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Abstract

The geographical location of Tehran city, its position among the Alborz mountains and the large number of
vehicles in circulation are among the factors that have endangered the comfort of residents and brought chaos to
urban life. These issues have doubled the need for tranquility and access to nature. Due to the high value of land,
the use of unused surfaces, including buildings’ roofs, is an appropriate way to expand green spaces. In this
regard, the present study was conducted with the aim of investigating the economic and economic-environmental
justification of the construction of a green roof in District 9 of Tehran Municipality. For this purpose, Discrete
Choice experiment, and indicators of Net Present Value, Internal Rate of Return and Benefit to Cost Ratio, have
been used. The results show that the construction of green roof is not justifiable from an economic point of view
in the study area. While, by importing the value of environmental benefits in the assessment, it leads to a net
present value of 11.349 million rials and an internal rate of return of 53 percent. The results also show that the
value of the environment that the citizens of this region are willing to pay for construction of each square meter,
is equal to an average of 5.44 million rials.
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Expanded Abstract

Introduction

Under normal circumstances, the environment is able to mitigate some of the pollution produced by
urban and industrial communities, including air pollution. But sometimes the discharge of harmful
substances into the environment is so great that the rate of cleaning of pollutants is less than the
amount of production of these substances and creates dangers. In some cases, this issue leads to crises
and disrupts daily life. Therefore, dealing with the pollution created and preventing the creation of
new sources of pollution is one of the necessities for the continuation of human life. In this regard, in
recent years, various solutions have been proposed, among which we can mention the green city. The
green city includes various dimensions of urban planning, one of the most important of which is
related to construction. In this area, the concept of green building is of particular importance. Green
building with various components helps to reduce environmental pollution, especially air pollution.
Green roof is one of the most important components in reducing air pollution and optimizing energy
consumption in green buildings. Green roof is a structure that consists of several layers and is planted
with the purpose and design of vegetation. This structure usually does not interfere with other roof
functions and can be used in both old and new buildings under construction. Since it has not been long
since the introduction of green roof technology in our country, this technology has not yet been able to
find its place among manufacturers and consumers. One of the reasons for this is the imposition of
economic costs and the existence of a mentality of economic unjustifiability and return on investment
by buyers. Accordingly, the present study evaluates the economic and environmental use of this
technology. It should be noted that so far, no study in the country has used the methods of discrete
choice experiment (DCE) and cost-benefit analysis (CBS) simultaneously and the present study is
innovative in this regard.

Materials and Methods

Economic evaluation is an essential process for calculating the potential or initial costs and benefits of
a project and examining its feasibility, which is done by estimating the costs and benefits of
implementing each project over time. In order to evaluate economic projects, in addition to economic
issues, other dimensions, including environmental effects, should be considered in decisions. In the
present study, one function of green roof in the field of aesthetic, entertainment and health is
evaluated. For this purpose, the DCE method is used for evaluation. The characteristic of the DCE
method is that the product is described based on a number of its features. As a result, they can be used
to examine consumers' reactions to changes in the properties of goods. This method has six steps,
which are: 1) Selection of features and allocation of levels 2) Selection of statistical design 3)
Construction of selection and blocking sets 4) Design of questionnaire, selection of statistical
population, sample size and sampling method 5) Coding of levels 6) Economic model.

The model used in the present study is an experimental model that takes into account the studies and
research conducted in the field of DCE, including Rokamo, 2016; Costa et al., 2018; Selected and
expressed in the following form: Choice; = ASC + f1Xq; + -+ BsXq; + 812y + -+ 6;Zj; + &
Where “choice” is a dependent variable and indicates the choice of individuals. This variable indicates
the choice of people from the three alternatives in each selection set. “ASC” is a fixed alternative that
accepts the number one, if individuals are willing to pay (options 1 and 2), and zero if they are
unwilling to pay or maintain the status quo (option 3). “X”s are specific properties of the alternatives
(three green roof properties with price) and “B”’s represent their coefficients. In the above model, “Z”
represents the individual-economic characteristics of individuals, which are multiplied by P (price)
and “8” are their coefficients. After calculating the willingness of individuals to pay, the numbers are
entered into the economic analysis as the environmental benefits of the green roof and compared with
its costs. In order to accept or reject the investment plan in the framework of this analysis, three
criteria are used, which are: benefit to cost ratio (BCR), net present value (NPV), and internal rate of
return (IRR). In order to perform cost-benefit analysis and calculate the above indicators, it is first
necessary to consider assumptions. These assumptions in the present study are: Basic year: 2019 AD.
Review period: 30 years. Discount rate: 25%. Initial cost of green roof: 10 million rials per square
meter. Annual maintenance and irrigation cost (monthly cost x12): 3.6 million Rials per square meter.
Cost of replacing ordinary roof insulation: 0.5 million rials per square meter. Annual value-added
property in District 9 of Tehran Municipality: 3.5 million Rials per square meter. The annual value of
aesthetic, recreation and health in District 9 of Tehran Municipality, taking into account the
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willingness to pay maximum, average and minimum, respectively: 6.2 million rials per square meter,
5.44 million rials per square meter and 4.69 million rials per square meter.

Discussion of Results

According to the results of the descriptive part of the study, 53.3% of respondents in this area are men
and 46.7% are women. The average age of the respondents was 40.7 years, with the highest relative
frequency belonging to the category of "less than 30 years" and "30 to 40 years" and the lowest
relative frequency belonging to the category of people over 50 years old. In terms of marital status,
most of the respondents were married, which made up 87% of the population (it should be noted that
in order to increase the accuracy of the questionnaire, respondents who are single and live in their
father's house or with their family were excluded from the sample. Therefore, all respondents had a
relatively good understanding of the cost of living and housing in their area of residence). Regarding
the number of family members (or the number of housemates), the average number of members is
3.18, with the highest relative frequency belonging to the category "2 persons and less" and the lowest
relative frequency belonging to the category "more than 5 persons”. Regarding the level of education,
the highest frequency is related to the level of master's degree and the average level of education is
14.98 years, which indicates the high level of general education among the respondents. According to
the data, 91.6% of the respondents are employed and 8.4% are unemployed (it is worth mentioning
that students and housewives are in the category of unemployed). Regarding monthly expenses, the
highest frequency is related to the category of 10 to 30 million rials, which accounted for 58.33% of
people. Regarding the housing ownership status of the residence, the majority of people are landlords,
of which 61.6% are respondents and 38.4% are tenants. Of these, 67% live in apartment houses and
33% in villas. Most of the respondents lived in the first floor (with a relative frequency of 40%) and
the average residential class was 2.4.

Before interpreting the results of the estimated model, it is necessary to examine the assumption of the
independence of irrelevant alternatives (I1A), because if this assumption is not met, there is a
possibility of bias in the results and another model should be used. The results of Hausman-McFadden
test in the present study show that the assumption of I1A test is not rejected and the conditional logit
model is a suitable model for estimation. According to the results of model estimation, the value of
Peseudo R2 in this model is equal to 0.2896, which is an acceptable value. The value of the statistic
x2, which is the ratio of likelihood and shows the overall significance of the coefficients, is equal to
153.98 and the probability related to it is zero, which indicates the overall significance of the model
and the appropriateness of the model and the variables used in it. Among the green roof features that
are selected, except for specific alternative fixed variables, extensive construction method, centralized
construction method and dominant grass cover, other variables are significant. In terms of the
coefficient sign, it can be seen that the specific alternative constant has a negative sign, which
indicates that the respondents are generally unwilling to pay the amount and change the current
condition of their roof, and this does not increase their desirability. Among the features, the composite
cover has a negative coefficient, which means that among the respondents who are willing to pay,
people do not prefer the use of the composite cover to the current condition of their roof and their
desirability does not increase with the change from the current status. The percentage of greenery has
a positive coefficient between 30% and 60% and more than 60%, which means that as we move away
from the current state of the roof and move towards greenery, people's willingness to pay increases.
Regarding the price feature, the negative coefficient indicates that with the increase in the cost of
green roof, the willingness of people to pay extra to use this technology decreases.

Among the socio-economic characteristics of the respondents, the gender variable has a positive
coefficient, which indicates the greater willingness of male respondents than female respondents to
pay extra for the construction of a green roof. A negative expenditure coefficient indicates that as the
expenditure increases, the willingness to pay decreases. Based on the collected data, it was found that
people with larger families have more expenditure, and this may indicate the reason for the inverse
relationship between expenditure and willingness to pay, because larger families have more expenses
and have more necessary costs than building a green roof. are. Another variable that has a positive
sign is education, which indicates a direct relationship between people's willingness to pay and years
of education, meaning that the higher educated people are, the more willing they are to pay to have a
green roof. The variables of home ownership status and type of house also have positive coefficients,
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which according to the coding performed, indicate that landlords were more willing to pay extra than
tenants and owners of villa / yard houses than apartment owners.

According to the results of calculating the willingness to pay, the highest amount that people are
willing to pay is equal to 6.2 million rials per square meter and the lowest amount willing to pay
equals to 4.69 million rials per square meter. It can also be said that people are willing to pay an
average of 5.44 million rials per square meter for a green roof. Meanwhile, the highest willingness to
pay with a figure equal to 6.2 million rials per square meter is related to the percentage of greenery
more than 60% and the lowest willingness to pay is related to the percentage of greenery between 30%
to 60%, which is equal to 4.69 million Rials per square meter. It is worth mentioning that due to the
insignificance of the coefficients for the characteristics of the implementation method and the negation
of the coefficients of the type of coating, these coefficients are not included in the analysis and as a
result the willingness to pay is equal to the willingness of individuals to pay for green roof percentage.
Finally, the results of economic evaluation indicators were calculated. These indicators are first
calculated from an economic point of view, meaning that only the costs and economic benefits of a
green roof are taken into account. Then, by introducing environmental benefits, the construction of a
green roof has been examined from an economic-environmental point of view. From a purely
economic point of view, the numbers related to financial indicators indicate that if we consider only
the economic benefits and costs of building a green roof, this plan in this region is not justifiable. So
that in the period under review, the net present value for this numerical region is less than zero and the
internal rate of return is not defined for it. But these numbers improve with the introduction of
environmental benefits. So that in the state of maximum willingness to pay, the net present value has
reached 14.385 million rials. In this case, the internal rate of return reaches 61%. Taking into account
the average willingness to pay the net present value reaches 11.349 million rials. In this case, the
internal rate of return reaches 53%. Taking into account the minimum willingness to pay, the net
present value reaches 8.353 million rials, in which case the internal rate of return will reach 46%.

Conclusions

The results showed that the construction of a green roof was unjustifiable only in terms of economic
benefits and costs, so that the net present value was -10.385 million rials per square meter, which is
less than zero, indicating unjustifiability, and therefore the internal rate of return is not defined for it.
By adding environmental benefits and costs, taking into account the maximum willingness to pay, the
net present value reaches 14.385 million rials. In this case, the internal rate of return is equal to 61%.
Taking into account the average willingness to pay, the net present value reaches 11.349 million rials.
In this case, the internal rate of return is 53%. Taking into account the minimum willingness to pay,
the net present value reaches 8.353 million rials, in which case the internal rate of return will reach
46%. According to the theoretical foundations of the field of economic evaluation, the positive net
present value, higher domestic rate of return than the current interest rate in the country (bank interest
rate) and greater than one cost-benefit ratio, make a project economically justifiable, which
Considering only two benefits (beauty, recreation, health and economic added value) among all the
benefits of green roof, in District 9 of Tehran Municipality, this project is purely economically
unjustifiable and is justified by the inclusion of environmental benefits. According to the results of
collecting the questionnaire in the section of individual-economic attitude, the majority of people
believe that in Tehran there is no culture of using green roofs collectively, so the need for culture in
this area is felt and it is necessary to negotiate and consult with organizations such as The
Environmental Protection Organization and the municipality should be trained and cultured in the field
of using these common spaces. Also, the majority of people believe that using this technology is costly
and its use requires the support of government organizations and the existence of incentives.
Therefore, it is suggested that the district municipality take action through incentive policies in areas
such as toll collection, completion of work, obtaining permits and density.
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