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ABSTRACT

Many human activities are carried out in buildings, suggesting that the contribution of buildings to global
warming is significant. This study examines the awareness of property managers (estate surveyors and
valuers) about the potential benefits of vertical greenery systems (VGSs) on buildings. The questionnaire
for the study was administered online to property managers working with registered estate surveying
and valuation firms operating in Lagos. On firm basis, a total of 282 property managers working for the
firms were considered. Of this total, 127 responded to the questionnaire, but 121 (representing 42.9%)
were of use in the analysis of data. The data were analyzed using the fuzzy synthetic evaluation method.
The result showed that property managers were generally less aware, with an overall awareness level of
2.60. Further analysis showed that the property managers were less aware of the benefits of VGSs on
buildings. The levels of awareness of the property managers about VGSs’ environmental benefits, social
benefits, and economic benefits are 2.65, 2.58, and 2.53 respectively. We conclude that an improvement
in the level of awareness of the property managers would assist in the formulation of policies by the government towards the achievement of SDGs.

Introduction
Activities of the built environment are parts of the primary
causes of climate change that wreak havoc on the exact conditions necessary for life to exist (Venter and Mofama 2019).
Climate change, or long-term changes in weather patterns, is primarily caused by increased carbon dioxide (CO2) levels associated with the use of fossil fuels and general land-use practices in
the built environment, agriculture, and industrialisation
(Intergovernmental Science-Policy Platform on Biodiversity and
Ecosystem Services (IPBES), 2019). The implication is that
human activities have accelerated geological changes in the
earth’s biosphere to the point where the earth has entered a
whole new geological period known as the Anthropocene.
Venter and Mofama (2019) anchored a debate and training
on the timeline graph that global warming poses a serious threat
to humanity because of the fragrant disrespect to nature and
careless use of conventional resources as a weapon of mass devastation which led us to the dreadful tipping point. In other
words, people’s actions within the contexts of land use and
exploitation worsen future climate uncertainties and extremes.
The
Intergovernmental
Panel
on
Climate
Change
(Intergovernmental Panel on Climate Change (IPCC)), 2018)
and Intergovernmental Science-Policy Platform on Biodiversity
and Ecosystem Services (IPBES) (2019) produced a report recommending a global emergency that can safeguard human lives.
It is argued that the environmental repercussions of 250 years of
economic growth must be acknowledged and reduced to
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acceptable levels. Climate catastrophes and mass extinctions can
be avoided only by extreme reform (Intergovernmental Panel on
Climate Change (IPCC)), 2018; Intergovernmental Science-Policy
Platform on Biodiversity and Ecosystem Services (IPBES), 2019;
Venter and Mofama 2019).
Nigeria ranked 17th amongst the countries where CO2 is
emitted in large quantities (Dunne 2020). Different activities
such as oil production, cement production, bush and waste burning, incessant fire incidences, etc. are responsible for the country’s significant contribution to the global figure of greenhouse
gases emission. Apart from reducing the level of oxygen in the
earth’s atmosphere, these activities also keep the level of greenhouse gases on the increase. This has resulted in an increased
temperature and generally global warming. Specifically, the
annual average temperatures of Lagos averaged 28.9  C in 2017
and 28.8  C in 2018. In 2019 and 2020, the temperature fell by
0.1  C and 0.3  C respectively from 28.8  C. In the first half of
2021, the figure rose to 29.5  C, suggesting a rise in the temperature. This temperature level causes thermal discomfort for people
in the state (World Weather Online 2021).
There is evidence that buildings play a significant role in this
temperature rise, given the activities carried out in them
(Adegoke 2021). Specifically, URL5 (2015, as cited in Ekren
2017) explained that buildings and residential areas contribute to
65% of waste, 12% of water utilization, 71% of energy use, and
ultimately 40% of CO2 emissions. Consequent to this is the
increase in mortality rate, reduced quality of life, and the different health risks in the world today (Karl et al. 2009). The
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sustainable development goals (SDGs) were published in 2015 to
address this problem. Fortunately, the SDGs still have nine more
years to run. In 2015, as part of its contribution to the SDGs,
the Nigerian government pledged to reduce its greenhouse gas
emissions by 20% by 2030. However, a 45% reduction can be
achieved with the help of international support (Dunne 2020).
Since their publication, several sustainability measures have
emerged. One of the significant measures that are gaining wide
attention is the VGSs. VGSs refer to the installation of green
vegetation permanently or temporarily on or against the surface
of a building’s internal or external wall (also called a façade)
(Wang et al. 2016).
As a sustainability measure, VGSs have a long history that
dates back to circa 600BC in ancient Babylon, where the famous
Hanging Gardens were located (Rakhshandehroo 2016). Vine
trees were also utilised as the first type of façade greening in
Mediterranean locations around two millennia ago, providing
shade for the façades, transpirative cooling, and economic benefits such as fruit production (Medl et al. 2017). Since the 20th
Century, the installation of VGSs have also attracted great
research attention in the different parts of the world (Jain and
Janakiram 2016). Whilst this is true for developed countries, the
reverse seems to be the case in developing countries. Extant
studies have shown that VGSs are used in different countries to
derive environmental, social, and economic benefits. In Malaysia,
for example, VGSs are commonly considered for environmental
value and aesthetics with less attention to the economic benefits
they have (Bakar et al. 2013). In a similar vein, Lo (2016) noted
that VGSs are implemented to increase green awareness and
improve residents’ quality of life in Mexico. The same systems
are used in Southeast Asia as one of the best measures for reducing air pollution (Bautista 2013). In the US, the Department of
Energy’s National Renewable Energy Laboratory (as cited in Jain
and Janakiram 2016) emphasised that a household’s energy consumption can be conserved by 25% with VGSs. Also, VGSs protect building envelopes from the surrounding environment,
improve thermal performance (Manso and Castro-Gomes 2016),
improve people’s quality of life (Bringslimark et al. 2009), and
ultimately increase property value (Jain and Janakiram 2016).
Developing economies can equally brace up through the built
environment channel in putting public health and environmental
restoration ahead of economic growth whilst engaging in real
estate management and building construction.
The subsequent sections of this paper are structured as follows: The next (that is, the second) section is dedicated to the
rationale for the study and the research question.
The characteristic nature of VGSs is discussed in section
three, whilst in section four, the research gap to be filled by this
study is identified. The fifth and sixth sections contain a discussion of the research methods that were adopted and the results.
In the seventh section, the discussion of the results is provided,
whilst the implication for policymaking is discussed in section
eight. The study is concluded in the ninth section.

Research rationale and questions
The understanding of property management has extended
beyond the welfare of buildings alone to include their occupants.
Thoughts are now tending towards sustainable management of
properties, and property managers (used in this study to mean
the same as estate surveyors and valuers) are in the best position
to suggest to property owners the measures to achieve it and add
value (Ogunba et al. 2021). However, despite their benefits, the

installation of VGSs has not been brought to the fore in the
emerging economies. Therefore, it becomes necessary to understand the level of awareness of people about the benefits of
VGSs. This thus raises a pungent question: What is the level of
awareness of the benefits and values of VGSs amongst the professional property managers? It is important to unravel this question
before extending the frontiers of research knowledge on VGSs in
the developing property market where the emphasis is placed on
conventional approaches.
Before this study, we could not find any research on the level
of awareness of property managers on the benefits of VGSs.
Against this backdrop, the present study sets out to fill this
research gap with a focus on the managers of properties in Lagos
State, Nigeria.
Our choice of Lagos is borne out of the fact that it is a key
representation of not just the Nigerian property market but also
West Africa based on the following reasons: Lagos can be
debated as the state with the largest property market in West
Africa. The investment research examines the value of investments made by cities and indicates that Lagos ranks first with
$523 million, next by Accra with $230 million, and Maputo in
third place with $201 million. Moreover, more than 50% of the
built environment professionals in Nigeria locate their main offices in Lagos (Uroko 2021).

Characteristic nature of VGSs
In literature, VGSs are classified as green façades (GFs) and
green walls (GWs) (Ottele et al. 2011; Perini and Rosasco 2013).
GFs are walls on which self-clinging plants are planted directly
to a building’s envelope or indirectly supported by steel cables,
trellis or mesh (Timur and Karaca 2013). In GFs, a self-clinging
plant is installed directly (traditionally) or indirectly on external
walls (Rakhshandehroo et al. 2015). The direct system of GFs
requires the planting of the plant at the base of the wall.
However, if not installed appropriately, the plant can cause some
problems to the wall and may need to be removed (Perini and
Rosasco 2013).
On the contrary, the more recent indirect system of GFs prevents damage to the wall and reduces the cost of maintenance.
The indirect system requires cable, mesh, or trellis to support
and prevent the plants from touching the walls. Also, the plant
can be installed with plant boxes at different levels of the façade.
The indirect system requires some nutrients, but where there is
not enough space for the root of the plant, an irrigation system
is provided, making it look more like a green wall (Ottele et al.
2011). Although the plants can cover the walls of a building naturally, it takes time to fully climb up and cover the whole elevation of the wall (Jain 2016).
On the other hand, GWs are the latest concept of VGSs worn
on building envelopes to provide food, decoration, privacy, or
ultimately to improve air quality. According to Ottele et al.
(2011), GWs can be categorized as hydroponics and artificial
substrate-based GWs. GWs are installed using modular panels
commonly made of plastic, synthetic fabrics, stainless steel containers, expanded polystyrene, concrete, and clay. The panels are
provided with suitable soil and irrigation systems. GWs can be
installed inside and/or outside a building.
The common self-clinging plant species used in the tropical
zones include Chlorophytum comosum, Codiaenum variegatum,
Anthurium scherzerianum, Ficus pumila, Spathiphyllum wallisii,
Nephrolepis exaltata (Zaid et al. 2018), and Hedera helix (Ivy
plant). On the other hand, the plant species commonly used
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outside the building include Hedera helix, Russelia equisetiformis,
Polygonum bauldschianicum, Asparagus sprengeri, Hydrangea
petiolaris, Felicia amelloides, Dianthus barbatus, Clematis occidentallis, Aristolochia macrophylla, Selaginella kraussiana, Dracaena
surculosa, and Chlorophytum comosum.
Benefits of VGSs
The benefits that come with the installation of VGSs are enormous. In the literature, its benefits are discussed in environmental, social, and economic terms. Each of these is discussed
as follows:
Environmental benefits
VGSs protect the wall against deterioration arising from climatic
stress such as those relating to ultraviolet rays, air pollution,
acidic rain, and temperature change (Perini et al. 2011; Susorova
et al. 2014; Pan et al. 2020). Ultraviolet rays deteriorate the
mechanical properties of coatings, paints, and plastics. With the
installation of VGSs, Sheweka and Mohamed (2012) pointed out
that the fluctuation in the temperature of the wall surface can be
reduced by 50%. In the same vein, Alexandri and Jones (2008)
study reveals that VGSs reduce the temperature by 8 to 9  C on
tall buildings. When there is a reduction in the ambient temperature, the energy efficiency of a building tends to improve. Energy
efficiency can also be improved through evaporative transpiration and direct shading (Raji et al. 2015; Malys et al. 2016; Hao
et al. 2020).
According to Ottele et al. (2011), with VGSs, cities can be
designed with biodiversity. In other words, the variety of plants
can also bring city dwellers closer to nature. The system reduces
the urban heat island effect (Sailor 2011; Olusoga and Adegun
2022) through the processes of respiration, transpiration, and
photosynthesis (Kontoleon and Eumorfopoulou 2010). They are
also believed to absorb and consume a large quantity of CO2 in
the atmosphere (Donahue 2011). When there are few pollutants
in the atmosphere, the quality of air is improved. VGSs also provide sound insulation and help in reducing noise (Ottele et al.
2010; Wong et al. 2010; Pais and Bertoli 2019); they also help in
the retention of rainwater, which can be collected in the hydroponic system and used for irrigation (Ottele et al. 2010; Wan,
2011; Hachoumi et al. 2021).
Given the greenhouse gas emission statistics of Nigeria, it
remains a concern that most research attention is given to VGSs
from the architecture discipline. Whilst sustainability is a hot
topic in the literature today, it appears less attention is paid to
how buildings can help in achieving it. Even though past studies
have shown that VGSs are a less costly sustainability measure,
not much has been done to research its environmental benefits,
especially in developing countries.
Social and health benefits
VGSs provide the wall of a building with aesthetic value (White
and Gatersleben 2011; Abd Ghafar et al. 2018; Hao et al. 2020;
Olusoga and Adegun 2022). In other words, VGSs give visual
relief to the hard surface of building walls. Also, unattractive
walls or electrical and mechanical components on the walls of a
building can be veiled with VGSs, thus reviving the aesthetic of
the building (Başdogan and Çig 2016). Consequently, this makes
wall finishes to be durable. Again, the building occupants’ satisfaction can be increased when they are brought close to nature
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through the installation of VGSs. By extension, VGSs do not
only improve the aesthetics of buildings on which they are
installed but also the urban area.
Studies have also established that VGSs improve the quality
of life of people. Bringslimark et al. (2009) found that they can
help reduce symptoms of illnesses such as headaches by a minimum of 20%. The mental health of building occupants is also
another area where VGSs have been found to improve.
According to Butkovich et al. (2008) and Abdul-Rahman et al.
(2014), VGSs help to reduce mental stress that arises from a long
period of work or study. Being in a building in which VGSs are
installed can cause a 5-15% increase in the rate of employees’
attendance at work and a 12% increase in students’ performance
(Butkovich et al. 2008). All these social benefits of VGSs are of
great importance because many buildings are constructed with
materials of less quality (Lawanson et al. 2012). Particularly, the
installation of VGSs can sustain external walls of buildings, particularly in hot regions of the world.
Economic benefits
VGSs also have some economic benefits. They can protect wall
materials and paintings against climatic stress, thereby reducing
their maintenance cost and prolonging the practical life of buildings. VGSs are also an effective tool for energy savings (Leong
et al. 2021). In Yoshimi and Altan (2011) study of VGSs in
Hong Kong, it was found that 16% (on average) of electricity
can be conserved daily through the implementation of VGSs.
The conservation of energy reduces the cost of operating
a building.
Rather than demolishing them and reconstructing new ones,
VGSs can also be used to retrofit old buildings (Birkeland 2009;
Conejos et al. 2019; Hao et al. 2020). With more retrofitting,
new job opportunities are created in the economy (Başdogan
and Çig 2016). Besides, adopting VGSs can increase the value of
a property given its functional and aesthetic properties (Jialin
2013). According to Hunt (2008), the premium of the value of
real estate with VGSs can vary from 3.9% to 15%. Also, Jain and
Janakiram (2016) adduced that the value of this type of property
can be increased by 10% to 15%.
Empirical studies
Extant studies on VGSs have focused on the respondents’ aesthetic sense. In other words, much emphasis has been placed on
occupants’ desire for greenery areas, willingness to pay, location,
or the species of plants (White and Gatersleben 2011). There
have been a few attempts to study the awareness of the potential
benefits of VGSs. The perceptual study by Wong et al. (2010)
revealed that there is a lack of awareness of the benefits and performance of VGSs. More specifically, people did not know that
VGSs can help conserve energy use and prolong the lifespan of a
building. In the same vein, Yuen and Hien (2005) studied the
perceptions and expectations of residents of rooftop gardens in
Singapore. The study found that whilst some residents were not
aware of the benefits of the green roof system, others did not
know why they are installed on their buildings (Yuen and Hien
2005). The awareness of professionals about the potential benefits of VGSs cannot be overemphasized especially now that the
world is on a quest to combat global warming. Olusoga and
Adegun (2022) is seemingly the most recent study on the perception of professionals on VGSs in Lagos. The finding of the study
shows that professionals (architects, engineers, builders, quantity
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surveyors, and urban planners) seem to be aware of VGSs but
they are only willing to adopt its use if their clients agree to their
benefits to the occupants, the environment, and the building fabric. However, the study did not recognise property managers as
relevant professionals when it comes to advising on the benefits
of VGSs even when past studies such as Hunt (2008), Wong
et al. (2010), Jialin (2013), and Jain and Janakiram (2016) have
revealed that VGSs increase property value

Research gap
The focus of previous studies is on the perception of different
stakeholders on the benefits of VGSs. Whilst the perceptions of
professionals about VGSs have been studied, there is no knowledge of how aware they are of their potential benefits. However,
the present study is not limited to the potential benefits of VGSs,
but it also seeks to know how aware the professionals are.
Among the professionals in the built environment, property
managers are understudied. It is thought out that the awareness
of property managers about the benefits of VGSs would see an
increase in their installations beyond aesthetic appreciation.
Thus, the present study focuses on the environmental, social,
and economic benefits of VGSs, particularly in developing countries.

Methods
Survey method
With the aid of Google Form, an online survey was conducted
in the collection of data. The choice of this method is because it
makes it possible for the researcher to cover a broad range of
respondents within a short period (Tan 2008). More importantly,
it was thought to observe the health and safety protocols of the
Coronavirus pandemic. The questionnaire for the study was
structured into two sections: the first section contained questions
relating to the characteristics of the respondents, whilst the
second section sought data relating to the research objective. The
questions in the second section contained 16 variables on which
the respondents were asked to indicate their level of awareness
on a 5-point Likert scale. The scale is such that 1 represents not
aware at all and 5 represents strongly aware.
A total of 282 estate surveying and valuation firms are registered and recorded in the Lagos State’s 2017 directory of the
Nigerian Institution of Estate Surveyors and Valuers (NIESV).
For this study, the multi-stage sampling technique was adopted.
We considered all the 282 firms in the first stage. In the second
stage, we focused on property management departments of the
firms, and because of the possibility of getting the same
responses from the employees working in the same department,
the third stage involved a random selection of one property
manager in each of the 282 firms. The property managers were
reached through their email addresses, which were gotten from
the firms. However, during the data collection, we prioritised
ethical considerations by seeking the firms’ consent during the
eliciting of data. The receipt of response took two months (June
and July 2021), and the analysis commenced after reaching the
saturation point. Of the total 282 property managers, only 127
filled the questionnaire. However, 121 responses, representing
42.9% of the total, were found to be useful for data analysis. The
remaining 6 questionnaires that were excluded were those not fit
for use in the analysis of data because they were not properly filled.

Data analysis
The few past related studies that used the survey method, notably Olusoga and Adegun (2022), analysed quantitative data
using mean. The studies considered the average response of the
respondents to each question on different Likert scales. For this
study, frequencies and percentages of the respondents’ background information were determined. The mean of their awareness of the potential benefits of VGSs were also determined.
However, mean and standard deviation provide subjective results
from the analysis of the direct responses of the respondents to
the problem. Thus, this study does not conclude only on mean
and standard deviation. To solve issues relating to subjectivity,
ambiguity, and imprecision (Zhao et al. 2013), a further analysis
was done using the fuzzy synthetic evaluation (FSE). FSE is
based on the fuzzy set theory, which is used to quantify and
explain biased information in a precise and objective form.
Compared to other multivariate statistical analyses, FSE relies on
the fuzzy set theory, which according to Wuni et al. (2020), uses
linguistic variables and terms in creating the distinctive imprecision in the cognition of humans. The choice of FSE in this study
follows its increasing adoption in the built environment to solve
complex issues which include the study of awareness of
a phenomenon.
The procedure for the FSE involves the establishment or
determination of factor set, weight set, evaluation set, membership function, fuzzy mean, and ranking conversion. The statistical analysis techniques for this paper include a combination of
mean and fuzzy logic, blended through Statistical Package for the
R . In this study,
Social Sciences (SPSS v. 20) and Microsoft ExcelV
the dimensions of variables and their measurement criteria considered in the FSE model are presented in Table 1.

Results
Reliability of data
We conducted a pilot study to assist construct and validate the
instrument (questionnaire). Outside the study region, 20 property managers completed the questionnaires. This study’s validation data revealed a Cronbach’s alpha coefficient of 0.922. This
is an indication that the data collected with the use of the
research questionnaire were reliable. This is given by the fact
that the alpha coefficient exceeds 0.7, which is the minimum
acceptable value for the reliability of a research instrument.
The Cronbach’s alpha coefficients for each criterion were also
analysed. Environmental benefits, social benefits, and economic
benefits had values of 0.839, 0.850, and 0.574 respectively. Whilst
the first two values are higher than the acceptable limit for
Cronbach’s Alpha, the value for economic benefits is not.
However, an Alpha value >0.5 is acceptable according to Morera
and Stokes (2016). Having mentioned that, all three dimensions
are reliable. This information is presented in Table 2.
Background information of the respondents
The section presents a discussion of the data collected from the
respondents on their background information. The information
collected includes their gender, age, years of property management practice, educational qualification, and professional qualification. The result revealed that 84.3% of the respondents were
male property managers. The dominance of male property managers in the property management practice could suggest the
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Table 1. Operationalized dimensions and measurement criteria.
S/N
1

2

3

Dimensions
Environmental benefits (En)

Social benefits (S)

Economic benefits (Ec)

Measurement criteria
Reduces a building’s internal and external
temperature – En1
Improves air quality through pollution
absorption and oxygen generation – En2
Mitigates the urban heat island effect and
microclimate – En3
Improves energy efficiency – En4
Enhances biodiversity – En5
Improves rainwater retention – En6
Provides sound insulation to the building – En7
Improves human health and wellbeing – S1
Hides/Isolate unsightly features – S2
Provides a pleasing and better environment
– S3
Improves the aesthetic of a building – S4
Provides greener skyline as part of city
branding – S5
Saves energy use – Ec1
Retrofits a building – Ec2
Creates new job opportunities – Ec3
Increases the value of a property – Ec4

Table 2. Cronbach’s alpha coefficients of the criteria.
Dimensions
Environmental benefits

Social benefits

Economic benefits

Criteria
En1
En2
En3
En4
En5
En6
En7
S1
S2
S3
S4
S5
Ec1
Ec2
Ec3
Ec4

Cronbach’s Alpha
(Criteria)
.915
.915
.915
.918
.918
.920
.920
.913
.918
.915
.916
.914
.924
.921
.916
.918

Cronbach’s Alpha
(Dimension)
.839

.850

.574

perception of female estate surveyors about property management as a very demanding practice. The analysis of the age of
the respondents showed that 69.2% of them were between 4160 years. Having 5% of the property managers aged < 31 years
suggests that it takes time to become professionally qualified
after academic graduation. The property managers that have
been practising for 16-20 years formed the majority (59.2%). This
result conforms to their age, which suggests that the practice is
heavy at the top. However, this result was good for this study
given that the respondents already had the requisite knowledge
to guarantee the reliability of the data collected. Also, the data
on the educational qualification of the respondents was collected.
The respondents with bachelor’s degrees were 29.6%, and master’s degree holders accounted for 27.8%. This result points to an
increase in the pursuit of higher degrees amongst property managers working with estate surveying and valuation firms in
Nigeria. Lastly, associates of the NIESV accounted for 61.0% of
the respondents. This result suggests that property managers
working with estate surveying and valuation firms are getting
more encouraged to be professionally qualified to improve the
profile of their respective firms.

Sources
Wong et al. (2010), Hunter et al. (2014), Hao et al. (2020),
Pan et al. (2020)
Donahue (2011), Pan et al. (2020)
Sailor (2008), Hao et al. (2020)
Raji et al. (2015), Malys et al. (2016), Hao et al. (2020)
Ottele et al. (2011), Ahsan et al. (2021)
Ottele et al. (2010), Wan (2011), Hachoumi et al. (2021)
Ottele et al. (2010), Wong et al. (2010). Pais and
Bertoli (2019)
Butkovich et al. (2008), Bringslimark et al. (2009)
Pais and Bertoli 2019)
an and Çıg
 (2016), Abd Ghafar et al. (2018)
Başdog
White and Gatersleben (2011), Abd Ghafar et al. (2018), Hao
et al. (2020), Olusoga and Adegun (2022)
Chiang and Tan (2009), Abd Ghafar et al. (2018)
Yoshimi and Altan (2011), Seyam (2019), Hao et al. (2020),
Leong et al. (2021)
Birkeland (2009), Conejos et al. (2019), Hao et al. (2020)
an and Çıg
 (2016)
Başdog
Hunt (2008), Jialin (2013), Jain and Janakiram (2016)

FSE of property managers’ awareness of VGSs’
potential benefits
In the use of FSE, the process involved is considered as follows:
i. Definition of the factor set: The factor set (f) in this study is
given as {f1, f2, f3, f4, … , f15, f16}, where f represents the list
of all the sixteen criteria.
ii. Definition of the weight set: The weight set (w) is also given
as ¼ {w1, w2, w3, w4, w5}, where w1 ¼ not aware at all, w2
¼ not aware, w3 ¼ less aware, w4 ¼ aware, w5 ¼
strongly aware
iii. Definition of the evaluation set: En ¼ {n1, n2, n3, n4, n5, n6,
n7}, S ¼ {n1, n2, n3, n4, n5}, Ec ¼ {n1, n2, n3, n4}
iv. Determine the criteria weighting and dimension weighting:
This is achieved using the formula below.
Xn
Cn ¼ Mn =
Mn Þ
Eqn. 1
i¼1
 X3

Eqn. 2
C
Dn ¼ Cn =
i¼1 n

v.

vi.

From Eqn 1 and Eqn 2, Cn represents criteria weighting,
Mn is the weighting of each measurement criterion, and Dn
is
Pnthe weighting of the dimensions. In the same vein,
mean ratings of the criteria in
i¼1 Mn represents the
Ptotal
3
each dimension and
Cn
is the total mean scores of
i¼1
the three dimensions.
Arrive at the membership functions at level 3 and level 2:
The membership functions are presented in Table 3 using
the following factor set and evaluation set.
Calculate the fuzzy mean and level 1 membership function:
In calculating the fuzzy mean, four models can be used.
These models are highlighted below (qns. 2-5).
_m
M ð Ù , vÞ, bj ¼
ðwi Ù rij Þ 8bj 2 B
Eqn. 3
_i¼1
m
ðwi x rij Þ 8bj 2 B
Eqn. 4
M ð, vÞ, bj ¼
i¼1
Xm
M ð, 丣Þ, bj ¼ min ð1,
w x rij Þ 8bj 2 B
i¼1 i
M ð Ù , þÞ, bj ¼

Xm
i¼1

Eqn. 5
ðwi Ù rij Þ 8bj 2 B

Eqn. 6

.14)
.21,

.17)

.25)
.13,

.158)
.309)
.010)
.117)
.144)
.101)
.340)
.320)
.305)
.182)
.388)
.010)
.092)
.083)
.296)
.099)
.025,
.011,
.040,
.058,
.025,
.042,
.189,
.031,
.162,
.025,
.020,
.031,
.076,
.067,
.056,
.050,
.075,
.117,
.120,
.183,
.127,
.202,
.009,
.093,
.010,
.083,
.082,
.102,
.227,
.308,
.167,
.198,

StA (5)
SlA (3)
NA (2)

.245
10.14

.309
12.82

NAAA (1)

(.467,
(.553,
(.460,
(.325,
(.364,
(.336,
(.377,
(.546,
(.457,
(.463,
(.500,
(.490,
(.345,
(.275,
(.472,
(.372,
.446
18.47

.140
.130
.127
.147
.150
.143
.162
.192
.215
.203
.211
.180
.250
.254
.246
.250
2.58
2.40
2.35
2.72
2.77
2.65
3.00
2.46
2.75
2.60
2.70
2.31
2.53
2.58
2.49
2.54

Criteria mean scores Criteria weights Dimension mean scores Dimension weights
N

120
94
100
120
118
119
106
97
105
121
98
98
119
120
108
121
Ec

S

En1
En2
En3
En4
En5
En6
En7
S1
S2
S3
S4
S5
Ec1
Ec2
Ec3
Ec4
En

NAAA – not aware at all, NA – not aware, SlA – less aware, A – aware, StA – strongly aware
NB: Membership function 3rd level (criteria) is derived as percentages of the frequencies under the 5-Likert scale.
Membership function 2nd level (dimensions) represents the sum of the product of criteria weight and each column of percentage under membership function 3rd level
e.g., Under NAAA, 2nd level membership function is derived as (.2 x .25) þ (.16 x .45) þ (.14 x .50) þ (.17 x .35) þ (.16 x .11) þ (.12 x .70) þ (.06 x 1) ¼ 0.41

.06,
.23,

A ¼ ð0:446  0:24 þ 0:309  0:13 þ 0:245  0:21Þ ¼ 0:20
StA ¼ ð0:446  0:17 þ 0:309  0:25 þ 0:245  0:14Þ ¼ 0:19

(.37,

.06,
.07,

SlA ¼ ð0:446  0:06 þ 0:309  0:06 þ 0:245  0:06Þ ¼ 0:06

.275,
.011,
.370,
.317,
.339,
.319,
.085,
.010,
.067,
.248,
.010,
.367,
.261,
.267,
.009,
.281,

(.49,

A (4)

.24,
.06,
.12,

SlA (3)

NA ¼ ð0:446  0:12 þ 0:309  0:07 þ 0:245  0:23Þ ¼ 0:13

(.41,

NA (2)

NAA ¼ ð0:446  0:41 þ 0:309  0:49 þ 0:245  0:37Þ ¼ 0:42

A (4)

NAAA (1)

In the analysis of the overall awareness level, we adopted
Eqn. 5 because of the minimal difference in the weights of
the criteria. The analysis is done as follows:

Dimensions Criteria

Membership function 3rd level (criteria)
Table 3. Level of awareness of VGSs’ potential benefits.

StA (5)
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Membership function 2nd level (dimensions)
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At level 1, the fuzzy means are presented as (0.42, 0.13, 0.06,
0.20, 0.19); they were used to calculate the level of awareness.
These are represented with Rw. Using the value derived at level
1, the overall awareness level of the property managers can be
derived using Eqn. 7.
X5
ðR x wi Þ
Eqn. 7
OAL ¼
i¼1 w
Where: OAL ¼ overall awareness levelwi ¼ the weighting of each
of the factors assessed
Rk ¼ the degree of membership function of each of the factors assessed
Using the fuzzy means, OAL is calculated as follows:
OAL ¼ ð0:42  1 þ 0:13  2 þ 0:06  3 þ 0:20  4 þ 0:19  5Þ
¼ 2:60
The level of awareness of the property managers in the case
of each dimension is calculated as follows:
En ¼ ð0:41  1 þ 0:12  2 þ 0:06  3 þ 0:24  4 þ 0:17  5Þ
¼ 2:65
S ¼ ð0:49  1 þ 0:07  2 þ 0:06  3 þ 0:13  4 þ 0:25  5Þ
¼ 2:58
Ec ¼ ð0:37  1 þ 0:23  2 þ 0:06  3 þ 0:21  4 þ 0:14  5Þ
¼ 2:53
The network showing the result of the analysis of the level of
awareness of VGSs amongst property managers is shown in
Figure 1.

Discussion of results
Environmental benefits
The results of the analysis show that the property managers’
awareness of VGSs’ environmental benefits includes the provision of sound insulation to the building, enhancement of biodiversity, improvement of energy efficiency, retention of
rainwater, and reduction of buildings’ internal and external
environment. This is all given by mean scores of approximately
3.0. Previous studies have also shown similar results (Ottele et al.
2010; Pais and Bertoli 2019; Hao et al. 2020; Pan et al. 2020;
Ahsan et al. 2021; Hachoumi et al. 2021; Olusoga and Adegun
2022). However, in contrast to Hao et al. (2020), Pan et al.
(2020), and Olusoga and Adegun (2022) findings, the results
showed that the property managers were not aware that VGSs
improve air quality and mitigate the urban heat effect and
microclimate. Also, this is contrary to the common knowledge of
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the social benefits of VGSs. This result is an indication that the
regulation of the air quality in buildings with the use of air conditioning systems is gradually erasing the memories of the past
when people believe sitting under trees, especially in summer, is
of great benefit to human health.
Economic benefits

Figure 1. Hierarchical structure of the FSE results.

why people in ancient times in Nigeria kept vegetation around
their homes. Due to rising urbanisation, property developments
are taking over the spaces reserved for green areas. The depletion
of vegetation in Lagos State could be a good justification for this
result. It was also revealed that the level of awareness of the
property managers about VGSs’ environmental benefits was the
highest with a score of 2.65. Although the result falls between
not aware and slightly aware, it tends more towards slightly
aware. In other words, the property managers were slightly aware
of the environmental benefits of VGSs.
Social benefits
With a mean score of approximately 3.0, the results showed that
the property managers were slightly aware that VGSs hide
unsightly features of buildings, improve aesthetics of buildings,
and provide a pleasing and better environment. These results
corroborate the findings of previous studies (e.g., White and
Gatersleben 2011; Başdogan and Çig 2016; Abd Ghafar et al.
2018; Pais and Bertoli 2019; Hao et al. 2020; Olusoga and
Adegun 2022). On the contrary, the results do not agree with
past studies (Butkovich et al. 2008; Bringslimark et al. 2009;
Chiang and Tan 2009; Abd Ghafar et al. 2018) that VGSs
improve human health and provide a greener skyline as part of
city branding. This is indicated by approximate mean scores of
2.0. The awareness level of the property managers about the
social benefits of VGSs ranked second with a score of 2.58,
which suggests that the property managers are slightly aware of

Supporting past studies (Birkeland 2009; Yoshimi and Altan
2011; Jialin 2013; Jain and Janakiram 2016; Conejos et al. 2019;
Seyam 2019; Hao et al. 2020; Leong et al. 2021), the result of this
study showed that VGSs saves the use of energy, helps in retrofitting a building, and increasing the value of a property. It is
expected that the property managers would agree to increase in
value given the consciousness of their role in property management which is to help their clients make an optimum return.
However, contrary to Başdogan and Çı g (2016), the property
managers were not aware that VGSs creates job opportunity. The
result also showed that the property managers were slightly
aware of the economic benefits of VGSs with a score of 2.53,
which is the lowest score among the three benefits considered.
People tend to give attention to what is of economic benefit to
their buildings. However, from this result, it can be deduced that
the property managers who are in the position of giving professional advice to their clients are also not fully aware of the economic benefits of VGSs.
Generally, the score of 2.60 suggests that the property managers’ level of awareness hovers around the midpoint. In contrast
with Yuen and Hien (2005) and Wong et al. (2010) findings, this
score shows that the property managers were slightly aware of
the benefits of VGSs. It could be said that whilst property managers have a slight awareness of the potential benefits of the systems, they have not been allowed to advise on the installation of
the systems. This could be because they are not generally recognised as part of the design-stage professionals in the built environment. Involving them at this stage is integral given the rising
campaign to tackle the issue of climate change and the consequences that come with it. This is demonstrated by Olusoga and
Adegun (2022), whose perception study of VGSs in Nigeria considered architects, builders, quantity surveyors, urban planners,
and engineers as the professionals in the built environment.
Property managers are seemingly believed to come into operation only when property development has been handed over to
the developer. This seems to be a misconception of the role of
the professionals, who like their counterparts should be
employed during the design stage of property development.
Supporting the findings of Olusoga and Adegun (2022), property
managers could only be willing to advise their clients on the
installation of VGSs if the latter agree to their benefits to the
occupants, the environment, and the building fabric.

Implications for policymaking
This study has some implications for policymaking by the appropriate stakeholders, which include the property managers, property developers, government, and many more. The results of the
study have shown that property managers are not fully aware of
the environmental, social, and economic benefits derivable from
the use of VGSs. Given the global quest to ensure a sustainable
environment and the strategic role of buildings in significantly
reducing the negative impact of carbon footprints, the role of the
property managers cannot be overemphasised. However, this role
might be hampered by their low level of awareness about the
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environmental, social, and economic benefits of VGSs. Property
managers need to be better informed of these benefits.
The contribution of buildings to global warming is significant,
and the understanding that the installation of VGSs is a cheaper
way of achieving SDGs is critical at this time. Therefore, governments all over the world find this study useful in the making of
appropriate policies to make the installation of VGSs part of the
requirements for building approval. In the same vein, the level of
awareness of property managers could be enhanced through
mandatory continuous professional seminars and workshops
organised by the NIESV. It is believed that an increase in the
level of awareness of the property managers would translate into
an increased uptake of VGSs and reduced Carbon footprints.

Conclusions
Whilst the installation of VGSs has been widely implemented in
the developed world, it is yet to be brought to the fore globally.
Therefore, this study examined the awareness of property managers about the potential benefits of VGSs on buildings in Lagos,
using the FSE model. The property managers are slightly aware
of the environmental, social, and economic benefits of VGSs
with awareness levels of 2.65, 2.58, and 2.53 respectively.
Generally, the result showed that property managers were slightly
aware of the benefits of VGSs with an OAL of 2.60. With the
results of this study, it is hoped that property managers would
be better informed about the benefits of VGSs. The awareness of
the property managers about the VGSs would bring property
owners to the consciousness of the importance of sustainability
as the latter would be rightly advised by the former. It would
also foster the policymaking on integrating VGSs on buildings in
developing countries. Whilst the study has identified implications
for the real estate practice, it yet has some limitations. It has not
considered other professionals in the built environment. It also
focused only on Lagos among the different cities in Nigeria. In
the same vein, the barriers to the implementation of the VGSs
are not also covered in the study. It is recommended that these
limitations be addressed in further studies.
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Appendix
Questionnaire
Section A
1.
2.
3.
4.

5.

I am a _________
(a) male ( ) (b) female ( )
I fall within the age bracket of ______.
(a) Below 31 years ( ) (b) 31-40 years ( ) (c) 41-50 years ( ) (d) 51-60 years ( ) (e) Above 60 years ( )
I have been a property manager for ____.
(a) 1-5 years ( ) (b) 6-10 years ( ) (c) 11-15 years ( ) (d) 16-20 years ( )
My last completed educational qualification is ______.
(a) ND ( ) (b) HND ( ) (c) BSc ( ) (d) PGD ( ) (e) MSc/MPhil ( ) (f) PhD ( ) (g) Others,
please specify: ___________________________
I am a ______ member of the Nigerian Institution of Estate Surveyors and Valuers (NIESV).
(a) probationer/graduate ( ) (b) associate ( ) (c) fellow ( ) (d) past president ( ) (e) honorary ( )

Section B
Vertical greenery systems are green vegetation installed permanently or temporarily on or against the surface of a building’s interior wall
or façade.
1. Indicate your level of awareness of the benefits of vertical greenery system.
NB: not aware at all – 1, not aware – 2, slightly aware – 3, aware – 4, strongly aware - 5

Benefits

Not aware
at all

Not
aware

Slightly
aware

VGSs help to reduce temperature inside and outside the building
They help to improve air quality through pollution absorption and oxygen generation
They help to mitigate the urban heat island effect and microclimate
They improve energy efficiency
They enhance biodiversity
They improve rainwater retention
They provide sound insulation to the building
They improve human health and wellbeing
They help to hides/Isolate unsightly features
They provide a pleasing and better environment
They improve the aesthetic of a building
They provide greener skyline as part of city branding
They help in saving energy use
They can be used for retrofitting buildings
They help to create new job opportunities
They increase the value of a property

If there are other benefits you are aware of, please state and indicate your level of awareness of your stated benefits:
________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________

aware

Strongly
aware

