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Cheeka Peak is a unique site for monitoring the background chemistry and aerosol contents of pristine marine
air at mid-latitude. During long-range onshore winds that occur frequently throughout the year, it is predicted to
have the cleanest air in the northern hemisphere. Measurements of CO and O; were conducted at Cheeka Peak
Observatory(CPO) on the northwestern tip of Washington state, USA during March 6 ~May 29, 2001. The data
have been segregated to quantify the mixing ratio of these species in the Pacific marine atmosphere. Also the
marine air masses were further classified into four categories based on 10-day backward isentropic trajectories;
high, mid, and low latitude and those which had crossed over the Asian industrial region. The diurnal variation
of CO and O; at CPO showed a similar to tendency of background measurement site. When marine air mass
flowed to CPO, CO concentration was lower and O; was similar or higher than those of total data. The
westerly flow from ocean, not easterly from continent occurred the high concentration of CO and O; at CPO.
Using the trajectory segregation of marine air mass, the comparison of concentration according to latitude
calculated. the CO concentration of Asian trajectory was lower than other latitudes, O; concentration was higher.
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Cheeka Peak Observatory, backward isentropic trajectory, marine air mass
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Table 1. Complete data set for 19977, 1998 and 2001 CPQ observation, hourly averages. The values in
parentheses are from March 9 ~April 29
Mean sd. N(hours) 5" Percentile 95" Percentile
1997 1998 2001 | 1997 1998 2001 | 1997 1998 2001 | 1997 1998 2001 | 1997 1998 2001
CO 143 17 1721
(ppbv) 160 178 (150) 22 22 (15) 1319 1388 (1100) 132 154 109 | 201 220 183
O3 48 6 1892
(ppbv) 43 44 (48) 5 6 ®) 1327 1407 (1268) 34 34 33 50 54 59

*From Jaffe et al.
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and Os(lower) mixing ratio versus wind
direction at CPO.



ot Fo7 U+ thFig. 8). 7+ trajectory® T
37 98, WA 1097 FEo] oot ("~ v
50°N, 100" ~150°E)¢ E#stg=xE 2@t o

Z

L

o
o,

A FAA (DFAE (2 LUE 3) AAE @) ok A97H gom, T00hPacl A9 F4& theF 30m/s9)

#Eo] et Aoz daid Akt ol F@
#FEe 712 E o] Uy BAHAY of
. A725E Q4o AAHD AGAA 0153
£ trajectory7} ohAlo AL FAE AL o} £ v zdoE A& & Aok

ANeHAsian)" o2 BF3Io o3 ] 2 5YHy ¥ trajectoryy= 85l FH(00UTC, 12UTC)S] #

717} 33°N ofelol oW AYE 55N Yo e 8F Agaon], 7Zb trajectoryd We) FEE
o 1 Alolo] 9leow F9xetm Astdrh UTCS 12UTC FAlo g 6A17HS ko] 124)3F

959} o} NSt trajectorye TS WEkoln) I X BT EEE FIATH Table 4% trajectory ol
ol o] Lot} oAt trajectoryd Wl F# & COY Osv®EE YERIS I, 19987 1997
AeE GY2E 2o AN A7)go), 35N o AR Jaffe ef al'P9) AFE o] Lalt) 1997
I 160°W F-Zo mrigte] Sl IUWiAE e del S ofAlolRBES S wE g 9

TRAJECTOR'ES TO CPO(48.30N, 124.62W) TRAJECTORlES TO CPO(48.30N, 124.62W)
5/17/2001 (Day of Year 137? 2001 (Day of Year 130
THETA=282.4 K ot 00UT; 281.8 K of 12UT THETA 283 0 K ot OOUT; 280.6 K at 12UT

Preliminary — based on NCEP met dato . Preliminary — based on NCEP met date

40

—20 -
T 100 130 160 -170 140 -110 -80 P 100 130 160 -170 -140 -110 ~80
) £
>z >
i E:
DAYS TO CPO DAYS TO CPO
TRAJ[ECTOR’IEQ TO CPO(48.30N, 124.62W) ! TRAJECTORIES TO CPO(48.30N, 124.62W)
/2001 %DOJ of Year 78) 4/30/2001 {Doy of Year 120
THETA 83 5 K at T, 277.7 K ot 12UT THETA=283.0 K ot 00UT; 283.0 K at 12UT
Preliminary — based on NCEP met dato . Preliminary — bosed on NCEP met data

=g

(Z;g@

— 100 130 160 -170 -140 ~110 -80 — 100 130 160 -170 —140 —110 ~80
E 2 £ 6
= < 4
> ! /\ > 2
B —e=tose N &5
0 1 2 3 4 5 6 7 8 9 10 0 1
DAYS TO CPO DAYS TO CPO

Fig. 8. The classification of backward isentropic trajectories arriving at CPO.
(A) mid latitude type (B) high latitude type (C) low latitude type (D) Asian type

514



o= 4%

2 Cheeka Peakol| 4] 9

Fdo B¢E 5E CO% 039 54

Table 4. Marine data(12 hour average) segregated by trajectory classification at CPO

Mid latitude High latitude Low latitude Asian
Mean  sd N Mean  sd N Mean s.d N Mean  sd. N
1997%
CO(ppbv) 150.7 11.1 39 150.2 6.8 12 146.3 9.6 17 165.7 10.0
Os(ppbv) 44.1 3.2 39 432 3.2 12 4.5 52 17 44.1 2.7
1998"
CO(ppbv) 1714 81 26 1725 43 13 166.7 103 9 1709 9.1 11
Os(ppbv) 446 4.3 27 442 3.0 13 46.8 26 8 46.7 35 10
2001
CO{ppbv) 138.8 17.2 78 145.8 11.6 33 1327 132 6 1353 81
Oy(ppbv) 477 6.5 3 501 40 33 429 73 6 53.1 2.1
*From Jaffe et al"”
o ute} zpolrt glthe AL HAFIL YUtk 53 of ¥ FLu|uE & A, oFARL trajec-
olAl et trajectoryd “HJ CO% 165.7ppbvE A= toryd @] CO¥EE e 9% trajectoryol
trajectory(146.3ppbv) 2.t} 194ppbv £ FEF vla) @A vEbg I, 032 EA YERT
B, FAUE  trajectory(1507pphv) T :
trajectory(150.2ppbv) 5.} 15ppbvA = EA WUEhs e F

1= :lEiL]- 19983 20014 9] A%, olAlobe tra-
jectoryd w7t Z+zb 170. 9ppbvet 135.3ppbvE F
Y& trajectory(138.8ppbv) ¢} L9 = trajectory (145.8
ppbv) BTt 233 W& %Eg vER LT, 2001
9] 7= o}A)et trajectoryd W7t 53.1ppbvE TF
2 959 trajectory(F9H =:47.7ppbv, LHE: 50.1
ppby, AYE429pbv)HTH £& FEE YEIY
o}, AR o}AISt trajectoryd W PAN, Rn, o<
2% Ag ooig®: FaE tE A% trajectoryd
W Bk 493 2 #e vehldde 2t o

oy ogede FRel weh 43 AolE o
Bl Aoz Hld
4.7 £

20013 3¢ 6Y9%¥H 5¢¥ 290‘77}’X] Ll ’\‘]%'ﬂw‘l?‘
A EF Cheeka Peek Observatoryoirt =
CO, OAtaE EMste o 2 ZE
=3

1.

g
CO% O3 ZA|A A7

guia slAx g
g Yersit ‘
YA e RRH IO 44

Lol O Bl H]2dlAu o7
el A e nFE CO% Oz 3
FH7E g WHThE gFox

AR

4
=) tla]ectory el

rSL rm

}

515

B Ao glojA a5 AFs] F4 University
of Washington®] Jaffe R=pollAdl A2 ZALE
=gk

o

1) Jaffe, D. A., L. Yurganov, E. Pullman, J. Reu-
ter, and A. Mahura, 1998, Measurements of CO
and Oz at Shemya, Alaska, J. Geophys. Res.,
103, 1,493-1,502.

2) Crutzen, P. J., 1988, Tropospheric ozone: An
overview, in Tropospheric Ozone Regional and
Global Scale Interactions, edited by LS.A.
Isaken, NATO ASIL, Ser., Ser. C, 227, 3-32.

3) Volz, A. and D. Kley, 1988, Evaluation of the
Montsouris series of the ozone measurements
made in the nineteen the century, Nature, 332,
240-242.

4) Logan, J. A., 1994, Trends in the vertical
distribution . of ozone: An analysis of ozone-
sonde data, J. Geophys. Res., 99, 25,553-25,585.

5) Lee, S. H, H Akimoto, H Nakane, S.
Kurnosenko, and Y. Kinjo, 1998, Lower tro-
pospheric ozone trrmd observed in 1989-1997 at
Okinawa, Japan, Geophys. Res. Lett., 25, 1,637~
1,640.

6) Blake, D. R. and F. S., Rowland 1986, Global



7

8)

9

10)

11)

12

~—

13)

14)

15)

A

atmospheric concentrations and source strength
of ethane, Nature, 321, 231-233.

Novelli, P. C, L. P. Steele, and P. P. Tans,
1992, Mixing ratios of carbon monoxide in the
troposphere, J. Geophys. Res., 97, 20,731-20,750.
Jaffe, D. A., A. Mahura, ]J. Kelley, J. Atkins, P.
C. Novelli, and J. Merrill, 1997, Impact of
Asian emissions on the remote North Pacific
Midway, and Mauna Loa, J. Geophys. Res.,
102, 28, 627-28,636. v
Duce, R. A, C. K. Unni, B. ]. Ray, J. M. Pro-
spero, and J. T. Merrll, 1980, Long-range
atmospheric transport of soil dust from Asia to
the tropical North Pacific: Temporal variability,
Science, 209, 1522-1524.

Prospero, J. M. and D. L. Savoie, 1989, Effect
of continental sources of nitrate concentra-
tions over the Pacific Ocean, Nature, 339, 687-
689.

Jaffe, D. A., T. Anderson, D. Covert, R. Ko-
tchenruther, B. Trost, J. Danielson, W. Simpson,
T. Berntsen, S. Karlsdottir, D. Blake, J. Harris,
G. Carmichael and 1. Uno, 1999, Transport of
Asian air pollution to North America, Geo-
phys. Res. Lett., 26, 711-714.

Parrish, D. D. 1993, Carbon monoxide and
light alkanes as tropospheric tracers of anth-
ropogenic ozone, in The Tropospheric Che-
mistry of Ozone in the Polar Regions, edited
by H. Niki and K. H. Becker, Springer-
Verlag, New York, 155-169pp.

Parrish, D. D, ]J. S. Holloway, M. Trainer, P.
C. Murphy, G. L. Florbes, and F. C. Fehsen-
feld, 1993, Export of North American ozone
pollution to the North Atlantic Ocean, Science,
259, 1436-1439.

Jaffe, D. A, R. E. Honrath, L. Zhang, H.
Akimoto, A. Shimizu, H. Mukai, K. Murano,
S. Hatakeyama, and J. ‘Merrill, 1996, Mea-
surement of NO, NOy, CO and O3 and esti-
mation of the ozone production rate at Oki
Island, Japan, during PEM-West, ]J. Geophys.
Res., 101, 2,037-2,048.

Hoell, J. M., D. D. Davies, S, C. Liy, R.
Newell, H. Akimoto, R. J. McMeal, and R. ].
Bendura, 1997, Pacific Exploratory Mission—
West Phase B: February-March 1994, J. Geo-

=

516

o]
=

16)

17

18)

19)

20)

2D

22)

23)

24)

phys. Res., 102, 28, 223-28, 239.

Berntsen, T. K., S. Karlsdottir, and D. A.
Jaffe, 1999, Influence of Asian emissions on
the composition of air reaching the north-
western United States, Geophys. Res. Lett,,
26, 2171-2174. ‘ '

Jacob, D. ], J. A. Logan and P. P. Murtj,
1999, Effect of rising Asian emission on
surface ozone in the United States, Geophys.
Res. Lett., 26, 2175-2178.

Jaffe, D. A., T. Anderson, D. Covert, B. Trost,
J. Danielson, W. Simpson, D. Blake, ]. Harris
and D. Street, 2001, Observation of ozone and
related species in the northeast Pacific during
the PHOBEA campaigns: 1. Ground-based
observations at Cheeka Paek, J. Geophys.
Res., 106, 7,449-7,462.

Miller, J. M., 1981, A five-year climatology of
back trajectories from the Mauna Loa Obser-
vatory, Hawaii, Atmos. Environ., 15(9), 1553-
1558.

Harris, J. M. and D. Kahl, 1990, A descriptive
atmospheric transport climatology for the
Mauna Loa Observatory, using clustered tra-
jectories, ]. Geophys. Res., 95, 13651-13667.
Akimoto, H., H. Mukai, M. Nishikawa, K.
Murano, S. Hatakeyama, C. M. Liu, M. Buhr,
K. J. Hsuy, D. A. Jaffe, L. Zhang, R. Honrath,
J. T. Merrill and R. E. Newell, 1996, Long
range transport of ozone in the East Asian

Pacific rim region, J. Geophys. Res., 101,
1,999-2,010.
Kajii, Y., H. Akimoto, Y. Komazaki, S.

Tanaka, H. Mukai, K. Murano and ]. Merrill,
1997, Long-range transport of ozone, carbon
monoxide, and acidic trace gases at Oki
Island, Japan, during PEM-WEST B/PEACA-
MPOT B campaign, ]. Geophys. Res., 102,
28,637-28,649.

Pochanart, P., ]J. Hirokawa, Y. Kajii and H.
Akimoto, 1999, Influence of regional-scale
anthropogenic activity in northeast Asia on
seasonal variations of surface ozone and
carbon monoxide observed at Oki, Japan, J.
Geophys. Res., 104, 3621-3631.

Anderson, T. L., D. S. Covert, ]J. D. Wheeler,
J. M. Harris, K. D. Perry, B. E. Trost and D.



D]

A. Jaffe, 1999, Aerosol backscatter fraction
and single scattering albedo: Measured values
and uncertainties at a coastal station in the
Pacific Northwest, J. Geophys. Res., 104, 26,
793-26,807.

25) Kotchenruther, R. A, D. A. Jaffe, H. J. Beine,
T. L. Anderson, J. W. Bottenheim, J. M.
Harris, D. R. Blake and R. Schmitt, 2001,
Observation of ozone and related species in
the northeast Pacific during the PHOBEA
campaigns: 2. Airborne observations, J. Geophys.
Res., 106, 7,463-7481.

26) Harris, J. M, P. P. Tans, E. J. Dlugokencky,
K. A. Masarie, P. M. Lang, S. Whittlestone
and L. P. Steele, 1992, Variations in atmos-
pheric methane at Mauna Loa Observatory
related to long-range transport, J. Geophys.
Res., 97, 6,003-6,010.

27) Mizoguchi, T., M. Kunugi and M. Nishikawa,
1985, Background air pollutant measurement
and selection of background sites in Japan,
Res. Rep. Natl. Environ. Study. Japan, 79.

28) AHA, &, ol 52, Agn|, 2 sE T

X Cheeka Peakol| 9] 40 mt&

24 COst 0s) 54

B, 1995, HAANGG ARG 9&2E
B4 AF, g7 BAEH R, 1103), 253-262
29) A9, 2000 BA gotx|de] wkw o0& w
4 54 BE 9F, BRLAHIIAA, 9W)

295-302.

30) AW, Ard, oIk, 1994, 3 Fo] FAkA
o Wr1edEmel vAE 4, FxHA e
3] 7], 3(4), 357-365.

31) A9, 1997, Ardtele] m5E 0FAe o
WAL 0BEE FARS, FAsa

kAL ee =4, 119pp.

32) Lawrence, M. G. and P. ]. Crutzen, 1999,
Influence of NOx emissions from ships on
tropospheric photochemistry and climate, Nature,
402, 167-170.

33) Corbett, J. J, P. S. Fischbeck and S. N.
Pandis, 1999, Global nitrogen and sulfur
inventories for oceangoing ships, J. Geophys.
Res., 104, 3457-4370.

) AEZ, 4, F8E, FES, 2000, o]
A #SE 19989 4€ #Abe B4 2 A g
FF dE FA, #37]4488 ), 36(3), 405-

Ny
o
IS

517



