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Long-term Trends and Factors Contributing to High Concentrations of
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Summary

We analyzed photochemical oxidant (Ox) data obtained from permanent monitoring stations installed
throughout Fukuoka Prefecture, including Fukuoka City, and attempted to estimate the factors contributing to
the increase in Ox in the city. A cluster analysis was conducted for 41 stations in the prefecture using data from
FY2008 to FY2020. The results were classified into five regions, suggesting differences in nitric oxide (NOx)
titration effects and the influence of advection in each region. Based on the analysis of the weekend effect on
high Ox concentration days, we predicted that the reduction of volatile organic compounds (VOCs) in urban
areas and the reduction of NOx in the suburbs would be effective in reducing Ox concentrations in Fukuoka
City. Based on these results, Shiyakusho Station (urban area) and Kashii Station (suburban area) were selected,
and the partial least squares (PLS) regression model was used to estimate the factors that increased Ox
concentrations in April, May, July, and August. The results showed that non-methane hydrocarbon (NMHC)
and NOx contributed to the increase in daytime Ox concentrations at Shiyakusho and Kashii stations,
respectively, suggesting that the optimal countermeasures for each area differed in the PLS regression model.
This study suggests that, as a countermeasure for Ox pollution in the city, an effective strategy is to expand the
NOx-limited area throughout the city by reducing NOx concentrations at the suburban level in parallel with the

reduction of VOC concentrations in urban areas.

Key Words : J&{b54 % %> kb Photochemical Oxidant, 7 7 A% —fi##T Cluster Analysis,
TRZNE  Weekend Effect, 2> > /£l ¥"—2  Ozone Formation Regime, PLS [Al)# Partial
Least Square Regression
1 [FL®IC JUNITHi 72 EXRR IR O [INWEEPH Tl kP A F 2 & v MER
WRESENDRE, KIRELTI120 ppb 225 LD
REREFH BRI S TN D.
ZORKNE LT, Y AHREHED NO XA hL—
2 VRN ROK OB IC L D Ox IREOBIIN? S5
EZONDHD, T L > TRARCBIRIC L 2 28N

AL BT, Tox) &9%. ) 1%, =
Aty (LUF, INOx) &§%. ) SCEHBEIEARILE
w (LT, TVOCl &35, ) b FUSIZ L > T
BT D, AV BTG ETOMRIMMETH S, 18

FITHTIC VT Ox OBREAVERRFRIL, 2E & FRICH
HTERDRRTH D, 2022 FEOBRFEEAEERFIT 0 T
HoT-1 . NOx 2 VOC OHINEHRIZ L - T, Ox Rl
BOWRERRD L TWDIZHEED LT, KfiTo Ox
SEEMEIE 1980 4R B 2000 4R (22T CRBIAY 2285
B H 52 . BT 20194 5 H 23 FICHERT - b

Hp D720, HUBAI7Z2 Ox 15GLRI ol & = DO ZER O
L RO BILD.

HUSH) 72 RGN B DTG G A g3 5 Fik & L
T FAZ—0HNR b5, TERTILY 722 =73
LA RAFERHEGRRERONFET, Wiliko s 7 24—
TNO XA hL—a VNBRORENRENT & 2WE



LTWaY . £, &5y 7 AET VO REiE A
RET HI-0l2, FERLOKRIRFIZET 5 R
ER (LfE 74 /), KWK :32 /) 27 7 A X —pHric k
V3OO0 TFAZ—IIHEL, K7 TAX—EFET LD
FHEMERE LTRELEY . 20k ), 2HEONER
DT =N LHE, 1GYRRLOFEIED B E R %
TN—TMT 25 2 L, HOBEGRRIUZED L 7= fRtr &
19 ECTHZTHS.

£, BIERME OB LI RANIC Ox BENSKFES
NARWEBHDO—> L LT, A DR DTSR
Wkt U CIRRIERICB bT  Z E BT bnb. 20k
IR BT A Y VL P — L TRT LN TE,
Fig. 1 (LZDETNVRERT (JFEDY O RES
ERRIZBIH) . A R L NOx, VOC IR & DIEHR

Ozone concentration
low middle high

VOC sensitive

Mixed
sensitivity

NOx

s sensitive
@
g

% Point B high

o & :

3 middle
Z ‘.f"- M low

*

VOC emission

Fig.1 The schematic diagram of ozone concentration
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Fig. 4 Daytime average values of Ox, PO, and NOx during the warm season from Period A to Period C
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Table 1 Contribution of each factor to PLS model construction

April, May July, August
Factor Kashii Shiyakusho Kashii Shiyakusho

Coefficient VIP Coefficient VIP Coefficient VIP Coefficient VIP
Global solar radiation [MJ/m?] 0.22* 0.99 0.19* 1.00 0.23* 1.20 0.21* 1.22
850hPa specific humidity [g/g] 0.01 0.67 -0.02 0.69 -0.04 0.74 -0.09* 0.79
Temperature difference [°C] 0.05* 1.14 0.09* 1.17 0.01 1.10 0.07 1.16
Average Temperature [°C] -0.03 0.44 -0.02 0.42 -0.03 0.73 -0.05 0.69
Maximum Temperature [°C] 0.07* 0.70 0.07* 0.68 0.09* 0.90 0.10* 0.90
Wind speed [m/s] -0.01 0.94 0.02 0.91 -0.17* 0.91 -0.13* 0.78
NOx [ppb] 0.14* 1.18 -0.01 0.75 0.15* 1.05 0.00 0.69
NMHC [ppbC] -0.02 0.76 0.1* 1.05 0.10* 0.78 0.14* 1.05
Oxbase [ppb] -0.59* 1.53 -0.59* 1.56 -0.38* 1.10 -0.36* 1.04
Tsushima Oxmax [ppb] 0.45* 1.18 0.45* 1.26 0.47* 1.32 0.48* 141

* indicate significant coefficient at p<0.05.
VIPs >1.00 are shown in bold.
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