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pollutants spatial distribution

Mansour Halimi 1*
Navid.dolatabadi@modares.ac.ir

Zahra Zarei Chaghabalaki 2
Vahide Sayad 3
Hasan Jems 4

Abstract

Background and Objective: Ambient air quality is a major concern in highly urbanized and
industrialized regions such as Tehran.

Method: In this paper, the spatial distribution of 4 air pollutants in Tehran atmosphere was analyzed.
The analyzed air pullutants were Carbon monoxide (CO), Nitrogen Dioxide (NO2), Ozone (O3) and
atmospheric particulate matters less than 10 micrometers in diameter (PM10). For this purpose, 4
common geostatistical interpolation methods namely: Ordinary Kriging (OK), Universal Kriging
(UK), Sample Kriging (SK), and Ordinary Cokriging (COK) with Gaussian modeled semivariogram,
were used to estimate the continuous surface for the 4 mentioned air pollutants. The data were
collected from 21 air quality monitoring stations located in different districts of Tehran during a 2-year
period from 2012 to 2013. The Kriging interpolation schemes are stochastic, local, gradual and exact
interpolators. After preprocessing the collected data, they were imported to GIS by using metric
coordinate system (UTM Zone 39). Finally, the Kriging predicted map was evaluate using 3 statistical
indices of validation namely: Mean Absolute Error (MBE), Mean Bias Error (MAE), and Root Mean
Square Error (RMSE) that can be divide into systematic and unsystematic errors (RMSEs, RMSEu).
Findings: The results indicated that, using 2 auxiliary variables, the OCK is the optimum schema for
spatial estimation of CO and NO2 pollutants in Tehran. Moreover, SK is found out as the best model
for spatial estimation of NO2 and CO. According to optimal model, the highest concentrations of
ozone (O3) and particulate matters greater than 10 microns (PM10) are observed in the marginal areas
of Tehran, while the highest concentrations of CO, NO2 are observed in the central and northern
districts of Tehran such as districts 1 to 4.

Conclusion: The developed optimized model can be used for real time estimation of any pollutants in
Tehran atmosphere by updating the observed data.

Keywords: Air pollution, Geostatistical schema, Kriging, Tehran.
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1-Nitrogen Dioxide(NO2)

2-Carbon Monoxide(CO)

3-Ozone( 03)

4-Atmospheric particulate matter Those less than 10
micrometers in diameter (PM10)
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Figure 1- Air quality monitoring station
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8-Static Optimization

9-Detrending

10-Cross Validation(CV)

11-Mean Absolute Error(MAE)
12-Mean Bias Error(MBE)

13-Root Mean Square Error(RMSE)

azgie 5 23S gy axgy LLal o 515 ol 51 ob b Lo
09 o el oS ST o YL chals oS wa
YOV Jlo ,o olbSen ¢' oz, 5 (V) ol oads LSS
iy 5l ool 1) awme Sogll (65 o5l sllas e
& 0o n¥VTY clale x5 sl cisls plosl (g el fyuej sl
@ adhio Vel G 0 g dle 7 g 0)90 SG 0 | (lane
Gz ol Bas (V1) 50,5 (o axge |, LT o (s 0
5 e s o S 35T Gl elie oo S )
Gdae O3 g 5l el ST (60 (2,5 dunST gt oY ¥
Of Gk 5145 Ceol Gl e s 53 009,5ee Vel S
Cadge ;0 0a ¥l o clale I 050 5 380 lgn
Sls plol T 2SS ol 0l slo

HE gy g ool

sla Joo (5 (oogee l s ¥ (60515 4 b Gudo Gl o
Joolis Fple S 5 sle £ 4 )bl (o 2k 050
o Pl paagl8 (Slas oS o b O S S5 5T Jgena
(COY S S sign 00 VI Ldd 5o (o)
69 5 «(PM10)yg oV + 5l a8 5o 1,3 (O35
Ceodls o 8,56 sl 0an¥T 51 a5 (NO2) 55 5 S
VY Gl o ol sla can¥T slo ools 00,5 caitma L]
A5 s5b oled ot Slsh (b5 S i olSiay]
Slop coa S J oS a8 0l osd go 0ap0 ) S adds o
UTC 00 celaw Gl YAY BYYA) 6kl 0,90 sl ol ye8
ol 50 a8 sey ol el ol 5l oolinal s s 5 35
Cbgn Sygo 4 |y b oo ¥T bl a5 sy &b caels
Slelw asle) aes o 18 00 cov b cel Sy p0
(o0 o35 s asls 5 el ol b oSl 5 Sy
Lo oa ¥l s (cnmb slagSll it 5 0l 5 SipeS
Y S e dny 00t oLy (ol 0315 s w395 ST
Sy (P2 555 UTM)S e claises by aie S cledbl

23,5 Y oLl i Sledbl sla w138l o5 Lanmee

1-Gretchen

2-Universal Kriging(UK)

3-Simple Kriging(SK)

4-Ordinary Kriging(OK)

5-Cokriging

6-Gaussian Semivariogram
7-Geographical Information System(GIS)
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3-Ordinary Least Sequre(OLS)
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Figure 2- Spatial Trend of O3 and CO in Tehran’s atmosphere
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Figure 3- Spatial Trend of PM10 and NO2 in Tehran’s atmosphere
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Table 1- Correlation Matrix of seven measured air pollutants (P_value=0.05)
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Table 2- Indices of performance evaluating of the interpolation methods for CO
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Figure 4- Estimated surface of CO concentration (ppm) in Tehran’s atmosphere using COK interpolation
schema
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Figure 5- Uncertainty band or error surface of estimated CO surface by OCK interpolation schema
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Table 3-Indices of performance evaluating of the
interpolation methods for NO2
I KOO g BT
OK UK COK SK
MBE -\g o =0If VXY -YIAY

MAE YV OOYYY O VA Yy
RMSE Yy t- Yo Y4
EMSEs Y-/t fY Y-lg YVY
RMSEu v A \& 14

g gt (59, p (i Jliel glo (a3ls Jlesl @l
Sl ool @l Y Jaaz 10 ¢ e awnST g0 lp
dae w03 e ocseline Jgux pl 0 a5 45Sles
YL LIS gl Sled st o b (Jgome Sium 555
g @l glas lo sl lade cul tas p 5 oS g cdo
YOIA 5 VAUA c=VIY oy 45 Jow onl g1y RMSE 4 )
wtls 1y et 8 o8 a Jae il b o3 0 45 a3l e
S 555 Joe Slotans slallas sy Ll 51 .cul
P99 03, 5 (Jyome Soxm ;S oo jlam V1 /F (goue jladaly
o Silotpad lallas Ll 5l a8 b o o)l )8
OOl aisls b Jow aon lo jo 1) Uas Jlade (3
ange Joe ploly PUSS 0 a5 ooyl ati Gell
sa¥T pl cdale e canl oo )l Jgeme Souze S'sS
Jles ) ilaie o Jlad 2o a5 8 Jlad 3blis 5o
30 %y (o0 A0 Gv-ppb S 05> 3> p YL 4 ¥ adhais
ol eble Gl Gl b 35 5 8 gla 4l Sy
aialoly Canalad pae adi (Y- U VE pPD)cal JBlas oanVl

Y USs Oge a5l oSt 60 0o lp (Jow 0,910




OHSes g coul>

VWS a0l 0329 um j buxo (5999555 g pole

A

NO2/ppb
Prediction Map
@ 14708354 - 215873131
O% 215873131 - 26.1995501
26.1995501 ~ 29.2919845
292019845 - 31.3654146
31.3654146 - 34.457849
34.457849 - 39.070086
39.070086 - 45.9490451
O 459490451 - 56.2087256
®% 562087256 - 715106111
O@ 715106111 -94.332735

Syore Sz 1555 Joe wlwl (59 i s (68 ClALE dioge b 9 o —F S

Figure 6- Estimated surface of NO2 concentration (ppb) in Tehran’s atmosphere using SK interpolation
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Figure 7- Uncertainty band or error surface of estimated NO2 surface
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Table 4- Indices of performance evaluating of the interpolation methods for O3
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Figure 8-Estimated surface of O3 concentration in Tehran’s atmosphere
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Figure 9-Uncertainty band or error surface of estimated O3 surface
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Table 5- Indices of performance evaluating of the interpolation methods for PM10
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Figure 10-Estimated surface of PM10 concentration in Tehran’s atmosphere
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Figure 11- Uncertainty band or error surface of estimated PM10 surface
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Figure 12- Scatter-plot inspection of observed versus estimated concentrations
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