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In recent years, a simple and practical method for optimizing the existing air monitoring network in Japan is required because the

photochemical oxidant pollution area is increasing. In this study, the spatial distribution of ozone and potential ozone (PO) were predicted by

ordinary kriging based on the data from the monitoring network along with the data from passive samplers supplementing the network.

Passive sampler data were confirmed to be equivalent to the monitoring data along with an adequate precision and trueness. Kriging was
proved to be an effective method for the prediction of the spatial distribution of ozone and PO. The “Range”, which is obtained during the
kriging process, represented the spatial scale and showed a positive correlation with the wind speed. However, in the case when the distribution

was influenced by the relatively large air mass or by local emission sources, further analyses using a chemical transportation model or

regression kriging with emission inventory as an auxiliary variable was considered to be necessary.
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Fig.1 Study area with passive sampling and continuous monitor sites.
Numbers correspond to those in Table 1. Colors represent the
elevation based on ASTER GDEM, a product of METI and NASA.
Black circles without numbers are discussed in section 4.1. The large
square shows the area where O; and PO concentration is predicted.

Table 1 Passive sampling sites (No.1-22) and continuous
monitor sites applied for this study (No.22, 101-114).

No. Name No. Name
1 Kitakomatsu 19 Oroshimo
2 Kitahira 20 Konohama
3 Kido 21 Saizukawa
4 Horai 22 Katata
5 Wani
6 Mano 101 Shimosakamoto
7 Sakashita 102 Zeze
8 Ikadachi 103 Ishiyama
9 Oginosato 104 Kusatsu
10 Minamishiga 105 Moriyama
11 Goryocho 106 Hachiman
12 lkenouchi 107 Takashima
13 Qishi 108 Sakyo
14 Haguri 109 Shiyakusho
15 Kamitanakami 110 Yamashina
16 Ichiriyama 111 Daigo
17 Kayanoura 112 Uji
18 Shimogasa 113 Higashiuji
114 Joyo

*No. 16, 19 and 113 are not available in 2009.
**No. 102 and 107 are monitoring Os only.
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Table 2 Detail of the samplings

. Number of

Sampling date EXPO.SUFG Monitored duplicate

period gas samplings
Apr 14 - 15, 2008 1 day O3 3
May 12 - 13, 2008 1 day O3 3
May 26 - 27, 2008 1 day O3 3
May 27 - 28, 2008 1 day O3 3
May 28 - 29, 2008 1 day 03, NO, 3
May 29 - 30, 2008 1 day 03, NO, 3
June 23 - 24, 2008 1 day 03, NO, 3
June 24 - 25, 2008 1 day 03, NO, 3
June 25 - 26, 2008 1 day 03, NO, 3
July 23 - 24, 2008 1 day 03, NO, 3
Oct 30 - 31, 2008 1 day O3, NO, 3
Nov 17 - 18, 2008 1 day 03, NO, 3
Apr 23 - 24, 2009 1 day 03, NO, 1
May 20 - 21, 2009 1 day 03, NO, 1
June 29 - 30, 2009 1 day 03, NO, 1
July 30 - 31, 2009 1 day 03, NO, 1
Aug 25 - 26, 2009 1 day 03, NO, 1

Sep 10 - 11, 2009 1 day 03, NO,
Oct 22 - 23, 2009 1 day 03, NO,

Apr 7 - 14, 2009
May 13 - 20, 2009
June 22 - 29, 2009

1 week O3, NO,, NOy
1 week O3, NO,, NO4
1 week O3, NO,, NO,

- A A a

July 23 - 30, 2009
Aug 18 - 25, 2009
Sep 3 - 10, 2009

Oct 15 - 22, 2009

1 week O3, NO,, NO,
1 week O3, NO2, NOy
1 week O3, NO,, NO,
1 week O3, NO,, NO,

A A A a

2.4 REDRE

BHEBIEIN L=V 77—, By B A A A
HK 10 mL (O;) BEVY 8 mL NO, B ELTUINO,) T L,
0; & NO, ITA A7 r~ 7T 7 (Dionex, DX-320 ¥5X&
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THERBERIEIFSEAT, 2002). A A7 v~ "7 T 7 DO58EN T
L% AS12A4 x 200 mm, F7— R4 7 A3 AG12A 4 x 50 mm,
P L wP—i% ASRS 3004 mm, A — hH 7T —(TLAS,
TRBIERIT 2.7 mM Na,CO; + 03 mM NaHCOs;, il 1.5
mL/min, 77 HIEEE 35°C, HEAEIL 250uL TH 5.

2.5 KRTEEOEH
KEHD 05, NO,;, NO, EDHHILLFD L 51247 -
7-.

11
C—Wx?x; (1)

ZITC, CIIERKHIRE (ppbv, UL Fppb £9°2) , W I
O3 [ZOWTCIHHEANTTARL L2 NOs (ng), NO,, NO, (T
DUNTIHAEE X7z NO,, NO; (ng), £ I3HFLREL (ppb hr/ng),
t [T (hr) ThHD. #REAET, Ny T YT T —
& FENHITERE & O TRIE & No.22 O IWTHENE LT
ZOfEEFR L, SREICOW TR LZ b0z vz
(Bytnerowicz et al., 2004). F7-, HEIREIIFBELIN L IZH
HL7-.
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[Po]=[0,]+[NO,]-0.1x[NO, ] )
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BoF-7-. )

[PO]=[0,]+[NO, ]-0.1x ([NO]+[NO,])
=[0,]+0.9x[NO, |- 0.1x[NO] (3)
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BEHHIERE (—RERBER) @ NO @ HIEHIEIIE ppb AT T
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bNDHT END, 5§ 3 HAEHEL TH PO ~DOREII+4y
INEWEHIBTL, NO, DHRIEEFT-> T 1 ARFEDT
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Fig.2 Example of the empirical variogram (cirlces) and fitted
semivariogram (solid line) obtained from PO data on July 23, 2008.
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D> HRTEDIE (trueness) 2 7l L 7=, P ExREZE) O3 C
1% 5 ppb LLF, NO, & NO, TiE 2 ppb LLFE/INEUVMET
Hotz. ZITH 03 ITHART NO, X NO, DO-FJfoetqa
ZEDTDINEND,  ZAVHIREOHEHED Y NS W eh & B 2
bivd. HERAERE OB LS <, T 1| HEEED O,

(2008,2009 /) & NO, (2008 4F) 1% r>0.95 EIEFITEMN
Sfz. T OREE & BEEIXBEEOMSE (Ray, 2001,
Bytnerowicz et al,, 2004) & [FREEEThH 7. T 9 L7ckERMN
5, Ny TV T T LA MEmIEI STk EE A
Fro TR0, BAENIEREIC X AHIEM & Rz 5 2
EWMERTE . i, BONIHARLREKE Table 4 (TR L
7BV ThH-TZ. B, 1| HEHETHON 7 Ui
TROEFEIE 05Tl 0.05 - 025 mgNOs/L, NO, Tl 0.02 -
0.05 mgNO,/L Th-7-. NO, (1 HEfE#FE) <TiX 0.1 - 05
mgNO,/L Th-o7-. E& NRMEL, HEAEOT T 70
IR LUHIE (=10) Z5EHiL, TRMEOEERZED 10 %
ERGATERECHE L TRDIEEZA, 051X 1 ARET6
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T, HOARETFTVONACE  FEEET /MInTh b
7otz REEESTATHSIEIZ SV TIE ME (ppb) 1 O5 135/
2N 0.5, HKRH H0.1,PO IFENEI 0.7, 03 L/NSVMET
&H-7-. RMSE (ppb) 1 O; TILHIAEA 59, PO 1% 6.1 T
HYFRIREETHD EEZ BAVZ. MSNE(5) (22 TIE
0; ™ 2008 4= 11 A 17 HOT—XLIFClid MSNE (% 1
W<, MaRER S THITE 2Lz 5.

Fig.4 |Z MSNE OfatfiEizaE8H, FAHIRE IR 1 |
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TIE 1 BEERESS, PO TIE 1 BIEYOR 1 1SE)-7=
D, BB =T o7 Oy O 1 BREPEADIE S & 3K
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Table 3 Result of duplicate sampling and collocated sampling

Precision Trueness
Mean Mean
Traget Year Mean  Mean
n StdDev RSD Absolute Absolute “
(ppb) (%) Error Error
(ppb) (ppb)
1 day exposure
O; 2008 36 22 59 3.1 12 4.0 0.97
O; 2009 7 1.6 4.2 2.3 8 4.4 0.95
NO, 2008 24 04 57 0.6 8 21 0.97
NO, 2009 7 0.6 8.4 0.8 8 14 0.88
1 week exposure
O; 2009 7 1.3 3.8 1.8 8 3.9 0.89
NO, 2009 7 0.4 5.1 0.6 8 1.1 0.87
NO, 2009 7 0.4 52 0.6 8 1.3 0.86
o _| ;
53] oy
O 1 day +bppb .-
= V 1 week S
oy o e} ///
= & /,/O—Sppb
5 £
2 v
S 2 ) 80
¢ g
=z Jopge
g S /
@
o
o -/,
I I I I I
0 20 40 60 80

03 continuous monitor (ppb)

Fig.3 Result of the collocated sampling of Os. Circles show 1 day
exposure samplings and triangles show 1 week exposure samplings.

Table 4 Conversion factors for Os;, NO, and NO, (ppb hr/ng)

Exposure

period O3 NO, NOx
1 day 0.00138 0.00085
1 week 0.00164 0.00089 0.00121

TR i, “EEICIT AR &
RN RAS) & OB A OT, ERES TR
WA B2 TWRWEEZ b,

I aR N TF—v g rOfEREMERN T 5 &,
TEHILEL No.7 T 03, PO HIZFAEDRIET—Z 1TV TTH
TEEREMHOENRKE L, TNETREHEO N 11 B
LV 18 ppb ThHo7z. ZOHLIXILRRERICALE LIhoRlE
S E ORI RIRAH D (Figl) Z & CHIFRAIZREE
ENTEY, HEESMORE & RE B 2D Z L%l
FDIOBFENREL oz BE 205, LinL, ZoH
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Table 5 Variables, models, prediction diagnostic indexes and range obtained from cross validation for O; and PO

0, PO
date Exp0§ure
period ] | Imax model ME RMSE  MSNE  Range | | Imax maodel ME RMSE  MSNE  Range

(km) (km) (ppb) (ppb) ) (km) (km) (km) (ppb) (ppb) ) (km)
Apr 14, 2008 1 day 238 15 Sph 0.0 8.0 1.110 9.4
May 12, 2008 1 day 2.3 20 Gau 0.1 55 1.210 15.2
May 26, 2008 1 day 2.9 18 Exp 0.0 7.2 1.192 12.1
May 27, 2008 1 day 2.3 15 Sph -0.2 5.6 1.071 10.2
May 28, 2008 1 day 33 20 Gau 0.1 5.0 0.831 7.3 34 20 Gau 0.3 47 1.003 8.5
May 29, 2008 1 day 2.9 18 Sph 0.1 6.7 1.225 9.2 2.9 18 Gau 0.0 7.2 1.155 11.8
Jun 23, 2008 1 day 2.1 20 Gau 0.1 55 1.032 9.6 3.0 18 Sph 0.0 5.1 1.169 10.1
Jun 24, 2008 1 day 25 15 Exp -0.1 6.7 1.001 7.0 3.1 18 Gau 05 7.7 0.992 6.3
Jun 25, 2008 1 day 3.2 15 Sph 0.0 5.7 1.034 7.3 3.2 15 Sph 0.0 6.5 1.159 10.6
Jul 23, 2008 1 day 25 15 Sph 0.4 7.3 0.996 10.0 25 18 Sph 0.7 8.2 1.000 9.6
Oct 30, 2008 1 day 2.1 15 Gau 0.0 48 1.012 56 2.9 15 Gau 0.4 5.7 1.000 75
Nov 17, 2008 1 day 2.1 15 Gau 05 6.2 2517 12.7 2.1 20 Sph 0.4 6.8 1.207 114
Apr 23, 2009 1 day 3.1 18 Sph 0.0 47 1.061 6.2 2.0 18 Sph 0.0 4.1 0.996 5.0
May 20, 2009 1 day 2.0 15 Sph 0.0 9.4 1.236 11.5 2.0 15 Sph -0.2 9.1 1.206 10.9
Jun 29, 2009 1 day 1.7 15 Sph 0.0 55 1.549 49 23 15 Gau 0.0 47 1.133 4.1
Jul 30, 2009 1 day 2.3 15 Sph 0.0 7.3 1.205 8.4 2.1 15 Gau -0.1 7.2 1.087 42
Aug 25, 2009 1 day 3.3 15 Gau -0.1 7.0 1.059 8.4 27 15 Sph 0.2 7.2 1.006 10.1
Sep 10, 2009 1 day 32 18 Sph 0.2 85 1.016 76 3.0 20 Gau 0.5 8.6 1.000 6.4
Oct 22, 2009 1 day 2.9 18 Sph -0.1 6.7 1.012 9.3 2.1 15 Sph 0.2 6.5 0.979 9.6
Apr07,2009 1 week 33 20 Sph 0.0 5.4 1.110 10.3 2.8 17 Sph -0.1 47 1.138 15.2
May 13,2009 1 week 2.6 17 Sph 0.0 35 1.227 14.5 2.8 17 Sph 0.0 3.8 1.061 14.5
Jun 22,2009 1 week 3.2 15 Sph -0.1 75 1.105 75 2.8 20 Sph -0.1 7.7 1.058 11.0
Jul 23, 2009 1 week 3.0 15 Gau 0.0 33 1.025 5.1 2.1 18 Sph 0.0 35 0.992 1.7
Aug 18,2009 1 week 2.3 20 Gau 0.0 5.0 1.001 12.4 2.1 20 Sph 0.0 5.4 1.247 13.7
Sep 03,2009 1 week 2.3 18 Sph 0.0 48 1.004 8.9 1.9 20 Exp -0.1 5.1 1.079 11.9
Oct 15,2009 1 week 2.9 20 Sph -0.1 6.1 0.994 9.6 2.3 15 Sph -0.2 5.6 1.174 11.0

* Sph, Gau and Exp represent spherical, Gaussian and exponential respectively.
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Fig. 4 Statistics of the prediction diagnostic index (MSNE) obtained
from cross validation for O; and PO for each averaging time (1 day
and 1 week). Circles show mean values and error bars show 95 %
confidence intervals
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Fig.5 Example of the predicted spatial distribution of O; (left) and
PO (right) obtained by ordinary kriging applied for the data on July
23,2008 (1 day average). Crosses show locations of the passive
sampling sites and rectangles show that of the continuous monitor
sites applied for this study (Unit : ppb).
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Table 6 Number of pairs in each interval (/]| = 3.4 km)

Number of pairs

Interval Range of | |
No. (km)

O3 PO
1 0 - 34 17 18
2 34 - 68 67 73
3 6.8 - 10.2 77 83
4 10.2 - 13.6 90 94
5 136 - 19.0 84 90
6 19.0 - 224 70 72
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Fig.6 Scatter plot of the obtained range versus average wind speed
for O; (left panel) and PO (right panel). Triangles and squares show
outliers and solid lines show regression lines without outliers.
Correlation coefficients are calculated without outliers.

Table 7 Mean correlation coefficients of hourly O; concentration
between the continuous monitors applied for this study and standard
deviation of daily or weekly mean O; concentration of the
continuous monitors for Day 1 — 3 together with some statistical
values of all the sampling data. Numbers in parentheses show
percentile ranks of these values to those in the period from April to
November in 2008 and 2009.

r(-) Std Dev (ppb)
Day 1 0.76 (17) 21 (9)
Day 2 0.95 (90) 3.2 (33)
Day 3 0.95 (86) 8.8 (99)
min 0.32 (13) 12 (1)
mean 0.83 (58) 3.9 (54)
max 0.97 (97) 8.8 (99)
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