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ABSTRACT: In many industrialized areas, the highest concentration of particulate matter, as a major concern on public
health, is being felt worldwide problem. Since the air pollution assessment and its evaluation with considering spatial
dispersion analysis because of various factors are complex, in this paper, GIS-based modeling approach was utilized to
zoning PM2.5 dispersion over Tehran, during one year, from 21 March 2014 to 20 March 2015. The RBF method was
applied to obtain the zoning maps and determining the highest concentration of PM 2.5 in the 22 Tehran’s regions for each
season. The RMSEmin values according to the number of neighbors and types of functions in the radial basis function
method, including completely regularized spline, Spline with tension, Multiquadric function, Inverse multiquadric
function, and Thin-plate spline for each month have been assessed. By performing analysis on the errors, the numbers
of neighbors were estimated. The numbers of neighbors in the model for each function were varied from 2 to 30. The
results indicate that the models with 3 and 4 neighbors have the best performance with the lowest RMSE values with
using RBF method. The highest PM 2.5 concentrations have been occurred in the summer and winter especially at the
center, south, and in some cases at northeast of the city.
KEYWORDS: Air pollution; Completely regularized spline (CRS); Inverse multiquadric function (IMF); Multiquadric

function (MF); PM2.5 concentrations; Radial basis function (RBF) method; RMSEmin; Spline with tension (SWT); Tehran’s
regions; Thin-plate spline (TPS)

INTRODUCTION
Over the past few decades, the issue of particular
matter (PM) had increasing negative impacts on human
health and environment, due to population growth,
energy utilization, global urbanization and
industrialization all over the worlds (Zhang et al., 2012;
Liu et al., 2013; Han et al., 2014; Hu et al., 2014; Huang
et al., 2014; Lary et al., 2014; Lin et al., 2014; Song et
al., 2015; Wang and Ogawa, 2015; Trizio et al., 2016).
The coarse particles are mixture of various materials
which may include metals, ions, minerals, organic
content, PAH, soot, microorganism, etc. The air quality
index with considering PM has exceeded the standard

values at more regions in Tehran as an industrialized
area.
The researches in the air pollution fields have
indicated that an effective solution to dispersion
modeling of PM is the application and implementation
of a geographic information system (GIS) in which
measured data after analyzing can be used for
obtaining the zoning maps (Cyrys et al., 2005; Saleh,
2014).
In recent years, inhabitants of metropolitan Tehran
have suffered air pollution in high levels, as well as
serious environmental damages causing increase of
mortality in a steady state. (Nayeb Yazdi, 2015). In this
study, to assess environmental air pollution through
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Tehran city, monthly recorded PM 2.5 concentration
datasets, during one year, from 21 March 2014 to 20
March, 2015 have been collected. To normalize huge
number of data, avoiding less effective values, the lag
effects are filtered and the concentration data have
been implemented on rush hour values upon weighted
coefficient. To develop spatial dispersion maps of PM2.5
over Tehran using radial basis function (RBF) method
and evaluation the sensitivity of its parameters, the
authors used the monthly average concentration of
PM2.5. Accordingly, GIS technics help determine the
highest levels of PM2.5 concentrations in the Tehran’s
regions.

Choobari et al., 2016b; Lalehpour, 2016) This so wide
range of yearly climate changes makes the overall
environmental situation complicated in Tehran. Some
of effective factors making the situation complicated
are: The climatological and topographical conditions
of the city which is surrounded from North and East
sides by mountains, contributing to low winds and
low rainfall. On the other side, lack of the rationalized
and justified public transportation system, time
wasting administrative serviceability, old system of
bureaucracy, mostly use of fossil fuel for heating and
energy, obsolete transport vehicle technology and high
average life of a vehicle fleet, the large number of private
cars, minibuses, buses, vans, trucks, and motorcycles,
low fuel prices subsidized by the government causing
little incentive for fuel conservation, low quality of
fuels, low proportion of trees and green areas, litter
incomplete burning during nights at city sides, general
heavy traffic due to poor urban planning, not observing
the traffic rules by the public which has contributed to
congested road space, poor municipality knowledge
and training level, and finally, the economic and social
problems caused in part by the population growth due
to the immigration to the capital, and unsatisfactory
levels of public awareness on environmental issues.
(Lalehpour, 2016; Redzuan et al., 2013) There are 22
climatological stations to measure and monitoring air
pollutants, across Tehran. Unfortunately, only 19
stations are able to measure PM 2.5 emissions.
(Memarianfard et al., 2017) The geographical map of
Tehran and the locations of the ambient air pollution
Monitoring stations with considering PM2.5 have been
shown in Fig. 1.

MATERIALS AND METHODS
Case Study
Tehran city with a population of around 9 million is
the capital of Iran and center of Tehran province.
(Statistical Centre of Iran, 2012) Tehran Meteorological
Station specifications with longitude of 51.23N and
latitude of 35.44E with a height of 1419 meters from the
sea level have been considered in this research. (Vakili
et al. 2015) This city has been divided into 22 districts,
as the largest city and urban area across Iran, the 2ndlargest city in Western Asia, and the 3rd-largest in the
Middle East. (WHC; 2016, Memarianfard et al., 2017)
The annual mean rainfall is about 230 mm during four
seasons of year. The average annual temperature is
17-°C. The maximum yearly temperature is 39°C in
summer and -6 °C in winter. The annual mean humidity
is 40% and the highest monthly average humidity is
65% in January and the lowest mean is 24% in July and
August. (Alizadeh-Choobari et al., 2016a; Alizadeh-

Fig. 1: The study area of research performance and air pollution monitoring stations in Tehran City
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Method scheme
To assess environmental air pollution through
Tehran city, during one year, from 21 March 2014 to 20
March 2015, monthly recorded PM2.5 concentrations
have been collected. To normalize huge number of data,
avoiding less effective values, the lag effects are filtered
and the concentrations have been implemented on rush
hour values upon weighted coefficient. To develop
spatial dispersion maps of PM2.5 over Tehran using
RBF method and evaluation the sensitivity of its
functions, the authors used the monthly average
concentrations of PM2.5.
The RBF interpolation fits a minimum-curvature
surface through the input points using piece-wise
functions. Conceptually, just like a rubber sheet that is
bent around the sample points, it fits a mathematical
function to specified number of nearest points exactly.
At the same time, it ensures that the joints between
one part of the curve and another are continuous
through averaging, while minimizing the total curvature

of the surface. This method is the best for gently
varying surfaces such as elevation, water table heights,
or pollution concentrations.
In the RBF network, the Gaussian function is often
used as the nonlinear transfer function in the hidden
layer (Lu et al., 2004).
RESULTS AND DISCUSSION
In this research, the RMSEmin values according to
the number of neighbors and types of functions in the
RBF method, such as completely regularized spline
(CRS), Spline with tension (SWT), Multiquadric
function (MF), Inverse multiquadric function (IMF),
and Thin-plate spline (TPS) for each month have been
assessed. Results of the RMSEmin assessment versus the
number of neighbors and types of functions, such as
CRS, SWT, MF, IMF, and TPS are shown in Fig. 2 and the
corresponding values are presented in Table 1.
Also, Fig. 3 shows number of RMSEmin for each number
of neighbors with regards to all types of stated functions.

Fig. 2: Results of the RMSEmin assessment versus number of neighbors and type of functions, including CRS, SWT, MF, IMF
and TPS
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Obviously, neighbor number 3 can be introduced as
the best case due to presenting the maximum number of
minimum root of mean square errors. In this research, the
results of the zoning maps modeling of fine particulate air
pollution using GIS-based method with considering PM2.5
have been presented. For calculation purposes, RBF
application was utilized to obtain Tehran’s zoning maps.
The spatial dispersion of PM2.5 concentrations contours

maps upon the use of RBF method during the months of
summer seasons in Tehran’s regions are shown in Fig. 4.
Also, similar maps for the 3 months of winter are shown in
Fig. 5. Clearly, the most critical zones for these two season
times are at the center, south, and in some cases at
northeast of the Tehran city, while the clean area are north,
north-west, and in some cases across north-east zones
due to the existing fresh wind entrance and circulation path.

Table 1: Total number of the RMSEmin versus five functions: CRS, SWT, MF, IMF, and TPS and the number of neighbors from
3 to 15
Number of
neighbors

CRS

SWT

MF

IMF

TPS

Total

3

6

5

7

3

5

26

4

2

3

2

2

2

11

5

2

1

2

2

1

8

6

1

0

1

1

2

5

7

0

1

0

2

0

3

8

1

1

0

0

0

2

9

0

0

0

1

0

1

10

0

1

0

0

0

1

11

0

0

0

1

1

2

12

0

0

0

0

0

0

13

0

0

0

0

0

0

14

0

0

0

0

1

1

15

0

0

0

0

0

0

Fig. 3: Results of the RMSEmin assessment with considering number of neighbors and total number of the RMSE min for all types
of functions, including CRS, SWT, MF, IMF, and TPS.
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Fig. 4: Model results of fine particulate air pollution contours map using RBF-based approach for PM 2.5 monthly averaged for
three months of summer season in Tehran

Fig. 5: Model results of fine particulate air pollution contours map using RBF-based approach for PM 2.5 monthly averaged for
three months of winter season in Tehran

CONCLUSION
A GIS-based method was proposed for developing the
zoning maps can be used as an idea for presenting
distribution of air pollution over an industrialized city. In this
research, the proposed model results are as PM 2.5
concentrations contours maps across any city, presenting
averaged values during a certain period of times or at any
certain specific time lead to control zonal urban air quality of
cities.
Upon the use of certain numerical algorithms, by
performing analysis on the errors, the numbers of neighbors
corresponds to number of RMSEmin were estimated to carry
out the case of neighbor with maximum number of RMSEmin
participating in error estimation. The numbers of neighbors
in the model for each function introduced as RBF were varied
from 2 to 30. The model results indicate that the case with 3
and 4 neighbors have the best performance with the lowest

RMSE values and the most number of RMSEmin with using
proposed functions.
According to proposed method, the highest PM2.5
concentrations have been carried out and presented in the
summer and winter times, especially at the center, south, and
in some cases at northeast of the Tehran city which are the
most critical zonal and times.
ACKNOWLEDGEMENT
The authors would like to thank the anonymous
reviewers for their valuable comments and suggestions
to improve the manuscript.
CONFLICT OF INTEREST
The authors declare that there are no conflicts of
interest regarding the publication of this manuscript.

299

Int. J. Hum. Capital A.Urban
Manage.,
295-300, Autumn 2016
Mostafa
Hatami1(4):
et al.
approach for forecasting pollutant trends in Mong Kok
urban air, Hong Kong. Environ. Res., 96(1): 79–87 (9 pages).
Memarianfard, M.; Hatami, A.M.; Memarianfard, M., (2017).
Artificial neural network forecast application for fine
particulate matter concentration using meteorological data.
Global J. Environ. Sci. Manage., 3(2). (In Press)
Nayeb Yazdi, M.; Delavarrafiee, M.; Arhami, M., (2015).
Evaluating near highway air pollutant levels and estimating
emission factors: Case study of Tehran, Iran. Sci. Total
Environ., 538: 375–384 (10 pages).
Redzuan, M.; Kiani, A.; Salari sardri, F.;Edalati, A.; Abbasi, Z.;
(2013). Comparative analysis of traditional and new
approach to urban management in Iran. Prog. Manage. Sci.,
1(1): 24-35 (12 pages).
Saleh, A. H.; Bahaa, Z.; Hasan, G., (2014). Mapping Dispersion
of Urban Area Particulate Matter Over Kirkuk City Using
Geographic Information System. Environ. Earth Sci., 4(8):
80-87 (8 pages).
Song, C.; Pei, T.; Yao, L., (2015). Analysis of the characteristics
and evolution modes of PM2.5 pollution episodes in Beijing,
China during 2013. Int. J. Environ. Res. Public Health, 12(3):
1099-1111 (13 pages).
Statistical Centre of Iran, (2012). Iran Statistical Year Book,
Available at: www.amar.org
Trizio, L.; Angiuli, L.; Menegotto, M.; Fedele, F.; Giua, R.;
Mazzone, F.; Carducci, A.G.C.; Bellotti, R.; Assennato, G.,
(2016). Effect of the Apulia air quality plan on PM10 and
benzo (a) pyrene exceedances. Global J. Environ. Sci.
Manage., 2(2): 95-104 (10 pages).
Vakili, M.; Sabbagh-Yazdi, S.; Kalhor, K.; Khosrojerdi, S.,
(2015). Using Artificial Neural Networks for Prediction of
Global Solar Radiation in Tehran Considering Particulate
Matter Air Pollution. Energy Procedia, 74: 1205-1212 (8
pages).
Wang, J.; Ogawa, S., (2015). Effects of Meteorological
Conditions on PM2.5 Concentrations in Nagasaki, Japan,
Int. J. Environ. Res. Public Health, 12: 9089-9101 (13
pages).
WHC, (2016). World Heritage List, Available at: http://
whc.unesco.org/en/list/
Zhang, Q.; He, K.B.; Huo, H., (2012). Policy: Cleaning China’s
air. Nat., 484(7393): 161-162 (2 pages).

REFERENCES
Alizadeh-Choobari, O.; Bidokhti, A. A.; Ghafarian, P.; Najafi,
M. S.; (2016a). Temporal and spatial variations of particulate
matter and gaseous pollutants in the urban area of Tehran.
Atmos. Environ., 141: 443–453 (11 pages).
Alizadeh-Choobari, O.; Ghafarian, P.; Adibi, P.; (2016b). Interannual variations and trends of the urban warming in Tehran.
Atmos. Res., 170: 176–185 (10 pages).
Cyrys, J., Hochadel, M., Gehring, U., Hoek, G., Diegmann, V.,
Brunekreef, B., and Heinrich, J., (2005). GIS-Based
estimation of exposure to particulate matter and NO2 in an
urban area: Stochastic versus dispersion modeling. Environ.
Health Persp., 3(8): 987-992 (6 pages).
Han, L.J.; Zhou, W.Q.; Li, W.F.; Li, L., (2014). Impact of urbanization
level on urban air quality: a case of fine particles (PM2.5) in
Chinese cities. Environ. Pollut., 194: 163–170 (8 pages).
Hu, X., Waller, L.A., Lyapustin, A., Wang, Y., Al-Hamdan,
M.Z., and Crosson, W.L., (2014). Estimating ground-level
PM2.5 concentrations in the southeastern United States
using MAIACAOD retrievals and a two-stage model. Remote
Sens Environ, 140: 220–32 (13 pages).
Huang, R.J.; Zhang, Y.; Bozzetti, C.; Ho, K.F.; Cao, J.J.; Han,
Y.; Daellenbach, K.R.; Slowik, J.G.; Platt, S.M.; Canonaco,
F.; Zotter, P., (2014). High secondary aerosol contribution
to particulate pollution during haze events in China. Nature,
514(7521): 218-222 (5 pages).
Lalehpour, M., (2016). Recognition of management structure
and spatial planning in Tehran metropolitan area. J. Urban
Manage., 5(1): 3-15 (13 pages).
Lary, D. J.; Faruque, F. S.; Malakar, N.; Moore, A.; Roscoe, B.;
Adams, Z. L.; Eggelston, Y., (2014). Estimating the global
abundance of ground level presence of particulate matter
(PM2.5). Geospatial Health, 8(3): 611–630 (20 pages).
Lin, J.T.; Pan, D.; Davis, S.J.; Zhang, Q.; He, K.B.; Wang, C.;
Streets, D.G.;Wuebbles, D.J.; Guan, D.B., (2014). China’s
international trade and air pollution in the United States.
Proc. Natl. Acad. Sci. U. S. A. 111(5): 1736–1741 (6 pages).
Liu, Z.; Guan, D.B.; Crawford-Brown, D.; Zhang, Q.; He, K.B.;
Liu, J.G., (2013). A low-carbon road map for China. Nat.,
500(7461): 143–145 (3 pages).
Lu, W.; Wang, W.; Wang, X.; Yan, S.; Lam, J.; (2004). Potential
assessment of a neural network model with PCA/RBF

300

