can be seen that Dallas has a wide array of people liv ing in and 

around it. Like many areas of Texas and the Southwest there is a 

high Hispanic population in the area, and it has a higher black 

population than the state average. These statistics along with the 

poverty level indicate that there are traditional ly transit - dependent 

populations in the region.  

The American Community Survey also has estimates for the amount 

of time people spend going to work during a typical commute for 

2011. This data is broken down into ranges in time, usually on the 

order of five  minute increments. Only 9.3 percent has a travel time 

to work of 10 minutes or less, 12.6 percent travels 10 to 14 minutes, 

15.6 percent travels 15 to 19 minutes, 15.7 percent travels 20 to 24 

minutes, and 6.6 percent travels 25 to 29 minutes. For time ra nges 

of a half hour or more, 18.8 percent travels 30 to 34 minutes, 6.6 

percent travels 35 to 44 minutes, 8.3 percent travels 45 to 59 

minutes, and 6.4 percent travels 60 or more minutes each day. 

According to this data about half of commuters in Dallas Co unty 

travel between 10 and 29 minutes to work for a typical trip. 

However, the mean travel time for this data is 25.7 minutes, 

meaning that the average commute is closer to half an hour.  

Commuting to work data about transportation mode used to get 

work fo r 2011 ACS estimates shows that Dallas leans towards 
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automobile use heavily. For the sample of workers who are aged 16 

and over, 79.3 percent drive alone to work and 11.4 percent 

commute by carpool, meaning 9 out of 10 workers can be expected 

to use a car in some fashion for this trip. The percentages for other 

modes are 2.9 percent for public transportation, 1.5 percent for 

walking, 1.4 percent for other means, and 3.5 percent for working at 

home. While the automobile can be expected to be the dominate 

tra vel mode for any American city, the Dallas region is certainly not 

an exception.  

DART  

The modern major transit provider for most of the areas in Dallas 

County is Dallas Area Rapid Transit (DART).  Dallas Area Rapid 

Transit became an official entity on Aug ust 13, 1983 with the 

approval from voters from 14 cities in Dallas County. Early on DARTôs 

priority was the creation of bus and HOV lanes (Wansbeek, 2007), 

but as early as 1984 DART decided that light rail would be its 

preferred form of transit for the fu ture, with hopes of creating a 

147 - mile network. In January 1987, DART scaled down their 

expectations slightly, projecting that they could build a 97 - mile 

network with the use of long - term bonds. The first light rail 

construction began in October 1990, and  around that time DART 

published a five year plan wanting to shift bus service away from 

Downtown Dallas to a grid network in the county. The Red and Blue 

Lines opened in 1996, and have been extended further outwards in 

years following (DART, 2013). The Re d Line starts at the 

Westmoreland station in the Oak Cliff area and extends upward into 

Collin County to its northern terminus at Parker Road station in 

Plano. The Blue Line begins at Ledbetter station in Oak Cliff and ends 
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at Downtown Rowlett eastward of Dallas. There are also two 

planned extensions for the Blue Line, Camp Wisdom Station and 

University of North Texas at Dallas Station, which are to be open by 

2018 and extend the route even further southward.  

The two newer light rail lines DART has constru cted are the Green 

Line and the Orange Line. The Green Line, which was completed in 

2010, begins at Buckner station in southeast Dallas and ends at the 

North Carrollton/Frankford station northeast of Dallas just over the 

county line into Denton County. The  Orange Line is still being 

extended to its fully planned route but is currently operating at full 

service on already completed segments. It begins at the same 

northern terminus as the Red Lineôs Parker Road station and 

temporarily ends at the Belt Line st ation in Irving west of Dallas. The 

new western terminus of the Orange Line will be the DFW Airport 

Station, planned to open in December 2014, serving as the first rail 

connection between the major airport and Downtown Dallas. There 

are also a few deferred  stations along the Orange Line in the Irving 

and Las Colinas areas which have begun construction but halted 

until more development in the area warrants service to them.  

All four of the light rail lines go through Downtown Dallas and share 

four stations ( Pearl/Arts District, St. Paul, Akard, and West End) 

which occupy Pacific Street and Bryan Street. These connection 

points between the routes serve as key alighting and boarding 

points in the central business district, and many other stations are 

also share d between multiple lines. In total there are 60 stations 

currently opened and 85 miles of track mostly within Dallas County 

(DART). The Cotton Belt Rail Line is the only new route currently 

planned in the systemôs future. According to the DART 2030 Plan 

(D ART, 2006) this line would begin at the Bush Turnpike station 
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shared by the Red and Orange Lines in Richardson, run westward 

through Addison, connect at the Downtown Carrolton station serving 

the Green Line, and end at the DFW Airport Station at the same 

t erminus point as the Orange Line will be. The entire system can be 

seen in Figure 2. In addition to these light rail routes DART operates 

the Trinity Railway Express heavy rail line (connecting Dallas to Fort 

Worth), local and express bus routes, a system of high occupancy 

vehicle (HOV) lanes, and a small trolley service (DART).  

 
Source: DART, 2006               Figure 2 : D ART Future System Map  

Dallas is traditionally known as an unfriendly city to bicyclists 

because of its lack of bike specific infrastruct ure and automobile -

centricity. As noted earlier, any road that completely favors the 

automobile and does not have safe amenities for bicyclists will likely 

only be used by the most experienced cyclists and discourage more 

novice riders from attempting to u se them. Recognizing this 

problem, in 2011 the City of Dallas along with a public input created 
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the Dallas Bike Plan, which puts forward a future vision for the city 

to foster this mode of travel and become a friendlier environment for 

bicycles (City of Da llas, 2011). The plan calls for the creation of a 

new bicycle network, the Dallas Bikeway System, of around 840 

miles of on - street facilities and around 460 miles of off - street 

facilities for bicycles in the city, with funding and construction 

occurring in  phases (City of Dallas, 2011). At the time the plan was 

adopted in June 2011, most of these facilities, particularly on - street, 

did not exist, and even in the years following very little progress has 

been made in constructing more of them. The most notabl e existing 

facilities used in this case study are the Katy Trail and White Rock 

Lake Park Loop, both of which are off - street bike trails which span 

great distances north of Downtown Dallas. While these trails are not 

as adequate as separated bike lanes for  commuting purposes, it is 

possible to use them as a connecting path between home and work 

for people within their proximity. Until more facilities become 

available Dallas will continue to be a difficult city to commute by 

bicycle in.  

Try Parking It  

The No rth Central Texas Council of Governments (NCTCOG) is both 

the regional COG and municipal planning organization (MPO) for the 

Dallas/Fort Worth Metroplex. In addition to other focus areas some 

of the main work they do analyzes area transportation needs. One  

program they have started to both encourage alternative modes of 

commuting and analyze trip data is Try Parking It 

(www.tryparkingit.com). This volunteer program allows users to 

register on their website and enter in their daily commute trip 

information s o that they can keep track of their miles travelled 
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through their profile. The goal of the website is to reduce the total 

number of commuter trips to work in order to improve the air quality 

in North Texas, and NCTCOG encourages users to take that goal int o 

account along with the potential financial savings and health 

benefits they could gain by using alternative modes (NCTCOG).  

NCTCOG also offers a ridematching service by connecting people 

through their registered profiles and transportation needs to place  

them in a carpool or vanpool. Users can log their trips as either 

riders or drivers for the operating carpool. The travel logs that are 

collected allow users to state whether their trip involved bicycle, 

carpool, driving alone, did not commute, telecommut e, telework 

center, transit, vanpool, or walking. Some of these options do not 

involve a physical trip but are placeholders for miles that could have 

been travelled by the user on that date. The data from these logs has 

limitations in that it does not make  up any legitimate scientific 

sample for analysis, because users are only volunteers rather than 

being randomly selected beforehand. However, it does provide a 

picture of the kinds of trips that commuters take as well as the 

origin and destination of them.  

Looking at the reported work trips for 2011 that were just taken 

within Dallas County, meaning commutes which had both trip ends 

within a Dallas County zip code, there are patterns can be observed. 

One of the immediately noticeable trends is the end point s, or work 

locations, of the commuter trips. Even as employers have more 

regularly shifted their location away from the city downtowns and 

towards suburban populations as made possible by expanded 

highway systems, the central business district still contai ns a 

massive amount of employment and accordingly receives those trips 

from the areas around it. This area in Dallas County is very close to 
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the geographic center of the political boundary, and in all of the 

commuting trip maps the CBD receives the visible  majority of 

attention. On the other hand, another area where commuting trips 

frequently end is the corridor along Loop 635 well north of 

downtown Dallas. This is another major employment center in the 

county and an example of polycentric growth that has o ccurred in 

the area. A third general observation is where the commuting trips 

begin, with more reported trips originating in the northern half of 

the county where suburban development and population totals are 

higher. Because the trip data does not represe nt an accurate sample 

there cannot be many assumptions made from this due to 

information distributed about the Try Parking It initiative, possible 

volunteer bias, and trips going unreported. However, it can be 

expected that a greater number of trips would be reported from 

areas where more of the county population lives.  

 

Source: NCTCOG                      Figure  3 : Drive Alone Trips  
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The first example to look at for this data is drive alone trips (Figure 

3), which total to 1232 distinct records and origina te from a wide 

range of the areas in Dallas County. This is not surprising, because 

the county has an interconnected web of highways which provides 

coverage to most of the places within it. With so many opportunities 

for residential development to occur wi thin a few miles a major 

highway, automobile commuters can reasonably live anywhere 

within their means. Another observation from this set of data is how 

far the trips extend compared to the other modes of travel. Many of 

the trips span a distance of half t he countyôs length or greater, some 

of them even going through the central business district (by 

Euclidean distance) to the other side. This does not even consider 

reported commuter trips which either come into Dallas County or 

originate in the county and end outside of it. These trips speak to the 

amount of mobility that automobiles and highways can provide for 

people who have the means or preference to choose it, as well as a 

reminder of how the automobile driving dominates the region.  

 

Source: NCTCOG                Figure 4 : Carpool Trips  
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There are far fewer examples of distinct carpool commuting trips 

(Figure 4) with 202 reported to NCTCOG in 2011, but this can be 

expected because driving alone is usually preferred by commuters 

who own cars over sharing a ride with others due to reasons of 

personal comfort. The data shows that most of the trips for carpool 

commuters end in the CBD, the largest concentration of employment 

in the area. For ridesharing to work for travelers, it usually requires 

that the peop le taking the vehicle both live in the same general area 

and work in areas within a reasonable distance of each other. While 

these places do not have to be the same neighborhood or employer, 

respectively, the closer they are to each other the better. The 

carpool trips reported can also span a wide length due the mobility 

of automobile travel, but none of the examples span across the CBD 

as seen with drive alone trips. A possible reason for this could be the 

difficulty of matching together residents with com mon work area 

destinations.  

 

Source: NCTCOG                    Figure 5 : Public Transit Trips  
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One of the most interesting subsets of this data is examples of 

commuting trips taking using public transit (Figure 5). As with 

commuting mode choice data from th e American Community Survey, 

there is no breakup between trips made by rail and trips made by 

bus. However, the locations of light rail, heavy rail, and bus transfer 

stations can be compared against the rough trip ends of these 

commutes. Almost all of the trips, numbering at 1142, originate in 

the northern half of the county, which is not only where more of the 

population resides but also where the majority of DARTôs light rail 

stations are positioned. In fact, many of the trips reported seem to 

follow corr idors where the Red, Blue, and Green Lines extend. While 

it cannot be assumed that these trips are being taken using light rail 

transit, the overlap is remarkable. Another observation is the 

direction of trips in comparison to rail station. Many of the 

com muting paths are focused inward towards the CBD, but some of 

them are actually headed in the opposite direction. This is indicative 

of where employment centers are located and how transit offers 

choices of accessibility in multiple directions, not just tow ards the 

central city.  

 

Source: NCTCOG                        Figure 6 : Bicycle Trips  
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Despite Dallas not being oriented towards bicycle travel, there is a 

good amount of reported commutes, 761, by bicycle (Figure 6). 

There is a concentration of these examp les in the area directly 

northeast of the CBD, where the majority of Dallasô bicycle 

infrastructure (the Katy Trail and White Rock Lake loop) has been 

placed so far. Even though these facilities are off - street bicycle 

paths rather than the preferred on - str eet buffered bike lanes, they 

offer a safe, connected route which cyclists can utilize. There are no 

reported bicycle commuting trips in the southern half of Dallas 

County, which could be because there is very little bicycle 

infrastructure leading to emplo yment centers in that area.  

 

Source: NCTCOG                           Figure 7 : Walking Trips  
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There are very few examples, 27 in all, of reported walking trips to 

work (Figure 7) for the year of 2011. In general people prefer not to 

walk longer distances  than ¼ mile to get where they need to, and 

because of the way land uses are zoned it is often difficult to live 

within a comfortable walking distance to work. Given the nature of 

the Dallas areaôs suburban growth it cannot be expected for many 

more walkin g trips to be reported in this data.  The data collected for 

telecommuters in this initiative is particularly interesting because it 

is not measuring where commuting trips are occurring but rather 

where they would have occurred considering the volunteerôs 

residence and workplace locations. Many of these reported ñtripsò, 

totaling at 216, are longer in distance, showing why telecommuting 

can be advantageous for those normally needing to commute great 

distances, and all trip ends stop either in the CBD or alo ng the 635 

corridor, the major employment areas in Dallas County (Figure 8).  

 

Source: NCTCOG                 Figure 8 : Telecommute Trips  
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METHODOLOGY  

Multimodal commuting is rarely studied as a topic unto itself. 

Research done in this area usually compares  commuting trips taken 

by driving alone against alternative forms of commuting, often 

discussing the connections between alternate modes of 

transportation but not about what they can mean to the entire trip. 

Similarly, there is no currently publicly availa ble data about 

multimodal commuting trips in which to study this specific kind of 

travel behavior. However, the American Community Survey, which 

creates a strong representative sample of geographic areas to 

estimate yearly data figures, does have commuting  mode choice 

data available for census tracts in the United States as recently as 

2011. The variables in this data set include: population 16 and over, 

population in work force, population not in the work force, number 

of commuters, commuters who drive alo ne, commuters who carpool, 

commuters who use public transit, commuters who walk, commuters 

who use other means to get to work, and people who work at home. 

Also available is mean travel time to work for the census tract.  

This data is not perfect for study ing multimodal commuting 

behaviors because it divides the type of trip into strictly one mode of 

travel according to what the survey respondent answered, meaning 

the survey does not take multimodal transfers into account. The ACS 

specifically asks responde nts to mark the method of transportation 

they use most during their typical commute. For example, if 

someone were to drive their car to a park - and - ride transit station 

and then ride a train to the central business district, their response 

for commuting cho ice would probably be recorded as only using 

public transportation. It also does not make a distinction between 

types of public transit used, meaning the respondent could be 
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referring to light rail, heavy rail, bus, trolley, or other transit options 

even t hough the specific kind is not accounted for. In addition, there 

is no respondent data for bicycle mode travel, and the only logical 

measurement for the commuting mode would be ñother means to 

workò. However, by comparing this sample data to its geographic 

locations and the locations of transportation features, we can look at 

a picture of the multimodal connections that could be taking place. 

Another limitation of this data is that it is only publically provided at 

the census tract level rather than a small er geographic unit such as 

blocks or block groups. While these lower levels of geography would 

be more optimal, because they would provide more specific data 

points and in greater numbers, this is not as big of an issue in Dallas 

County, where the number o f census tracts as of 2010 is 529. In a 

county with less density and more rural character they would be a 

fewer number of census tracts to study, and therefore this data 

would be much less useful.  

The next step of the process involved the application of Ar cGIS to 

look at this census tract data in better detail. TIGER shapefiles were 

downloaded from the census website for Dallas County, including 

census tracts, roads, and water features. Then, using both address 

information from the DART.org and satellite im agery on Google 

Earth, the locations of light rail transit stations, bus transfer centers, 

commuter train locations, and major bike trails were geocoded as 

point data. 5 Orange Line stations were not included in the analysis 

because they were opened well a fter April 2011 when the sample 

data applied. It is notable that while these kinds of transit centers 

feature different dominant modes, they all have either interaction 

between different modes of transportation and/or serve as meeting 

points for different routes in the DART system.  
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Additionally, the bike trails in the city were geocoded as polyline 

data by looking at existing facilities in the city from the Dallas Bike 

Plan and creating them as they were marked. Then the bike paths 

were intersected with Da llas County roads to create point data based 

on where streets and the paths met, or the access points to the 

paths. Separate shapefiles were made for each of these types of 

transfer points, but a master shapefile which included all four was 

also created by  merging them together. The census tract data was 

joined to the corresponding census tracts, and then centroids for the 

tracts were created in order to transfer the data from polygon data 

to point data. The reason for this was to provide a level playing fi eld 

when determining the distance between transfer points and census 

tracts. Using a centroid as the mean center of the census tract rather 

than using the nearest edge of the tract polygon allows for the 

average distance for commuters in census tracts to t ransfer points 

to be computed. The calculation was done by performing a spatial 

join between the centroids and the transfer points while computing 

the distance to the closest transfer point of that kind. The new 

shapefile includes this distance measure alo ng with the American 

Community Survey data for the centroids.  

Initially the process of looking at the numeric relationship between 

commuting mode choice and transit facilities was to be performed in 

ArcGIS alone, but limitations in the software arose. GIS is an 

excellent tool for displaying graphical information such as sums, 

percentages, and locations. It can also be useful for determining 

suitability based on locations, densities of variables, and certain 

aspects of correlation. One kind of correlation an alysis tool is 

Moranôs I, which determines spatial autocorrelation on a - 1 to 1 

scale. This kind of association is similar to the relationship between 



78          May 2013 Vol - 8 No - 5          Design For All Institute of India  
 

choice and transfer points in that it computes a positive or negative 

relationship between the variables.  The problem with using Moranôs 

I in this case study is that the values it assigns are only for 

clustering of variables within the same feature class, not for 

comparing variables between two different kinds of features. 

Therefore, a different way of analyz ing the commuter choice data 

was necessary.  

Once all necessary shapefiles were created, their tables were 

exported out of ArcGIS as database files so that correlation could be 

determined. These database files were then manipulated using SPSS 

software. Firs t new variables were created to determine the 

percentages of commuters using different modes of transit. This was 

done to create natural weights between the variables rather than 

pure commuter totals, which would skew the statistics in census 

tracts with h igher commuting populations than others. The 

relationships between mode totals and commuter totals were 

mapped separately in ArcGIS using the normalization technique. 

Once the new variables were created and computed, the six different 

commuting percentages  and the distances to nearest transfer points 

were entered into a bivariate Pearsonôs two- tailed correlation 

analysis, allowing each modes tendency to be affected by proximity 

to a transfer point to be measured.  

RESULTS  

The first type of transfer point me asured for correlation to 

commuting variables was light rail transit stations only (Table 1). 

People who drove alone to work were found to have a moderate 

correlation of .313 with distance to a light rail station, meaning that 

the greater the distance from  the transit station the greater the 
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correlation. This means that workers who live farther away from 

light rail transit stations are more likely to drive to work. People who 

used public transit had a moderate correlation of - .337 to these 

stations, while p eople who walked to work were found to have a 

weaker correlation of - .147, meaning that the shorter the distance 

they live to a transit station the more likely they were to use those 

modes. All three of these variables were significant at a .01 level or 

le ss, while carpoolers, other means, and work at home were not 

found to be significant.  

Table 1 : Distance Correlations  

 Distance to 

LRT  

Distance to 

Bus 

Transfer  

Distance 

to TRE  

Distance to 

Bike 

Transfer  

All Transfer 

Points  

Drive Alone 

Percentage  

Pearson 

Cor relation  

.313 **  .237 **  .297 **  .270 **  .330 **  

Sig. (2 - tailed)  .000  .000  .000  .000  .000  

N 527  527  527  527  527  

Carpool 

Percentage  

Pearson 

Correlation  

- .051  - .096 *  - .106 *  - .001  - .089 *  

Sig. (2 - tailed)  .238  .027  .015  .988  .040  

N 527  527  527  527  527  

Publ ic 

Transit 

Percentage  

Pearson 

Correlation  

- .337 **  - .254 **  - .222 **  - .316 **  - .323 **  

Sig. (2 - tailed)  .000  .000  .000  .000  .000  

N 527  527  527  527  527  

Walk 

Percentage  

Pearson 

Correlation  

- .147 **  - .123 **  - .194 **  - .178 **  - .187 **  

Sig. (2 - tailed)  .001  .005  .0 00  .000  .000  

N 527  527  527  527  527  

Other Means 

Percentage  

Pearson 

Correlation  

- .056  - .066  - .126 **  - .056  - .049  

Sig. (2 - tailed)  .200  .130  .004  .202  .262  

N 527  527  527  527  527  
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Work At 

Home 

Percentage  

Pearson 

Correlation  

- .159 **  .035  - .059  - .151 **  - .11 1 *  

Sig. (2 - tailed)  .000  .421  .177  .001  .011  

N 527  527  527  527  527  

**. Correlation is significant at the 0.01 level (2 - tailed).  
*. Correlation is significant at the 0.05 level (2 - tailed).  

 

The second type of transfer point measured was bus transfer cen ters 

only. People who drove alone to work were found to have a 

correlation of .237 with distance to a bus transfer center, people 

who used public transit were found to have a - .254 correlation, and 

people who walked were found to have a - .123 correlation. The 

correlations measured are similar to those in light rail transit 

stations in that drivers are more likely to live farther away from 

these points while alternative modes are more likely to live closer. 

These correlations are significant at a .01 level o r less but are 

weaker in nature. These results are quite similar to the alones 

observed for light rail stations. Additionally, people who carpooled to 

work had a weak - .096 correlation to proximity to bus transfer 

stations, which was significant at a level  of .027.  

The third type of transfer point measured were TRE commuter rail 

stations only. Correlations with a significance level of .01 or less 

were: drive alone at .297, public transit at - .222, walk at - .194, and 

using other means at - .126. Carpooling wa s significant at a .015 

level with a - .106 correlation rate. All of these correlations are weak 

but suggest that commuters who drive alone will live farther away 

from this set of heavy rail stations while alternative modes will live 

closer to them.  
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The fou rth type of transfer point measured were bike paths points 

which intersected with streets. Correlations at a significance level 

of .01 or less were: drive alone at .270, public transit at - .316, walk 

at - .178, and work at home at - .151. Carpooling and othe r means 

were found not to be correlated at significant levels. The commuters 

who use public transit have a moderate correlation with proximity to 

bike paths, meaning they are more likely to use public transit if they 

are closer to those facilities. The oth er correlations are weaker but 

still suggest that drivers will tend to live farther away from these 

points while users of alternative modes will live closer to them.  

Lastly, when all transfer points were considered together the results 

were similar. People  driving alone to work was measured at a .330 

correlation, carpooling to work at a - .089 correlation, public transit 

at a - .323 correlation, walking at a - .187 correlation, and working at 

home at a - .111 correlation. Drive alone, public transit, and walk 

w ere significant at a .01 level or less, while the other two variables 

were significant at .04 and .011 levels, respectively. Driving alone 

and using public transit to get to work have overall moderate 

correlations to these transfer points, meaning drive al one 

commuters tend to be farther away from them while public transit 

commuters tend to be closer to them. Carpooling to work, walking to 

work, and working at home have weak correlations with these 

points, meaning these groups of workings are also more like ly to use 

these modes if they live closer to the transfer points.  

With these numbers it is important to remember the difference 

between correlation and causality. A correlation, when deemed to be 

statistically significant, simply means that there is some s ort of 

pattern in the relationship of the two variables, meaning that they 

are not randomly occurring. However, it does not mean that one 
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variable is necessarily influencing the other or causing it to occur. 

While an association may be taking place, causal ity cannot be 

determined from only looking correlation statistics. Other 

environmental, geographic, and historic factors must be taken into 

account. In the case of these results, a mode share being 

statistically significant with a group of transfer points does not 

necessarily mean that the location of the points is causing a higher 

or lower mode share in certain census tracts. It does mean that the 

results can be compared to their actual geographic locations, 

analyzed according to the strength of their rela tionship, and then 

determined whether causality could possibly be occurring. This kind 

of analysis is what was used for this case study.  

ANALYSIS  

The results from the correlations run show that there is a pattern 

between the location of census tracts and t heir proximity to 

alternative transportation facilities as it pertains to commute mode 

choice. A variable of .01 significance means that 98% of the time the 

distance from these facilities is a determinant in how high or low the 

mode share for a specific ch aracteristic will be. For determining 

what these correlation numbers mean, a higher the r value in 

conjunction with a high significance level means a greater mode 

share is  present when there is a greater distance from alternative 

facilities. Conversely, t he higher the negative r value, the lower that 

mode share is when distance to those same facilities is greater. This 

means that for alternative modes of commuting we would expect 

negative numbers in the analysis, which holds true in each scenario. 

We can c ompare these correlations to the percent of mode share in 

each census tract as they are mapped in ArcGIS.  
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Drive Alone  

Driving alone is the dominant mode for commuting in all areas of 

Dallas County. The highest ratio of commuters driving alone to work 

is 95  percent, while the lowest census tract has a share of 43 

percent. This is to be expected given the highway design and 

sprawling nature of the communities with it. Figure 10 shows that 

while there are census tracts with high drive alone percentages in all 

areas of the county, many of them are positioned towards the outer 

edges of the county rather than around downtown. Likewise there 

are more tracts with lower drive alone percentages in the central 

areas of the county. The correlations for driving alone com pared to 

different transit points were measured at .313, .237, .297, and .270, 

and when aggregated together it remained at a similar value of .330. 

All of these correlations were at a .01 significance level, meaning a 

consistently moderate relationship bet ween distance to transit 

centers and use of automobiles.  

While the mode share for drive alone will be high no matter which 

area you are analyzing in Dallas County, it is expected to be higher 

in census tracts that are further away from any of the alternat ive 

transportation points. Part of the reasoning for this is that most of 

the transfer points, particularly light rail stations, are focused in the 

area immediately in and around the CBD, meaning that commuters 

who live close to downtown are likely to be i n greater proximity to 

transit stations. However, there are examples on Figure 9 of tracts 

further away from Downtown Dallas with alternative facilities within 

them that have lower drive alone percentages as well. This does not 

mean that there is a direct link between the two, because not 

everyone in the county works in the CBD, but because the 
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correlation numbers in the Pearsonôs test are moderate and 

significant, there is certainly a relationship between distance to 

facilities and driving alone to work.  

 

Source: American Community Survey 

Figure 9: Drive Alone Percentage  
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Carpool  

Automobile trips that were taken through carpools showed much 

less of a relationship with alternative transportation points than 

driving alone commutes. The only significant correl ations that 

carpool trips had with transportation points were a - .096 correlation 

with bus transfer centers and a - .106 correlation with TRE heavy rail 

stations, with an overall correlation of - .086 with all transfer points. 

All three of these correlations  are between levels of 0 and - .3, 

meaning their relationship with these transfer points was not as 

high as driving alone commuting percentages. However, these trips 

do have a negative correlation with bus and rail stations rail than a 

positive one, meaning  that the closer the tract is to one of those 

points the more likely the share of carpooling is higher. It is hard to 

say whether this is by coincidence or if the locations of transit 

stations are actual affecting carpool trips.  

Many transit stations in s uburban areas, bus and rail, feature large 

surface lots or garages to allow users to park - and - ride in order to 

increase the amount of potential transit users. It could be that these 

very same parking lots, which in Dallas do not require the purchase 

of a f are to enter, are being used as meet up points for carpools. 

Looking at Figure 10, the tracts with the highest percentage of 

carpool commutes are usually located outside of the CBD and at 

places in close proximity to transit stations. However, because of t he 

nature of automobile travel and the fact that correlation levels are 

relatively weaker compared to drive alone trips, it is more likely that 

carpool trips have a spurious relationship with transit points, 

meaning a third variable is causing any linkages  between the two. In 

this case the third variable could be the highway system that both 

are in close proximity to because of the nature of the variables 
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geographies. Bus transfer centers are usually located very close to a 

major highway, the TRE rail line runs between Highway 183/I - 35 

and Irving Boulevard, and highway access naturally benefits users of 

automobiles. Where high carpool percentages do seem to cluster is 

around highways at a distance that is not overly far away from the 

CBD, which could be inte resting from a policy standpoint . 

 

Source: American Community Survey 

Figure 1 0 : Carpool Percentage  
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Public Transit  

The American Community Survey commuting data that is most 

applicable to this case study is the share of commuters who take 

public transportat ion to work. When comparing the mode share of 

transit commuters to the locations of transit stations, it should be 

expected that the percentages will be higher for tracts in closer 

proximity to those points. The results showed that percentage of 

public tra nsportation commuters had a - .337 correlation with light 

rail stations, a - .254 correlation with bus transfer stations, a - .222 

correlation with TRE stations, and a - .316 correlation with bike 

paths, giving it a total correlation of - .323 with all of them combined. 

All of these correlation scores were at a consistently moderate level, 

meaning it is more likely that a census tract nearby an alternative 

transportation facility will have a proportionally greater amount of 

transit users.  

Looking at Figure 11, we can see that there are indeed higher levels 

of transit users where stations are located. Many of the darker 

shaded census tracts are in areas closer to the CBD, which could 

mean that transit use is only convenient at a comfortable distance 

from the plac e of work. There are examples of census tracts further 

outward in the county with higher percentages of transit use, 

particularly ones nearby the northern segments of the Red and Blue 

lines. These two light rail lines are much more established than the 

new er Green and Orange lines, suggesting that the presence of 

stations further away from the central city takes more time to draw 

higher levels of ridership from the areas around it. Regardless, it is 

highly encouraging that transit commuters are clustered in  areas 

where they can take advantage of these facilities.  



88          May 2013 Vol - 8 No - 5          Design For All Institute of India  
 

 

 

Source: American Community Survey  

Figure 1 1: Public Transit Percentage  


