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Interactlve Effects of the InﬂJuencmg Factors on the Changes of O

Concentratlons Based on GAMsfModej,m Chengdu
ZHANG Yu}g' 2 NI Ghang-jian' * , FENG Xin-yuan' , WANG Shl-gong , ZHANG Xiao-ling'* , ZHANG Jia-xi', LI Yun-chao'

(1. Plateatr” Atmosphere and Environment Key Laboratory of Sichuan Province, School of Atmospheric Sciences, Chengdu University of Information Technology, Chengdu
610225, China; 2. State Key Laboratory of Atmospheric Boundary Layer Physics and Atmospheric Chemistry, Institute of Atmospheric Physics, Chinese Academy of Sciences,
Beijing 100029, China; 3. Environmental Meteorology Forecast Center of Beijing-Tianjin-Hebei, Beijing 100089, China)

Abstract: To explore the influence characteristics of the interaction effects between meteorological factors on ozone( 0 ) concentration in Chengdu, daily air pollutants and
meteorological data from 2014 to 2019 were collected. Generalized additive models( GAMs ) were adopted to explore the effects of different factors on O, concentration. The
results showed that the relationship between O, and maximum temperature , sunshine hours, relative humidity, wind speed, precipitation, maximum mixed depth( MMD) , and
ventilation coefficient ( VC) was non-linear. Specifically, the maximum temperature, sunshine hours, MMD, and relative humidity had a significant influence on O,
concentration throughout the year. It is worth noting that the influence of relative humidity and precipitation on O; concentration during summer was more significant than that
for the whole year. In the multi-meteorological factors GAMs of O, concentration, the meteorological factors mentioned above, except average wind, had significant impacts on
0, concentration change. For the whole year, the judgment coefficient( R> ) was 0. 849 and the variance explanation rate was 85. 1% . The maximum temperature was the most
important influencing factor on 0 concentration throughout the year. During summer, corresponding R> was 0. 811 and the explanation rate of variance was 81. 3% ; however,
maximum temperature and MMD were the dominant meteorological factors. In the interaction GAMs, for the whole year, the interaction between maximum temperature and
sunshine hours, relative humidity, and precipitation, and the interaction between sunshine hours and MMD had a significant impact on O, concentrations. The interaction
between maximum temperature and sunshine hours played a leading role in changes of O, concentration. The high temperature + strong radiation + MMD( about 2 000 m) +no
precipitation were conducive to the formation of O concentration, but in summer, only the maximum temperature, sunshine hours, and VC had the most significant effect on
the O, concentration, and strong high temperatures + strong radiation + the little horizontal wind in summer were conducive to the formation of O, concentration near the

surface. In summary, GAMs model can not only be used to identify the dominant influencing factors of O, pollution, but also quantitatively analyze the influence of single
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effects and interaction of influencing factors on O, concentration, which has great significance for the prevention and control of O; pollution.

Key words: generalized additive models( GAMs) ; change of O, concentration; influencing factors; interactive effects; Chengdu City
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Table 1 ~ GAMs hypothesis test results between O; concentration and single-influencing factor in Chengdu from 2014 to 2019

B fitEmE  S% A r P BEAZRE  TEmRE
(R?) /%
R 4.485 5.546 840. 40 <2E -16 " 0.705 70.60
H B 7. 402 8.367 262. 00 <2E-16" 0. 529 5310
EPORITSEs 3.930 4,938 114. 50 QE-16"" [ 1 0.224 S 2060
S A 3.884 4.852 : 29.77 <2E-16" 0.069 9 ”7;'1“7 -
KK &t 2.925 3.646 - 9.09 2.16E - 06 1 0.016 8 183 =
MMD 6.110 7.301 163.00 <2E -6 101379 o 30|
Ve 4.716 57806 81. 80 <E 16" _~4 10.197 19.90 ~ 4
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Fig. 1 Time series of O3 concentration in study period
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Table 2 GAMs hypothesis test results between O; concentration and single-influencing factor in summer of Chengdu from 2014 to 2019

- o e PR E R AL i

B fitame  BHHmE F P o SRR
e R 3.346 4.227 184. 40 <2E -16 " 0. 629 63.20
BRI 5. 800 6. 956 103. 40 <2E -16 0.610 61.50
AR 2.771 3.513 92. 15 <2E -16** 0. 414 41.70
S 2. 658 3.350 2. 693 0.0342* 0.017 8 2.35
KoK & 7.983 8.721 7.254 <2FE -16 ** 0. 115 13.00
MMD 1. 659 2.076 178. 20 <2E-16 ** 0. 446 44.80
\(® 4.416 5.443 13. 46 <2E-16 ** 0.139 14.70

1) ™ FORAE 0. 001 KFTFAS R B EM, * FORTE 0. 05 KFTFAS R B &M
£3 2014 ~2019 £ O, FRES 7 MEREFH GAM AL RY
Table 3 GAMs model hypothesis test results between O; concentration and seven meteorological factors in Chengdu from 2014 to 2019
Eifn s < AR B ERELNR P35 X Rk i MMD (o
it B 5.395 4.767 1.436 2.330 5.524 6. 050 1
Z% H 6. 549 5. 880 1.747 2.965 6. 649 7.127 1
F 563.215 48.827 8. 828 1.659 2.897 32.304 36. 610
P <2E 16" <2E-16"* 0. 002 68 ** 0. 152 56 0. 006 35 ** <2E 16" <2E-16""*

1) ™ FIRAE 0. 001 KV FAS G2 Y, ™ FIRAE 0. 01 AT R ARG 2 B E 1

VR (A RN TR HERE S MR p-2
WG, TR L R R 1 GAMs .

T A A A AR () O, ¥ HE AR (LY 2 B W I %
GAMs fURLGE ST A T /% , FFOiFAE A 5t (O < L
XHBTE | FRICE, Bkt MMD FIAC e 9T
BB P AP 0. 01, BAr gt ek 1
B 6 AR AR I O, Wk I 22 W] 77 B0 19 G
(AT HE AL VO HIRATECS A 0,0 A il 2k |
PESER W SN 4 (- REZE it 5 0, kARSI
PRV T A R > 1) SR A gl

e |
* ¥
__-"' rd

0, WHEEAL GAMs B ¢(0,) = s (Repi Uil +
sCHIRHZEE ) +5 (FEK )| +5(MMD) +A] f,@ﬂq‘éﬂz 1
VC + o, %5 RY =0.849, J5 2 i Bl
85. 1%, HHBE T2 A4 0 F 9 GAMs BERL U 24 7
R BT RIS O, RIS
SOt AT ERE T O, VRIS Z R4
TS AL 22 T G AMs oo, g
AR LB SRR R BV IR R e i > M
WS > MMD > VC > H BERFEL > Bk &, il 448 1fi

&R Oy WAL £ R AR

£4 2014 ~2019 £ O, FRES 6 MERETFH GAMs AL RY

Table 4 GAMs model hypothesis test results between O; concentration and six meteorological factors in Chengdu from 2014 to 2019
EELA e e i LiRORTYE s H AR 4 R 7K MMD Ve
it A 4.820 4.260 1 4.770 5.14 1
ZH A 5.340 5.911 1 5.540 6. 181 1
F 568. 857 50. 969 8. 828 3.024 39.789 33.909
P <2E-16"" <2E-16"" 0.002 68 ™ 0. 004 56 ™ <2E-16"" <2E-16""
1) ™ RIRTE 0. 001 AKF FAREE M, ™ FIRTE 0. 01 KPR AR RS B[
DAFRER T E 2 O, IRIEALIZ 52 m GAMs BRIt O, Y B AR fb 1) 5% ma B2 32y s B4R

2 GAMs BRI ANZ% 5 7N, B A . AV |
H BEA %0, Bk, MMD 1 VC 31X 6 M#RAS Y
PEH) <0. 01, A G E X, S2ERF 1,
HZH MBI, MMD #1510, W B AR b S 4 M ¢
AL 4 N REERNS 0, RERAELMEX
R EAWENEZE 0, W E A1k GAMs BRI Ry
g(0y) =s(HRMM) +s (FHRREE) +s(FEKE)
+s(VC) + HIREE + MMD + o, 509 R =
0.811, )7 ZMBER N 81.3%, HELILNTH

R B E AR > MMD > AIXHEEE > H BB >
VC > [k, 5 2R SR A MMD 328 0, #eEEAR
UANEX S A ]SS
2.3 0, WAL Z N R MR 2 Wi

K2 ed5 0, WAL E VI LM 6 A F
PSR (e R . MR . B RE B, Bk R
MMD 1 VC) X R A O, HeBE AR LR iR 3k iz . I ]
WA, 0, 5 H R Ve SRR, i
5 e AR R R FE K B FTMMD Y 2 R 4
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Table 5 GAMs model hypothesis test results between O; concentration and six meteorological factors in Summer of Chengdu from 2014 to 2019

Ei=ta1 ISR AR IR [k i MMD Ve
AT B 2.612 1. 834 1 3.360 1 1.241
% [ ¥ 3.566 2.220 1 4.217 1 1.591

F 28.702 13.177 9.813 2.343 27.814 4.847
P <2E-16** 1.73E - 06 *** 0.001 85 ** 0.046 63 * <2E-16*** 0.01141°*

1) ** FR/RTE 0. 001 /KP FAR R R B FNY, ™ FRTE 0. 01 /K FARRR BN, © RRTE 0. 05 /K FAER 2 B EN, FH
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Table 6 GAMs hypothesis test results between O; concentration and interaction of influencing factors

22 LI I R H BRSO AR B SR -MMD R SRR K e -V e
Al A 9.77 11. 905 1.341 14.678 1
Z% Al 10.71 12. 356 1.459 15. 744 1

F 34.280 27.355 0.170 5.556 0. 062
P <2E-16*" <2E-16™" 0.0794 <2E-16"" 0.137 6

2 LI AR - H A s 5 AHX B -MMD AR E-VC AFX B - K MMD- H &A%
ian=l:c): 10. 987 13. 341 1.702 4.290 11.223
ZH AWM 11.533 16. 000 2.515 5.346 13.594

F 0. 146 0.0335 0.056 5 0.159 4.006
P 0.095 3 0.201 6 0.1073 0.092 1 <2E-16""

2 LI MMD-VC MMD-[% 7K H HBHT3-ve HHR I H-Rek VC-FK
ATt A i B 16.256 2.222 2.19 1.345 1.271
S HAHRE 17. 874 3.157 3.244 1.574 1.585

F 0.0252 0.026 4 0.0309 0. 063 0.079
P 0.064 8 0.060 3 0.213 1 0.1672 0.1357

1) ™ FKIRTE 0. 001 /K F AR b2 3 B
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