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Abstract

In Brazil, the adoption of sustainable urban drainage (SUD) measures is modest, and the conventional appro-
ach prevails. This research evaluates the perception of 377 professionals (civil engineers, environmental en-
gineers and architects) that work in Jodo Pessoa and surroundings regarding their knowledge on SUD, their
preferences and barriers for adopting SUD. Most of them demonstrate limited knowledge on the subject,
with difficulty distinguishing between conventional and sustainable measures. But the vast majority of pro-
fessionals were willing to adopt SUD facilities in their projects, preferably infiltration trenches, permeable
pavements and green roofs. The maintenance of the devices and the hirer/user acceptance were key aspects
for this choice, while superiors’ disinterest, the unfamiliarity of entrepreneurs and financiers, and lack of go-
vernmental support were the primary barriers. There is a need to improve the academic education of these
professionals and provide basic understanding of SUD principles for several other actors.

Keywords: Stormwater. Green infrastructure. Low impact development. Source-control.

Resumo

No Brasil, a adogdo de medidas da drenagem urbana sustentdvel (DUS) se apresenta timida, e prevalece a abord-
agem convencional. Esta pesquisa avalia a percep¢do de 377 profissionais (engenheiros civis, engenheiros ambi-
entais e arquitetos) que atuam em Jodo Pessoa e arredores quanto a conhecimento, preferéncias e barreiras sobre
a adog¢do de DUS. A maioria demonstra conhecimento insuficiente sobre DUS, com dificuldade de distinguir entre
medidas convencionais e sustentdveis. A grande maioria dos profissionais se interessa por adotar DUS nos projetos,
com preferéncia por trincheiras de infiltragdo, pavimentos permedveis e telhados verdes. A manuteng¢do desses
dispositivos e a aceitagdo pelo contratante/usudrio foram os aspectos chave para tais escolhas, enquanto o desin-
teresse dos superiores, o desconhecimento de empreendedores e financiadores e a falta de suporte governamental
foram apontados como as principais barreiras. Ha a necessidade de melhorar a formagdo desses profissionais e
propiciar o entendimento bdsico de DUS para diversos atores.
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1 INTRODUCTION

In Brazil, urbanization is still growing and being
associated to soil imperviousness (Gurgel and
Righetto, 2016), from the largest cities to the
small and medium ones. One of major conse-
quences of this process is surface runoffincrease
when rainfall occurs (Mendes and Mendiondo,
2007). Aiming at minimizing such impact, the
concepts and methods of conventional urban
drainage are the most largely employed, fo-
cused on getting, conveying and putting away
the stormwater within the maximum efficiency
possible. This conventional solution is a palli-
ative approach, as it enlarges the stormwater
drainage system and provides an effective con-
tribution to solving the problem just temporarily,
besides transferring and amplifying the runoff
downstream. The result is the tendency to pro-
duce more frequent and larger urban inundation
events, with stronger impact regarding risk to
human life, urban mobility, disease spreading,
and damage to public and private assets, and
other economic losses (Lafortezza et al., 2018;
Fatima and Cabral, 2013).

Dealing with urban drainage considering this
conventional point of view does not target the
source of the problem (Esmail and Suleiman,
2020; Larsen et al., 2016). On the contrary, the
sustainable approach is focused on runoff gen-
eration, which is the problem’s origin (Hua et al.,
2020; Loc et al., 2017). This practice considers
both structural and non-structural actions to
avoid transferring downstream the problem,
to control runoff generation on the source and
to maintain or recover the natural hydrological
processes (Lafortezza et al., 2018; Hamel et al.,
2013). Several other benefits may arise from
adopting sustainable urban drainage (SUD)
measures, such as aesthetic improvement,
groundwater recharge, improvement of air and
water quality, thermal and acoustic comfort,
biodiversity increasing, habitat creation for
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wildlife, human resilience, mental health and
other social benefits, and so forth (Qiao et al.,
2018). In fact, the intense urbanization in large
cities may need to combine both convention-
al and sustainable solutions. The stormwater
management is a current strong challenge,
which can be exacerbated according to increase
in rainfall intensities due to climate change
(Carlson et al., 2015; Larsen et al., 2016).

In Brazil, since the 1990’s there has been an in-
crease in development of academic and scientif-
ic works related to SUD. They have primarily fo-
cused on evaluating the functioning of detention
or infiltration facilities, such as detention tanks
(Drumond et al., 2018; Baptista and Paz, 2018),
infiltration trenches (Graciosa et al., 2008), rain
gardens (Melo et al., 2014), bioretention swales
(Ferreira et al., 2019), green roofs (Tassi et al.,
2014), permeable pavements (Jabur et al., 2015;
Castro et al., 2013) and other devices; estimat-
ing the benefits of source-control measures over
the downstream urban drainage system (Zanan-
drea and Silveira, 2019); or discussing regulatory
issues (Tucci and Meller, 2007). In parallel, some
Brazilian cities have developed legal instruments
to runoff source-control, mostly directed to new
buildings of medium or large sizes, such as Porto
Alegre (Porto Alegre, 2006), Belo Horizonte (Belo
Horizonte, 1996), Sdo Paulo (Sdo Paulo, 2002),
Rio de Janeiro (Rio de Janeiro, 2004), Recife (Re-
cife, 2015) and Jo&o Pessoa (Jodao Pessoa, 2005).
Additionally, some cities have elaborated urban
drainage master plans, including sustainable ur-
ban drainage key concepts, such as Porto Alegre
(Tucci, 2005), Sao Paulo (Sao Paulo, 2012), Recife
(Recife, 2016) and Natal (PDDMA, 2009).

However, in practice, the adoption of sustainable
urban drainage measures worldwide is far from
being the most desirable (Qiao et al., 2018), and
in Brazil it seems much more modest and lesser
employed than in developed countries, despite
the transition from conventional to sustainable
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approaches being actually a lengthy process (Es-
mail and Suleiman, 2020; Perales-Momparler et
al., 2017; Barbosa et al., 2012). In the Brazilian
context, a remarkable discussion on the barriers
to SUD is presented by Vasconcelos et al. (2020).

Literature has categorized the barriers to SUD in
a wide range, such as technical, scientific, insti-
tutional, legal, managerial, political, monetary
and social (O’Donnell et al., 2017; Rooney, 2018).
The causes for the very limited use of sustainable
approach on urban drainage could be summa-
rized as being mostly related to (i) political issues,
(i) cultural aspects; (iii) technical issues, and (iv)
professionals working on urban drainage, which
are closely related to each other.

The first set of aspects refer to political and gov-
ernance factors, which are one of the main rea-
sons for the slow pace of developing sustainable
solutions worldwide (Qiao et al., 2018). The de-
ficiency in updated knowledge regarding SUD is
largely evident for the public managers and ur-
ban planners (Sharma et al., 2016; Perales-Mom-
parler et al., 2017; Souza, 2005), due to the ab-
sence of specific technical training (Tasca et al.,
2017; Godwin et al., 2008; Souza, 2013).

Additionally, there is the non-existence or lack
of autonomy of municipal institutions or de-
partments specifically in dealing with urban
drainage issues in Brazil (Vasconcelos et al.,
2020; Souza, 2005), the lack of leadership for
decision making and the lack of support from
governmental high level authorities (Podolsky,
2012), besides the discontinuity of public pol-
icies (Goldenfum et al., 2007) and the lack of
connectivity between distinct related sectors
(Martins, 2012; Vasconcelos et al., 2020). An-
other political issue is the non-interest in pre-
ventive measures while preferring the emer-
gency ones when urban flooding occurs, owing
to the easy access to resources after declaring
public calamity (Tucci, 2003; Souza, 2005).
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Regarding cultural issues, the population asso-
ciates large-scale actions as the most effective
for eliminating flooding, such as constructing
large hydraulic facilities and cleaning, and wid-
ening urban river channels. Non-structural mea-
sures are practically not perceived or valued by
population. SUD devices face cognitive barriers
(Dhakal and Chevalier,2017), as there is unfamil-
iarity and distrust concerning their functioning,
their conservation and maintenance, and there is
even the non-recognition of these structures as
urban drainage devices (Santos et al., 2016; Ol-
iveira, 2018; Almeida, 2014). There are also pref-
erences among these structures related to so-
cioeconomic status (Tassi et al., 2016), and more
acceptance forimplementing public SUD devices
(Locetal., 2017).

By involving the population in the conception
of environmental sanitation projects (Pathak et
al., 2019; Buytaert et al., 2014), there is an in-
crease in the recognition of their benefits and
more chance to further get people to correct-
ly use them and worry about their maintenance
(Lisboa et al., 2013; Carlson et al., 2015). The
engagement of people reduces the opposition
faced by innovation when being presented (Pe-
rales-Momparleret al., 2017) and plays a key role
for consolidating a smarter and more sustainable

city in a broader sense (Macedo et al., 2017).

In the third group of issues, there is a lack or
shortage of urban drainage specialists in the
technical teams acting on municipalities (Vas-
concelos et al., 2020; Martins, 2012; Parkinson
et al., 2003). Some of these specialists have out
of date knowledge on the matter and are used to
working with the conventional urban drainage
approach (Vasconcelos et al., 2020). This issue is
also present in technicians of the funding insti-
tutions of the urban drainage sector (Bochi and
Reis, 2013).
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One of the origins of this knowledge limitation
of these technicians is the relatively scarcity and
shallowness of updated information regarding
sustainable urban drainage being provided to un-
dergraduate students (Vasconcelos et al., 2020;
Martins, 2012), since this subject is often more
deeply discussed in postgraduate courses or in
single theme-specific courses (Martins, 2012).
Dhakal and Chevalier (2017) claim the need for
universities to strengtheneducation on graduate
and undergraduate level to civil engineering stu-
dents in stormwater management, according to
their research survey in United States. It is worth
mentioning, however, that in the last years there
has been an accelerated expansion and diffusion
of knowledge about sustainable urban drainage
among professionals, but there is not a quanti-
fication of this process to evaluate its represen-
tativeness. Additionally, the development of SUD
solutions is creating a demand for professionals
with better skills on analytical thinking and on
working across disciplinary boundaries (Johnson
etal., 2019).

Technical issues related to sustainable urban
drainage structures represent the fourth set of
aspects but are intimately related to the three
previous groups of issues. Even the heterogene-
ity of terminology involved in the subject is an
element to hinder the comprehension of such
structures (Fletcher et al., 2015). But the major
question is that the relationship between the
functioning of each structure and local condi-
tions is one of the principles for defining the
sustainable measure to be used (Podolsky, 2012;
Godwin et al., 2008). There is limited evidence
based on actual monitoring on the performance
of the SUD devices (Perales-Momparler et al.,
2017), and this is especially more serious regard-
ing the use of such structures applied to Brazilian
conditions (Souza et al., 2012).

There are technical recommendations that are
too generic or that have been initially proposed
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based on studies abroad, undervery distinct con-
ditions from Brazilian ones. These recommenda-
tions end up being merely replicated and may
not be adequate to local conditions (Baptista and
Nascimento, 2002; Souza, 2005; Podolsky, 2012).
The difficulty in understanding the sustainable
Facilities induces the persistence of adopting the
conventional urban drainage measures, as their
functioning is widely known (Parkinson et al.,
2003) and also due to a kind of “pro-gray mind-
set”, i.e. the professionals being used to using
gray infrastrucure (Dhakal and Chevalier, 2017).
Major reasons for that are the lack of trustwor-
thiness of SUD shown by professionals (Porse,
2013), the fear of liability issues (Olorunkya et
al., 2012) and their reluctance to perceived risks
of adopting such structures (Dhakal and Cheva-
lier, 2017). Thus, it seems crucial to understand
the professionals’ point of view, regarding their
preferences and barriers for adopting SUD (Wang
et al., 2020), including the cognitive barriers as
discussed by Dhakal and Chevalier (2017).

In that context, this research aims at evaluating
the perception of civil engineers, environmental
engineers and architects regarding the sustain-
able urban drainage, taking as study area the city
of Jodo Pessoa and neighbouring cities. We aim
to i) diagnose the knowledge level of these pro-
fessionals about key aspects of urban drainage
sustainability, including their capacity to dis-
tinguish between conventional and sustainable
drainage measures, as well as we have focused
on: ii) evidencing their opinion regarding the
barriers for not adopting sustainable measures,
and iii) on quantifying their preferences con-
cerning sustainable facilities and to which extent
distinct factors are relevant to their choice. The
city of Jodo Pessoa was chosen because it can be
considered representative of a typical scenar-
io in Brazil: it is a state capital and considered a
middle city with expressive urbanization growth
during last decades, consequently suffering the
increase of urban flooding impacts, while not still
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presenting an urban drainage master plan. Thus,
our findings may be roughly considered repre-
sentative of that typical scenario.

2 MATERIAL AND METHODS
2.1 Study area

Questionnaires were applied to professionals
that work in Jodo Pessoa city and surroundings,
in Paraiba state. The area of Jodao Pessoa is about
210,044 km? and it borders the cities of Bayeux,
Santa Rita, Conde and Cabedelo. The GDP (Gross
Domestic Product) per capita of Jodo Pessoa city
is about R$ 24,319.82 for the year of 2017, while
its HDI (Human Development Index) is equal to
0,763 in 2010 and roughly 70.8% of the popu-
lation had sanitary sewage cover in 2010 (IBGE,
2020). From total population, 46.69% are men
and 53.31% are women, while 18.6% of the total
has some bachelor’s degree (IBGE, 2020).

The study area was chosen for three main rea-
sons. Firstly, Jodo Pessoa is considered a middle
city that has shown expressive growth in last de-
cades. In 1991, its population was about 497,600
inhabitants, increasing to 597,934 inhabitants
in 2000, which represents a 20.2% increase
in these 9 years. From 2000 to 2010, a similar
population growth occurred (21.0%), reaching
a total of 723,515 inhabitants and resulting in
a demographic density of 3,421.28 inhab./km?.
The estimated population for 2019 was 809,015
inhabitants (IBGE, 2020). It still means an expres-
sive growth (11.8% in 9 years), but a slowdown
relatively to the prior time period.

This population growth has been associated
with urban surface expansion prevailing soil im-
perviousness. According to estimates from Silva
et al. (2015), the urban surface of Jodo Pessoa
covered approximately 116.5 km2 in 2011, an
increase of 27.8% since 1992. Consequently,
there are problems raised by rainfall events, such
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as urban floods that have apparently increased
in frequency and size, despite of lacking a spe-
cific study to quantify this process — this is the
second reason for choosing Jodo Pessoa for this
research. The third motivation refers to the ab-
sence of a municipal urban drainage master plan,
which certainly highlights how the sustainable
drainage approach may be further away than for
those cities presenting this kind of master plan.

2.2 Ethical issues and data collection

This research was developed based on ethical
issues involving human beings, as determined
by the federal resolution 466/12 from the Na-
tional Health Council, having been approved
by the local ethical research committee of the
institution of the authors. Furthermore, all the
interviewees were asked to accept the free and
informed consent form prior to answering the
questionnaire. The online survey was available
on social media and e-mail, from the authors
to their professional and personal contacts and
with the aid of local academic and technical
institutions. The data collection occurred from
19" June to 2™ July of 2020.

2.3 Population and sample

The population of this research comprises all the
environmental engineers, civil engineers and ar-
chitects working or doing postgraduate courses
on the study area. It was not possible to have
the exact number of these professionals, but our
best estimates rely on those formally registered
and active on the CREA-PB (Regional Council of
Engineering and Agronomy) and CAU-PB (Re-
gional Council of Architecture and Urbanism),
which sum 480 environmental engineers, 9504
civil engineers and 2482 architects in July 2020.
Some professionals, however, may have conclud-
ed their bachelor’s degree and directly started
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the postgraduate course, but still not being reg-
istered in the regional councils.

A total of 467 professionals have answered the
online questionnaire, but 90 of them have in-
formed that they were working outside our geo-
graphical study area. Thus, these 90 interview-
ees were disregarded, and the sample population
of this research corresponded to 377 profession-
als: 163 civil engineers, 106 environmental en-
gineers and 108 architects. Considering a confi-
dence level of 95%, the sample populations for
each profession of this research may represent
a margin of error lower than 10%, even inflating
by 20% the corresponding population size esti-
mates based on professionals formally registered
in the regional councils. It is important to high-
light that it is not known which of these profes-
sionals actually work or have worked with urban
drainage. The purpose was to evaluate the pro-
fessionals working on the geographic study area,
regardless of their area of expertise.

2.4 Questionnaire for data collection

The online questionnaire was elaborated using
the Google Forms tool and was composed by 43
questions organized in 6 sections. The first two
sections refer to socioeconomic characteristics
(questions 1 to 3: gender, age, average monthly
salary) and general education and profession-
al information (questions 4 to 10: sector, local
and time length of current work; type (public/
private) and name of bachelors’ degree institu-
tion; time length since this degree; profession).
Thereafter, section 3 embraces a set of ques-
tions regarding the specific education related to
stormwater urban drainage (questions 11 to 15:
whether the professional has attended a specif-
ic course on this theme during their bachelors’
degree; whether they have postgraduate degree,
and in which type of institution (public/private),
how much time and whether they have attended
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a specific course on urban drainage during such
postgraduate course).

In section 4 (questions 16 to 23), the specific
aim was to evaluate the current knowledge of
the interviewees regarding sustainable urban
drainage: if they have ever heard of it, if they
have formally studied this subject and in which
circumstances (bachelors’ degree, postgraduate
course, short course or seminar). We also ques-
tioned whether each interviewee has seen in
person any sustainable urban drainage solution;
if so, they were asked to specify this.

In this same section, the following questions
evaluate more objectively their knowledge lev-
el on sustainable urban drainage, asking them
to mention a device that could be used for this
aim and to answer if they agree or not with an
incorrect statement defining sustainable urban
drainage: “The main concern in a sustainable urban
drainage project is the efficient and economical re-
moval of stormwater, conveying it along the micro
and macro drainage systems. This contributes to
avoid excess of rainfall from causing flooding and
other problems, as long as the design and execu-
tion of the project meet current technical require-
ments”. The last question of section 4 asks them
to identify among 13 options which of them ef-
fectively contribute to sustainable urban drain-
age (the interviewee could check all that he/she
think as “yes”).

After the 4% section, the online form showed the
interviewees some basic concepts on sustain-
able urban drainage and presented illustrative
pictures and basic descriptions of seven sustain-
able drainage facilities (infiltration trench, infil-
tration swale, infiltration well, permeable pave-
ment, bioretention swale, green roof and on-site
detention tank). The purpose of this part of the
questionnaire was to guarantee a minimum
knowledge level for all interviewees, preparing
them to better answer the remaining questions.

Revista DAE | Sdo Paulo | v. 71, n 240 / pp 199-215 | Abr a Jun, 2023



Perception of professionals working in Jodo Pessoa and surroundings regarding sustainable urban drainage

The section 5 (questions 24 to 33) assessed the
acceptance of sustainable urban drainage facil-
ities by the professionals, asking them whether
they would use some SUD device in their project,
and also to identify among seven alternatives
which of them they evaluate as more relevant as
barriers to a broader application of SUDS. This
section ended asking whether each interviewee
had already witnessed some sort of opposition
for SUDS from higher hierarchical positions or
sectors and, if yes, they needed to specify among
the five given alternatives.

The last section (questions 34 to 43) asked how
important is to the interviewees to think about
having a specific course on stormwater urban
drainage during their graduation course and
how prepared the professionals in general are
to work with SUDS. This section also evaluated
the preferences of the interviewees concern-
ing which sustainable urban drainage facilities
they would more probably adopt in their project.
Another question of this section asked the in-
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fFacility for a project.

3 RESULTS AND DISCUSSIONS

3.1 Socioeconomic characterization of
interviewees

Amongthe 377 professionals that have answered
the online form and were considered for being
analysed in this research, 163 are civil engi-
neers, 106 are environmental engineers and 108
are architects (Fig. 1-a). This sample presents a
predominance of male professionals among the
civil engineers (66%) and female ones for envi-
ronmental engineers (56%) and architects (71%)
(Fig, 1-b). Young professionals (< 35 years old)
are the majority in the three professions anal-
ysed (Fig. 1-c). Around 12% of the civil engineers
are older than 50 years, while this percentage is
even lower for other professions.

100%

50%

% of professionals

0%

Arch. Civil  Env. Arch.
Eng. Eng.
Age (years)
W <35 [50, 65)
(c) M [35, 50) > 65

Figure 1 - (@) Number of professionals interviewed; (b), (c) Distribution of interviewees according to gender and age.

3.2 Professional and academic education
characterization of the interviewees

Almost half of the civil engineers were working
on private sector (Fig. 2-a), while this percentage
is quite smaller for environmental engineers and
the largest one for the architects. Environmental
engineering was the profession with the largest

Revista DAE | Sao Paulo | v. 71, n 240 / pp 199-215 | Abr a Jun, 2023

number of interviewees that are exclusively ded-
icated to postgraduate studies (37%), which is
related to the younger ages of this sample rela-
tively to the other two professions. For the three
groups of professionals, most of the interviewees

are working in Jodo Pessoa (65%-79%, Fig. 2-b).
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Regarding the type of institution in which they
have concluded their bachelors’ degree, there is
a clear predominance of public institutions for
civil (85%) and environmental (75%) engineers,
while for architects there is a balanced distribu-
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tion between public and private institutions (Fig.
2-c). As our sample is formed predominantly by
young professionals, the time length since bach-
elors’ degree was primarily low, with roughly 60%
of the sample with less than 5 years (Fig. 2-d).
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Figure 2 - Distribution of interviewees according to work sector (a), geographic work location (b), type of bachelor’s
degree institution (c) and time length since bachelors’ degree (d).

3.3 Previous knowledge on sustainable
urban drainage

Most of the interviewees answered that they had
already heard about SUD (Fig. 3-a). The higher
percentage obtained for the environmental en-
gineers may be related to the environmental en-
gineering course and profession, which are more
intimately related to the sustainability issue,
increasing the chance of these professionals at
least having heard of SUD.

Accordingly, there is probably a larger chance that
environmental engineers have formally studied
SUD, justifying the largest percentage obtained
for this question (41%) relatively to civil engineers
and architects (Fig. 3-c). But for all these three
groups of professionals, the proportion of the
ones that had formally studied SUD may be con-
sidered remarkably small. There is a slight ten-
dency that this proportion increases for the most
recent professionals relatively to the eldest ones
(Fig. 3-d), probably due to more exposition to up-
dated information during undergraduate courses.
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However, even more remarkable is the Fact that
most of the professionals that have heard of
SUD have never known a SUD facility personally
(ranging from 77% to 86%; Fig. 3-b). This high-
lights the lack of practical experiments inside
academic facilities, and it also may be consid-
ered indirect evidence of low occurrence of sus-
tainable devices in Jodo Pessoa and other cities
of Paraiba state, despite of the predominance of
young professionals with few years of field work
experience. This finding agrees with Vasconcelos
et al. (2020), which consider the big gap between
the theoretical and practical knowledge regard-
ing SUD as one of the most common barriers to
SUD. This is also in accordance with the study of
Olorunkiya et al. (2012), which showed that pro-
fessionals without previous practical experience
on SUD have large aversion to taking risks related
to SUD projects. Thus, Goulden et al. (2018) claim
for developing more demonstration projects and
increasing applied research, which would con-
tribute to improve professional training.
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Figure 3 - Percentage of professionals that have heard about SUD (a), that have known a SUD facility personally (b),
and that have formally studied SUD (c); (d) same as (c), but dividing the number of professionals according to time
length since bachelors’ degree.

When asked to agree or not with a statement
referring to the main concern of a sustainable
urban drainage project in an incorrect way (Fig.
4-a), the majority of professionals agreed. There
is a surprisingly large number of professionals
that wrongly agreed that the sustainable urban
drainage approach is focused on efficiently and
economically conveying the stormwater, drain-

ing it along the micro and macro drainages.

The statement clearly describes the conven-
tional urban drainage point of view, despite the
second part of it, that specifies the aim of avoid-
ing flooding and worries about the correct di-
mensioning and execution following technical
requirements. When analysing just the profes-
sionals who have previously declared that have
formally studied SUD (Fig. 4-b), the percentage
of agreement is slightly reduced for civil engi-
neers and environmental engineers and remains

almost unchanged for architects.
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Even considering that some professionals may
have answered this agreement question care-
lessly or that the statement may have caused
some sort of misinterpretation, the percentage
of agreement in the responses is still high. There
are key aspects in that statement that should
have been identified by the professionals as erro-
neously associated to SUD, such as the main con-
cern of efficiently conveying the stormwater and
draining it along the micro and macro drainages.
These are strong elements to not agree with the
statement, even though they are not sure or con-
fused about other parts of the question.

According to the authors’ opinion, these results
clearly highlight a lack of adequate understand-
ing of the hydrologic concepts and principles of
urban drainage sustainability for most civil and
environmental engineers, and for the vast ma-
jority of architects. This is in agreement to the
authors’ perception based on their contacts
during research, classes, projects and semi-
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nars, and it also emphasizes the need to improve
the quality of education on the theme. A simi-
lar conclusion is pointed out by Vasconcelos et
al. (2020), based on their survey with teachers
at higher education and research institutions
working within urban drainage in Brazil. These
findings are also in agreement with the work of
Dhakal and Chevalier (2017), which highlight
the need to offer curriculums that include green
infrastructure and also research opportunities
to engage civil and environmental engineering
students worldwide. Accordingly, Paiva et al.
(2020) advocate for the need to improve teach-
ing quality and to urgently revise curriculum and
subjects of undergraduate courses regarding
the water resources area as a whole.

The interviewees were also asked to mention a
SUD device, as an open-ended question. Between
50% and 58% of them pointed out an acceptable
answer (Fig. 4-c), while the remaining (between
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[l Yes W No

Just who has formally

Whole sample studied SUD

100% 100%
S

[ =
Kl
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42% and 51%) presented incorrect answers or
stated that they did not know. There are also re-
markable proportions of professionals with inad-
equate knowledge on the theme, reinforcing our
worry about their academic education. However,
these percentages indicate a more satisfactory
quality of answers than the one related to the

agreement statement.

A possible explanation may be that some devic-
es, such as permeable pavement and green roof,
are themselves more easily and directly recog-
nized as related to SUD by the professionals than
the key hydrologic principles of SUD related to
infiltration and storage. In other words, they
strongly associate devices such as porous pave-
ments and green roofs as contributing to SUD
based on the names and images of these Facil-
ities, but they probably have incomplete under-
standing of their functioning.

Environmental education for avoiding
inadequate disposal of solid waste

Canalization and rectification of urban rivers

Updating specific legislation on the matter

Maximization of stormwater drainage
inlets and pipes on public streets

Maintenance of green areas inside the lots

Mathematical simulation for evaluating micro and
macro drainage systems using hydrologic models

Adoption of on site reservoir

Adoption of higher return periods in

urban drainage projects

100% connection of stormwater drained in the lots
to the public micro and macrodrainage systems

Adoption of green roofs

Maintenance of micro and macrodrainage systems

Dredging and cleaning of urban rivers

Maintenance of green areas on public spaces

T

0%

MCivilEng. M Env. Eng. [ Arch.

Figure 4 - (a) Percentage of professionals who agree with the statement about the main concern of SUD; (b) same as (a),
but only considering professionals who have formally studied SUD; (c) Distribution of professionals according to their
mention to a SUD device; (d) Percentage of answers for each measure pointed out as effectively contributing to SUD.

Particularly during classes of undergraduate
courses of several distinct subjects, architects

may study and discuss the use of green roofs, as-
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sociating them to several benefits such as thermal
comfort, acoustic insulation, habitat creation for
wildlife, aesthetically pleasure and psycholog-
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ical welfare to people around the roof, as well as
rainwater absorption. But they are not trained in
greater depth concerning the quantitative impact
that a green roof may cause in runoff generation
reduction. Nor are the civil and environmental en-
gineers without formally studying SUD devices.

This finding is followed by the results shown on
Fig. 4-d, concerning the percentage of answers
that pointed out each given measure as effec-
tively contributing to SUD. Interestingly, a very
similar behaviour of answers was found between
the three professions: measures like use of green
roofs (71% to 78%) and maintenance of green ar-
eas in public spaces (92% to 94%) and in private
lots (75% to 82%) were correctly pointed out by
most professionals, but dredging and cleaning of
urban rivers (75% to 80%) and maintenance of
micro and macro drainages (76% to 87%) were
also largely selected. Other remarkably wrong al-
ternatives were also selected by a not negligible
number of professionals: canalization and rectifi-
cation of urban rivers (18% to 24%), adoption of
larger return periods in urban drainage projects
(20% to 28%) and 100% connection of private
lots for stormwater draining to the public micro
and macro drainages (33% to 42%).

3.4 Preferences on sustainable urban
drainage devices

Henceforth, the results refer to the questions
that were answered by the professionals after
they have been introduced to key concepts and
description about SUD and about seven SUD
devices. This may have contributed to the mas-
sive positive responses (94% - 96%) when they
were asked if they would adopt SUD Facilities in
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a project if they had the chance (Fig. 5-a). Their
sympathy and empathy with the purpose of the
online survey and research may also have worked
together to this high acceptance of SUD. But in
agreement to our findings, the research of Vas-
concelos et al. (2020) also showed that profes-
sionals are not unwilling to a paradigm shift to-
wards SUD.

In general, among the seven SUD devices they
could choose, their preferences show similar
pattern between the three professions (Fig. 5-b),
with infiltration trench being the most selected
device, followed by permeable pavements. These
results may also have been influenced by the per-
ception the professionals have formed, based on
the description and images that were presented
in the online form prior to these questions. But
green roof is an exception to the general pattern,
with more than double preference among archi-
tects in relation to civil and environmental en-
gineers. This is another evidence of that discus-
sion regarding how architects are usually willing
to the idea of conceiving a green roof due to its
multiple benefits.

Bioretention swale also was preferably chosen by
architects (56%) rather than by environmental
(42%) and civil engineers (29%). The percent-
ages achieved by bioretention swale and online
detention tank show another pattern: a gradient
of preference of green structure and its aesthetic
appeal from architects to environmental engi-
neers and them to civil engineers, and in the op-
posite direction the slight gradient of preference
regarding the easiness to design and build as
represented by online detection tanks, prefera-
bly chosen by civil engineers.
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Figure 5 - (a) Percentage of professionals that would adopt SUD in their project; (b) Their preference to seven SUD
devices; (c) Degree of relevance (scale 0 to 10) for six aspects considered when choosing a SUD device for a project.

Figure 5-c shows the degree of relevance (scale O
to 10, but grouped in three categories for easier
understanding) for six aspects that the profes-
sionals would worry about when choosing a SUD
device for their project. In general, all devices
predominantly received higher scores, ranging
from 62% to 88%, and presented similar patterns
between the three professions. The cost and eas-
iness to maintain the devices together with the
acceptance by the hirer/user were the two as-
pects that slightly received the largest propor-
tion of higher scores (79%-88% and 78%-82%,
respectively) and smaller proportion of lower
scores (less than 2%). Maintenance uncertainty
was also one of the key challenges pointed out by
stormwater professionals in Auckland, Australia
(Wang et al., 2020) and also by local government
practitioners in South Australia (Sharma et al.,
2016). Indeed, these are two key aspects for de-
signing and adopting the use of SUD devices and
for which there is a need to develop more stud-
ies and construct such knowledge. For instance,
results of Tassi et al. (2016) showed an associ-
ation between the user preferences and their
socioeconomic class: lower income users being
more favourable to online detention tanks due
to rainwater reuse possibility; higher income
users showed larger preference for infiltration
trenches, basically because of environmental
and aesthetic concerns.
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3.5 Barriers to urban drainage sustainability

Almost the same proportion (745%) of the three
professions stated that they have already wit-
nessed some sort of opposition to adopting
SUD facilities by higher hierarchical positions
(Fig. 6-a). This is a noteworthy result, indicat-
ing that professionals are being pruned by their
superiors’ actions or omissions when trying to
adopt concepts and devices lined up with SUD.
The perception of a reluctance to support novel
approaches to flood management was also the
barrier most cited by professionals on the study
of O’Donnell et al. (2017) and considered as one
major issue also highlighted in the study of Vas-
concelos et al. (2020).

The type of opposition they most witnessed was
related to the disinterest for costlier project solu-
tions (Fig. 6-b). This is really a key challenge, as
making decision beyond the financial issue by in-
corporating social and environmental concerns
is very complex (Kandakoglu et al.,, 2018). The
unfamiliarity of entrepreneurs and financiers
with SUD was the second largest type of opposi-
tion pointed out by the three professions, slightly
higher for civil engineers.

The results of these two most selected types of
opposition are somewhat coherent, as architects
indeed are more directly related to the initial con-
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ception and design of the projects and thus are
more subject to cost related decisions, while civil
engineers are in greater contact with construc-
tors and thus more influenced by their unfamil-
iarity with SUD. For both cases, the improvement
in understanding SUD principles and benefits
by their superiors could help overcome these
barriers (Barbosa et al., 2012). On the contrary,
environmental engineers may be considered the
most often related to governmental issues rela-
tively to civil engineers and architects, and thus
the lack of support from higher governmental
positions were pointed out by them more often
(25%) than double of the other two professions.

When asked to select the degree of relevance of
seven possible barriers for adopting SUD devices
in a project, similar patterns of results were ob-
tained among the three professions (Fig. 6-c).
The most cited barrier for the higher scores of
relevance was the lack of planning from public
institutions. The other barriers were very simi-
lar, ranging from 50% to 74% of higher scores.
These results may reveal that most of the inter-
viewees miss improved planning and decisions
from public actors and that this would probably

serve as guidelines for encouraging larger adop-
tion of SUD concepts, as advocated by Godwin et
al. (2008) and Podolsky (2012), for example. In-
deed, the existence of an urban policy favourable
to SUD was pointed out by Suleiman et al. (2020)
as a fundamental driving force.

Despite the barriers and the current lack of deep
knowledge on the subject, most professionals
pointed out higher scores for the relevance of
having a specific urban drainage course during
bachelors’ degree (Fig. 7-a). These results high-
light their recognition to the significance of
urban drainage for their academic education
and may encourage institutions to rethink and
improve their curricular structures, as claimed
by Vasconcelos et al. (2020) and Dhakal and
Chevalier (2017).

Finally, the last question to be discussed regards
how the interviewees evaluated the degree of
qualification of professionals in general to work
with SUD (Fig. 7-b). In general, the three profes-
sions presented similar results (54% - 66% of
them assigned scores less or equal than 7), with
environmental engineers being slightly less criti-
cal than architects and civil engineers.
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100% Others

Lack of leadership
for decision making

50% Unfamiliarity of entrepreneurs
and financiers

Disinterest for project

solutions more costly

Lack of support from higher
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% of professionals

Civili  Env.  Arch.

Shortage of legal instruments
on using these devices

Municipal institutional
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Lack of planning from
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Shortage of technical information
during undergraduation
Shortage of urban drainage
specialists in the municipal teams

Eng. Eng.

J Lack of adequate technical
100% trainning of professionals
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Figure 6 - (a) Percentage of professionals that have witnessed some type of opposition from higher positions; (b) Type
of opposition they have witnessed; (c) Degree of relevance of seven barriers to adopting SUD in a project.
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Figure 7 - (a) Degree of relevance of having a specific course on stormwater urban drainage during bachelors’ degree;
(b) Degree of qualification of professionals for working with SUD.

4 CONCLUSIONS

Based on this research that analysed the respons-
es of an online survey of 377 professionals (civil
engineers, environmental engineers and archi-
tects) that work or study in Jodo Pessoa and other
cities of Paraiba state, we can conclude that:

* Thereisaclearneed toimprove academic educa-
tion of civil engineers, environmental engineers
and architects related to SUD. A specific course
of stormwater urban drainage should be part of
the mandatory classes during their undergrad-
uate courses. Preferably, they should have con-
tact with practical experiments on SUD devices
inside academic Facilities or visit devices actually
functioning in their city. This direct experience
has a large potential to reduce the gap between
professionals presenting environmental aware-
ness and concern (i.e. environmental attitude) to
actually showing pro-environmental behaviour,
as discussed by Kollmuss and Agyeman (2002) in
a broader environmental sense.

There is a need to develop more studies regarding
experimental monitoring of SUD devices and to
propose adaptations forlocal sites and conditions.
Specifically, the design, cost and maintenance
aspects should be emphasized. Additionally, the
existing studies should be given more publicity
nationwide and their results should constantly
update material used for teaching SUD classes in
undergraduate courses for civil engineers, envi-
ronmental engineers and architects.

* Civil engineers, environmental engineers and
architects are widely favourable to adopting
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SUD devices on their projects, with clear prefer-
ences and several barriers, the latter mostly re-
lated to practical issues. Developing construc-
tive guides would be essential towards a wider
dissemination and adoption of SUD devices.
These guides could be elaborated based on up-
dated results of experimental monitoring and
considering adaptations to local conditions.

Finally, there is a need to provide basic under-
standing on SUD principles, concepts and devic-
es for several other actors such as entrepreneurs,
financiers, decision makers, stakeholders, politi-
cians, and users (citizens), but with language and
level of detail adapted for each of them. Building
practical experiments for long-term monitoring
could serve didactically to aid in this knowledge
dissemination and also to reduce the opposition
of these actors — again, the direct experience
would largely contribute for moving from environ-
mental attitude to pro-environmental behaviour.
Additionally, the major idea and concepts of SUD
could be introduced to children with other relat-
ed subjects on environmental education such as
climate change, solid waste, environmental pol-
lution etc. This definitely would be a key step to-
wards achieving better knowledge, attitudes and
behaviours from society as a whole.
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