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Abstract  This study aims at examining lingering issues 
concerning gender in the architectural profession, 
particularly on underrepresentation and visibility of 
women in various hierarchies of architectural practice. The 
findings from a pioneering field study of gender in 
Nigerian architecture were juxtaposed with literature 
analysis and summarised reviews of several leading 
published studies on gender in the profession to provide a 
quantitative and qualitative assessment of the stumbling 
blocks for women and the impact of diversity on the 
outlook of the profession at large. The study identified a 
trifecta relationship of age, the nature of work done and job 
satisfaction as impediments to the participation of women 
which require holistic, all-inclusive, workable solutions for 
the creation of professional environments made up of 
diverse perspectives and ideologies. The study 
recommends: 1) women speak up for what they need 
from the profession and find active ways to satisfy 
themselves; 2) equity, equality and diversity in 
decisions that affect professional growth; 3) 
willingness to balance families and free time in order to 
develop professional and personal relationships; and 4) 
formation of schemes and policies to foster inclusion 
based on the finding from this and other similar studies. 

Keywords  Architectural Practice, Gender Equity, 
Holistic Approaches, Underrepresentation 

1. Introduction
The architectural profession formally opened its doors to 

include the participation of women towards the end of the 
19th century, most of who endured the rigours of exhaustive 
training and stringent licensing practices in an 
underrepresented environment [1, 2, 3]. Since then, the 
profession has witnessed significant (and insignificant) 
milestones and achievements in the way women are able to 
participate in, develop and enhance their architectural 
practices. Growing research interest into the role and effect 

of gender on architectural training and practice in the last 
two decades has uncovered many facets to the lingering 
questions surrounding low female numbers, paucity of 
female role models and mentors, influence of practice 
culture and stereotypes, work/life imbalances, personality 
indexes and persistence of glass ceilings [4-9]. Allusions 
that differing divergent thinking abilities between males 
and females can be attributed to gender alone are 
non-factual: the component factors that affect creative 
thinking, general intelligence and divergent thinking are 
more multidimensional than most people think. The 
influence of gender roles on the manner in which females 
enter into male-dominated fields, such as design, 
engineering, science and technology indicate that societal 
systems are largely to blame for the constraints which 
suppress, control and sometimes exclude females from 
professions such as architecture [7].  

The general ideology about the practice of architecture 
as a profession was that it was a very male-oriented 
profession however it has grown over the centuries from a 
“male exclusive” unpaid leisure pursuit to a unisex 
remunerating profession – albeit with significant 
disparities around the world [10]. Construction is the 
second most male dominated industry, with women 
making up just 13.3% of its workforce overall. While 
nearly 60% of women in the industry are employed in 
traditionally female roles, such as clerical, sales and service 
roles, a mere 1.6% of the largest occupational group, 
tradespersons and related workers, are women. In order to 
keep abreast with global practice trends in the architectural 
profession, women are pressured to adopt cultural 
organisational styles that regard hierarchy, familial 
teamwork, market demands and adhocracy [11].  

Architecture is and always will be an organisational 
concept dependent on the hierarchical mentor-mentee style 
of training and eventual practice [12-14], corporate and 
organisational idiosyncrasies such as glass ceilings and 
underrepresentation [15,16] and implications on the global 
outlook of diversity and equity in professional practice 
[17,18]. After decades, female architects have tenaciously 
come out of obscurity to distinguish themselves in 
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architectural endeavours; clinching recognition in the form 
of distinguished Pritzker, Gold, Aga Khan and Stirling 
awards which were previously the exclusive honours 
bestowed on male architects [9]. However understanding 
why these achievements and the differing circumstances 
under which these and other similar strides in the 
profession have (or have not) significantly impacted 
underrepresentation provides the impetus for this study. 

The study closely examines the remote and immediate 
causes of lingering underrepresentation in the architectural 
profession, primarily from a domestic standpoint. The 
study looks at practice trends and patterns as well as 
practice ideology in the architectural profession from the 
perspective of domestic and international reports where 
they exist. Many facts have emerged from recent studies 
about the participation of women in architecture from 
obscurity to inclusion in the last century, especially in the 
last decade. However, much of the reasons why and how 
women take differing paths to become relevant in the 
profession remains a mystery. It also remains a bit of a 
mystery why direct and indirect intervention strategies to 
increase female participation in the architectural profession 
have yielded such minimal results in the local setting in 
which the profession exists today despite global 
monitoring stratagems. The study addresses speculation 
that this is as a consequence of more anecdotal rather than 
empirical studies on the plight of women in architecture 
which does not foster as much policy change as it does 
provide entertaining literature. The study questions if those 
who could make a marked difference in understanding 
underrepresentation and enhancing diversity hide behind 
more of a gender-blind and mere lip-service than is 
realised. 

2. Literature Review: Does 
Architecture Need Women? 

"...women would find a field for their abilities more 
particularly in decorative and domestic architecture 
rather than the planning of buildings 10 to 12 stories 
high…” – Robert Atkinson, Head of AA School, 1917 

The belief that women contributed to certain, not all, 
aspects of the architectural profession is indeed a 
deep-seated one. The origin is not unconnected to the most 
important and challenging issues which have faced 
feminist movements and studies as they developed into a 
discipline which has always had the need to recognise, 
describe, and explain the extent to which there are 
differences between men and women. As a political 
practice and academic subject, feminism in many countries 
has been subjected to criticism as it seems to prioritise the 
concerns of middle class white western women. There was, 
until relatively recent years, little regard for other factors 
(such as race, income, residential standards etc.) which 
affect the social definition of women and dictate their place 

in society [19]. 
During the 1970s and 1980s the development of feminist 

perspectives emerged as a legitimate area of academic 
disciplines such as sociology, planning, politics, 
architecture, engineering and design. This challenged the 
invisibility of the woman and accentuated the male-centred 
nature of existing approaches: a discourse on ‘feminism’, 
‘women’ or ‘gender’ as key concepts that enjoyed its peak 
in the early 1990s [20]. Rahder and Altilia [21] note that 
the use of the word feminist and/or feminism as a key 
indication of content appears to have declined while the 
words gender and women have increased in use towards 
the late 1990s. The content change paved the way for 
broadened discussion on international and multicultural 
perspectives of women’s issues in almost all fields of study. 
The ideology of feminist theories transitioned from 
fighting for equal rights in all spheres (inside and outside 
the home) to challenging male dominance on leadership 
roles to the eventual strategic practice of inclusion, 
diversity and exploration.  

The architectural profession remains largely a 
male-dominated profession by both local and international 
studies – a finding several recent studies link to downturns 
in the global economy, restrictive work conditions and 
poor public perception [8, 9, 22-25]. The general 
perception held by those inside and outside the profession 
describes it as being “too heavily male” which promotes a 
work culture that places too many “demands on a woman’s 
other priorities”. Key study findings also include the 
widespread belief that certain areas within the profession 
were better suited for women – the “layout design” side, 
the “softer” side such as residential, interior, green and 
landscape design – compelling some women to narrow 
down their field of expertise while they are still in 
university. The practical work and being the lead architect 
on site remain sought-after experiences by most female 
architects but studies have found that for those who work 
part-time or flexible hours as a lot of women do, this still is 
not an option. This may explain why it may appear there 
are not as many opportunities for women as there are for 
men in architecture [26, 27]. 

Architecture has a distinctive mentor-based training 
style which only boosted the inclusion of women in the 
1900’s where an architect family member or friend 
supported the idea of education and professional training 
for their daughters and became eventual role models: often 
using those familial ties to secure post-graduation 
employment into architectural offices for professional 
practice and in generating a client base [28]. Such 
collaborations allowed women to remain detached from the 
‘ego-driven’ stereotypical image of the architect by the 
general public, thus acceptable in most developing 
countries such as Nigeria where women are still perceived 
as being socially, culturally, economically and politically 
inferior to men [8, 11, 15, 29]. Time is yet to tell what sort 
of impact these familial ties, part-time work patterns, 
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flexible hours and collaborative work styles of women 
architects will have on the peak age of creativity (generally 
in the 50’s) and the richness of the profession [22,30]. 
Particularly since the attrition of women in architecture and 
the practice challenges they face readily evoke building 
metaphors such as “a leaky pipeline” and the “glass ceiling” 
which, despite increasing enrolment in architecture schools 
in the last 50 years, witnesses flat-lining the higher one 
moves up the professional ladder. At the top, where the 
professions highest awards and honours are obtained, 
participation of women still drops to almost zero. 

Looking at the current impression of the status of women 
in architecture from their first experiences as students to 
their climb up the professional ladder presents a clear 
image of why they are still underrepresented and often 
have slower practice development in recent years. Poor 
work-life balance, pay disparity, incompatible work culture, 
employability, recession, lack of mentors and role models, 
client perception, discrimination and sexism (more on site 
than in an office) and definitive gender roles have been the 
long-held deterring factors for women in architecture [31, 
22, 19, 23, 32, 8, 9]. Updated findings include female 
apathy (particularly during the years of training and 
registration), sheer lack of interest or desire to progress and 
misinformation to prospective entrants into the profession 
which challenges not only the perspectives on why women 
struggle to enter and stay in the profession but also why 
they would pursue it at all [33, 22, 26, 34]. 

Consequentially there have been several 
recommendations for boosting the participation and 
progress of women in the profession based on the 
observations and justifications raised in the studies though 
the results have been mixed. Direct and indirect 
intervention incentives to boost professional registration 
has witnessed marginal improvement in the number of 
women who seek to register when they first graduate but 
made little impact among the many talented women who 
have staggered work patterns due to family responsibilities 
[35]. Women, who still constitute less than 20% of 
registered architects and 10% of practice partners globally 
are still discouraged by the low pay and/or pay disparity 
between men and women in the profession despite equal 
qualification. Husband-wife partnerships have boosted 
better work-life balance which permits each member the 
ability to find and retain significant work opportunities 
upon returning to the industry after taking time off to start 
or raise a family. Women who do not have the benefit of 
such partnerships agitate for improved mentorship and 
support groups, more accommodating work culture and 
increased job flexibility which include the option to work 
remotely, job share, or work flexible hours [26]. 
Professional bodies have been tasked with the 
responsibility of doing more to tackle the gender imbalance 
and improve the retention of women within the industry 
[23]. 

Consistent recommendations suggest there is a place for 

women in architecture. Understanding and appreciating the 
legacy, contributions and determination of the likes of 
Louise Blanchard Bethune, Joan Goody, Denise Scott 
Brown, Anna Keichlire, Ada Louise Huxtable, Julia 
Morgan, Zaha Hadid, Chinwe Abulokwe Ohajuruka and 
Jumoke Adenowo explains why the profession needs and 
thrives with the inclusion of women [1, 36-39]. Therefore, 
examining recurrent and developing problems in the 
participation of women in architecture primarily in Nigeria 
as a developing nation is the main focus of this paper which 
draws its conclusions from the juxtaposition of recent 
findings of local and international origin. 

3. Materials and Methods 
This study was carried out as a qualitative review of a 

mixed-method study which combines literary research, a 
survey in Nigerian architecture and quantitative data 
analysis. Literary research covered the review of existing 
knowledge and developing issues concerning women in 
architecture and supplied the data for analysis from 
published reports generated by international professional 
bodies such as the RAIA (2007), RIBA (2012), AACA 
(2015) and AIA (2016). The field studies gathered 
responses from a 2012-2016 pioneering gender-based 
study of the practice of the architectural profession within 
Nigeria on practice participation, nature of work done and 
job satisfaction as a bottom-up approach to a qualitative 
and quantitative analytical process [40]. The central study 
from Nigeria sampled 183 respondents (81 female, 102 
male), in excess of the statistically determined minimum 
sample size of 60 respondents per gender derived from the 
2-step Moser-Kalton formula. At the time of the data 
collection, the study identified that there were 4,504 
registered architects in Nigeria of which only 410 were 
identified as female (representing just 9% of the 
population). The national professional bodies had no 
historical records of their members classified by gender. In 
both the primary and the secondary studies, questionnaires 
were distributed through architectural practice databases 
and returned via email and online portals ensured 
far-reaching audiences and high response rates of between 
71-86% which satisfies benchmark response rates deemed 
acceptable for analysis [41-44]. The sample sizes were 
statistically determined to be above 5% of the target 
populations in conformity with standard derivation 
techniques [45]. An additional method of primary data 
collection was the use of interviews which were conducted 
among selected persons of interest based on the responses 
in the questionnaire stage. The survey and published 
reports represent recent, and in some cases, last known 
findings on underrepresentation in the architectural 
profession in their individual contexts and highlight 
recurring and fresh issues in professional satisfaction. The 
data is presented and analysed using pictographs, tables 
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and descriptive analysis. This study then attempts to 
identify trends that persistently undermine efforts to boost 
the participation and development of women in 
architecture. 

4. Results and Discussion 
Cross examination of the many issues and trends on 

gender in the architectural profession in past and on-going 
research repeatedly draws attention to a few central themes 
at the heart of discontent on underrepresentation and 
diversity. A trifecta of factors – each driven by additional 
influences – appear universally as recurrent themes in 
gender studies in architecture which are responsible for the 
low number of women in the profession in Nigeria, 
especially in active practice roles and at high ranking levels. 
Each of these main factors and their supporting influences 
will be discussed in this section of the study and 
conclusions on remediation strategies will be offered in the 
subsequent section. Parallel findings from published 
international studies substantiate the discussions on the 
issues raised and recommendations that arise from the 
study. The 3 (three) pertinent identified factors from the 
primary data are: age, nature of work done and job 
satisfaction. 

4.1. Age 

This understated yet significant factor affecting the 
participation of women in the architectural profession 
comes to the forefront as a result of the parallels drawn 
from the primary survey data and the studies under review. 
Nearly two-thirds of the women who responded to the 
surveys were below the age of 45: a significant age for 
women who are still keen on child-bearing in developing 
countries like Nigeria (Figure 1). In such circumstances, 
child-bearing (and extended nurturing since women are 
seen as primary care-givers until children reach adulthood) 
plays an integral role in fulfilling one of the major 
requirements of women in African society. However this 
responsibility impinges on the professional development of 
women architects in Nigeria where birth rates (of women 
aged 16-40 years old) are very high. 

The process of becoming an architect does not end upon 
training completion from a formal institution. Rather, that 
stage is merely the beginning of the journey. Any architect 
wishing to become a registered professional must complete 
a lengthy (and often times expensive) licensing process 
which is predicated on a specified number of years of 
practical work experience prior to completing the licensing 
and certification program. The data underscores a strong 
link between the age of the woman and the amount of 
practical work experience needed to prepare for the 
licensing procedure which is a critical pre-condition to 
practicing as an architect. Domestically an architect 

preparing for the licensing exam requires a minimum of 2 
(two) years post-qualification full time work experience. 
Comparatively in Australia, the minimum requirement is 
3300 hours which is up to 5 (five) years for full-time 
worker.  

 

(a) 

 

(b) 

Figure 1.  Age of women architects in (a) Nigeria and (b) Australia 
Sources: [8, 35] 

For the woman architect who may find herself engaged 
in staggered work patterns due to family commitments, this 
minimum post-qualification benchmark may just be all too 
elusive. This results in a longer wait for most women to get 
registered. Women in Nigeria have come to expect (and 
accept) delayed gratification in the build-up to professional 
certification because of their societal role as child-bearers 
and care-givers. However the findings show 
inconsistencies in the popular belief that every woman who 
is an architect has the uncontrollable desire to breed despite 
her career goals. Nearly 65% of the women in the surveys 
had children with spouses or practice partners who shared 
increased parental responsibilities and more than half 
extolled the benefits of external child care services 
(including accepting assistance from extended family 
members or engaging domestic help) for nurturing children. 
This upholds the age old African adage that “it takes a 
village to raise a child”. Nearly two-thirds of the women in 
the survey commended a delay in the process of having 
children until such a time when significant progress had 
been made in professional development. This is a practice 
recommended for many women at point of graduation and 
architectural practice registration in recent years in Nigeria 
and implemented by nearly 17% of the women respondents 
in the survey. On the other hand, while practice 
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partnerships have been known to ease the burden of the 
licensing procedure, the outcome is usually less favourable 
to the woman. In nearly 37% of the husband-wife 
partnerships observed, women admitted to living 
vicariously through the work of their partner or spouse, 
leading to the development of the “starchitect” (star 
architect) who is more renowned. 

Thus, the discord between requisite years of work 
experience and a woman’s biological clock (which is more 
or less consequent on her age) explains the drop in the 
number of women getting licensed compared to the number 
of women leaving school (Figures 2 and 3). This finding is 
buttressed by the qualitative responses from the surveys 
showing that women take, on average twice as long as men 
to gain the necessary work experience required for 
licensure resulting in direct and indirect age discrimination 
when they return to the work place after taking time off to 
raise children. 

 
(a) 

 

(b) 

Figure 2.  Number of women graduates from architectural programs in 
(a) Nigeria and (b) international averages (2005-2015) Sources: [8, 46, 
47] 

In widely accepted literature, most architects hit their 
creative peak in their 50’s. Another consequence of the age 
of a woman on architectural practice participation is the 
inability of women to competitively attain this milestone at 
the same time as the men. Women are perceived to be less 
driven in developing creative prowess and career goals if 
they “…go off to have babies all the time…” as one male 
employer puts it in an interview: an apprehension about 
employability after taking time off held by about 75% of 
the women sampled in the survey. Such perceptions (true 

or false) have a significant impact on the number of women 
who enter into and continue in the architectural profession 
as corroborated by several leading international studies. A 
number of helpful tips from women in the profession 
recommend the willingness to compromise with families 
and their free time which not only helps with balancing the 
profession and family but also encourages networking. 
Learn how to play golf or tennis. Sign up for service 
organisations such as Rotary or PTA. Being visible in both 
professional and social networks has been known to foster 
promotion and job progression, especially with flexible 
work patterns. In other words, each woman needs to “find 
her own way” through the formative years which favour 
men as they dictate career paths. 

 
 (a) 

 

(b) 

Figure 3.  Average number of women licensed to practice architecture in 
(a) Nigeria and (b) Australasia per annum. [Sources: 8, 28] 

4.2. Nature of Work Done 

The findings from both local and international surveys 
shows women still make up only 15-18% of architectural 
partnerships with an increased move from design/build 
firms into the academia in the both public sector (from 
local findings) and the private sector (from international 
data) as shown in Figure 4. Less than 2% of those women 
go on to become senior management in practice or occupy 
top level positions in their establishments. Those not 
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prepared for life as an academic opt for setting up 
one-person firms or small scale family partnerships that 
deal largely with multi-family and single-family housing 
projects and additions. Women who remain in the larger, 
multi-partner firms often find themselves relegated to 
non-competitive aspects on design project teams or are 
required to act as a “back up secretary” expected to take 
“phone calls and make coffee”. Many women from the 
Nigerian survey voiced concerns about the nature of work 
suitable to encourage a healthy work-life balance which 
many respondents still struggle with: a finding similar to 
studies on architectural practice development from the UK 
and Australia. The study findings through the interviews 
however revealed concerns that “suitable” work (most of 
which does not extend beyond small- or medium-scale 
“human interest projects”) is not always the best for career 
progression or creating rewarding or challenging 
opportunities.  

The findings from the survey seem to suggest that there 
are several discouraging influences that affect the choice of 
work done, some of which include direct or indirect 
discrimination based on age and/or gender, limited work 
opportunities and non-progressive work trends, lack of 
respect for the role of the architect, pay disparity and 
elongated working hours. Qualitative findings from the 
survey indicates that 83% of women would forgo a job 
opportunity if it did not afford a reasonable amount of 
flexibility, the opportunity to progress both personally and 
professionally, the ability to leave behind an impressive 
body of work and obtain a reasonable amount of financial 
reward. For most women, this selective approach often 
limits the type of work available upon graduating from 
college and does little to encourage increased participation 
or raise the status of women in the profession. Suggestions 
from the 2005-2007 and 2015 studies by the RAIA in 
Australia on this theme seem to indicate that women are 
less likely to be involved in challenging architectural work 
simply because they do not aspire to which could 
ultimately lead to their undoing. During times of economic 
downturn (as is experienced across the world lately), those 
who work under such discriminating circumstances are the 
first to be let go or face lay-offs.  

 

(a)  

 

 (b) 
Figure 4.  Average nature of architectural work done by women in (a) 
Nigeria and (b) international conditions (2013-2015) [8, 28] 

Another consequence of the nature of work done is the 
absence of role models and mentors in certain 
organisational models. Selective or discriminatory work 
conditions make it more difficult to find like-minded 
mentors and this phenomenon is more apparent in the case 
of sole practitioners. How do they build support groups? 
Where do they find and associate with mentors and role 
models? Do they face further risk of isolation or 
segregation by working outside multi-partnership models 
which offer inflexible work patterns? Most of these 
challenges could be overcome by volunteering or 
mentoring in a support network. Nearly 25% of 
respondents in the local study opined that the profession 
requires better mentoring schemes and training programs 
(especially for women), 22% supported additional role 
model development and 31% lobbied against industry 
discrimination. 

4.3. Job Satisfaction 

Job satisfaction is a highly recurring theme in most 
studies about professional diversity and perhaps holds the 
key to understanding the high departure trends and 
underrepresentation that characterise the architectural 
profession in recent years. Most indices of assessment 
point to low levels of job satisfaction with a number of 
factors that influence the departure and retention of 
members. Findings from the observed case studies indicate 
that 12% of all women change their career path after 
graduation from architecture school. The departure rate in 
Nigeria hovers between 13-25% annually. An additional 22% 
sought to leave architecture or take on less demanding 
responsibilities within 5 years of post-qualification. This 
presents a challenge to a profession that still boasts less 
than 20% female participation in local and international 
instances. The most popularly cited reason for the 
abandonment of the profession is job dissatisfaction: 
especially with regards to disillusionment and 
disappointment from the expected rewards for the effort 
put into personal and professional development in the 
architectural profession.  
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The findings on Tables 1 and 2 reveal the shrinking 
differences between the level of satisfaction of men and 
women in local and international studies. Comparatively, 
overall levels of job satisfaction between genders have 
become less distinct over the years although men are 
slightly more satisfied with key aspects of the profession 
than women. Remuneration remains the least satisfactory 
aspect of the profession which is not necessarily a gender 
specific issue – over 70% of the women in international 
reports citing pay disparity and devaluation as leading 
causes for concern in the international case studies, a not-so 
pressing concern in the Nigerian scenario. There are no 
observable structural pay differences between the genders 
of equal training and experience in private or public service 
but there were differences in the ways in which men and 
women secure remuneration for architectural services in 
Nigeria. Women have less bargaining power than their 
male counterparts and are three times more likely to accept 
a reduction in the approved scale of fees under negotiation 
with a client. Women are expected to concede more else 
they are considered “pushy” or “aggressive”. Perhaps even 
a bit too masculine. This situation appears to worsening 

due the public perception about the diminishing role of the 
architect in the society among all the allied professionals in 
the built environment. The inability to handle meaningful 
projects is also a source of discontent among the 
respondents to the survey and this has led to the 
establishment of more sole practitioners who enjoy more 
control over the type of work done and the nature of 
remuneration. 

From qualitative findings, there were some positive 
reactions to job satisfaction from some women respondents 
who found that there were “benefits” from working in male 
dominated firms which included being the “only member 
on the team who brought a ‘softer, human side’ to the 
design of residential spaces” or adding a “special woman’s 
touch” that men do not have. Some of the women 
respondents found satisfaction in the balance of personal 
and professional goals but this is consequent on the 
availability of supportive maternity laws and flexible work 
options. Despite these standalone assertions, the findings 
over the years consistently show that 45-55% of women 
withdraw from mainstream architectural practice due to 
dwindling job satisfaction. 

Table 1.  Satisfaction with the architectural profession among Nigerian men and women [8] 

Job satisfaction indices Level of satisfaction 

 % male % female 

Opportunities to improve skillfully 55 49 

Remuneration packages 39 35 

Organizational culture 47 40 

Work-life balance 52 40 

Professional development 57 46 

Handle meaningful projects 51 36 

Recognition for job done 59 47 

Job security 55 56 

Flexibility  60 59 

Table 2.  Satisfaction with the architectural profession among men and women in the US [26] and Australia [22] 

Job satisfaction indices Level of satisfaction 

 % male % male % female % female 

 AIA (2016) RAIA (2007) AIA (2016) RAIA (2007) 

Opportunities to improve skillfully 54 57.2 45 64.9 

Remuneration packages 46 42.1 34 40.9 

Organizational culture 53 50.0 48 48.9 

Work-life balance 49 51.8 45 62.2 

Professional development 55 48.5 48 50.6 

Handle meaningful projects 48 50.3 39 47.6 

Recognition for job done 48 - 42 - 

Job security 56 - 53 - 

Flexibility  39 70.9 64 75.8 
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As discussed in earlier sections of this paper, the 
demands of the profession at entry, training and licensure 
deter a lot of women from architecture. As many as half the 
respondents in the study advocated for a licensing process 
that takes into consideration the challenges women face 
and it is a valid recommendation that they assess the value 
of being an architect (with the workload, stress, low pay 
etc.) before committing to the profession indefinitely. In 
the last decade, architecture graduates have recorded the 
highest unemployment rates among all the professions 
including medicine, law, engineering and accounting. 
Post-qualification success depends largely on building a 
portfolio and client base which in turn leads to future 
commissions and awards. This repeatedly raises questions 
about the visibility of women architects and the way they 
are able to build their practices. One account is that women, 
particularly Nigerian, disappear or become invisible in the 
profession because they are offered fewer opportunities to 
make their voices heard. Young men, on the other hand, are 
encouraged, praised, nurtured and offered numerous 
opportunities and experiences which place them on the 
path towards registration without the stumbling blocks 
women face. From the same source, it was observed that 
women (particularly those with families) are less 
geographically mobile than their male counterparts and this 
often frustrates the opportunities to “follow the work”. This 
suggests that women appear to have a different attitude 
about work than men do which may be a result of 
discrimination against them or a combination of this, life 
choices and career changes in the profession. The big 
question about these weighted considerations is this: what 
should they do about this? 

5. Conclusions and Recommendations 
In a profession where there is little or no practice of 

diversity in terms of gender, there tends to be a very little 
room for drastic changes as the culture of the profession 
limits a lot of ideas coming from the supposed minority. 
The study highlighted issues that are responsible for the 
underrepresentation of women in architecture which are 
synonymous with most of the challenges not far removed 
from the universal themes in gender studies. Not just that 
women are underrepresented in the profession, within the 
profession itself, a great proportion of women are clustered 
in the lower ranks of the profession and as you go higher, 
there is a deep decrease in their population. Architecture is 
not and should not be considered only a “gentleman’s 
profession” because there are many women out there who 
love the profession for how it embraces a variety of 
disciplines: design, geometry, history art and social 
behaviour. 

The females formed the minority in every aspect of the 
study. From their graduation to their field work, the results 
of the findings show that the structure and culture of the 

profession clearly do not suit a woman and her person. 
Women continually find themselves excluded from the 
vital networks and experiences for professional growth in 
Nigerian architecture which resonates with women in the 
profession from around the world. The need to stress for 
personal and professional balance addresses concerns 
about the increasing number of women who pick interest in 
studying architecture and lose interest in staying in the 
profession once the practice becomes unfavourable. 

The study observed that at various stages of the 
professional ladder there has been gross 
underrepresentation in all phases in both local and 
international contexts. From the survey and the various 
studies examined here, it is clear that the first step towards 
addressing the issue of underrepresentation in architecture 
would be a proactive reset of the thinking behind the 
profession. The distinctions between men and women are 
clear but the future (and success) of the profession depends 
on the understanding that all players are part of the same 
team. Entry requirements for training, licensure and 
progression mandate equity and equality for all genders in 
order to establish and maintain the diversity the profession 
desperately needs. No one gender needs to be more visible 
than the other, neither does one deserve to be 
disadvantaged by the other. The architectural profession 
provides work that is a privilege, personal, fun and 
satisfying if given the proper leeway: architecture allows 
for one to explore countless career directions.  

This study therefore recommends that women in 
Nigerian architecture learn how to ask for what they need 
from the profession. In order to maintain equity, equality 
and diversity in the profession, there is the need for regular 
and on-going public awareness initiatives by stakeholders 
in the profession on the role of architects in society, 
particularly the women. Likewise, the study suggests 
willingness to find the middle ground between family and 
free time in order to cultivate the necessary professional 
and personal relationships that support practice retention 
and drive career progression. The delicate work-life 
balance challenges many African societal norms, 
particularly in child-bearing and raising but is necessary to 
address the key variables affecting the increased 
participation of women in Nigerian architectural practice. 
Architecture allows for one to go in limitless career 
directions. The study also recommends programs and 
incentivised schemes for architects in training about what it 
takes to become an architect (especially as a woman), the 
challenges they may face in practice and how to handle 
such challenges without compromising with the 
professional standard. This is pertinent to the formation of 
policies that foster inclusion and boost retention among 
women in the profession as till date there are no initiatives 
of any sort in Nigerian architecture to address 
underrepresentation of women despite the increasing body 
of evidence requiring attention.  
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Abstract  This computational work aims at studying the 
three – dimensional turbulent wind flow around two square 
buildings with pyramid roofs of trivial architectural forms 
for an arbitrary geographical location. The overall 
investigation substantially reduces to the fundamental 
problem of an external three – dimensional turbulent flow 
field past a mounted obstacle of predefined shape. The 
novelty of this research is that the independency of the 
numerical solution for any possible distribution of mesh 
points was demonstrated in a theoretical manner without 
the necessity of changing the original grid with 
simultaneous repetition of the computational process. 

Keywords  Turbulent Flow, Mounted Obstacle, Finite 
Volume Method, Voronoi Diagram, Delaunay 
Triangulation 

1. Introduction
It is well known that the governing differential equations 

of any fluid flow, laminar or turbulent, can be solved 
analytically only for a limited number of simple flow cases 
of little interest to a mechanical, hydraulic or chemical 
engineer. The difficulty of solving analytically the 
momentum conservation equations is due to the form of the 
terms of acceleration of transfer, which unfortunately are 
non-linear terms. Nonetheless, exact solutions can 
generally be achieved for problems where the conditions of 
the acceleration transfer are zero, e.g. Couette flow, 
Poiseuille flow, flowing into porous media. 

In most practical problems encountered by an engineer, 
such as the design of a ventilation system of a building, the 
differential equations describing the air transport are not 
linear, so there is no analytical solution of closed form. One 
has to resort to numerical methods. 

By means of computational methods, the differential 

equations characterizing a flow are approximated by 
algebraic equations describing the characteristic flux sizes, 
not across the entire flow field but at specific points 
(meshpoints), all of which synthesize the numerical grid. 

Numerical equations consist of a system of equations 
that form the basis of any computational code and the 
solution of which determines all sizes that characterize a 
flow, velocity field volumetric flow, 

Computational methods are generally divided into 
boundary element methods (BEM) and Domain 
Discretization methods. The latter are in turn divided into 
Finite Differences, Finite Element (FEM), (with linear, 
nonLinear and stochastic elements) and Finite Volume 
methods. 

In the meanwhile, during the last four decades, a large 
amount of valuable research work has proved that air 
movement in buildings can be predicted in a reliable 
manner via Domain Discretization methods. 

Indeed, the related models actually implement the 
so-called finite-volume and/or finite-element methods for 
any transported quantity (such as velocity components, 
temperature and species concentrations) in the flow 
domain to derive, from the differential equations 
describing the relevant phenomena, a finite system of 
algebraic equations. In the sequel, this assembly can be 
solved on the basis of specific iterative processes to obtain 
numerical values when user-defined convergence criteria 
are reached. As long as these results can be considered 
accurate, i.e. validated versus experimental data, they form 
a “virtual” airflow field within the building space, 
representing the so-called “prediction” of the flow field. 
Thus, CFD can be used for airflow pattern predictions in 
buildings, in order to design optimum ventilation systems. 
The current literature signifies that CFD is a very strong 
tool for predicting air movement in buildings in terms of 
hydrodynamic and temperature fields, providing plausible 
results for various ventilation designs, and particularly for 
choosing among different alternatives. This is an important 
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benefit for building-design studies since knowledge on the 
airflow structure, and hence thermal comfort indices, is 
provided before the construction of a building. Nonetheless, 
there are still particular issues that need to be addressed, 
such as the adopted assumptions, the suitability of the 
selected turbulence model, the size and type of the 
computational domain, the spatial discretization and 
handling of boundary conditions. More importantly, there 
is the need for an identification of the different 
“mathematical settings” which must be applied for the 
simulation of mechanical and natural ventilation. 
Additionally, since recent published investigations reveal 
important differences on thermal comfort predictions 
between mechanical and natural ventilation, any proposed 
approach of calculating thermal comfort using CFD must 
be clarified and justified.  

The physical aspects of any fluid flow are generally 
governed by three fundamental principles: (a) Mass 
conservation, (b) Energy conservation, (c) Newton’s 
second law for momentum conservation and (d) chemical 
species conservation. These fundamental principles can be 
expressed in terms of basic mathematical equations which 
in their most general form are either integral or partial 
differential equations. CFD is the art of discretizing these 
equations to general algebraic formulations, which are then 
solved to obtain numbers of the flow-field values, at 
discrete points in space and time, which correspond to the 
dependent variables of the flow Ref. [1]; Ref. [2]; Ref. [3].  

For flows of practical interest, such as airflow in indoor 
environments, the flow is, in general, turbulent. Air flow 
within building spaces is a three-dimensional, highly 
unsteady flow, which contains a great deal of vorticity. The 
existing vortex stretching is one of the principal 
mechanisms by which the intensity of turbulence is 
increased, thus it governs the rate of conserved quantities’ 
mixing [4]. When the flow is turbulent then either a 
turbulence model must be used, which leads to additional 
equations, or special assumptions must be made about the 
magnitude of the diffusion effects brought out by 
turbulence. The most trivial group of partial differential 
equations usually used in literature for building airflow 
CFD modelling consists of the conservation of mass, 
momentum, energy, concentration of chemical species and 
turbulence parameters. All the governing conservation 
equations can be expressed in the following general form 
[1]: 

𝜕(𝜌𝜑)\𝜕𝑡 + 𝑑𝑖𝑣(𝜌 ⋅ 𝑢 ⋅ 𝜑 − 𝜞φ⋅ 𝑔𝑟𝑎𝑛𝑑𝜑)=Sφ    (1) 
where ρ is the density of air or mixture (if chemical species 
are present), t is the time, u is the velocity vector, Γφ is the 
diffusion coefficient of the transported quantity, Sφ is the 
source or sink term and φ is the general transported 
quantity, i.e. 1 for continuity, ux,uy ,uz for momentum in the 
three space directions (in case of Cartesian coordinates), 
temperature T (or enthalpy h) for energy and Ci for 
concentration of chemical species i (for example moisture 
or pollutants), while turbulence transported quantities 

depend on the selected turbulence model. The 
corresponding diffusion coefficients for each dependent 
variable solved are briefly reported in references Refs. 
[1-5].  

Evidently, the above fundamental equations are 
nonlinear in nature and cannot be solved analytically. To 
confront this issue, CFD provides a transformation of these 
equations to a system of algebraic equations which can be 
solved by means of numerical analysis techniques. An 
iterative procedure is followed, whereby the equations are 
successively re-linearized and solved until the solution to 
the original numerical form of the equations is attained. A 
wide variety of discretization methods exist to transform 
these equations into algebraic linearized ones.  

In general, these methods can be divided into three 
categories [5]: 
 Finite-Difference Method (FDM). This method is 

widely used in CFD applications due to its 
computational and conceptual simplicity. 
According to the FDM a flow-field variable is 
discretized in terms of Taylor’s series expansion 
about a (grid) point defined by the variable’s 
either-side derivatives. 

 Finite-Volume Method (FVM). The algebraic 
difference equations are formulated by applying 
the conservation laws directly to a small control 
volume (grid-cell). In opposition with FDM, it has 
the advantage of the flexibility of the boundary 
shape of the computational cells, as the 
conservation laws apply irrespective of shape. 

 Finite-Element Method (FEM). The method is 
formulated so that it minimizes the weighted 
residual (Galerkin residuals) over the flow field. As 
this method uses unstructured meshes consisting of 
cells of different topologies (triangles or 
quadrilateral for two dimensional meshes), very 
complex geometries can be handled adequately. 

Now, in more specific approaches to flows past mounted 
obstacles, a detailed study on turbulent flow past a 
surface-mounted cube with two-layer turbulence models 
was carried out by Lakehal and Rodi in Ref. [6] 

In addition, a study numerical study on turbulent flow 
around a wall-mounted cube is presented in Ref. [7]. 

Moreover, referring to the prediction of air properties’ 
distribution within ventilated pilot or real-scale buildings, 
using CFD methods an excellent review work was carried 
out by Stavrakakis et al. [8]. 

On the other hand, the establishment of Finite Volume 
Method has been made on the basis of the following 
fundamental steps [9]. 
 The calculation field is divided into a number of 

control volumes each enclosing a node.  
 The differential equation describing the transfer 

phenomenon is completed on a control volume.  
 The control volume consists of 4 surfaces (fronts).  
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 The discretization of the transport equation is 
achieved based on the following assumptions: 

 Uniform distribution of the different quantities in 
the control volume. 

 Uniform distribution of different quantities on the 
control volume fronts. 

 First-order approach with ascending differences in 
the term of time derivative. 

 In the calculation of flows through the surfaces of 
the control volume is made in trying to fulfill the 
conservative property, so its balance of natural 
quantity to apply around each finite area and not 
one point only. 

In the meanwhile, a Delaunay triangulation is the 
straight-line dual of a Voronoi diagram [10]. This one to 
one mapping between a Voronoi diagram and a Delaunay 
triangulation guarantees that the resultant truss after the 
triangulation of a surface cannot behave as an infinitesimal 
mechanism from kinematical viewpoint [11].  

On the other hand, in Ref. [12] a rigorous proof that 
along an arbitrary streamline of a three – dimensional 
incompressible flow field, Navier – Stokes equations 
reduce to Euler equations, i.e. the viscous terms are able to 
be eliminated. In this framework, one may conclude that 
along the streamline network of such a flow field Navier – 
Stokes equations are rendered independent of Stokes 
constitutive relation. In this context, given that Euler 
equations arise automatically from Newton’s Second Law, 
one may deduce that for any incompressible flow field of a 
Newtonian fluid, Navier – Stokes equations can be 
considered somewhat equivalent to this Axiom. 

Besides, in Ref. [13] a rephrased form of the system of 
mass and momentum conservation equations for a generic 
type of a three dimensional, unsteady, viscous flow 
according to Lagrangian formalism for the fluid motion 
was performed.  

Concurrently, in Ref. [14] air flow past isolated 
gable-roof buildings with different roof pitches was 
examined in a thorough and effective manner, whilst for a 
detailed technical review of building-mounted wind power 
systems one may refer to [15]. 

In Ref. [16] a valuable CFD simulation of 
cross-ventilation for a generic isolated building took place. 
In Ref. [17], a considerable analysis of airflow over 
building arrays for assessment of urban wind environment 
was carried out. The current investigation, aims to study 
the three – dimensional turbulent wind flow around two 
square buildings with pyramid roofs of trivial architectural 
forms for an arbitrary geographical location. The novelty 
of this work is that the independency of the numerical 
solution for any possible distribution of mesh points was 
demonstrated in a theoretical manner without the necessity 
of changing the original mesh with simultaneous repetition 
of the computational process. 

2. Construction of the Flow Model 
For the construction of the flow model, the Solidworks 

design software is used. Solidworks is a mechanical CAD 
program of 3D geometry. In the case we study; the flow 
model consists of two houses which are placed in a 
“simulated aerodynamic tunnel”, which from 
Thermodynamics viewpoint is an open thermodynamic 
system. A user of Solidworks, has the ability to define the 
dimensions of the tunnel and the dimensions of the houses. 
In addition, for houses outside the basic exterior 
dimensions the program also defines the slope of their 
roofs. 

Let us initiate the design by creating the basis of the 
“simulated aerodynamic tunnel”, (40mX120m) [see Fig. 1] 
by the following commands 

"D1@Sketch1" = 120; "D2@Sketch1" = 40 
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Figure 1.  Basis of the “simulated aerodynamic tunnel” 

The height is created by the following command: "D1@Extrude1" = 40 
Fig. 2 illustrates the “simulated aerodynamic tunnel”. 

 

Figure 2.  “Simulated aerodynamic tunnel”\ 

In continuing, with “sketch3” we design the base-floor plan of the first house. 
Here, let us give the basic dimensions (width-length) 
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"D1 @ Sketch3" = 8 
"D2 @ Sketch3" = 8  

and the distance from the entrance to the tunnel. 
"D3 @ Sketch3" = 16 
Then, with the help of “sketch3” we remove material from our model with equal volume to that of the house. 

"D1@Cut-Extrude5" = 8 

 

Figure 3.  Design of first building 

We also build the roof of the house by tilting the vertical with the cut-extrude6 "D3@Cut-Extrude6" = 45 

 

Figure 4.  Shaping the roof slope of the house 
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For the second house we simply copy the first 50m with the help of Lpattern1 "D3@LPattern1" = 50 
"D1@LPattern1" = 2 (Number of copies) 

 

Figure 5.  Creation of second house 

In our example, the problem is symmetric, so one may simplify it by subtracting half of surface via command “Cut1” 
[see Fig. 6]: 

 

Figure 6.  Simplification due to symmetry 
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To facilitate the user, the variables can be defined as shown below [see Fig. 7]: 
(Tools → Equation: Edit all): 

 

"D1 @ Sketch1" = 120: Tunnel length 
"D2 @ Sketch1" = 40: Tunnel width 
"D1 @ Extrude1" = 40: Tunnel height 
"D3 @ Sketch3" = 16: House distance from tunnel entrance 
"D3 @ LPattern1" = 50: Distance of 2nd house 
"D1 @ LPattern1" = 2: Number of copies 
"D1 @ Sketch3" = 8: House length 
"D2 @ Sketch3" = 8: House width 
"D1 @ Cut-Extrude5" = 8: House height 
"D3 @ Cut-Extrude6" = 45: Roof Angle 

Figure 7.  Definition of variables 

Now, let us denote that Gambit is a “commercial” grid generator and includes only few (relatively standard) algorithms. 
New methods are slow to gain robustness and generality and therefore are not directly available. 

In the environment of Gambit, one has the ability to construct the solution grid for a given geometry in order to then 
introduce it into the fluent computational fluent code for the resolution process. 

The grid is constructed by selecting the number of nodes for each edge of the geometry or by specifying the width of the 
distance between them. In addition, in regions where geometry changes (e.g. edges) are strongly altered, local grid 
densification is performed in order to have more accuracy when solving the problem. 

To build a grid on a surface, we first need to determine the number of nodes on each of its sides. So by going to the 
choice of Gambit → Mesh Edges, we may choose the sides we want and then shape the values of the Spacing and Grading 
parameters. Nonetheless, if one does not wish to thicken the grid as a Ratio, the value will be 1.0. [See Fig. 8]. 
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Figure 8.  Construction of number of nodes on the vertical sides of the house 

Then the following figure below shows the local thickening of the grid in the areas before and after the first house 
during the wind flow. Specifically, in the Grading field, click on Apply and give the value 1.04 to the Ratio parameter, 
which specifies the rate at which the distance between the nodes increases. [see Fig. 9]. 

 

Figure 9.  Local Grid Compaction - Enter values in Gambit 

Between the two houses, we are densifying the number of nodes near them, while the distance between them increases. 
In the Grading parameter, the Doubled Sided option is enabled, giving Ratio 1 → 1.02 Ratio 2 → 1.02, while for the 
Spacing parameter it is set to the default value for Interval Size → 0.6 [see Fig. 10]. 
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Figure 10.  Densification of number of nodes in the middle distance of houses 

Similarly, the number of nodes for each of the sides of our geometry is chosen, so the final form of the computational 
path is shown in below. [see Fig. 11]: 

 

Figure 11.  Final Configuration of number of nodes  

The creation of the grid for the surfaces of the script follows. Select the Mesh area in the Gambit and then click Face. 
We choose the following [see Fig. 12]: 

Elements → Quad (rectangular cells) 
Type → Map 
Smoother → None 
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Figure 12.  Grid construction on the input surface of the solution loop 

For the roofs of the two houses we will use triangular cells, so we have [see Fig. 13]: 
Elements → Tri  
Type → Pave 

 

Figure 13.  Construction of grid on roofs of houses 
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Triangular cells will be used for the roofs of the two houses, so we have[see Fig. 14]: 
Elements → Tri (triangular cells) 
Type → Pave 

 

Figure 14.  Final form of mesh on the surfaces of the solution space 

The triangles meet the Delaunay condition [Fig. 15]. The validity of the above statement is supported by the fact that 
since each roof behaves as a rigid body; apparently any triangulation of its surface corresponds to a kinematic determinate 
plane truss. 

After the mesh construction has been completed on one of the surfaces of the computing space, the final mesh is 
constructed in this volume by going to the Mesh field and selecting Volume Elements [see Fig. 16]: 

Elements → Tet / Hybrid 
Type → TGrid 

 

Figure 15.  Grid densification at the edges of houses 
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Figure 16.  Final grid 

The above final volume is the one that will be introduced to Fluent [20] for the resolution process. 
However, Fluent is not able to recognize .DBS files like those that save Gambit [20]. In this context, we need to create 

an MSH file, which is read by Fluent. [See Fig. 17]: 

 

Figure 17.  Creation of .MSH file for import into Fluent 
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As previously mentioned, the Gambit Design Tool was 
used to construct the grid in the required geometry of the 
problem, to follow the solution using the Fluent 
Computational Fluid Engineering Code. Evidently, Gambit 
software has saved the file with the geometry and grid of 
the .msh solution. The introduction of data into Fluent has 
been made via the following Path: 

File → Read → Mesh and the name of the .msh file. 
Then check the grid to investigate its quality and identify 

possible errors. 
Mesh → Check 

Mesh Check 
Domain Extents: 
x-coordinate: min (m) = -1.600000e+001, max (m) = 
1.040000e+002 
y-coordinate: min (m) = 0.000000e+000, max (m) = 
4.000000e+001 
z-coordinate: min (m) = -2.981556e-016, max (m) = 
2.000000e+001 
Volume statistics: 
minimum volume (m3): 1.855889e-003 
maximum volume (m3): 6.894774e-001 
total volume (m3): 9.540267e+004 
Face area statistics: 
minimum face area (m2): 2.388392e-002 
maximum face area (m2): 1.635134e+000 
Checking number of nodes per cell. 
Checking number of faces per cell. 
Checking thread pointers. 
Checking number of cells per face. 
Checking face cells. 
Checking cell connectivity. 
Checking bridge faces. 
Checking right-handed cells. 
Checking face handedness. 
Checking face node order. 
Checking element type consistency. 
Checking boundary types: 
Checking face pairs. 
Checking periodic boundaries. 
Checking node count. 
Checking nosolve cell count. 
Checking nosolve face count. 
Checking face children. 
Checking cell children. 
Checking storage. 
Done. 

Additional checks can be made using the following 
Paths: 

Mesh → Info → Quality → Size→ Zones 
Here are some basic parameters to solve the problem 

[see Fig. 18]: 
Define → General 

 

Figure 18.  Definition of the parameters 

We will then turn on the Modes, which are necessary for 
this problem. Only the flow consistency mechanism is 
activated, while the other Models are set off. For example, 
if we wanted to look at the change in temperatures, we 
would have to activate the Energy mechanism too. [see Fig. 
19]. 

 

Figure 19.  Definition of turbulence model 

Clicking on Viscous Model, we enable k-epsilon (2 eqn). 
The Constants are set to their default values, while 
Standard k-epsilon is selected as the turbine model. The 
data specified in the Viscous Model are listed below [see 
Fig. 20]. 
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Figure 20.  Definition of wall functions  

From the Gambit, the computing space is defined as 
FLUID, but the properties of the window materials have 
not been determined. Material or material is selected as 
“air”. Fluent features a range of Database libraries with a 
variety of materials depending on the problem of resolution 
in each case. 

So let us follow the path (Path): Define → Materials → 
Fluid and select air as fluid or medium. 

Below is the definition of the boundary conditions of our 
problem. (Define → Boundary Conditions) 

In particular, for the walls, by clicking the wall all → 
Edit, we determine the roughness of these, if they are 
moving or not, and their behavior in terms of shear stresses. 
[see Fig. 21]. 

In the Thermal, Radiation, Species, DPM, Multiphase, 
and UDS parameters, there is no need to specify a factor, 
since the corresponding resolution models are initially 
disabled. Here is the determination of the boundary 
conditions for the input of the computing space (velocity 
inlet). It is assumed that the air enters vertically into the 
flow field with a uniform profile. It is selected as Velocity 
Specification Method →Normal to Boundary, and 5m / sec 
is set as input speed. Note that if we wanted to introduce the 
air with some inclination, we would choose Velocity 
Specification Method →Components and we would give 
values for speed in each of the X, Y, Z axes. The 
determination of turbulence is done by selecting as 
Intensity and Hydraulic Diameter, where we give the 
values 10 and 40 for the turbulence and Hydraulic 
Diameter respectively. [see Fig. 22] 

Likewise, for Thermal, Radiation, Species, DPM, 
Multiphase, and UDS, there is no need to define a factor, 
since the corresponding resolution models are initially 
disabled. The following is the determination of boundary 

conditions for outflow. In our problem we do not need to 
specify any extra data for the output and also the value of 
the flow rate weighting is set to 1. If we had a second exit, 
then we would set a value other than the unit, depending on 
the distribution in each of them. [see Fig. 23]. 

Having defined the boundary conditions of our problem, 
we will define some of the parameters that are necessary in 
solving.First we set values for under-relaxation factors [see 
Fig. 24]. These coefficients express the value that will take 
a certain size after each iteration in relation to the previous 
value. The closer to 1 is this factor, the faster the 
convergence of that size. 

 

Figure 21.  Definition of boundary conditions 

 

Figure 22.  Definition of Turbulence Intensity and Hydraulic Diameter 
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Figure 23.  Flow rate weighting  

 

Figure 24.  Solution controls 

For the solution methods, let us preserve the default 
values [see Fig. 25] 

 

Figure 25.  Default values 

 

Figure 26.  Run calculation 

Finally, in order to begin the solution procedure, let us 
apply the route: 

Solve → Run Calculation, 
Here, as the number of iterations let us set the value 500 

[see Fig. 26]. 
Before we proceed to the results of the resolution, we 

report that we are gradually saving our file by selecting the 
path: 

File → Write → Case and enter a filename (for example 
as 08_06_08_HOUSE_45DEG_50M) 

Now, if we want to run our file, we shall follow the path: 
File → Read → Case 

Next, one may select the file name. 
We also have the ability to save the results of the 

resolution process by a number of iterations. This is done 
by going to Solve → Calculation activities → Settings, 
where we define the number of iterations and give a .dat 
file name. 

Returning to solve the problem and clicking Calculate, 
we notice that after 143 iterations our solution has 
converged [see Fig. 27]. The following message appears on 
the screen: 

iter continuity x-velocity y-velocity z-velocity to epsilon 
time / iter 

143 solution is converged 
143 3.2616e-04 6.8986e-05 3.5943e-05 1.7786e-05 

8.4764e-04 9.9524e-04 0:00:00 
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Figure 27.  Evolution of residuals at resolution 

Here are the velocity profiles at the X and Y levels as they emerged during the solution [see Figs. 28 and 29]. 

 

Figure 28.  Velocity profiles along the computing space at the X level 
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Figure 29.  Velocity profiles along the computing space at the Y level 

 

Figure 30.  Velocity Vectors around two houses  

The velocity vectors are presented both in the total computing space and in the vicinity of each of the two houses. 
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3. Discussion 
This investigation describes how to run a computational 

fluid dynamics (CFD) simulation of a turbulent three 
dimensional flow field in a wind tunnel with two square 
buildings with hip roofs. The overall study is based on the 

mesher “Gambit” and the solver CFD Code “Fluent”. The 
main results are the vector plots obtained by the simulation 
[see Figs. 30-32] together with turbulence profile along the 
computing domain [see Fig. 33]. Also, the illustration of 
velocity vectors in the vicinity of each of the two houses 
seems to be clearly of interest, [see Figs. 31, 32].  

 

Figure 31.  Velocity Vectors around first house 

 

Figure 32.  Velocity vectors in the perimeter of the second house in detail 
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Figure 33.  Profile of turbulence along the computing domain 

Actually, such three dimensional turbulent flows 
between mounted obstacles are of great importance 
especially for pollutant dispersion, as discussed by 
Monnier et al. in Ref. [21]. 

In the present work, the k-epsilon model which is a very 
reliable one was selected to simulate mean flow 
characteristics for turbulent flow conditions. However, it 
can be said that the SST model (SST (Menter’s Shear 
Stress Transport) turbulence model) sometimes yields 
better results concerning pressure-gradient turbulence and 
in addition the RSM model (Reynolds stress equation 
model, also referred to as second moment closures) several 
times constitutes a better approach for 3D flows.  

On the other hand, referring to computational 
approaches to unbounded domains (e.g., a half space or the 
complementary set of a finite space), it can be said that the 
contrivance of artificial boundaries is generally required. In 
this context, one has to assume beforehand that either the 
shape of the real boundary or the rates of a field quantity 
along the artificial boundary are given. In addition, the 
development of any grid constitutes indeed a difficult 
geometric problem, perhaps more difficult than the 
circumstantial physical problem that a CFD method is 
called to encounter. Evidently, the construction of the 
model, the mesh and the setting of the parameters in Fluent 
using the “Graphical User Interface” (GUI) is subjected to 
such difficulties.  

The key point here is that a mesh must be predefined to 
provide a certain relationship between the nodes, which is 
the base of the formulation of these conventional numerical 

methods. Nonetheless, as it is known from Algebra [22] 
every partition of a Cartesian product can be motivated 
univocally by a binary relation of equivalence, i.e. 
reflexive, symmetric, and transitive, which subdivides the 
domain into mutually disjoint subdomains, the union of 
which constitutes the original set. In this framework, one 
may face the creation of a finite element grid as a partition 
of a Cartesian product and obviously the mesh points are 
the common vertices  of the finite elements, 
which for convex polyhedral domains are mainly trihedral 
or tetrahedral elements, such that they form a partition of 
the corresponding domain. Hence, every ordered triple in 
the form  consists in a mesh point of a finite 
element grid if and only if it satisfies a binary relation of 
equivalence named f. 

In other words, the following relationship should hold 

                  (2) 

with  
In fact, every numerical solution by means of domain 

discretization methods is the approximation of the 
functional values at the mesh points, which evidently are 
distinct points. However, one may clarify beforehand that 
the independency of the numerical solution should be 
proved for any possible distribution of the mesh points. 
Otherwise the spatial coordinates will be functionally 
dependent on each other something opposite with Eulerian 
formalism.  

Roughly speaking, the resulting numerical solution 
should not depend on the selection of the binary relation of 

https://www.hindawi.com/journals/tswj/2015/692494/#B23
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equivalence which relates the independent variables 
 to one another. Further, domain-free 

discretization method directly solves partial differential 
equations in the standard coordinate system [23]. It can be 
easily applied to solve irregular domain problems without 
introducing the coordinate transformation technique. 
However, in the problem we study, the triangulation 
satisfies the Delaunay condition. The validity of the above 
statement is supported by the fact that since each roof 
behaves as a rigid body; apparently any triangulation of its 
surface corresponds to a kinematic determinate plane truss. 
Here, let us remark that a Delaunay triangulation is the 
straight-line dual of a Voronoi diagram.  

This one to one mapping between a Voronoi diagram 
and a Delaunay triangulation warrants indeed that the truss 
arising from the triangulation of the roof surface cannot 
behave as an infinitesimal mechanism from kinematical 
viewpoint.  

In addition, the non-slip condition extends this property 
to the neighbouring meshpoints points of the created grid 
and so on. Nevertheless, referring to the commercial 
software used to carry out this study, one may elucidate 
that Gambit has been replaced by ICEM, and Fluent is 
within the ANSYS package. 

4. Conclusions 

This article summarized a numerical study aimed at 
characterizing the flow around two square houses of hip 
roofs using Reynolds-averaged Navier-Stokes (RANS) 
simulations on commercial software. 

The above investigation of the air flow in the case of two 
identical houses at a certain distance between them 
indicated the following firm conclusions: 

i) With regard to velocity profiles, there is a 
significant increase in air velocity in the top of the 
roof of the first house. 

ii) A recirculation zone is formed on the backward of 
the first house, while for the second it is 
significantly less. 

iii) For the particular distance of the two houses, there 
is no particularly great effect on the airflow 
velocity past the first house when compared to 
airflow velocity past the second one. However for 
shorter distances the change in the flow field will 
be more important. 

iv) The intensity of turbulence on the front side of the 
first house is quite significant, due to the small 
distance from the air entry point in the overall 
control volume. 

v) The slope (45°) of the hip roof in the first house 
causes a local area of high airflow velocity, 
whereas for the second house, mainly due to the 
low distance, the effects are slighter. 

In a future investigation, the possibilities regarding 

structure identification could be also discussed. Also, these 
results may be extended to more complex urban scenarios 
in oncoming works. 
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Abstract  Vehicle speed is one of the main risk factors 
for road traffic safety. To increase the level of road safety, 
especially in urban areas, measures must be implemented 
to reduce vehicle speed. The installation of calming 
measures on a road network is systematically planned way 
to reduce driving speeds. This paper studies the 
effectiveness in terms of speed reduction of three types of 
traffic calming measures: 1) speed table, 2) chicane, and 3) 
road narrowing. The speed analyses regard a series of 
traffic calming measures located in urban contexts of 
Catania Province (Italy). For each of these traffic calming 
measures, experimental investigations were carried out 
relating to the measurement of speed. The study has shown 
that the speed tables represent the measure of traffic 
calming that guarantees the greatest conditioning on speed 
(it is also possible to halve the average speed). Even the 
chicanes have a significant impact on reducing speed, as 
well as the speed tables (average speed is reduced by up to 
50%), while road narrowing allows maximum reductions 
in average speed of around 35%. Furthermore, all three 
traffic calming measures have resulted in a reduction of 
accidents always greater than 30%. In the case of speed 
tables, the reduction in accidents exceeds even 40%. The 
consequences of road accidents are also mitigated thanks to 
the traffic calming interventions considered. The reduction 
of injured people is between 32% (road narrowing) and 
50% (chicane). The speed tables involve a reduction of 
almost 40% of injured people while fatal accidents are 
completely eliminated. Finally, it has been observed that 
the reduction in pedestrian injuries is between 33% (road 
narrowing) and 50% (speed tables). In the case of the 
chicane the reduction of injured pedestrians is 40%. The 
pedestrian fatal accidents in the road section in which the 
speed tables were subsequently installed have been 
reduced to zero. 

Keywords  Speed Tables, Chicane, Road Narrowing, 
Road Accidents, Road Safety 

1. Introduction
Vehicle speed is one of the main risk factors for road 

traffic safety; it affects both the accident probability and 
the severity [1-3]. 

Speeding is one of the main factors that increase the 
risk of a road accident; approximately 50% of drivers 
exceed the speed limits [4]. Speeding is the greatest 
challenge of road safety in many countries, often 
contributing to more than one third of all fatal accidents. 
Speed is also an aggravating factor in the severity of all 
accidents. In particular, speeding affects the severity of 
collisions and accidents which involve the most 
vulnerable road users i.e. pedestrians, cyclists and 
motorcyclists. 

To increase the level of road safety, especially in urban 
areas, measures must be implemented to reduce vehicle 
speed. To keep an acceptable speed in urban areas, it 
requires physical speed calming measures build on the 
road network; it is especially the case on roads where the 
road design invites to driving too fast [5-7]. 

The installation of calming measures on a road network 
is systematically planned way to reduce driving speeds, 
but also reduces the volume of through traffic on local and 
residential streets. With an overall goal to improve the 
living environment, traffic calming is often defined, 
sometimes implicitly, as an integrated intervention 
strategy that is applied to a street network. It comprises a 
series of objectives, such as street safety, the promotion of 
active and collective transport, the reduction of noise and 
air pollution. 

Traffic calming strategies generally aim to reduce 
driving speeds (often to about 30 km/h), and particularly 
those of the fastest drivers [8]. Consequently, strategies 
that succeed on this level can reduce the number and 
severity of collisions. Calming strategies, by helping 
create more complex environments, can induce drivers to 
pay more attention and, thus, reduce the number of 
collisions [9]. 
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Traffic calming schemes generally incorporate a wide 
range of measures designed to complement each other in 
both speed reduction and environmental terms. 
Engineering options are more diverse and employ one or 
more of the following techniques: 1) narrowing 2) vertical 
deflection, 3) horizontal deflection, 4) restrictions.  

Engineered options are designed to increase the 
complexity and cognitive load of driving, making the 
driver naturally slow down, or to create discomfort above 
certain speeds.  

The aim of this study is to evaluate the effectiveness in 
terms of speed reduction of three types of traffic calming 
measures: 1) speed table, 2) chicane, and 3) road 
narrowing. The speed analyses regard a series of traffic 
calming measures located in urban contexts of Catania 
Province (Italy). The effectiveness of such measures, 
highlighted by results exposed in the following paragraphs, 
should encourage greater spread them in urban contexts. 

2. An Overview of the Literature 
There are many studies that had been carried out on 

traffic calming especially in Europe where the idea 
originated. Various researchers came up with different 
definitions of traffic calming, but they all converge at the 
general understanding that their major goal is to reduce 
vehicle speeds, improve road safety, and enhancing 
quality of life.  

The most commonly used definition of traffic calming 
is that which defines them as: “Traffic calming is the 
combination of mainly physical measures that reduce the 
negative effects of motor vehicle use, alter driver behavior 
and improve conditions for non-motorized street users” 
[10]. 

Many researches show the effectiveness in reducing the 
speed of the traffic calming measures. Some studies use 
field measurements which were made on street sections 
with different types of traffic calming measures, in 
different places. These measurements were compared with 
other ones located on other street sections of similar 
characteristics but without traffic calming measures [6, 
11-13]. Other studies instead use driving simulators and 
microsimulation-based techniques. In this regard, 
Reference [14] highlights how driving simulators can be 
used to overcome the methodological constraints that do 
not allow you to evaluate different ranges of interventions 
with comparable metrics.  

However, most studies focus on assessing the 
effectiveness of a typology or a few types of traffic 
calming interventions, such as types of signage, 
perceptual countermeasures or physical traffic calming. 
Mahdy [15] focuses on vertical deflections in road 
alignment to study the influence of their physical and 
geometric characteristics on traffic performance, in terms 
of speed profile. Reference [16] also deals with the 

assessment of the effectiveness of vertical deflection 
devices that include speed bump, plastic speed bump, 
raised crosswalk, rumble strips and sinusoidal hump. 
Reference [7] also presents research methodology and 
analysis of results of vertical traffic calming measures 
(speed bumps, speed humps, raised crosswalks), safety 
islands and speed cameras influence to the road safety on 
Lithuanian roads. The raised island greatly reduces 
distractions in the behavior of the gaze and is very 
effective element for speed reduction (-7.24 km/h), being 
very visible [17]. 

Reference [5] has studied the effects on speed reduction 
following the establishment of sinus speed humps and 
chicanes. Overall, chicanes and humps seem to have 
considerable speed-reducing effects on driving. They have 
almost same effect on mean speed and 85th percentile 
speed. Additionally, results show a higher speed variation 
near and especially before chicanes compared to the 
humps. 

Reference [18] shows that the traffic calming devices, 
including speed humps should be placed at appropriate 
distances (from 200 to 400 m) to each other to achieve 
balancing speed and road safety benefits against capacity.  

The relation between speed tables' physical 
characteristics and design speed of them was evaluated of 
experimental results in Tehran. The results of this study 
represent that increasing the length of speed table for only 
1 m will averagely increase the design speed of speed 
tables about three km/h [19]. Also, it was found that the 
speed reduction due to the speed tables depends mainly on 
the separation between traffic-calming devices, whereas 
the speed over the speed tables depends crucially on the 
entrance-ramp slope, the speed table length, and the 
distance from the previous traffic control device [20]. 

Reference [21] evaluates the effectiveness of four 
traffic calming measures (two types of speed humps, 
speed tables, and chicanes). The results show that chicane 
is better than the other types of traffic calming measures 
considered. 

Several studies indicated that narrowing lanes is a 
measure to slow down the speed because a narrow lane 
may increase perceived risk. Indeed, the narrow lane 
width increased steering workload and reduced speeds 
through a speed-steering workload trade-off, whilst the 
hatched road centre marking enhanced peripheral visual 
speed perception, leading to higher speed estimations and 
slower speeds [22, 23]. Reference [24] measured the 
effectiveness of a colored slurry seal traffic calming 
treatment, used to "narrow" lanes of a road, in reducing 
driving speeds and traffic volume on residential streets. 

The existing literature shows that if well designed 
traffic calming measures improve road safety, but it 
should be noted that numerous studies have shown the 
negative effects of these interventions on the environment 
(pollutants and noise). In general, it can be stated that 
horizontal deflections, narrowing and restrictions result in 
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lower production of pollutants. Vertical deflections (e.g. 
bumps) often result in increases in the production of 
atmospheric pollutants and higher noise production 
[25-30]. 

3. Methods 
This study is made as speed measurement campaign in 

specific sections of road segments where they were made 
traffic calming measures. Speed profiles were obtained 
from speed measurements. 

For speed measurement, it has been used the Autovelox 
104/C2, realized from the "Sodi Scientifica", based on the 
emission and the reception of a pair of laser beams that 
cross the road perpendicularly. The survey operations 
have been completed in 10 days. 

Plots of 85th percentile and average speeds at distances 
along calmed-streets indicated the speed-distance 
relationships that exist between starting/ending points on 
the street and the device and between two devices. 

The starting point and the end point have been 
identified in those points where it is believed that the 
speed is not influenced by traffic calming devices. 85th 
percentile speed and mean speed profiles were plotted to 
compare the speed-reducing effect for each type of traffic 
calming device. The profiles provided a better 
understanding of how drivers react to the traffic calming 
devices. Furthermore, speeds at distances away from the 
devices and between devices were able to be studied. 
Influence zones generated by calming devices were also 
obtained from the speed profiles. 

Deviations from the mean speed when traversing 
calming devices signify behavioural differences among 
drivers. A plot of standard deviations at distances along a 
calmed-street gave a general idea of these differences. To 
determine the changes in speed variations caused by 
calming devices the F-test for equality of variances was 
employed. This tested the statistical significance of 
differences in the standard deviation in speed between 
impeded segments (i.e. at the device) and unimpeded 
segments (i.e. at distances away from the device). It was 
anticipated that “more forgiving” traffic calming designs 
would lead to greater variations in driver speeds. 

4. Case of Study 
A case study was conducted in the Province of Catania 

focusing on speed table, chicane, and road narrowing in 
three different zones of the Province. 

4.1. Case of study n°1: Speed tables 

Speed tables are wide mountable obstructions installed 
on the pavement surface across the travel lanes, and 
intended to cause vehicles to slow. Speed tables are similar 

to speed humps, except for the flat-topped section located 
between the approach and far edges; are generally wider 
than speed humps and are gentler on vehicles. 

The investigation context is represented from the 
residential area that is developed around to the road called 
Lungo Mare Pantano Street, in Riposto city (CT). In 
particular, on this road are two speed tables, placed to a 
distance between one and the other of 40 meters, realized in 
bituminous conglomerate and opportunely premarked. 
Both speed tables have a height of 7 cm and have straight 
ramps of 10% slope (Fig. 1).  

 

Figure 1.  Speed tables in Lungo Mare Pantano street (Riposto) 

In order to study adequately the variation of the 
cinematic characteristics of the vehicles, for effect of the 
speed tables presence, have been chosen the five speed 
measurement sections:  
1) the section indicated with “A” letter, located 30 

meters before the first traffic calming measure;  
2) the “B” section is placed 10 m before the first speed 

table;  
3) the section “C” is equidistant between the 2 speed 

tables;  
4) the “D” section is located 10 m after the second speed 

table;  
5) the “E” section is placed 30 meters after the second 

traffic calming measure.  
The distance described from the sequence of sections A, 
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B, C, D and E, is downhill, with longitudinal slope of 2%.  
The Lungo Mare Pantano street is a road to service of an 

exclusively residential zone; the traffic flows, therefore, 
are not elevated ever, and the greater part of the vehicles is 
isolates. These conditions, evidently, are ideal in order to 
estimate the intrinsic effectiveness of any traffic calming 
measure. The mutual conditionings between the vehicles 
are practically null. Therefore, it has not been adopted the 
traditional criterion of selection of distinctive hourly bands 
for the speed measurement; to the contrary, they have been 
executed the continuous measures, until obtaining a 
statistically meaningful number of speeds values relative to 
the isolated vehicles. 

In particular, after the experimental survey, it has been 
obtained the speed values of 788 vehicles for the uphill 

distance (156 for the “A” section, 150 for the “B” section, 
168 for the “C” section, 153 for the “D” section and 161 for 
the “E” section) and the speed values of 775 vehicles for 
the downhill distance (148 for the “A” section To, 152 for 
the “B” section, 156 for the “C” section, 161 for the “D” 
section and 158 for the “E” section). Subsequently the 
following assessments have been executed: A) the 
calculation of average speed (Sa) on all the speed 
measurement sections; B) the calculation, for the same 
sections, of the 85th percentile speed (S85), that is that value 
of the speed that is not exceeded from 85% of the road 
users. 

Figure 2 end figure 3 shows the speed profiles (for 
average speed and for 85th percentile speed) relative to 
speed tables. 

 

Figure 2.  Speed profiles relative to speed tables (downhill road) 
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Figure 3.  Speed profiles relative to speed tables (uphill road) 

From the analysis of such diagrams, it is possible to 
note that: 
 the speed profiles for Sa and for S85 show an 

attended result: both for the uphill road and for 
downhill road, has lowest speed in correspondence 
of road portion comprised between the speed tables; 

 from the comparison between the S85 values 
associates to the measurement sections farther from 
the speed tables sequence and those relative to the 
intermediate sections between the two traffic 
calming measures, it has deduced an average 
reduction of 25 km/h approximately (variation 
percentage of 40%) in the case of downhill road, and 
an average reduction of 30 km/h approximately 
(equal to 48%) in the case of uphill road; 

 from the comparison between the Sa values 
associates to the measurement sections farther from 
the speed tables sequence and those relative to the 
intermediate sections between the two traffic 
calming measures, it has deduced an average 
reduction of 19 km/h approximately (variation 
percentage of 42%) in the case of downhill road, and 
an average reduction of 23 km/h approximately 
(equal to 50%) in the case of uphill road. 

4.2. Case of Study n°2: Chicane 

Chicane is a series of fixed objects, usually extensions 
of the curb, which alter a straight roadway into a zigzag or 
serpentine path to slow vehicles. 

The chicane is located in Anastasio street (road to only 
direction) in the urban centre of Catania city, and is 

realized through two vehicle parking lines disposed 
alternatively on the left margin and on the right margin of 
the road (Fig. 4). 

 

Figure 4.  Chicane in Anastasio street (Catania) 
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For the experimental survey, six speed measurement 
sections have been choices: 1) the section indicated with 
“F” letter, located 30 meters before the vehicle parking 
line on the left margin of the road; 2) the “G” section, 
placed 5 meters after the beginning of vehicle parking line 
on the left margin of the road; 3) the “H” section, located 
20 meters after the beginning of vehicle parking line on 
the left margin of the road; 4) the “I” section, placed 5 
meters after the beginning of vehicle parking line on the 
right margin of the road; 5) the “L” section, located 20 
meters after the beginning of vehicle parking line on the 
right margin of the road; 6) the section indicated with “M” 
letter, located 30 meters after the vehicle parking line on 
the right margin of the road. The distance described from 
the sequence of sections F, G, H, I, L, M is almost in 
plain.  

The experimental survey was performed over a 
two-week period. In order to estimate the real effect of the 
chicane like a traffic calming measure, it have been 
selected three-hour bands representative of three hours "of 
soft", that is temporal periods in which the conditionings 
for the road users derive mostly from the traffic calming 
measures presence than from the interactions with the other 
vehicles. The hour intervals for experimental survey, 
therefore, they have been: 10.00-11.00, 15.00-16.00, 
16.00-17.00. After the experimental survey, finally, has 
been obtained the speed values of 969 vehicles (161 for the 
“F” section, 167 for the “G” section, 171 for the “H” 

section, 159 for the “I” section, 148 for the “L” section and 
163 for the “M” section). Subsequently the following 
assessments have been executed: A) the calculation of 
average speed (Sa) on all the speed measurement sections; 
B) the calculation, for the same sections, of the 85th 
percentile speed (S85). 

Figure 5 shows the speed profiles (for average speed and 
for 85th percentile speed) relative to chicane.  

From the analysis of previous diagram, it is possible to 
deduce the following considerations: 
 the speed profiles for Sa and for S85 evidence 

remarkable speed reductions during the run on the 
chicane; 

 from the comparison between the S85 values 
associates to the measurement sections farther from 
the chicane and those relative to the intermediate 
sections between the two vehicle parking lines (“H” 
and “I” sections), it has deduced an average reduction 
of 22 km/h approximately (variation percentage of 
50%); 

 from the comparison between the average speed 
values (Sa) associates to the measurement sections 
farther from the chicane and those relative to the 
intermediate sections between the two vehicle 
parking lines (“H” and “I” sections), it has deduced an 
average reduction of 20 km/h approximately 
(variation percentage of 42%). 

 

Figure 5.  Speed profiles relative to chicane 
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4.3. Case of Study n°3: Road Narrowing 

Road narrowing may be considered as a supportive 
measure to vertical deflections. It cannot be considered as a 
speed reducing device in itself, but it can act as a reminder 
or encouragement to drive slowly or calmly 

The third measure of traffic calming analyzed is a road 
narrowing. Such road narrowing has not been realized 
“voluntarily” but is consequent to urban configuration due 
to the urbanization conditions and to the territory 
morphology (presence of substantial rocky formations). 
The road narrowing is located in Mandrà street (road to 
only direction) in the urban center of Catania city (Fig. 6). 
The road has initially the width of 8 m and subsequently it 
is shrunk abruptly until the minimal value of 3,10 m (after 
around 5 meters from the beginning of the narrowing, there 
is a subsequent narrowing of the road section up to the 
attainment of the total width of 2,60 m). 

For the experimental survey, three speed measurement 
sections have been choices: 1) the section indicated with 
“N” letter, located 30 meters before the beginning of the 
abrupt narrowing; 2) the “O” section, placed 10 meters 
before the beginning of the narrowing; 3) the “P” section, 
placed 10 meters after the beginning of the narrowing. The 
distance described from the sequence of sections N, O and 
P is uphill, with longitudinal slope of 1,5%. 

The experimental survey has been carried out for a 
period of one week. In order to estimate the real effect of 
the road narrowing like a traffic calming measure, they 
have been selected three-hour bands representative of three 
hours "of soft", that is temporal periods in which the 
conditionings for the road users derive mostly from the 
traffic calming measures presence than from the 
interactions with the other vehicles. The hour intervals for 
experimental survey, therefore, they have been: 
10.00-11.00, 15.00-16.00, 16.00-17.00. After the 
experimental survey, finally, has been obtained the speed 

values of 462 vehicles (148 for the “N” section, 152 for the 
“O” section and 162 for the “P” section). Subsequently the 
following assessments have been executed: A) the 
calculation of average speed (Sa) on all the speed 
measurement sections; B) the calculation, for the same 
sections, of the 85th percentile speed (S85). 

Figure 7 shows the speed profiles (for average speed and 
for 85th percentile speed) relative to road narrowing. 

 

Figure 6.  Road narrowing in Mandrà street (Catania) 
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Figure 7.  Speed profiles relative to road narrowing 

From the analysis of previous diagram, it is possible to 
note that: 
 the speed profiles for Sa and for S85 evidence 

remarkable speed reductions during the run on the 
road narrowing; 

 from the comparison between the S85 values 
associates to the measurement section farther from the 
narrowing and those relative to the two sections 
nearer the road narrowing, it has deduced an average 
reduction of 16 km/h approximately (variation 
percentage of 33%); 

 from the comparison between the Sa values associates 
to the measurement section farther from the 
narrowing and those relative to the two sections 
nearer the road narrowing, it has deduced an average 
reduction of 15 km/h approximately (variation 
percentage of 36%). 

5. Analysis and Assessment of the 
Impact of Traffic Calming 
Measures on Road Safety 

One of the benefits directly linked to the reduction in 
speed induced by traffic calming measures is the 
improvement of the safety of the road sections in which 
traffic calming devices are installed. 

In the case of the three traffic calming measures 
considered in this study, a before-after analysis was carried 
out referring to the accident data of the road sections where 
the speed tables, the chicane and the road narrowing 
analyzed in this paper are present. 

The following situations were considered for the 
before-after analysis: 
 road accidents (excluding those with damage to 

property) that occurred in Lungo Mare Pantano street 
in the two following time periods were considered: 5 
years before the installation of the speed tables and 5 
years after the installation of the speed tables; 

 road accidents (excluding those with damage to 
property) that occurred in Anastasio street in the two 
following time periods were considered: 5 years 
before the realization of the chicane and 5 years after 
the realization of the chicane; 

 road accidents (excluding those with damage to 
property) occurred in the 2013-2017 five-year period 
in Mandrà street (before analysis) and those that 
occurred in Acquedotto Greco street (“surrogate” 
after analysis) in the same period (2013-2017) were 
considered. It has already been observed that the 
studied narrow narrowing is an intervention not 
artificially realized but "naturally" due to the effect of 
the urbanization conditions and the territory 
morphology. We therefore analyzed the accidental 
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story of Acquedotto Greco Street which is a parallel 
street to Mandrà Street characterized by the same 
geometric and traffic characteristics of Mandrà street 
but without any traffic calming device. Acquedotto 
Greco Street, therefore, was used as a "control site" to 
be compared with Mandrà Street regarding the 
accidents that occurred in the same five-year period. 

Table 1 shows the results of the before-after analysis 
relating to the road sites where the traffic calming measures 
considered in this research are present. 

Analysis of fatal and injury accident data on the road 
sections, where the speed tables were placed, showed that 
the number of fatal and injury accidents decreased by about 
44%, the number of people killed – by 100%, the number 
of people injured – by about 38%. On the section where the 
chicane has been realized the number of fatal and injury 
accidents decreased by about 36%, the number of people 
killed – by 100%, and the number of people injured – by 
50%. On the road section where the road narrowing was 
placed the number of fatal and injury accidents decreased 
by about 33%, the number of people injured – by about 
32%. 

Table 1 clearly shows that speed tables are particularly 
effective in reducing accidents involving pedestrians. 
Indeed, in the five-year period following the installation of 
the speed tables, there were no longer any pedestrians dead 
in road accidents (in the previous five years there had been 
2 dead pedestrians) and, moreover, the number of 
pedestrians injured in accidents decreased by 50%. 

In the case of the chicane, there was a reduction in the 
number of injured pedestrians in road accidents by around 

40% and in the case of road narrowing by 33%.  
The reduction of speeds in road sections characterized 

by the presence of traffic calming measures examined in 
this study is certainly the cause of the reduction in the 
number of dead and injured pedestrians [31]. This has also 
been demonstrated by several studies that correlate the 
reduction of speed due to the installation of traffic calming 
devices with the mitigation of the gravity of the 
consequences on pedestrians of accidents. Indeed, impact 
speed is the most significant crash factor affecting the 
injury risks in vehicle-to-pedestrian crashes. Although the 
strong correlation between the impact speed and pedestrian 
injury probability has been well established based on 
pedestrian crash data, the absolute pedestrian injury 
probability as a function of impact speed is still 
controversial [32]. Specifically, Reference [32] found that 
studies conducted before 2000 were all based on direct 
analyses of data with oversampling of severe and fatal 
injuries, resulting in overestimation of pedestrian fatality 
probability. On the other hand, more recent studies based 
on less biased data provided substantially lower probability 
estimates than those previously reported. Figure 8 shows 
the fatality probability functions from different studies [33]. 
Regardless of the absolute values of fatality probabilities, 
there is a consensus that pedestrian fatality probability 
increases monotonically with vehicle impact speed. 

With reference to the three traffic calming measures 
presented in this paper, table 2 shows the pedestrian death 
probabilities deducted by means of the correlations shown 
in Figure 8, considering the average values of the 85th 
percentile speed reported in figures 2, 3, 5 and 7. 

Table 1.  Change in the number of fatal and injury accidents after installation of traffic calming measures 

  Number of accidents  
(5 years) 

Number of people killed 
(5 years) 

Number of people injured 
(5 years) 

Speed tables 

Before 18 (9 accidents with pedestrians 
involved) 2 (2 pedestrian) 29 (8 pedestrian) 

After 10 (4 accidents with pedestrians 
involved) 0 18 (4 pedestrian) 

Reduction (absolute) 8  2 11 

Reduction (%) 44% 100% 38% 

Chicane 

Before 14 (5 accidents with pedestrians 
involved) 1 30 (5 pedestrian) 

After  9 (3 accidents with pedestrians 
involved) 0 15 (3 pedestrian) 

Reduction (absolute) 5 1 15 

Reduction ( %) 36% 100% 50% 

Road 
narrowing 

Before 15 (5 accidents with pedestrians 
involved) 0 28 (6 pedestrian) 

After (“surrogate” 
analysis) 

10 (3 accidents with pedestrians 
involved) 0 19 (4 pedestrian) 

Reduction (absolute) 5 0 9 

Reduction (%) 33% - 32% 
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Figure 8.  Pedestrian fatality probability as a function of impact speed in vehicle to pedestrian crashes 

Table 2.  Change in pedestrian fatality probability before and after installation of traffic calming measures 

Traffic calming 
measure 

Speed 
(before) 

Speed 
(after) 

Pedestrian fatality probability 
(before) 

Pedestrian fatality probability 
(after) 

Speed table 60 km/h 40 km/h 

100 % (1) 25 % (1) 
75 % (2) 15 % (2) 
55 % (3) 15 % (3) 
20 % (4) 4 % (4) 
18 % (5) 2 % (5) 
25 % (6) 8 % (6) 

Chicane 45 km/h 25 km/h 

75 % (1) 8 % (1) 
30 % (2) 6 % (2) 
57 % (3) 6 % (3) 
6 % (4) 1 % (4) 
7 % (5) 2 % (5) 
12 % (6) 4 % (6) 

Road narrowing 50 km/h 30 km/h 

83 % (1) 10 % (1) 
37 % (2) 6 % (2) 
35 % (3) 7 % (3) 
5 % (4) 0,8 % (4) 
5 % (5) 0,9 % (5) 
13 % (6) 4 % (6) 

(1) Correlation by Anderson et al. (1997) 
(2) Correlation by Pasanen et al. (1992) 
(3) Correlation by Oh et al. (2008) 
(4) Correlation by Davis (2001) 
(5) Correlation by Rosen and Sander (2009) 
(6) Correlation by Hannawald and Kauer (2004) 
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Table 3.  Comparison between expected number of pedestrian fatal accidents and actual number 

Traffic 
calming 
measure 

Pedestrian 
accidents 
(before) 

Pedestrian 
accidents 

(after) 

Number of 
pedestrians killed, 

evaluated with 
correlations in the 
literature (before) 

Actual number 
of pedestrians 
killed (before) 

Number of 
pedestrians killed, 

evaluated with 
correlations in the 
literature (after) 

Actual number 
of pedestrians 
killed (after) 

Speed table 8 4 

8,00 (1) 

2 

1,00 (1) 

0 

6,00 (2) 0,6 (2) 

4,40 (3) 0,6 (3) 

1,60 (4) 0,16 (4) 

1,44 (5) 0,08 (5) 

2,00 (6) 0,32 (6) 

Chicane 5 3 

3,75 (1) 

0 

0,24 (1) 

0 

1,50 (2) 0,18 (2) 

2,85 (3) 0,18 (3) 

0,30 (4) 0,03 (4) 

0,35 (5) 0,06 (5) 

0,60 (6) 0,12 (6) 

Road 
narrowing 6 4 

4,98 (1) 

0 

0,40 (1) 

0 

2,22 (2) 0,24 (2) 

2,10 (3) 0,28 (3) 

0,30 (4) 0,03 (4) 

0,30 (5) 0,04 (5) 

0,78 (6) 0,16 (6) 

(1) Correlation by Anderson et al. (1997) 
(2) Correlation by Pasanen et al. (1992) 
(3) Correlation by Oh et al. (2008) 
(4) Correlation by Davis (2001) 
(5) Correlation by Rosen and Sander (2009) 
(6) Correlation by Hannawald and Kauer (2004) 

Furthermore, since the probability of pedestrian 
mortality can be obtained from the number of pedestrian 
fatalities divided by the total number of pedestrian 
accidents, it is possible to compare the expected number of 
pedestrian fatal accidents with the actual number. The 
result of this evaluation is shown in table 3. 

From the analysis of table 3 it can be noted that: 
1) the actual number of accidents (equal to 2) before the 

installation of the speed tables and after the 
installation of them (equal to 0) is strongly correlated 
with that expected by the formulas of Davis (2001), 
Rosen and Sander (2009), Hannawald and Kauer 
(2004). Totally different and clearly overestimated are 
the predictions provided by the older correlation 
formulas, i.e. by Anderson et al. (1997), by Pasanen et 
al. (1992) and by Oh et al. (2008); 

2) no fatal accidents actually occurred in the road 
sections where the chicane and road narrowing are 
present, both before and after their realization. This 
prediction is, also in this case, compatible with the 
predictions provided by the correlations Davis (2001), 
Rosen and Sander (2009) and Hannawald and Kauer 
(2004). 

Ultimately, the before-after analysis related to the 
accidents occurring in the road sections where the 
investigated traffic calming measures are located reveals 
how these measures, inducing a significant speed reduction, 
contribute to improving the level of safety offered to users. 

With specific reference to accidents involving 
pedestrians, it was possible to compare the actual 
effectiveness of traffic calming measures analyzed with the 
effectiveness deduced through the correlations present in 
the literature. A significant correspondence was found 
between the real data and those deduced from the 
correlations elaborated after the year 2000. This constitutes 
an interesting confirmation of the greater reliability of the 
more recent correlations, as indeed already highlighted by 
other researchers. 

6. Discussion and Conclusions 
Life on the streets is strictly related to the characteristics 

of built spaces. Duarte [34] describes the streets as a 
meeting place for people. While they allow movement 
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from a place to another, they themselves are a place where 
one can go and stay for a while. The movement that brings 
life to the streets constitutes both people who use it for 
passage, as well as people who reside and/or work near 
them. 

According to Pharoah [35], vibrant streets need people 
on foot to exist, as their presence is a valuable attribute. 
However, this pedestrian presence has always been 
underestimated, since planning priorities were always 
towards controlling vehicular traffic. Even today, even 
when pedestrians and cyclists are considered in traffic 
policies, the problem remains because only their flows are 
analyzed. The fact of the matter is that street vitality is 
produced by pedestrian activities, consisting of people 
passing by as well as those staying in the streets; their 
presence is as important as their flow [36].  

Some authors demonstrated that the introduction of 
traffic calming measures is associated with the 
improvement in health and behaviour of people, who 
manifest a better disposition to walk and to allow children 
to play outside and walk to school [37, 38]. 

Areas of traffic coexistence, environmental areas and 
areas wherein the maximum speed would be 30 km/h 
configure a multiform profile of instruments to change the 
pattern of urban mobility. All of these have shared roots 
and a common virtue: they are the practical results of a 
reflection that questions the universal validity of the 
automobile in the city, and recovers the social and 
environmental values of the street.  

Reference [39] has identified the criteria to ensure safe 
spaces that are comfortable and pleasant for residents, 
divided those into three groups that provide comfort, 
pleasure and protection.  

Comfort emanates from opportunities to participate in 
diverse activities and to enjoy the surroundings, and this 
depends on how the city is designed to facilitate 
participation in basic human activities under ideal 
conditions. The pedestrians should be able to move freely, 
stay and sit wherever they feel well and natural. A good 
urban space must have multiple uses, including activities 
for passive and active recreation. Pleasure from the 
creation of pleasant spaces depends fundamentally on the 
use of special qualities, attractions and opportunities found 
in urban spaces. 

Protection expresses our need to be safe from accidents, 
insecurity and discomfort: a) people should be instilled 
with a sense of security against crime so that there is a 
legitimate feeling of safety when walking around the city; b) 
people need to be allayed of their fear of accidents so that 
they can walk without the threat of being run over by 
vehicles.  

Road safety is therefore one of the fundamental 
requirements that must be guaranteed by cities.  

Indeed, the results of traffic reduction measures must be 
evaluated not only from the point of view of improving 
street life, but also from the optics of engineering and 
safety. 

In this paper the effectiveness of three specific traffic 
calming measures was evaluated, both from the point of 
view of the reduction of the speed induced in the drivers, 
and from that of the reduction of road accidents, with 
special reference to those accidents involving pedestrians. 

The Figure 9 shows speed reduction (85th percentile and 
average speeds) due to traffic calming devices starting 
from points in the road segment where the speed is not 
affected by these devices. 

 

Figure 9.  Effectiveness traffic calming devices 
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It is possible to note that all three traffic calming devices 
analyzed have a high effectiveness in terms of speed 
reduction. Indeed, speed reductions up to half of the initial 
value (and beyond) can be obtained both with the chicane 
and with the speed tables. The speed reduction imposed by 
road narrowing is minor (around 35%).  

Particularly interesting is the result deriving from the 
study of the chicane. The transverse translation of the road 
axis has led to a significant reduction in the starting speed 
due to the effect of the two consecutive steering operations 
imposed on the user in a reduced space; this has helped to 
increase the level of attention and reduce the speed of 
maneuvering. 

While the other intervention of the same type (horizontal 
offset), represented by the road narrowing, generates 
mainly a psychological constraint and users soon acquire 
the awareness that the narrowing, even if abrupt, is not a 
physical obstacle to the transit of vehicles and, therefore, it 
can be tackled with a moderate mental effort (this produces 
the reduction of more than a third of the initial speed). 

Finally, the effectiveness of speed tables is compatible 
with the physical and mental commitment resulting from 
having to face a vertical offset on the pavement. With this 
study it was possible to estimate the speed variations 
induced by the contemporary contribution of speed tables 
and the longitudinal slope of the path. The longitudinal 
slope of the road segment, even if not high (2%), however, 
contributed to generating a difference of about 10 
percentage points between the uphill configuration (speed 
reduction of about 50%) and the downhill configuration 
(speed reduction around 40%). 

It is important to highlight how the results of this 
research are consistent with those found in literature, with 
reference to traffic calming devices having characteristics 
similar to those studied. In particular, based on American 
and Canadian experiences, the results of which are 
contained in the Canadian guide to neighborhood traffic 
calming [40], the presence of speed tables results in 
reduced operating speeds of up to about 75-80% of the 
initial value. In any case, on roads characterized by 
operating speeds between 50 km/h and 60 km/h, there was 
no decrease in speed below 42 km/h.  

Reference [41] found that chicanes provided the best 
performance among the selected traffic calming devices 
considered in terms of speed reduction and acceleration 
noise but not in terms of environmental and public health 
impact. These are correlations compatible with the results 
of our research. Finally, Harvey [42] shows, consistent 
with the results of our study, that road narrowing results in 
a strong reduction in speed, in the case of configurations 
that cause the road to be reduced to a single lane.  

Furthermore, in the present study the safety advantages 
were evaluated through the before-after analysis of the 
incidents that occurred in the road sections where the 
traffic calming measures considered were present. All three 

traffic calming measures have resulted in a reduction of 
accidents always greater than 30%. In the case of speed 
tables, the reduction in accidents exceeds even 40%. The 
consequences of road accidents are also mitigated thanks to 
the traffic calming interventions considered: a) the 
reduction of injured people is between 32% (road 
narrowing) and 50% (chicane) and in the case of speed 
tables injured people will reduce by almost 40%; b) fatal 
accidents are completely eliminated. 

Of particular note are the safety advantages for 
pedestrians. It has been observed that the reduction in 
pedestrian injuries is between 33% (road narrowing) and 
50% (speed tables). In the case of the chicane the reduction 
of injured pedestrians is 40%. The pedestrian fatal 
accidents in the road section in which the speed tables were 
subsequently installed have been reduced to zero. 

The authors believe it is important to note that the 
reductions in speeds and in road accidents caused by the 
traffic mitigation measures analyzed in this study, since 
they are confirmed by much of the technical literature, can 
be taken as a reference for those road contexts, similar to 
those studied. 

Several cities have implemented traffic calming 
measures to reduce vehicle speed and to increase road 
safety. If the traffic calming measures were distributed 
warily and systematically on all the urban road net, it could 
be obtained, with a little investment, a result of great 
importance both in terms of safety and, more in general 
terms, in terms of ethicality. 

The future development of this research will be to 
understand if the presence of the interventions analyzed in 
the present study can be considered effective also to reduce 
the amount of vehicular traffic present in the streets where 
such interventions are carried out. Through a specific 
questionnaire it will be evaluated if the conditionings due 
to the traffic calming measures present in the road can also 
influence the choice of the path to take to reach a certain 
destination starting from a certain origin. The investigation 
techniques based on the surveys already tested by the 
authors, also via the web [43], represent a very effective 
tool to evaluate how different interventions aimed at 
improving road safety are really perceived by the users. 
The use of these techniques then becomes indispensable in 
cases in which it is not possible to evaluate through 
experimental investigations how a certain intervention 
affects the behavior of road users. 
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Abstract  Unlike any previous researches of urban 
passenger mobility demand on behalf of the travel demand 
behaviors of the individuals, this study firstly proposes a 
measurement focusing specifically on the interrelation 
between the travel times of the individuals and the number 
of motorized trips they exhibit in a day. It is the first time 
in the literature that the related measurement is focusing 
on the additional number of daily motorized trips -instead 
of focusing on measuring vehicle miles traveled- as a 
result of decrease in daily motorized travel time. In this 
sense, a single equation Sample Selection Poisson 
Regression Model (SSPRM) seems a good candidate to 
measure the motorized passenger mobility and to integrate 
it into a trip generation model. The proposed model has 
shown that a 26 percent decrease in average motorized 
travel time per capita in Istanbul will make the motorized 
trip making increase by 6.5%. Non-linear structure of 
elasticity estimate of SSPRM may further allow us to 
estimate the spatial variation of generative impact of 
induced urban passenger mobility within the trip 
generation models since it is possible to account for the 
individual characteristics in the estimation of elasticities 
as long as we have disaggregate spatial data. By the way, 
these measures of induced passenger motorized mobility 
might be used in formulating and in assessing any travel 
demand management policies so as to minimize the 
motorized trip makings within the urban spaces.  

Keywords  Travel Demand Models, Urban Motorized 
Passenger Mobility, Sample Selection Poisson Regression 
Model 

1. Introduction
After many years of continuing investment in highway 

network to solve traffic congestion in urban areas, 
transportation professionals came to the idea that the 

efforts to solve the traffic congestion by constructing new 
highways might be a futile effort since these new 
highways are re-congested in a relatively short period of 
time confirming the contention that “you cannot build 
your way out of traffic congestion”. According to the 
theory, the newly created capacities to solve an existing 
congestion problem stimulate the suppressed demands and 
cause shifts in time, route and mode of daily travels as 
called “triple divergence” by Downs [1]. Emergence of 
the suppressed demand accompanying with these 
convergences as a consequence of the constructing a new 
highway facility is called as “induced urban passenger 
mobility” as the empirical framework of urban passenger 
mobility. Herein, by the notion called induced urban 
passenger mobility, it is explicitly referred to the 
additional daily number of motorized trips that is caused 
by some amount of decrease in daily motorized travel 
time of an individual.  

Induced demand as the specific empirical consideration 
of urban passenger mobility makes also sense from the 
economic theory perspective as the price of some goods 
goes down, the demand for it will go up. The improvement 
or capacity increase in transportation (highway) 
infrastructure implicitly or indirectly decreases the price of 
transportation as lower user costs. Eventually, the amount 
of travel demand will increase up. İnduced urban passenger 
mobility may be composed of several parts. While some 
part of the induced urban passenger mobility comes from 
diversion of the existing demand, some other parts are 
newly generated traffic. Newly generated traffics have two 
main forms. One is the release of suppressed demand, and 
the other comes from new urban development around 
improved facilities. While divergence and suppressed 
demand effects are short term immediate effects, 
developmental effects are generally realized in the long 
term.  

Since traffic congestion is realized on highway network, 
the literature on induced urban passenger mobility is 
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concentrated on the measurement of the highway distance 
with respect to travel time. The obtained elasticity is 
deemed reflecting the people are willing to travel as travel 
time decreases. These measurements may have several 
deficiencies: first of all, these measurements may reflect a 
partial urban equilibrium when especially done in facility 
based or corridor based measurement. Area-wide 
measurements, however, may implicate urban 
development effect and suffer in isolating individuals’ 
elasticity to travel more or farther. Cervero [2] isolated the 
urban development effect and revealed that an important 
part of the induced urban passenger mobility comes from 
urban development. 

These studies have proved enough so far that people are 
willing to make more vehicle miles in their car trips as 
travel time decreases, resulted in higher urban passenger 
mobility. This increase can come from either making 
longer trips for their existing trips by shifting the 
origin/destination of the trip, or making additional trips not 
needed or suppressed previously. That part of the research 
has not make a clear measurement on this issue yet.  

As Cervero stated “until trip generation techniques 
adequately account for latent trips, the traffic assignment 
step adequately captures roué shifts, and dynamic 
feedback loops are created to account for land use shifts 
spurred by new road, the art and science of travel demand 
forecasting will fall far short of the ideal. “Progress is 
sorely needed on this front”[2]. The intention of this 
research is an attempt to measure induced urban passenger 
mobility and to integrate it into trip generation using total 
travel times spent in daily trips with their personal 
characteristics to suggest some progress on this front.  

The vitality of motorized traffic in our study is based on 
the two main points. One is that the main opponent of 
usage of green modes of transportation is able to be 
declared as the motorized flows within the urban spaces 
and the other is that the main source of gas emissions in 
urban spaces is motorized flows of passengers. On the 
other hand, the vitality of motorized traffic in relation to 
the improvement of transportation infrastructure in our 
study is able to be explained by the fact that the 
improvements of transportation infrastructure in urban 
spaces are explicitly able to be indicated as the primary 
factors that are making the amount of motorized trips 
enormously increase. In this sense, any improvement of 
transport infrastructure in an urban space induces new 
motorized travel demand with refers to the notions in 
literature called diverted traffic and generated traffic as 
asserted in the paper. The former is directly related to the 
diversion of the existing motorized travel demand to the 
routes of newly improved transportation facilities, while 
the latter refers to two main forms called release of the 
suppressed demand and newly generated traffic from new 
urban development around improved facilities. Herein, the 
release of suppressed motorized travel demand is directly 
related to the new motorized trips that are newly exhibited 

by the passengers in the short run due to the shorter travel 
times when compared to their previous travel times 
belonging to the period, which is before the construction 
of the new transportation infrastructure.  

On the other hand, the newly generated traffic -as a 
result of new urban development along improved 
transportation facilities- is a kind of long-run motorized 
travel demand effect. In other words, the suppressed and 
diverted motorized traffic are taken into considerations as 
the short-run effects, while the remaining are long-run 
effects in urban spaces. Therefore, the effect of newly 
generated traffic due to the new urban development along 
new transportation facilities in the long-run would be out 
of the scope of this paper. Such this scope requires highly 
different datasets and methodological framework, which 
would be different from the one of this study. Instead, this 
study is mainly focusing on the diverted and suppressed 
demand effect within the urban spaces in the short-run, 
which are empirically able to be investigated via the 
effects of average daily travel time changes of the 
passengers as the outcome of newly improved 
transportation facilities. Accordingly, the effect of one 
unit change in average daily motorized travel time of a 
passenger on the number of daily motorized trips of this 
passenger would be the fresh empirical research, which 
would be able to highlight explicitly the amount of 
induced motorized travel demand of individuals as a result 
of newly developed transportation facilities. 

Furthermore, the vitality of measuring motorized traffic 
in relation to the improvement of transportation 
infrastructure in urban spaces would mostly come from 
the concern of minimizing (or managing) motorized 
traffic so as to enhance the level of social benefits of 
urban societies via stimulating the usage of green modes 
of transport, mostly referring to the non-motorized trips 
such as cycling, walking, etc., and minimizing the level of 
gas emissions within the urban spaces. In this sense, the 
paper aims to measure the motorized traffic and then to 
constitute a baseline to monitor any travel demand 
management policies regarding the motorized traffic flows 
within urban spaces. In addition, these considerations 
have been asserted in the study so as to make policy 
makers see the urgency of discouraging enlargement of 
new urban roads for motorized traffic, since each new 
motorized route induces extra motorized travel demand. 
All these aims are directly related to understanding the 
mechanism of motorized traffic of passengers on the 
urban scale and then to manage it. Herein, measuring 
induced motorized travel demand via the changes in 
average daily motorized travel times of the passengers 
would explicitly be able to feed the empirical baseline of 
designating and monitoring the performances of travel 
demand management policies in urban spaces. In another 
words, any new improvement of transportation 
infrastructure would be able to make the average daily 
motorized travel time of individuals decrease, which 
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would cause dramatic increases in the average number of 
daily motorized trips of these individuals. In this context, 
the comparison of the potential changes in motorized 
travel times as the result of developing new optional 
transportation projects would be added to the cost & 
benefit analysis of these related projects so as to select the 
one with optimum social benefit. Herein, it is referred to 
the related project’s contribution to the urban society’s 
benefit with regards to the inter-relationship between daily 
motorized travel times and the number of daily motorized 
trips. It is meant that the more the average daily motorized 
travel time decreases, the more number of motorized trips 
would be exhibited by each individual due to the fact that 
travel time is a kind of disutility for passengers.  

On the other hand, it is not meant that the worst project 
with highest travel times would be selected within the 
process of selecting any transportation project among its 
options. Instead, it is here meant that the reciprocal 
relationship between the number of motorized trips and 
motorized travel times is to be investigated in that the 
decrease in travel times would induce new motorized trips, 
while these new induced motorized trips would make the 
decreased travel times enormously increase again. This 
reciprocal relationship would be referring to a kind of 
recursive optimization between these two parameters with 
refers to the selection of potentially optimum transport 
project on the urban scale. From the view of traditional 
four stages travel demand forecasting models, the number 
of motorized trips produced & attracted are estimated in 
the first stage called trip generation stage, while the total 
system travel time- with refers to the total motorized 
travel time- is estimated in the fourth stage called network 
assignment. The findings of this study would be able to 
make this modelling process more dynamic in that after 
predicting the total system travel time – with refers to the 
total motorized travel times- via the fourth stage called 
network assignment, then the first stage called trip 
generation is to be run again till the optimization between 
travel times and number of motorized trips generated is 
grasped. Such this dynamic process would be able to be 
implemented within the classical travel demand 
forecasting models and then the selection of transportation 
project or bundle of projects would be carried out 
according to the findings of this iterative process, which is 
able to be integrated to the travel demand models. Such 
this consideration would be referring to a kind of 
milestone for the considerations of travel demand models 
in literature, which would be referring to another 
contribution of this paper to the related literature. 

Besides, such an optimizing concern would be referring 
to a min-min problem in that the transport project (or a 
bundle of transport projects) in urban space is to be 
selected systematically with refers to the minimum travel 
times and minimum number of motorized trips in a day as 
much as possible. To put it in a different way, the urgency 
of spreading non-motorized green modes of trips within 

urban spaces would be able to be justified via the findings 
of this study in that for motorized trips, it is explicitly 
seen that each new improvement or development of 
transportation facility would be able to induce new 
motorized travel demand resulting in a kind of vicious 
circle for urban transportation policy makers. This study is 
just aiming to initiate such these considerations in 
literature. Obviously, other than Istanbul, more measuring 
is required and the findings of the study should be 
improved via numerous urban areas with new studies.  

On the lights of all these views, the paper has been 
structure by seven sections. The next section is devoted to 
the review of approaches in literature. Description of 
study area and the data is given in the third section called 
Study Area, Data & Materials. Section four explains the 
models. The results are discussed in section five, and 
section six discusses the results. Lastly, section seven 
concludes the study. 

2. Review of Approaches 
A significant amount of effort is devoted to empirical 

measurement of induced urban passenger mobility in the 
literature since it may overestimate travel time saving in 
capacity expansions leading to wrong decision in transport 
policy. Obviously it would be voluminous to cite all here. 
Thus only a compact summary of these researches will be 
included in our study. In relatively recent studies, Cervero 
[2] and Noland & Lem [3] summarized these researches in 
very well defined frameworks. Cervero [2] summarizes 
the literature from the perspective of spatial resolution, 
measurement, specification, and normative significance. 

Spatial resolution in these studies varies from facility 
specific studies to area-wide studies. A few recent of the 
facility specific studies are Pells [4], Hansen et al. [5], 
Kroes et al. [6], Luk and Chung [7], and Mokhtarian et al. 
[8]. Recent examples of area-wide studies on the other 
hand, include Hansen and Huang [9], Noland and Cowart 
[10], Fulton et al. [11], Cervero and Hansen [12], Cervero 
[13], and Ozuysal and Tanyel [14]. In these studies, 
elasticities of vehicle miles traveled with respect to 
lane-mile addition or construction are estimated. In 
facility-specific studies, generally growth-comparison or 
matched pair analysis are conducted and estimated 
elasticities are given as per cent changes. Area-wide 
studies generally employed econometric models (i.e. 
ordinary least squares, or two-stage/three-stage least 
squares to eliminate the simultaneity bias), auto-regressive 
models, and travel demand models. By adding, a time lag 
variable of lane-mile addition into the regression 
equations, intermediate and long term elasticities are also 
estimated. “At the road segment level, estimated 
elasticities of Vehicle Miles Traveled (VMT) as a function 
of lane miles were in the following ranges: 0.15 to 0.30 
across a four year horizon, 0.30 to 0.40 across a ten year 
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horizon and 0.40 to 0.60 across a sixteen-year horizon. At 
the county level, short-term elasticities were higher, in the 
range of 0.30 to 0.50, and at the metropolitan scale 
analysis, short-term elasticities edged even higher: 0.54 to 
0.61” [2]. 

There are several techniques to measure induced urban 
passenger mobility in the literature as aggregate and 
disaggregate models. The aggregate models are either 
facility based or area based models while disaggregate 
models measure individual and household level elasticities. 
Dependent variable in these studies is almost always 
vehicle miles travelled. Independent variables in aggregate 
models are generally lane-miles of highway facilities in the 
area with several lagged and geographical variables. The 
aggregate models are generally time series models and 
dominate the literature. In disaggregated models however, 
main independent variable is either travel time or travel 
speed with other individually characterizing variables. The 
preferred functional forms in these models are generally 
log-linear specification to be able to use the estimated 
coefficient as direct elasticity as a convenience.  

The estimated elasticities get higher as the size of the 
area gets larger. The above mentioned studies are 
aggregate in measurement scale, and they might include a 
certain level of errors that come from certain resources. 
As it was stated earlier, induced urban passenger mobility 
demand has two main components: generative (i.e. 
unleashed suppressed demand by a faster moving traffic), 
and redistributive (diverted trips from other routes, modes, 
and hours) as a result of capacity improvements. However, 
even if no capacity improvement takes place in an area, 
there are other factors that may increase travel demand 
beyond inducement. These factors include development in 
the area’s economy, increase in personal incomes, labor 
force participation, car ownership, and changes in 
land-use patterns.  

Not being able to isolate such effects from induced 
urban passenger mobility in model specification may lead 
to erroneous measurement, and this error may aggravate 
as size of the area gets larger. One possible way to isolate 
these effects would be disaggregate modeling. 
Dominating part of the literature is aggregate models with 
VMT as dependent variable. Unfortunately there are not 
many studies with disaggregate level measurement. Only 
Barr [15] specified a set of models at household level with 
cross-sectional US Nationwide Personal Transportation 
Survey. The dependent variable in this study is again the 
logarithm of VMT while the independent variables 
include socio-economic characteristics of the households 
as well as the logarithm of travel time. The models are 
stratified by certain criteria, and one of them is the size of 
the metropolitan area, and the findings confirm that at 
disaggregate level, the size of a metropolitan area has no 
discernible effect on induced urban passenger mobility.  

Another possible source of error in measurements could 
come from simultaneity bias in a sense that the growth in 

VMT could be induced by lane-mile additions while 
lane-mile additions could be aggravated by the growth in 
VMT. Noland and Cowart [10] used instrumental 
variables, and Cervero and Hansen [12] used a two-stage 
least squares simultaneous equation model to eliminate 
this bias. To sort out simultaneity and causality effect 
deeper, Cervero [13] launched another four simultaneous 
equation model to isolate the urban development, 
lane-miles growth, increases in VMT and travel speed. It 
is concluded that “Overall, models that have sought to 
account for two-way causality have yielded lower 
elasticities (in absolute terms) than those based on 
single-equation analyses” [2]. 

Furthermore, the effects of certain other attributes on 
induced urban passenger mobility were also addressed in 
the literature. One of them is whether level of congestion 
creates a variance on induced travel demand (and so on 
urban passenger mobility). Even though intuition suggests 
that under heavy congestion the induced urban passenger 
mobility effect would be higher the intuition is not 
confirmed by the empirical research [10]. The other issues 
tested empirically in the literature were that the effects of 
urban settings of an area, the size of the metropolitan area, 
and type of the facility on induced urban passenger 
mobility demand. The findings on these issues are not 
unanimous [2, 3]. 

The main motivation above cited literature is to confirm 
the existence and to measure the magnitude of the induced 
urban passenger mobility demand at mostly aggregate 
level. The existence is well confirmed while the 
magnitude depends on various factors such as the 
definition of induced urban passenger mobility demand, 
the model specification, selection of the model and 
variables, area size and type; and type of the facility. 
However, none of the these studies define a procedure to 
include induced urban passenger mobility effect in the 
conventional four-step travel demand models, especially 
in the trip generation.  

In this sense, the present study defines a methodology 
to include the “generative” part of the induced urban 
passenger mobility into the travel demand modeling using 
count data models with individual level disaggregate data. 
The trip generation is the best defined part of the 
conventional modeling. It can be specified at either 
aggregate or disaggregate or both level. The details of 
these models can be found in any transportation planning 
textbook [16, 17]. Only Litman [18] explains the 
qualitative aspects and implications of trip generation and 
induced travel. Using count data models in trip generation 
is not a new approach as Jang [19] and Gurmu and Trivedi 
[20] used count models in predicting disaggregate level of 
trip generation. However, it is the first time that the 
present study uses them to account the effect of induced 
urban passenger mobility in trip generation modeling. 
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3. Study Area, Data & Materials 
The population of Istanbul in 2005 was around 

10.500.000, and the administrative borders of the city 
covers 5.400 km2. Istanbul was the capital of the 
Byzantine and the Ottoman Empires. Even though the 
capital was moved to Ankara after the Republic of Turkey 
was established in 1923, the city has sustained her 
economical supremacy over the country. After the 1950, 
when the high rate of urbanization was started in the 
country, Istanbul was the main destination of internal 
migration. Today, the city carries the 17% of national 
population while the administrative area of the city is only 
seven per ten thousand of the country. Furthermore, the 
city includes approximately 34% of national 

manufacturing and 35% of national financial 
employments, and approximately 44% of foreign trade of 
the country was done from Istanbul.  

Istanbul is located around the Bosporus; the water strait 
separating the Asia and Europe. The historical core which 
is the central business district is circled area in figure 1. 
Urban fabric starts from the south coasts and expands into 
the upper north forest areas and valuable agricultural lands. 
These forest areas include eight potable water dams, host 
many environmentally sensitive areas, and establish life 
support systems of the metropolitan area. With this fragile 
geography, a sustainable population of the city is 
estimated around to be 16 million while the trends tend to 
22 million implying very serious future environmental 
challenges. 

 

Figure 1.  Land Use in the Istanbul Metropolitan Area 
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The city is connected with two suspension bridges, and 
the main destination of morning commuting is towards the 
CBD, and to the European rim since the European rim 
accommodates 65% of population and 72% of all 
employment. This unbalanced distribution of population 
and employment would have been caused by the lack of 
an extensive rail transit network aggravate traffic 
congestion in the city especially for the continent crossing. 
There are 21 million daily trips in the metropolitan area, 
and half of them are motorized as figure 2 reveals. 6% of 
all trips make continent crossing. Approximately, 300.000 
of them were carried by the ferries while 1.000.000 trips 
use the bridges. 

 

Figure 2.  Modal Split of Istanbul 

The share of rail transit was only around 3%, and 
marine transit around 1%. Approximately 15% of the 
whole trips were made by private car, and the remaining 
32% was carried by rubber-tired public transit. Even 
though the share of private car and the trip rate are lower 
than the most western countries, the level of congestion in 
Istanbul is very high. There are two important reasons for 
such level of congestion: (i) the city is very densely 
occupied especially in and around the CBD, (ii) the public 
transit system of the city heavily depends on rubber-tired 
public transit worsening the traffic congestion and 
air-pollution, and (iii) feeder arterials of the bridges are 
also used for intra-rim traffic and when they are congested 
by the continent crossing traffic, the intra-rim traffic also 
gets congested in the both sides of the city.  

There are some 147 km of rail network with different 
capacities within the city at the moment. When ongoing 
rail projects are completed, there will be approximately 
270 km of core rail network in Istanbul. Even though all is 
completed without any delay, the rail network will be 
lower than those of world’s comparable sized 
metropolitan areas. The late transportation network plan 
states that the rail network can be extended to 550 km if 
enough level of resources is raised. 

Data used in this study comes from the 2006 Household 
Origin-Destination (O/D) Survey of Istanbul Metropolitan 
Area. The survey was conducted by the Department of 
Transportation of the Metropolitan Municipality of the 
Istanbul. The sample size in this survey was 90.000 

households, and sampling rate was 3%. Samples were 
chosen by two-stage random cluster sampling. At the first 
stage, approximately 4000 primary sampling units (PSU) 
were randomly drawn from the latest building list of the 
Metropolitan Municipality. In the second stage, 30 
households out of the 90 recorded households around the 
PSU were surveyed systematically as the secondary 
sampling units in 450 traffic analysis zones. Once the 
samples were selected, no sample replacement was 
allowed to avoid non-sampling errors. In this way, 80% 
unit response rate was achieved. In 72.000 households, a 
total of 264.000 persons were interviewed face to face, 
and a total of 356.000 daily trips were recorded between 
451 Origin-Destination pairs defining 203.401 distinct 
movements. The Zone system of Istanbul is given in 
figure 4. 

 

Figure 3.  Rail Network of Istanbul 

 

Figure 4.  Traffic Analysis Zones of Istanbul Metropolitan Area 

All people older than 16 are included in this study and 
the sample size included 194.000 people. The means and 
the standard deviations of all variables used in the models 
are presented in table 1. Total motorized number of daily 
trips made by an individual (motor_trip) is the dependent 
variable in the models. The frequency distributions of 
motorized trips are given in figure 5. Zero trips have the 
highest frequency in motorized trips. Number of the trips 
was obtained from the 2006 household survey while trip 
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distances are the system produced shortest paths between 
the O/D pairs.  

Table 1.  Descriptive Statistics of Variables 

 mean st. dv. 
motor_trip 0,79 1,12 
motor_time 37,85 66,53 

male_d 0,5 0,5 
hh_head_d 0,36 0,48 
hh_income 1,057 1,28 

auto_n 0,39 0,58 

hh_size 3,92 1,08 
age 37,83 15,45 

worked 0,34 0,47 
student 0,05 0,23 

yr_schooling 7,35 3,87 

 

Figure 5.  Motorized Trip Frequencies 

Set of explanatory variables included the negative of 
total motorized travel times (motor_time) spent by an 
individual in daily motorized trips, and personal & family 
characteristics. Travel time variables are the key variables, 
and their elasticities with respect to total number of 
motorized trips are assumed to reflect the willingness to 
travel more depending on a reduction in daily motorized 
travel times. The other explanatory variables are dummy 
variable specifying sex (male_d), dummy variable 
specifying if the individual is household head 
(hh_head_d), household disposable income in thousand 
Turkish liras (hh_income), number of the private cars in 
the family (auto_n), size of the household (hh_size), age 
of individual (age), dummy variables if individual is 
working (worked) or student (student) respectively, and 
year of schooling the individual attended (yr_schooling).  

4. The Models 
The count models are specified in this study, which is 

the main point of the paper. The purpose of these models 

is to define a procedure to account the effect of induced 
urban passenger mobility into trip generation modeling. 
This specification is intended to provide comparable 
parametric elasticity estimates for similar studies as 
another contribution into the literature. 

Trip generation is modeled either at aggregate zone 
level using the linear regression models (LRM) or 
household data is used to produce cross classification 
tables which can be considered as a discrete 
approximation to LRM at disaggregate level [16]. Daily 
trip making is discrete and non-negative in nature, its 
occurrence is relatively small, and it may have very small 
variance. For these reasons, the LRM do not always 
produce consistent, efficient and unbiased results [21]. 
The LRM can produce continuous dependent variable 
ranging from negative infinity to positive infinity, and 
underlying distribution is generally assumed as gaussian 
normal. However, frequency distribution of trip 
generation is hardly gaussian, trip generation is strictly 
non-negative, and may include excess number of zeros 
[19].  

“In principle, we could analyze these data using 
multiple regressions. But, the preponderance of zeros and 
the small values and clearly discrete nature of the 
dependent variable suggest that we could improve on least 
squares and the linear model with a specification that 
accounts for these characteristics” [22]. The family of the 
models to achieve such improvements is called the count 
data models, and they are extensively studied and used in 
the literature. The Poisson Regression Model (PRM) and 
Negative Binomial Regression Model (NBRM) are the 
most basic forms of the count models. It is needless to say 
that there many variations of such models to improve the 
estimation efficiency [21, 23, 24]. Application of these 
models takes place in many diversified areas: crime 
analysis, disease occurrence, doctor visits, occupational 
injuries, software faults, accident analysis and prevention, 
manufacturing defects to name the few.  

The PRM is the most basic form of the count models. 
According to the Poisson Regression Model, the random 
variable, yi shows a poisson distribution, and mean of this 
distribution is λi. 
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The mean of the distribution, λi, is explained by a set of 
variables, xi. the formulation to estimating model 
parameters is the log-linear model. 

'ln ( )i ixl β= ×               (2) 

The basic assumption of this model is the 
equidispersion, meaning that conditional mean and 
conditional variance are equal. 
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The elasticity with respect to any given variable is 
nonlinear, and can either be estimated at the variable 
means or as the mean of individual elasticities in the 
sample. 
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The PRM is nonlinear and maximum likelihood can be 
used for parameter estimation as a mathematical 
simplicity. 
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Equidispersion implicitly assumes that “the formula for 
the probability of an occurrence is a deterministic function 
of the explanatory variables –it is not allowed to differ 
between otherwise- identical individuals” [25]. However, 
this assumption is relaxed by introducing an “unobserved 
heterogeneity” effect into the conditional mean, “called 
scale variable”. This leads to a different model, the 
NBRM in which the conditional variance is larger than 
conditional mean.  
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Conditional mean of this distribution is λi and 
conditional variance λi (1 + (1/θ) λi). The elasticities of the 
NBRM are still estimated as in “(4)” [23]. 

This fact implies that “it is important to test for 
overdispersion if you use the PRM. Even with the correct 
specification of the mean structure, estimates from the 
PRM when there is overdispersion is inefficient with 
standard errors that are biased downwards” [21]. Several 
tests are suggested for overdispersion [22, 23] without 
estimating a NBRM. Since the PRM and the NBRM are 
nested, the log-likelihood of the NBRM needs to be 
improved over the PRM in case overdispersion is present, 
and this can be checked by a Log-Likelihood Ratio (LR) 
test: 

[ ]2 ln( ) ln( )NBRM PRMLR L L= × −
     (7) 

LR shows a chi-square distribution, and any value 
larger than critical threshold with two degrees of freedom 
favors the NBRM.  

Modeling issues explained so far have only dealt with 
the discrete nature of our dependent variable (i.e. daily 
trip making frequency). However, our model may have 
another important specification problem probably causing 
endogeneity bias: the dependent variable and the key 
independent variable (i.e. total of reported motorized 
travel times in minutes spent in these travels) may have 

causal relationship. The dependent variable is determined 
by an explanatory variable in a way as the explanatory 
variable is also determined by the dependent variable in 
turn. In such situations, since the error term is correlated 
with the dependent variable(s), the conventional methods 
produce biased parameter estimates and standard errors 
leading to invalidation of the core results. 

In principle, endogeneity bias is a form of omitted 
variables bias, and Mokhtarian and Cao [26] summarizes 
seven different techniques to deal with endogeneity 
problems: (i) direct questioning, (ii) statistical control, (iii) 
instrumental variables model, (iv) sample selection model, 
(v) joint discrete choice model (vi) cross-sectional 
structural equations, and (vii) longitudinal models. 
Concerning our model, only three of them, namely, 
instrumental variables; sample selection model; and 
structural equation models seem meaningful.  

Under ideal conditions, we would have chosen a 
structural equations model by adding a second equation 
explaining total travel times exclusively and estimated the 
system simultaneously so that the bias would be 
eliminated. However, the second equation explaining the 
total travel time would have needed the specific 
information about network situation (congestion, 
geometric and physical quality etc.) for each trip beyond 
trip making frequencies as independent variables. 
However, this is not possible to quantify such network 
information since the models use combined travel data 
over individuals. Thus, we had to estimate a single 
equation model. Time standing instrumental variables 
estimator would be an alternative to eliminate the bias 
coming from omitted variables, and these omitted 
variables would be the network information in our case. 
However, the discrete nature of our dependent variable, 
and difficulty of obtaining a good set of instrumental 
variables have made the sample selection model a better 
alternative to deal with endogeneity problem. Besides, the 
structure of our data, selection of trip making or 
not-making, makes Sample Selection Model (SSM) a 
viable alternative. 

SMM is a two-stage model. In the first stage, a 
selection equation is specified as a binary outcome. That 
was trip making or not making in our case with respect to 
socio demographic variables: 
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This selection equation is generally estimated as a 
binary probit model. In the second stage, an outcome 
equation is estimated. Independent variables included 
were total of travel times in daily trips in addition to socio 
demographic variables: 
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In this formulation two errors, u and e “are assumed to 
have correlation ρ…the two sets of explanatory variables, 
w and x, need not be disjoint, and, indeed, in some 
empirical applications, they are identical” [27]. As Breen 
[27] and Mokhtarian & Cao [26] stated, the correlation of 
these two error terms is attributed to the omission of 
explanatory variables. Heckman’s [28] estimator is 
recommended as an unbiased alternative for parameter 
estimation in SSM. 

Even though Sample Selection Model can eliminate 
endogeneity bias, the bias that come from a discrete 
dependent variable still may exist in our models. However, 
Terza [29] elaborated on count data models with Sample 
Selection Poisson Regression Model (SSPRM) that may 
eliminate a significant portion of above mentioned 
estimator and specification bias. Furthermore, Terza used 
the derived model to estimate a model’s parameters of the 
daily trip frequency (the same dependent variable as ours) 
versus a set of explanatory variables. Just like our model, 
the model had an endogeneity problem with one of the 
explanatory variables, namely, number of cars a person 
owns. The model proved a successful estimator under the 
given constraints. For formal treatments of all these 
models and their marginal effects can be found 
extensively in Maddala [30], Breen [27], Terza [29] and 
Green [22, 23]. 

To provide a comparative evaluation opportunity the 
results of above mentioned models are presented in this 
paper. In this way, number of motorized daily trips of an 
individual has been modelled in this study. In this sense, 
in addition to the Linear Regression Model (LRM) as a 
benchmarking modelling structure, Poisson Regression 

Model (PRM), Negative Binomial Regression Model 
(NBRM), Sample Selection Model (SSM), and Sample 
Selection Poisson Regression Model (SSPRM) are 
estimated. STATA-15 software package was used for the 
estimation of all models. STATA-15 was also included 
built-in estimators to calculate the marginal effects of all 
variables at variables’ means.  

In the count models, dependent variable is the total 
number of motorized daily trips exhibited by an individual 
within 24 hours. The main explanatory variable is the 
negative of total motorized travel time spent in minutes 
for these daily trips since travel time defines a disutility. 
The remaining explanatory variables are the personal and 
family characteristics as it is explained in the data section.  

5. Results 
As it was stated earlier, the count models are estimated 

for motorized trips in this paper. The results of the count 
models for motorized daily trips are given in table 2 below. 
First of all, a linear model is estimated as a benchmark 
model. Later, a PRM, a NBRM, a SSM and a SSPRM are 
estimated. As it can be seen from table 2, likelihood ratio 
as specified in (7), are 50 and 5926. They are well above 
the critical chi-squared table value of 5,99 indicating 
overdispersion and favor to the NBRM for both models. 
Furthermore, the estimated distribution (scale) variable, θ, 
is significant in both models confirming an overdispersion. 
Concerning SSM and SSPRM, log likelihood ratios are 
well above 5,99 indicating all models outperforms their 
restricted forms.  

Table 2.  Count Models’ Parameters for Motorized Daily Trips 

 LRM t PRM z NBRM z SSM z SSPRM z 

intercept 0,032 4,00 -1,462 -98,13 -1,579 -92,36 1,6503 103,7 0,534 34,1 

motor_time -0,01 -421,5 -0,005 -284,2 -0,008 -810,00 -0,003 -93,3 -0,0014 -45,4 

male_d 0,013 3,20 0,093 13,24 0,08 10,08 0,0365 5,21 0,018 2,59 

hh_head_d 0,090 19,52 0,14 18,55 0,135 15,89 0,1087 14,3 0,0513 6,85 

hh_income 0,013 10,40 0,007 5,23 0,009 5,00 7,37e-06 4,57 2,69e-06 2,04 

auto_n 0,148 53,69 0,167 40,61 0,185 38,54 0,1525 35,6 0,0695 16,9 

hh_size -0,01 -11,06 -0,017 -10,12 -0,019 -10,47 0,003 1,75 0,0016 0,92 

age -0,0003 -2,79 -0,002 -8,50 -0,002 -6,00 -0,002 -7,77 -0,001 -3,66 

yr_schooling 0,014 29,61 0,031 44,57 0,027 30,44 0,0069 9,06 0,0036 4,85 

worked 0,493 122,51 0,962 139,42 0,90 120,29 -0,0367 -5,44 -0,015 -2,25 

student 0,361 49,45 0,854 79,04 0,795 64,14 -0,073 -6,58 -0,032 -2,91 

Dispersion     0,177 51,94     

Lambda       -0,16     

Mls Ratio           

Log L   -1201  -11710  -78580,5  -193614,7  

R2 0,63          

Wild chi2(10)       10942,16  2591,8  

LR   50  5926       
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Initial observation for the results of the parameters is 
that all variables have significant relationship with the 
total daily motorized trip frequencies, except only for 
household size. The results partially confirmed the initial 
expectations in LRM, PRM, and NBRM. However, when 
the model is corrected for endogeneity, the parameters 
converged to initial expectations. When we look at the 
result by SSPRM showed that all variables are positively 
contributes to total daily trip making. However, being 
student, being worked, daily motorized travel time, and 
age are the significant variables affecting daily number of 
motorized trips negatively. It should be noted that travel 
time is the most significant (negative as expected) variable 
among all. According to the results, all models 
significantly justify the fact that travel time refers to a 
kind of explicit disutility for individuals’ propensities to 
mobilize in a day. In this sense, the marginal effect of 
travel time pronouncedly decreases as the model is 
corrected for endogeneity. This result is not surprising due 
to the fact that there is a kind of reciprocal relationship 
between daily travel time and number of daily trips of 
individuals. 

Beyond travel time, age, being a student, and being a 
worked show negative correlations with daily number of 
motorized trips, and this result is consistent since students’ 
ages are relatively younger. In addition, being worked 
would be referring purely to the obligatory trips called 
home based work trips, which would be able to minimize 
the other types of motorized passenger mobility such as 
recreation, shopping, and non-home based others in the 
case of Istanbul. The precursor factors -affecting daily 
motorized mobility of the individuals negatively- are 
being student, being worked, travel time, and age with 
coefficients 0.032, 0.015, 0.0014, and 0.001, respectively 
according to the results of SSPRM. On the other hand, the 
prominent factors inducing the urban motorized passenger 
mobility positively -with refers to the proxy variable 
called number of daily motorized trips of an individual- 

are number of automobiles owned by the household and 
the dummy variable asserting that whether the individual 
is household head or not. 

Even though we modeled the characteristics of trip 
making, the core of our paper is the magnitudes of 
marginal effect of these variables on total number of daily 
motorized trip making as a proxy for the measurement of 
induced urban motorized passenger mobility, and these 
estimations are presented in table 3 below. It should be 
noted that the key variable measuring induced urban 
passenger mobility is systematically over-estimated in 
LRM, PRM, NBRM being the highest in the LRM in both 
models. When the bias coming from discrete dependent 
variable was eliminated by the count models, the elasticity 
of travel time lowers to around 3 per thousand. 
Elimination of endogeneity, further, decreases the core 
elasticity around to 3,3 per thousand in SSM and 2,6 in 
SSPRM for motorized trips.  

If we should take SSPRM as reference, actually we 
should since it eliminates all possible biases; it is possible 
to say that one percent decrease in travel time increase the 
trip making by 0,27 percent in motorized travel with refers 
to the fact that people are more sensitive to the motorized 
travel time changes. In motorized travel, car ownership 
and dummy variable of being household head have the 
highest inducement effects with the marginal elasticity 
coefficients that are equal to 0,13, and 0,096, respectively. 
That is to say, one more automobile owned by the 
household induces 0,13 more motorized trips for each 
member of that household. In addition, household head 
has a propensity to exhibit 0,096 more motorized trips in a 
day when compared to others in a household. Another 
important finding is that sex also has significantly high 
inducement effects on trips with the marginal elasticity 
coefficient that is equal to 0,034. Herein, it is able to be 
stated that males exhibit 0.034 more daily motorized trips 
when compared to the females in the case of Istanbul.

Table 3.  Count Models’ elasticity estimations for motorized daily trips 

 LRM PRM NBRM SSM SSPRM 
motor_time -0,0109 -0,0029 -0,0040 -0,0033057 -0,0026353 

male_d 0,0134 0,0502 0,0398 0,0365087 0,0339419 
hh_head_d 0,0904 0,0753 0,0675 0,1087435 0,0968455 
hh_income 0,0131 0,0037 0,0042 7,37e-06 5,08e-06 

auto_n 0,1482 0,0901 0,0924 0,1524823 0,131163 
hh_size -0,0101 -0,0093 -0,0099 0,0029819 0,0029253 

age -0,0003 -0,0009 -0,0009 -0,0019955 -0,0017546 
yr_schooling 0,0137 0,0169 0,0137 0,0068702 0,0068009 

worked 0,4925 0,5206 0,4507 -0,0366814 -0,028163 
student 0,3605 0,4620 0,3973 -0,0729874 -0,06028 
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Even though our findings confirm the existence of 
significant induced travel demand effect, as confirmed by 
the other studies in the literature of urban passenger 
mobility, the magnitude of it cannot be said overwhelming 
the magnitude of other trip determinants. In any case, the 
magnitude of induced urban passenger mobility demand 
effect remains modest in comparison to the combined 
effects of individual socio-economical characteristics. For 
example, the combined effects of number of auto and 
household income have higher generative effect than the 
generative impact of travel time saving 

These travel time elasticities are higher than those of 
estimated by Barr [15], which was -0,44 on average. A 
reasonable explanation for such a result could be that the 
Turkish cities are more compact than the western cities. 
Another possible reason could be that the transportation 
cost is higher since Turkey heavily taxes petroleum. In 
either case, people would be more sensitive to travel. 
Furthermore, there are several differences between Barr’s 
study and our approach. Barr used household level car trip 
data while our data include all trips and motorized trips at 
individual level. The difference may be attributed to this 
approach and data difference. 

6. Discussions 
According to the model results of the paper, to begin 

with, the findings for the case study of Istanbul have 
revealed that the induced motorized travel demand is still 
well and alive and obviously more measuring is required 
with many urban areas via many new studies.  

Secondly, the findings of this paper is based on the case 
of Istanbul, which is a part of Turkey as a developing 
country and such empirical researches taking the cities of 
developing countries into considerations are highly 
limited. In this context, new empirical researches for 
different cities of different developing countries would be 
welcome and the potential findings of such studies would 
be compared by the findings of our study. In addition, it is 
to be highlighted that the findings of this study for the 
case of Istanbul supports the findings of a vast number of 
studies from western countries in literature asserting that 
induced travel demand is still alive everywhere and it is to 
be tackled with immediately after measuring it. The 
methodological discussions and propositions of this paper 
would be used via related potential future studies with 
different case cities other than Istanbul.  

Thirdly, it should be highlighted that the findings of 
this study would be generalized to other cities in 
formulating and assessing any travel demand management 
policies. In this sense, the primary factors generating 
motorized trips would be able to be verified via different 
cases with different studies. Afterwards, the designation 
of travel demand management policies would be able to 
be realized according to these primary factors. To 
illustrate, in this study, according to the findings of 

Sample Selection Poisson Regression Model (SSPRM), 
the primary factors generating motorized traffic are the 
number of automobiles owned by household, dummy 
variable asserting that whether the passenger is household 
head or not, and the dummy variable asserting that 
whether the individual is male or not with the marginal 
elasticities equal to 0,13, 0,1, and 0,034, respectively (see 
Table 3). That is to say, one more automobile owned by 
each household is able to make daily amount of motorized 
trips increase by 0,13 in addition to that a household head 
and a male has respectively 0,1 and 0,034 more propensity 
to realize a motorized trip in a day when compared to 
others in the case of Istanbul. These findings would be 
indicating that the travel demand management policies for 
the case of Istanbul as a whole might be formulated by the 
parameters, namely average number of automobiles per 
household, per cent of household head in total population, 
and per cent of men among total population. After 
verifying these findings by other cities in Turkey, the 
cities would be categorized according to the automobile 
ownership, percent of household head and men population 
among whole and then the top cities according to these 
parameters would be prioritized in formulating and 
realizing travel demand management policies. Such this 
approach might be enlarged by other cases from different 
countries and any potential similarities and/or differences 
from our findings would be discussed in detail.  

Lastly, such these primary factors would be able to be 
used as performance indicators of any related travel 
demand management policies. For example, if the highest 
effect on inducing motorized trip comes from the number 
of automobiles owned by the household, then 
discouraging automobile ownership by additional 
taxations would be adopted by policy makers. Afterwards, 
the potential per cent decrease in the average number of 
automobiles owned by the households would be referring 
to the performance measure of success in implementing 
such a policy. Of course, the extensive discussions on 
policy formulations and on their implementation are able 
to be exhibited, but such these considerations would be 
out of the scope of this paper. Instead, we aim to highlight 
the potential factors inducing motorized trip making as an 
empirical baseline for designating travel demand 
management policies with refers to the intention of 
minimizing motorized trip making in a day. Future studies 
would be focusing more on formulation and 
implementation side of such these travel demand 
management policies with follows to new cases. Once 
more again, more measuring with much more case study 
areas (different cities from different countries) is needed 
on this front. 

7. Concluding Remarks 
The findings of this paper have explicitly confirmed the 

existence of induced urban passenger mobility demand of 
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individuals not only in terms of traveling farther but also 
in terms of traveling more. It is the first time in the 
literature that the measurement of induced urban 
passenger mobility demand is incorporated within a trip 
generation model via a series of regression models each 
eliminating a different level of bias in the parameter 
estimates for the considerations of urban passenger 
mobility. This variation in the core parameter estimate 
proves that selection of correct model with correct 
speciation and estimator is essential. In this sense, a single 
equation Sample Selection Poisson Regression Model 
(SSPRM) seems a good candidate to measure the induced 
travel demand of urban motorized passengers and to 
integrate these findings into the related trip generation 
models. 

The proposed model has shown that a ten minute 
decrease per capita in Istanbul Metro Area, which makes a 
26 percent decrease in average motorized travel time, will 
increase the motorized trip making 6,5%. In such case, 
10,45 million motorized trips will increase to 11,13 
million trips in a day (0,68 million more motorized daily 
trips) in the case of Istanbul.  

Another important finding of this study is that even 
though induced urban passenger mobility demand is well 
and alive, it is not the only and leading evil among other 
trip generating factors. For example, high elasticity of 
being employed or being a student implies that 
participation of women into labor force or increase in girls 
schooling might easily generate more trips than a 
transportation network improvement. Obviously more 
measuring is needed.  

Non-linear structure of elasticity estimate of SSPRM 
may further allow us to estimate the spatial variation of 
generative impact of induced demand within the trip 
generation models since it is possible to account for the 
individual characteristics in the estimation of elasticities 
as long as we have disaggregate spatial data. The 
proposed methodology can be used iteratively to estimate 
the generative impacts of different investment scenarios 
from the trip assignment phase of travel demand 
modeling.  

Also, the measurement of the generative impact of 
induced urban passenger mobility demand needs to be 
tested in different urban settings with the proposed model. 
Furthermore, it is clear that the functional specification 
has impact on the magnitude of the elasticities. As it was 
mentioned in the model section, there are many different 
specifications of count models especially to eliminate the 
heterogeneity and overdispersion in the data such as 
zero-inflated poisson, zero-inflated negative binomial, 
hurdle, or truncated poisson models obviously with more 
complex elasticity structures. Measurement of the 
elasticities with these alternative models may indicate a 
future research direction in the area of measuring the 
urban motorized passenger mobility so as to minimize (or 
manage) it.  
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