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Prediction of Ozone Concentration by Multiple Regression
Analysis in Daegu area

Sung-Woo Choi, Sang-Ki Choi and Sang-Hyeun Doh
Department of Environmental Science and Engineering, Keimyung University, Daegu 704-701, Korea
(Manuscript received 24 April, 2002: accepted 5 June, 2007)

Air quality monitoring data and meteorology data which had collected from 1995. 1. to 1999. 2. in six areas
of Daegu, Manchondong, Bokhyundong, Deamyungdong, Samdukdong, Leehyundong and Nowondong, were
investigated to determine the distribution and characteristic of ozone. A equation of multiple regression was
suggested after time series analysis of contribution factor and meteorology factor were investigated during the day
which had high concentration of ozone.

The results show the following; First, 63.6% of high ozone concentration days, more than 60 ppb of ozone
concentration, were in May, June and September. The percentage of each area showed that; Manchondong 14.4%,
Bokhyundong 15.4%, Deamyungdong 15.6%, Samdukdong 15.6%, Leehyundong 17.3% and Nowondong 21.6%.

Second, correlation coefficients of ozone, SOz, TSP, NO, and CO showed negative relationship; the results
were respectively -0.229, -0.074, -0.387, -0.190(p<0.01), and humidity were -0.677. but temperature, amount of
radiation and wind speed had positive relationship; the results were respectively 0.515, 0.509, 0.400(p<0.01).

Third, R® of equation of multiple regression at each area showed that; Nowondong 45.4%, Lee hyundong
77.9%, Samdukdong 69.9%, Daemyungdong 78.8%, Manchondong 88.6%, Bokhyundong 77.6%. Including 1 hour
prior ozone concentration, R® of each area was significantly increased; Nowondong 75.2%, Leehyundong 89.3%,
Samdukdong 86.4%, Daemyungdong 88.6%, Manchondong 88.6%, Bokhyundong 88.0%. Using equation of
multiple regression, There were some different R® between predicted value and observed value; Nowondong 48%,
Leehyundong 77.5%, Samdukdong 58%, Daemyungdong 73.4%, Manchondong 77.7%, Bokhyundong 75.1%. R?
of model including 1 hour prior ozone concentration was higher than equation of current day; Nowondong
82.5%, Leehyundong 88.3%, Samdukdong 80.7%, Daemyungdong 82.4%, Manchondong 87.6%, Bokhyundong
88.5%.

Key words : ozone, multiple regression analysis
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Table 1. Analytical methoeds used in the air quality

monitoring

Analysis
Item

Method

SO,
CO
NO2
O3
TSP

Pulse U.V. Fluorescence Method
Non-Dispersive Infrared Method

Chemiluminescent Method
U.V. Photometric Method
B -Ray Absorption Method

Table 2. Ratio of data unmeasured at each site in

Daegu (%)

Site SO TSP Oy NO-» CO
Nowon 9.3 306 10.8 13.1 16.3
Leehyun 6.3 9.0 73 75 20.9
Samduk 3.0 6.3 3.9 95 7.4
Daemyung 2.3 158 2.2 6.9 2.7
Manchon 10.2 14.3 6.4 10.3 11.7
Bokhyun 3.1 6.1 6.8 13.9 8.8
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Table 3. The number of measured hourly ozone
con3centrations higher than the standards
in air quality monitoring site in Daegu
(1995~ 1999)
Year Number hours higher than the standard
> 60ppb (WHO) > 100ppb (Korea)
1995 386 -
1996 664 8
1997 639 5
1998 813 22
1999 605 6
Total 2,562 35
Average 512.40 10.25
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Table 4. The day of measured hourly ozone concentrations higher than the standards in air quality

monitoring site in Daegu (1995~ 1999)

Site Month Total %
1 2 3 4 5 6 7 8 9 10 11 12
Nowon 12 50 43 25 19 29 10 7 195 216
Leehyun 3 21 32 30 14 26 26 3 156 17.3
Daemyung 10 45 30 6 18 31 1 141 15.6
Manchon 16 29 17 18 19 23 6 2 130 144
Bokhyun 1 3 10 36 32 12 15 28 2 139 154
Samduk 9 30 38 20 19 24 1 141 156
Total 1 6 3 197 158 82 106 146 32 10 902
% 0.1 07 86 246 211 105 129 179 25 1.1
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Table 5. Correlation coefficients between ozone and
pollutants elements in ozone episode (1996~
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Table 6. Correlation coefficients between ozone and
meteorological elements in ozone episode

1999) (1996 ~1999)
O s0; TSP No;  CO 0,  Temperatwwe Humidity Radiation ;g;g
O3 1 O 1
SO» -.229" 1 Teperature 515 1
TSP -.074" 4017 1 Humidity -.677"" - 428" 1
NO» -.387" 4627 328™ 1 Radiation ~ 509™ 443" -578" 1
CO  -1%0" 207" 17T 317 1 Wind speed 400" 2027 -3047 132" 1
#* Correlation is significant at the 0.01 level. ** Correlation is significant at the 0.01 level.
Table 7. Correlation matrix of ozone with pollutants and meteorological elements
S0, TSP NO co ;Z"t;‘; Ii{(‘i‘g— Radiation Ygggd'
Nowon -.141" -112" -.341" -.090™ 413 -551™ 461 339
Leehyun -.449™ -.269" -.414™ -257™ 545" -716" 538 405
Samduk -.241" -.013 -.310" -.210™ 521" -.653" 3% 405
Daemyung -345" -.189™ - 466" - 450™ 5% =742 540" 415"
Manchon -134™ 1327 -434™ -.344™ 537" -753" 557 4747
Bokhyun -.108" 1017 -.383" 028 417 =722 5847 4017

«x Correlation is significant at the 0.01 level.
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Table 8. Multiple regression model of predicted Ozone concentration

Site Step Multiple regression model R’

1 0,=19.488+0.148Rad 0.416

2 03=27.430+0.138Rad-0.280NO- 0441

Nowon 3 03=25.253+0.140Rad-0.301NO»+0.342CO 0.447
4 03=35.187+0.120Rad-0.329N0,+0.390CO-0.131Hum 0.452

5 04=34.464+0.121Rad-0.367NO,+0.362C0O~0.121 Hum+5.478 X 10 “S0, E 0454

1 04=12.250+0.203Rad 0.708

2 05=19.379+0.186Rad-0.11450- 0.741

3 03=41 988+0.138Rad-0.13650,-0.312Hum 0.767

4 03=47.738+0.129Rad~0.10550:-0.345Hum-0.132N0O; 0.774

Leehyun 5 03=41.934+0.1 19Rad*9.35§ % 10780,-0.355Hum 0777

-0.131INO»*+2.918 X 10 “Temp

04=40.230+0.117Rad-8.660 % 10 “50,-0.352Hum

6 ~0.128NO»+2.918 X 10" Temp+5.855 X 10-°WS 0.778
7 04=39.476+0.118Rad-9.636 X 10 “50--0.350Hum 0779
-0.134N0=+2.799 X 10 *Temp+6.071 X 10 °WS+1.392 % 10*TSP
1 0,=16.691+0,186Rad 0.620
2 04=11563+0.173Rad+0.296WS 0.648
3 04226.631+0.142Rad+0.200WS-0.210Hum 0.662
4 04=36.976+0.130Rad+0.236WS-0.275Hum-0.410S0, 0.682
Samduk 5 04=44.421+0.118Rad+0.196W S -0.309Hum-0.37650,-0.149N0» 0.690
6 04=49.421+0.117Rad+0.170WS~-0.330Hum 0698
-0.280S02-0.167N0:-0.452C0O
7 0,=48.299+0.117Rad+0.168WS~-0.329Hum 0699

-0.303502-0.170NO,-0.454CO+1.915 X 10 *I'SP
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Table 8. Multiple regression model of predicted Ozone concentration (continued)

Site Step Multiple regression model R?
1 05=17.158+0.180Rad 0.694
2 03=27.235+0.163Rad-1.187CO 0.728
3 03=46.183+0.122Rad-0.123C0O-0.274Hum 0.756
4 035=53.203+0.106Rad-0.498C0O-0.345Hum-0.282N0: 0.776
5 05725.807+0.106Rad -0.446CO-0.346Hum-0.201NO2-0.117S0- 0.782
Daemyung 6 04=47.128+9.553 X 10 “Rad-0.420C0O-0.351Hum 0785
-0.206N02-9.860 X 10°50,+2.801 X 10 *Temp '
7 04=46.280+9.533 X 10 “Rad-0.491CO-0.352Hum 0787
-0.213N02-0.110S0+2.743 X 10 *Temp+2.565 X 10 TSP '
g 03=44.626+9.464 X 10 “Rad-0.502C0-0.345Hum-0.200NOs 0788
-0.105502+2.637 X 10 *Temp+2.624 X 10 *TSP+5.499 X 10 °WS :
1 05=14.397+0.209Rad 0.700
2 03=38.169+0.161Rad-0.334Hum 0.725
3 05=24.849+0.128Rad-0.432Hum-0.312NO: 0.761
4 05=51.131+0.121Rad-0.427Hum-0.385N02+6.998 X 10 “TSP 0.771
Manchon 5 05=44.036+0.115Rad-0.404Hum-0.343N02+7.748 X 10 “TSP+190WS 0.780
6 03=38.791+0.105Rad-0.404Hum=-0.341NO- 0783
+7.026 X 10 *TSP+0.200WS+2.720 X 10 *Temp '
; 03=39.310+0.105Rad-0.395Hum-0.326NO- 0783
+7.203 % 10 *TSP+0.202WS+2.475 X 10 *Temp-0.174CO ’
1 05=13.610+0.201Rad 0.706
2 05=34.020+0.158Rad-0.294Hum 0.730
3 045=54.654+0.121Rad-0.437Hum-0.375N0; 0.763
Bokhyun 4 05=51.960+0.117Rad-0.439Hum-0.416NO=+50252 X 10"“TSP 0.772
5 03=54.199+0.118Rad-0.461Hum-0.367NO+5.122 X 10" “T'SP-0.235CO 0.775
03=50.937+0.111Rad-0.469Hum-0.356NO; 0776
6 +4,699% 10 2TSP-0.221C0+1,793 % 10 *Temp )
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Table 9. Multiple regression model for predicted Ozone concentration by 1-hr after basis

Step Muttiple regression model R?
1 03:4.722‘*'0.8490371}“— 0.722
2 0:515.079+0.73303-1hr*4,251 X IO’ZRadfghr 0.743
3 05=9.210+0.71803. 1+4.016 X 10 “Rad-3,~0.136NOz 0.748
Nowon 4 04=7.641+0.72203-11,+4.019 X 10 Rad-3,~0.149NO2 0751
+2.785X 10 TSP '
5 03=12.771+0.72003-15+3.056 X 10 Rad-3,,~0.162NO; 0752
+2.760 X 10 *TSP-6.475X 10 Hum '
1 01122‘591 +0.91403- 11 0.835
2 04=4.002+0.67403-11,+7.162 X 10 *Rad-anr 0.865
3 045=8.544+0.65603- 15 +6.807 X 10 °Rad - 3u-0.111NO; 0.872
4 04=24.113+0.62303-1nr+4.359 X 10 Rad -3,,~0.155N02-0.195Hum 0.882
03=20.595+0.65203- 1 +4.181 X 10 "Rad -3,-0.187NO;
Leehyun g -0.181Hum+3.073 X 10"*TSP 0885
6 03=21.423+0.62803-11+3.972 X 10 *Rad-a,~0.138NO; 0,592
~0.192Hurn+5.009 X 10 *T'SP-7.003 X 107 2SO, '
03=18.676+0.62403- 1r+3.497 X 1o’zRad,3h,-—o.137Nog
7 -0.199Hum+4.814 X 10 *TSP-6.304 x 10 “S03+1.526 x 0.893
10’2'l‘emp
1 03=3.244+0.89703 11 0.805
2 03:4.513+0.68603-1hr+6.927 X IOVZRad-:ghr 0.847
3 035=12.806+0.67403- 1n,+5.424 X 10 *Rad-3,,~0.113Hum 0851
Samduk 4 03=17.533+0.65603- 1nr+5.134 X 10 *Rad-a,-0.139Hum~-0.327CO 0.855
5 03=23.927+0.63703-15r+4.541 X 10 Rad-3,-0.172Hum 0.860
0.343C0-0.113NO, ‘
6 03=21.300+0.64503- 1nr+4.528 X 10 “Rad-31,-0.164Hum 0.864
~0.362C0~0.120NO»+2.989 X 10*TSP )
1 03=2.969+0.90905 11 0.825
2 03=5.149+0.67203-11:+6.434 X 10 "Rad-3ur 0.857
3 03=9.982+0.63503- 11, +6.270 X lO_ZRad—:;hr'().lSSNOz 0.865
4 03=26.315+0.57803-11,+4.001 X loizRad—sh,——O.l%NO'r(].200Hum 0.878
Daemyung 5 03:23.691+o.59903,1h,+3.7}23 % 10""Rad-3,-0.231NO; 0.883
-0.201Hum+4.088 % 10" 2TSP
6 03=18.944+0.59303- 10+ 2.871 X 10 Rad-3,-0.223N0; 0.855
-0.206Hum+4.179 % 10 *TSP+2.479 X 10 *Temp )
7 05=19.657+0.58703-1n+0.939 X 10 Rad -3,,-0.191NO; 0.886
-0.199Hum+4.421 X 10 >TSP+2.379 X 10 Temp-0.240CO '
1 05=0.2546+0.92103- 11 0.843
2 03=3.987+0.70703.1n:+6.507 x 10" Rad 3 0.865
3 03=16.689+0.68003-11+4.565 X 10 “Rad-5n,~0.173Hum 0.871
4 03=25.429+0.63603- 11,+3.870 X 10 *Rad. an,~0.226Hum-0.137NO; 0.878
Manchon 5 05=22.652+0.62803-11r* 3.356 X 102 Rad-3,~0.225Hum 0,885
-0.201NO,+5.872 X 10 °TSP
6 03=22.128+0.63003-11,+3.439 X 10 *Rad -3n.~0.222Hum 0855
-0.211N02+5.354 X 10 °TSP+0.13250, '
7 03220.238+0.63803- 10, +3.066 X 10 “Rad-3,~0.223Hum 0.886

-0.211NO2+5.062 X 10 2TSP+0.12750,+1.124 X 10 *Temp
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Table 9. Multiple regression model for predicted Ozone concentration by 1-hr after basis(continued)

A4 ¢-337-=244

Step Multiple regression model R’
1 035=2.649+0.9140; 11, 0.828
2 03=4.177+0.69003 11,+6.406 X 10 “Rad-pr 0.850
3 03=15.549+0.65903-11,+4.704 X 10 *Rad 4,-0.158Hum 0.857
4 05=29.335+0.61703 15r+3.149 X 10 Rad-3,~0.253Hum-0.230N0; 0.869
5 04=26.685+0.61703-15,+2.765 X 10°*Rad -r~0.256Hum 0877
Bokhyun -0.271NQO2+5.243 X 10 “TSP -,
6 O;;=26.064+0.62203.1h,+2.823 %10 “Rad-3,—0.249Hum 0.878
-0.289N0,+4.562 % 10 “TSP+0.11150: )
7 04=28.230+0.62903- 1,+2.780 % 10°*Rad.~0.260Hum _ 0.879
~0.302N0»+4.565x 10 “TSP+0.107S0,~5.825 X 10"WS T
8 04=29.273+0.62503 10,+2.872 X 10 °Rad aw~0.271Hum-0.277N0; 0.880
+4,557 X 10 “TSP+9.793 X 10 "S0,-5.383 X 10 “WS-0.109CO )
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Fig. 1. Scatterplot of ohserve and predicted ozone concentration in each station(1998).
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Fig. 2. Scatterplot of observe and predicted ozone concentration in each station(1998).
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