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Abstract  

Tehran is the capital city of Iran and its inhabitants are suffering from air pollution. 
Green roofs can be one of the choices to deal with this problem. In this paper, ability of 
green roofs in absorbing four air pollutants (PM10, SO2, NO2, and CO2) in Tehran was 
valuated. First, the potential of 1 m2 of a hypothetical green roof in Tehran in absorbing 
PM10 and SO2 during 1 year was estimated using a dry deposition model. Absorbing 
potential of green roof for NO2 and CO2 was taken from other studies. Next, the reduction 
of each air pollutant was valuated using replacement cost method. Then, results were 
generalized to the total roof areas of the residential buildings in Tehran for the green roofs 
life span. Estimations showed that value of green roofs covering an area of 94,093,625 m2 

in reducing PM10, SO2, NO2, and CO2 during 50 years in Tehran will be 506,361,775 $. 
 
Keywords: Extensive green roof, Air pollution, Valuating ecosystem services, Replacement 
cost method, Dry deposition. 1 
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Introduction 
Green roof is a suitable choice to increase 
urban green spaces. It contains living 
vegetation, and can have the same 
ecosystem services that other green spaces 
offer, including improvement of storm 
water management (Carter and Jackson, 
2007; Mentens et al., 2006), reduction of 
urban heat island effect (Takebayashi and 
Moriyama, 2007; Arabi et al., 2015), 
conservation of energy (Saiz et al., 2006; 
Carter and Keeler, 2008), and reduction of 
air pollutants (Li et al., 2010; Currie and 
Bass, 2008; yang et al., 2008; Clark et al., 
2008; Getter et al., 2009). In Iran, the 
original idea of increasing urban green 
spaces by installing green roof was 
welcomed, but its relatively high price has 
made the idea infeasible. Valuating the 
environmental benefits of this technology 
along with other efforts can be a step to 
rationalize and encourage their use. In this 
paper, the focus was on air pollutant 
reduction ability of green roofs and the 
economic value of this service. The study 
area was Tehran, capital city of Iran. The 
most important environmental problem of 
Tehran is air pollution that costs its citizens 
a lot of hygienic, social, and economic 
impacts (annual report of Tehran’s air 
quality in 2011). The reduction of four air 
pollutant levels (PM10, SO2, NO2, and CO2) 
by hypothetical extensive green roofs in 
Tehran and their economic value were 
estimated in this paper. To measure the 
amount of pollutants absorbed by green 
roof plants, different methods have been 
introduced. For instance, Li et al. (2010) 
used field measurements, a small model, 
and computer simulation to calculate the 
role of green roof in decreasing CO2. Currie 
and Bass (2008) used module-D (Dry 
Deposition Model) of UFORE1 model to 
compare the reduction amount of four air 
pollutants (NO2, SO2, O3, and PM10) by 
different compositions of plants (including 
trees, shrubs, and green roofs and walls). 
UFORE is a computer model that uses field 
data (such as land use, percentage of tree 
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cover, and building information) along with 
hourly weather and pollution concentration 
data to quantify the effect of urban 
vegetation on air pollution and its economic 
value (Currie and Bass, 2008). Yang et al. 
(2008) used a dry deposition model to 
estimate the reduction of four pollutants 
(NO2, SO2, O3, and PM10) by green roofs in 
Chicago. They used some algorithms to 
calculate the dry deposition velocity of each 
air pollutant. Clark et al. (2008) translated 
the amount of NOX reduction in 217 species 
(Morikawa et al., 1998) to NO2 reduction 
by sedums on green roof. Getter et al. 
(2009) measured the potential of green roof 
in carbon sequestration in several plots with 
four species of sedums (S. spurium, S. acre, 
S. album, and S. kamtshaticum), different 
substrate depths, and alternative plant ages. 
In this paper, the average absorption levels 
of NO2 and CO2 were respectively taken 
from Clark et al. (2008) and Getter et al. 
(2009), and reduction of PM10 and SO2 
were measured using a dry deposition 
model.  

In the next step, the pollution removals 
were valuated. There are few published 
papers focusing on valuating pollution 
abatement or other ecosystem services of 
green roofs. Clark et al. (2008) applied two 
estimation methods used by EPA2 to 
valuate the reduction of NO2 by green 
roofs. These methods were developed by 
EPA as part of a regulatory impact analysis 
of NOX reduction in 1998, in which 
economic value of reducing premature 
deaths and cases of chronic bronchitis were 
calculated (Clark et al., (2008) from U.S. 
EPA, (1998)). Currie and Bass (2008) 
calculated the value of urban vegetation in 
reducing air pollutants using UFORE 
database, which is based on the cost of the 
air pollution to health and the environment. 
In the present study, alternative cost method 
was used to valuate the reduction of each 
pollutant. Finally, results were generalized 
to the total roof areas of residential 
buildings in Tehran and during green roof’s 
life.  
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Materials and methods 
This research had 3 steps: 1. Calculating 
absorption levels of PM10 and SO2, 2. 
Estimating the value of green roof for 
pollutant absorption function, and 3. 
Generalizing the value of green roof in air 
pollution reduction. In steps 1 and 2, all 
measurements were for 1 square meter of a 
hypothetical extensive green roof in Tehran 
and for a one-year time period. In step 3, 
economic value of green roof in reducing 4 
air pollutants (PM10, SO2, NO2, and CO2) in 
the whole life span of these roofs and in a 
hypothetical condition in which most of 
Tehran’s roofs are covered with it, was 
estimated. Calculations were based on the 
characterizations of sedum plants because 
sedums are the most commonly used plants 
on green roofs (Lucket, 2009; Dunnett et 
al., 2011). 

In this section first the formula for 
calculating the amounts of reduction in 
PM10 and SO2 and its elements, and then the 
ways to valuate the reduction of each 
pollutant are described. Then, the method to 
generalize the results is explained. 
 
Calculating absorption levels of PM10 and 
SO2 
In order to calculate the potential of green 
roof in absorbing PM10 and SO2, a dry 
deposition model (equation 1) was used. 
Powe and Willis (2004) used this equation 
to survey the amounts of absorption of 
PM10 and SO2 by forest ecosystems.  
ABSORPTION = FLUX × SURFACE × 
PERIOD (1) 
Where:  
FLUX = deposition velocity (m s-1) × 
pollutant concentration (µ/m3) 
SURFACE = area of land considered (m2) 
× surface area index (m2 per m2 of ground 
area) 
PERIOD = period of analysis (s) × 
proportion of dry days × proportion of in 
leaf days 
Deposition velocity of PM10 and SO2 were 
considered 0.001 and 0.0002 respectively 
(Powe and Willis, 2004). Average annual 
pollutants’ concentration was derived from 
annual report on air quality of Tehran in the 
year 2012. Surface Area Index (SAI) of 
green roof was considered as 3 (Currie and 

Bass (2008) from Kenny (2001)). Period of 
analysis was 1 year, and proportion of dry 
days was calculated by discounting the 
average number of rainy days during 5 
years. By assuming sedum plants as ever-
green, proportion of in leaf days was 
considered as 1. 
 
Estimating the value of green roof for 
pollutant absorption function 
There are various ways for valuating 
ecosystem services. In this study 
Replacement Cost Method or Alternative 
Cost Method (used by Shabman and Batie 
in 1978) was applied. As their name 
suggests, the methods estimate the cost of 
replacing environmental recourses with a 
manmade product. There can be different 
alternatives for an environmental service, 
and the selected alternative should have the 
least cost in comparison with other options 
(Shabman and Batie, 1978). Here, replacing 
technology for reducing each pollutant is 
explained separately. 
PM10: Scrubbers, bag houses and 
electrostatic precipitators are some tools to 
remove particles. These technologies are 
being used in industries like cement, and 
steel production. Jafari et al. (2011) 
surveyed cost and energy consumption of a 
venturi scrubber and an electrostatic 
precipitator attached to a blast furnace, in 3 
different furnace capacities of 3, 6, and 12 
tons, in a steel industry over 20 years. To 
estimate the total investment cost, they 
calculated the costs related to buying, 
installing and commissioning, depreciation 
and annual interest in purchase and 
installation cost (using the discount rate and 
bank interest in 2011), as well as the annual 
energy cost with regard to the amount of 
power consumption, the annual 
performance and the real price of electricity 
in 2011. Their results showed that a venturi 
scrubber attached to a furnace with a 
capacity of less than 3 tons is 
environmentally and economically better 
than other options (Jafari et al., 2011); 
therefor, these criteria were used in the 
current paper. According to Jafari et al. 
(2011) a venturi scrubber will cost 
23,405,650 Rials, considering that dollar 
price in 2011 equaled about 256,573 
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thousand dollars. Production of one ton of 
steel in a furnace with low capacity 
generates about 10 to 40 (average 25) 
kilograms of particulate matter (The World 
Bank Group, 1999), 60% of which has a 
diameter less than 10 microns (Emission 
Inventory Guidebook, 2006). Also, 
efficiency of the precipitator was 99% 
(Jafari et al., 2011), so 14.85 kilogram of 
PM10 is infiltrated per ton of produced steel. 
By considering annual working hours of the 
precipitator (Jafari et al., 2011) and 
precipitator’s capacity, each year 130,086 
kilograms of PM10 is trapped by the 
described precipitator, so the cost for each 
kilogram of it is about 180 rials (164×10-4 
$).  
SO2: Nik Eghbali et al. (2014) simulated 
the absorption processes of SO2, NO2, and 
CO2 in a new Fluid Catalytic Cracking Unit 
(FCCU) of Abadan refinery using caustic 
phosphate buffer method in HYSYS 
Refinery software. They calculated that 
reducing each ton of SO2 costs 703 dollars 
(Nik Eghbali et al., 2014). 
NO2: The shadow price of NOX in Iran’s 
power houses was estimated at 14990.9 
rials per kilogram of this pollutant 
(equivalent to 1.45 dollars), using economic 
and statistical models (Esmaeili and 
Mohsen Poor, 2010). Also Nik Eghbali et 
al. (2014) estimated the cost of reducing 
each kilogram of NO2 by scrubbers in 
FCCU to 0.292 dollars. Since the estimated 
cost in Nik Eghbali et al. (2014) was less 
than that in Esmaeili and Mohsen Poor, 
(2010), 0.292 dollars was used in this 
paper. 
CO2: Nik Eghbali et al. (2014) estimated 
that reduction of carbon dioxide costs 0.153 
dollar per kilogram. 
 
Generalizing the results 
For better understanding the role of green 
roof in air pollution reduction in Tehran, 
the value of reducing aforesaid pollutants 
was estimated for green roofs life span and 
in a hypothetical situation in which almost 
all the residential roofs in Tehran are 
covered with extensive green roof. The 
approximate life of a green roof can be 40 
(Bianchini and Hewage, 2012 and Clark et 
al., 2008) to 60 (Luckett, 2009) years. In 

this paper, the average life of a green roof 
was assumed 50 years. The total roof areas 
of residential buildings in Tehran were 
estimated using information of the number 
of ordinary residential units and their area. 
Using this report’s information, the 
approximate area of all residential units in 
Tehran in 2006 was calculated about 207 
square kilometers (statistical center of Iran, 
2009); In this report, the number of floors 
in each building was not mentioned, so for 
example, in a 4 story building, the area of 
substructure is counted 4 times. Since the 
average number of floors in residential 
buildings in Tehran is 2.2 (the latest details 
of detailed plan of Tehran, 
www.consbank.com), so we estimated the 
approximate area of roofs for residential 
buildings in Tehran to be about 94,093,625 
square meters in 2006. By considering the 
total area of Tehran (594 square kilometers 
(statistical center of Iran, 2009)) at least 
15% of the city is covered with roofs. It 
should be mentioned that nonresidential 
buildings were not considered in this 
estimation; besides, growth of city’s total 
area and the number of buildings in it from 
2006 to present are not deniable. On the 
other hand, some roofs are not strong 
enough to bear green roof’s weight; also, 
only parts of a roof can be covered with 
green plants. Therefore, by accepting the 
errors and because of the lack of exact 
information, the 94,093,625 square meters 
of the area in Tehran were assumed to have 
the potential to be covered with green roofs. 
 
Results and Discussion  
Summary of results are shown in Table 1. It 
can be seen that, the calculated absorbing 
potential of PM10 and SO2 were less than 
NO2 and CO2, because of the difference in 
estimating methods. For the first 2 
pollutants, just the amounts of absorption 
by depositing on plant’s leaves were 
estimated, but the amounts of nitrogen 
dioxide and carbon dioxide were estimated 
by drying all parts of the plants and 
studying their biomass in laboratory 
(Morikawa et al., 1998; Getter et al., 2009). 
The total pollution removal amount of 
green roofs was 6.175875 gr/m2 for PM10 
and SO2 and 457.5 gr/m2 for NO2 and CO2. 
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Since the methods of estimating the 
absorbing potential of these pollutants were 
not the same, we cannot compare the 
absorption amounts of 4 pollutants with 
each other. The method for calculating 
absorption amounts of pollutants was not 
the same in this study. We preferred to use 
the findings of Clark et al. (2008) and 
Getter et al. (2009) for NO2 and CO2 
absorptions because they took data from 
real plants and seemed more accurate than 
estimations by models. We recommend 
further studies to calculate the amounts of 
other air pollutants in green roof plants 
biomass. It should be noted that such 
studies still contain errors. Because plants 
mitigate the air pollution not just by 
absorbing the pollutants, but also through 
reducing air temperature. In latter case, less 
energy will be needed for chilling the 
indoor air, which consequently reduces the 
energy requirement, leading to fewer 
emissions from power plants (Rowe, 2011). 

The sum of absorption for two air 
pollutants (PM10 and SO2) in our study was 
relatively higher than the absorption 
amounts of 4 air pollutants in other studies; 
Yang et al. (2008) using a dry deposition 
model, estimated that green roofs in 
Chicago can reduce 8.5 grams of O3, NO2, 
PM10, and SO2 per square meter during 1 
year. Results of Currie and Bass (2008) 
showed that in a scenario in which 20% of 
roofs in a 1216 ha area in midtown of 
Toronto are covered with grass, 3.05 mg of 
air pollutants (including NO2, SO2, O3, and 

PM10) will be reduced. This number 
changed to 7.52 mg in a different scenario 
when all available roof surfaces in that area 
were covered with grass (Currie and Bass, 
2008). The main reason for the difference 
in absorption in these studies and ours is the 
method of modeling and calculation; in 
fact, the dry deposition model that we used 
in this study was similar to the ones used in 
Yang et al. (2008) and Currie and Bass 
(2008) but the appointed numbers for 
deposition velocity and SAI are not the 
same. Also, pollutant concentration and 
meteorological conditions of the study area 
influences the results.  

The value of absorbing each pollutant is 
shown in Table 1. In this study we used the 
Alternative Cost Method to valuate the 
pollution absorbing ability of green roofs, 
while there are other methods for valuating 
ecosystem services. For example, Clark et 
al. (2008) translated annual uptake of NO2 
(0.27 kg) by 1 m2 of green roof to health 
benefits, about 0.45 $ (in their low benefit 
scenario) and 1.72 $ (in their high benefit 
scenario). Pollution removal value of green 
roofs in a scenario in which 20% of roofs in 
a 1216 ha area in midtown of Toronto are 
covered with grass and in a different 
scenario when all available roof surfaces in 
that area are covered with grass were 
calculated to 17481 $ and 43106 $ 
respectively by Currie and Bass (2008). 
Monetary values differ among countries in 
terms of their priorities for funding health 
care (Currie and Bass, 2008). 

 
Table 1. Summary of results 

 Absorbing potential 
in 1 m2 in 1 year (gr) 

Value of absorbing 1 
kg of the pollutant ($) 

Value of absorbing in 1 
m2 in 1 year ($) 

Value of absorbing in 
94,093,625 m2 during 50 

years ($) 
PM10 6.175064 164×10-4 10×10-5 476,448 
SO2 0.000821 703×10-3 58×10-8 2,715 
NO2 270 292×10-3 79×10-3 370,917,069 
CO2 187.5 153×10-3 28×10-3 134,965,543 
Total 463.676 1.1644 107×10-3 506,361,775 

 
According to our results, the total value 

of green roofs in reducing the amounts of 
PM10, SO2, NO2, and CO2, during 50 years 
and in a condition in which 94,093,625 m2 
of roofs in Tehran are covered with these 
green plants will be 506,361,775 $. The 

cost of air pollution in Tehran for 4 
pollutants (PM, NOX, SO2, and CO) was 
estimated at about 18.06 × 1012 rials 
(1,647,509,578 $) in 2011 (Esfahanian et 
al., 2013). Hence, when green roofs cover 
is about 15% of Tehran’s area, only 0.61% 
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of the costs of air pollution will be reduced 
by these green areas. Although this is a low 
percentage, green roofs are still a good 
opportunity to change a roof to a place 
where plants can grow because mitigating 
air pollution is just one of green roof’s 
benefits.  
 
Conclusion 
Green roof has been recognized as a green 
technology all over the world, but in the 
countries where the idea is still new, its 
relatively high price is the initial and the 
most important obstacle in its propagation. 
Getting policy makers and city residents 

aware of the ecosystem services of the 
plants on green roof and valuating these 
services can help to show the importance of 
using this technology in contemporary 
cities. This research was the first to survey 
ecosystem services of green roofs in Iran. 
In this paper, we focused on the value of 
green roofs in reducing 4 air pollutants, and 
our results indicated that value of absorbing 
these pollutants in 1 m2 in 1 year is 107×10-

3 $. Valuating absorption amounts of other 
air pollutants along with other ecosystem 
services of green roofs in further studies 
will shed more lights on our results.  
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