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ABSTRACT

Accurate simulation of the spatial distributionatmospheric pollutant PM2.5 is the basis of thepaillution control.
This study uses PM2.5 concentration of 13 monitpsites in Xi*an of China based on geographic imfation system
(GIS) and Spearman correlation, application of irseedistance weighted (IDW), ordinary kriging (O&)d trend
surface (TS) method, conducted the spatial intetpmi analysis of PM2.5 concentration and comparigd the
accuracy of different interpolation method. Theufesshow that the accuracy of the IDW interpolati®the highest,
the mean error (ME), the mean absolute error (MAR® mean relative error (MRE), the root mean sguairor
(RMSE) and the system error (SE) are 0.01, 0.@4,,@.31 and 0.01 respectively. The OK interpotatitethod is the
lowest and the TS interpolation has higher accur&@uyrrelation coefficient of simulated and obserwedue is 0.99
by IDW interpolation, while OK and TS interpolatiare 0.62 and 0.67 respectively. The higher PM2&ricentration
areas distributed in the northern, southern andtheast while lower concentration zone located mwestern and
southeast.

Keywords: PM2.5, GIS, spatial interpolation, error analySipearman correlation

INTRODUCTION

Atmospheric pollutant PM2.5 has the characterigticsasy to be toxic and harmful substances, lieguilh human
health damage and loss of the ecological enviromntexs become the focus of environmental pollugogvention
and control in various countries [1-3].

However, the PM2.5concentration is difficult to aibtdirectly from remote sensing and monitoring si&ta can only
represent the concentration of the site in a lidhienge, spatial distribution of PM2.5 need to msmitoring site data
and interpolation analysis method based on GIS].[&patial interpolation is an important methodegiimate the
unknown data by using the data of the known samata. The commonly used spatial interpolation nmetheere

inverse distance weighted (IDW), ordinary krigir@K) and trend surface (TS) method [7-9]. Spatiéripolation

distribution in the specific region, choose differaterpolation methods to bring the differentiolation effect and
accuracy [10-12]. However, there is little researnhthe error analysis of different spatial intdgbion methods, and
the research of Spearman and GIS in PM2.5 condimtranterpolation is rarely reported, analyze gpatial

interpolation of PM2.5 concentration by coupling@fS and Spearman correlation is also rarely repdit3-15].

Therefore, this study application of geo-statistitsnverse distance weighted, ordinary kriging drehd surface
method, spatial interpolation of atmospheric palfiitPM2.5 concentration based on GIS and Spearoraelation
analysis, evaluation of the interpolation precisandifferent methods, comparing the correlatioreféioient of
monitoring and simulated values by different methadd proved optimal interpolation technology eh@spheric
PM2.5 concentration in Xi'an of China. The results the study have important theoretical and sdienti
significance for the spatial and temporal dynanmicutation of atmospheric pollutant PM2.5 concerntratand air
pollution control.
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EXPERIMENTAL SECTION

2.1 The study area

The study area is located in Xi‘an City, Shaangwvitrce, China(E 107 ° 40 - 109 ° 49, N 33 ° 424-° 45 "), the
area is 9983 square kilometers, which is a warnpegaie semi humid continental monsoon climate, $eaisons
on temperature and humidity clearly. Annual avertegeperature and annual rainfall are 13.0-28,7and
522.4-522.4 mm respectively, permanent populagdh5529 million people (Figure 1).
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Figure 1. The study area

2.2 Spatial interpolation method based on GIS

2.2.1 Inverse distance weighted (IDW) inter polation method

The inverse distance weighted (IDW) interpolatismsed to determine the pixel values by a linearbioation of a
set of sampling points, which is assumed to be aedby the distance between the mapped variabléshen
sampling locations. The calculation formula is @fofvs:

n . n

Zl 1

Zo—[z d_k/[zd_k (D
i=1 i i=1 Yi

Where,Z, is the estimate value of Z; is the value of the control pointd, is the distance betweerandi, n is used

in the estimation of the number of control poiktss the power of the specified.

2.2.2 Ordinary kriging (Kriging) method

Ordinary kriging method is assumed that samplinigtpoetween the distance or direction can reflect lbe used to
illustrate the spatial correlation of the surfademges, the mathematical function with the spetifiember of
points or designated radius in all points wereditto determine the location of each output vallee calculation
formula is as follows:

200)= Y 1z (x) 8

Where,Z(x) is the measurement of th@osition, and thg is the unknown weight of the measurement valubesit
position.x is the predicted position, amds the number of measurements.

2.2.3 Trend surface (Trend) method

The trend surface analysis is a statistical methbith is based on the known points in the spacd, fiting a
continuous mathematical surface, and studying én@tion regularity of geological variables in tfegjion and local
area. The calculation formula is as follows:

Z=ﬁ1+ﬂ2X+ﬂ3y+ﬁ4X2"'ﬂsx)""ﬁeyz"'"' (3
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Where,Z is the address variabbleandy are the coordinates of the observation points.

2.3 Error analysis of spatial interpolation

Error evaluation index mainly adopts mean error {Mfiean absolute error (MAE), mean relative erfdRE),
root mean square error (RMSE) and the system €®#). Among them, the mean error (ME) and meanlateso
error (MAE) reflect the prediction error range, timean relative error (MRE) reflect the accuracyhaf predicted
values for the measured values, the root mean sqeraor (RMSE) reflect the sensitivity and extremafnthe
predicted value. The calculation formula is asoiei:

231 Meanerror (ME)
ME =3 () @
i=1

2.3.2Mean absolute error (MAE)
MAE=Y" (u)‘ (5)
o n

2.3.3Meanrelativeerror (MRE)

MRE==-2—— (6)

2.3.4 Root mean square error (RM SE)

Z(yi _Xi)2
RMSE=|*—— P
n
235 Sylsterﬂ error (SE)
S :u (8)
y

Where, the average values ¢f and X for the measured and the predicted values.

2.4 Theresearch data
In this paper, the collected data included daillugaof PM2.5 concentration from 13 monitoring satin 2013,
Xi'an of China. The monthly data were calculatedibily monitoring value of PM2.5 concentration.

RESULTSAND DISCUSSION
3.1 Spatial interpolation analysis of PM 2.5 concentration based on inver se distance weighted (IDW) method
of GIS

Spatial distribution of PM2.5 concentration in 18mitoring station of Xi‘an in 2013 by using the émse distance
weighted method of GIS as follows:
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Figure 2. Spatial distribution of PM 2.5 concentration based on IDW of GIS
(‘a: January, b: February, c: March, d: April, e:&y, f: June, g: July, h: August, i : Septembe®gtober, k: November, |: December m: monthly
average. Unitug/nT)

The Figure 2 shows that the range of PM2.5 conatotr is 203.045-273.433g/n7 in January, higher
concentration mainly located in the central ar@asgerate concentration mainly distributed in thetswest zone
and lower concentration mainly located in the neadt areas. In October, the range of PM2.5 coraténiris
102.506-102.506ig/m’, higher concentration mainly distributed in thetheast areas, the moderate concentration
mainly located in the west and southeast zone @ndrlconcentration distributed in central areasntily average

of PM2.5 concentration is range from 113.384 to.481 pg/n?, higher concentration mainly located in the
north-central areas, moderate concentration maidibtributed in the eastern and western zone and low
concentration mainly located in the central-sou#aa. In general, the visual effect of PM2.5 cotregion spatial
distribution by inverse distance weighted interfiotais well.

3.2 Spatial interpolation analysis of PM 2.5 concentration based on ordinary kriging (Kriging) method of GIS
Spatial distribution of PM2.5 concentration in 18mitoring station of Xi‘an in 2013 by using the i@ty kriging
method of GIS as follows:
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Figure 3. Spatial distribution of PM2.5 concentration based on Kriging of GIS
(‘a: January, b: February, c: March, d: April, e:&, f: June, g: July, h: August, i : Septembe®¢tober, k: November, I: December m: monthly
average. Unitug/nT)

The Figure 3 shows that the range of PM2.5 conatatr in February is 31.9112-474.66iy/n?, higher
concentration mainly distributed in the westerraarehe moderate concentration mainly locatedencéntral zone
and lower concentration mainly distributed in toeth-east. In November PM2.5 is range from 43.2865431.819
ng/m?, higher concentration mainly located in the weast@reas, moderate concentration mainly distribiretthe
central and northeast areas and lower concentrati@inly located in the south-east. Monthly avera§é®M2.5
concentration is range from 58.8487 to 253.8@4’ higher concentration mainly distributed in the tees zone,
moderate concentration mainly located in the céafmd northeast areas and lower concentration mdistributed
in the south-east. Relatively speaking, visualaffef the spatial distribution of PM2.5 concentvatiby ordinary
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kriging method is general.

3.3 Spatial interpolation analysis of PM 2.5 concentration based on trend surface (Trend) method of GIS

Spatial distribution of PM2.5 concentration in 1®mitoring station of Xi‘an in 2013 by using therdesurface

method of GIS as follows:
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Figure4. Spatial distribution of PM 2.5 concentration based on Trend of GIS
(‘a: January, b: February, c: March, d: April, e: &, f: June, g: July, h: August, i : Septembe®¢tober, k: November, |: December m: monthly
average. Unitug/nT)

The Figure 4 shows that the range of PM2.5 conatiair in March is 69.5209-286.4(0&/n7, higher concentration
mainly distributed in the western zone, moderatgceatration mainly located in the central and reait areas and
lower concentration mainly distributed in the soea#st. The range of PM2.5 concentration in Deceniber
39.8955-39.895.g/m°, higher concentration mainly located in the weasi@reas, moderate concentration mainly
distributed in the central and northeast aread@mer concentration mainly located in the southtease. Monthly
average of PM2.5 concentration is range from 69t66411.486ug/n?*, higher concentration mainly located in the
western areas, moderate concentration mainly ligegd in the central and northeast zone, lower eatnation
mainly located in the south-east. In general, tkaal effect of spatial distribution of PM2.5 contmtion by trend
surface interpolation is better.

3.4 Theerror analysis of different interpolation method

The mean error (ME), mean absolute error (MAE), meslative error (MRE), mean square error (RMSH] an
systematic error (SE) of different interpolationthwels are shown in Table 1. RMSE of inverse digtameighted
(IDW) method is 0.31, comparatively speaking, oatlinkriging (Kriging) and trend surface (Trend) imad were
8.79 and 8.44 respectively, indicating that theense distance weighted method is more sensitivettieother two
methods. On the whole, the inverse distance waightethod is better than the other two methods venethis
from the error range of the forecast value, thaugazy of the predicting value relative to the okedrvalue, or the
sensitivity and the reflection of the simulatedual

Table1 Theerror parameter values of three inter polation methods

Error evaluation index IDW Kriging Trend
ME 0.01 0.55 0.05
MAE 0.05 6.89 6.45
RMSE 0.31 8.79 8.44
SE 0.01 0.42 0.04
MRE 0.01 0.34 0.04

3.5 Correlation analysis of different interpolation methods

The correlation coefficient was used to evaluate ¢hrrelation between the simulated and the obdede¢a of
PM2.5 concentration based on the Spearman coomelatialysis of SPSS, and the results are showabie . The
results in Table 2 show that the correlation ceedfit of simulated and observed value of is thgdsir by IDW is
0.99, in contrast, correlation coefficient of prdd and measured value is minimum is 0.62 by argikriging,
and the correlation coefficient of simulated anderived value is 0.67 by trend surface, indicatirag torrelation

coefficient of trend surface and the ordinary ki@imethod has less precision than the inversentdistaveighted
method.

Table 2 Correlation coefficient of PM 2.5 concentration by different inter polation methods based on the Spearman correlation analysis

IDW | Kriging | Trenc
IDW 1.00 0.62 0.67
Kriging | 0.62 1.00 0.98
Trend 0.67 0.98 1.00

468



Ping Zhang and Taotao Shen J. Chem. Pharm. Res., 2015, 7(12):452-469

CONCLUSION

This study comparison accuracy of different spatitdrpolation methods based on GIS and Spearmaglaton,

the results show that the visualization effect 8125 concentration spatial distribution by inverdistance
weighted interpolation is best, while that of thend surface is good, and ordinary kriging inteagioh is general.
The inverse distance weighted method is better thamther two methods whether it is from the eremge of the
forecast value, the accuracy of the predicting ealelative to the observed value, or the sengitigind the
reflection of the simulated value. The correlatowefficient of simulated and observed value ofhis largest by
IDW is 0.99, in contrast, correlation coefficient predicted and measured value are 0.62 and 0.6@rdipary

kriging and trend surface, indicating that cortielatcoefficient of trend surface and the ordinargikg method has
less precision than the inverse distance weightetthaoal.
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