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We present analyses of CO, Og, nitrogen oxides (NO, and NOy) and aerosol black car-  The PICO-NARE station is located on the summit

3 ! - - . Seanon oTPico meantan Trew oThe staton on
bon (BC) measurements made in the lower free troposphere (FT) over the North Atlantic ~ of Pico mountain (2.2 km asl) in the Azores the summit
region during summers 2004 (ICARTT period) and 2005.

Islands. The station was established in July 2001

Main Findings: and has been proven to be useful to study long- [{{#
1.Boreal wildfires in 2004 dramatically impacted CO, BC, NO, and NOy and sig- range transport of pollution in the FT [1,2].

nificantly impacted O3. These wildfires resulted in very large-scale impacts on The PICO-NARE station is currently in tran-

tropospheric BC, NO, and Og. sition to become a permanent Global
2.North American anthropogenic emissions during summer 2005 also impacted Atmospheric Watch station under Portu-

levels of CO, O3, NO, and NO although to a lesser extent than wildfire emis- guese control with international participa-

sions in 2004. (B0
1. Frequent impact of wildfire 2. Extreme impacts on BC, NO,, and NO, [Fig. 2 a-c] - - -

L ! y Fig. 2. Relationship of BC, NO,, NO, and Ogto CO in fire plumes. Colored
emissions dUrIng summer 2004 sLevels of BC, NO and NOy during fire-impacted outflow were well above typical symbols show fire periods by recent P i
[Fig. 1] summertime background at the site. or tropical air. Numbers correspond to those in Fig. 1.

+Avg. ABC/ACO (4 ngm %/ppb; Fig. 2a) and ANO,/ACO (8 ppt/ppb; Fig. 2b) were a -
Major fires in Alaska and Canada repeatedly impacted - y . ,3yl o o) DR 1200fb)  Avoanoyaco=8 ppipp
the PICO-NARE station during summer 2004. Fire- significant fraction of estimated BC/CO (6 ngm™/ppb [3]) and NO,/CO (12-26 ppt/ 600 Borea e everts .
impacted periods accounted for 16% of the measure- ppb [4,3]) emission ratios from boreal wildfires. Avg. ANO,/ACO was also within the s00l - o . 1000
ment time from July to early September, 2004. range of observed ANO,/ACO closer to fires (6-14 ppt/ppb [5]). This indicates the — ’;er '” = 800
Fio 1 efficient long-range transport of BC and NO,. § 400 +-ononre boreal E
19. 1. summer 2004 time series of CO, BC, NOy, . . - . = o w5 600
NO, and Oy with fire-CO fraction simulated by ‘Large ANO,/ACO (Fig. Zc)‘ indicates that d.ecomposm»nn.of PAN to pr ‘was an Q . S
MOZART. Fire-impacted periods are indicated by important source of NO,. High levels of NO, imply continuing O3 formation in these 400
hatched areas. Enumerated periods are analyzed in highly aged plumes. 200
Fig. 2. Note the enhancements of the species coin- sLarge variability in ANO,/ACO and ABC/ACO was observed, attributed to a combina- :
ciding with peaks in fire-CO simulated by MOZART. N N - iy o 0
tion of removal during transport and variation of fire types and emissions. 50 100 150 200 250 50 100 150 200 250
CO (ppbv) CO (ppbv)
CED8 0 . .

op 'x.“w’-s‘"%‘ww"'«’ &ﬂ.‘ 3. Complex behavior of O3 [Fig. 2 d] 200 R B e “r »
«Significant O3 enhancements above background were observed in all but one plume. 150 70
This indicates that O3 photochemical production occurred in the fire plumes during R 60
transport, likely as a result of decomposition of PAN to NO. § : §
*However, AO3/ACO indicates varying behavior from plume to plume: from significant g éﬁ *
(e.g. event 1) to moderate (e.g. event 9) Og production to even destruction of O = 40
(e.g. event 4). 2 3
sLow AOZ/ACO and negative O3-CO relationships observed in some plumes imply ‘Avg.0055C0=02 ppbippD
suppression of O3 production, likely due to reduced OH and limited NO, or removal T T R 2050 T T
of O3 due to reaction with organic aerosols or nighttime chemistry. This behavior is CO (ppbv) CO (ppbv)
not well understood yet and deserves further study.
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aC0 N0, oM, 10y a8 o N Aeco 4. Large-scale implications

*North American wildfires in 2004 resulted in a significant source of BC, NO,, NO, and Og to the North Atlantic lower FT. Since our observations were made

More information and references in Val Martin et al. 6-15 days downwind from the wildfires, this suggests very large-scale impacts on tropospheric NO, and O budgets and on direct radiative forcing by BC.

[2006], Significant enhancements of NO,, NOy, BC

. . . . . . o
and O in the North Atlantic lower FT resulting from We estimate that the 2004 North Amencan.wanlres could rgsull |r? a sour0§ as.large as 4<.J%Iof tl-.le typical summer pr exporfed frqm lhg US a.md 10/7: of
North American boreal wildfires, accepted, J.Geo- the summer net photochemical Og production in northern high latitudes. Likewise, total wildfires in the Northern hemisphere (including Siberia) in a typical
phys. Res., doi:10.1029/2006JD007530. year could result in as much as 80% and 20%, respectively.

1. Examples of impact of U.S. emissions [Fig. 3] 2. NO, and NOy in U.S. plumes [Fig. 4 a-] -

. o K ) Fig. 4. Relationship of NO,, NOy and O3 to CO in anthropogenic
During summer 2005, we identified three periods with outflow from the . NO, and NO, were significantly enhanced above background in all plumes. A, B and C: Observations at Pico. Plotted are all summer
northeastern U.S. and one p_erlod with very low altitude outflow from the but one event. NOy was highly correlated with CO, suggesting observations (small black dots), 3 events from northeastern U.S,
southeastern U.S. These periods present clear outflow from the U.S. with £ NO. in the pl he PICO-NARE stati (oreen, blue and red circles) and 1 event from southeastern U.S. (
no evidence of mixing with fire emissions. transport of NOy in the plumes to the - station. circles). Regression line plotted when 2 > 0.5. Data in Fig. 3A are green

+ Avg. NO,-CO slope (0.012 ppbl/ppb all events; 0.016 ppb/ppb well dots and in Fig. 38 are cyan circles. D: Comparison of Pico NOy-CO
correlated events) was significantly lower than that observed in (aged plumes) to NOAA-WP3 NOy-CO (fresh plumes) (from [6]).
Fig. 3. Time series of CO, 05, NO,, NO, and FLEXPART CO U.S. tracer during fresh plumes downwind from the eastern U.S. (0.13-0.17 ppb/ppb
U.S. outflow (right). An example FLEXPART retroplume is also shown for each [6]), indicating the important removal of NOy in urban plumes during 0 AN, Vs, €O 1200 H B)NO, vs. CO
period (left). Although the time of FLEXPART is slightly off relative to the time of transit. However, a fraction, 7-12% of NO, is transported to the cen- .
the observations, note the of the species associated with : y ! Yy o
increases in U.S. CO simulated by FLEXPART. tral North Atlantic. H
* Exported NOy and observed NO, levels in the range of 50-90 ppt gm
L e A) Outflow from northeastern U.S. imply that additional potential O formation may occur during trans- 0
port. G
b NN Vorat | . . 9
i N 3. O3 versus CO in U.S. plumes [Fig. 4 d] T o 0
,#A_ - 2 | + Oz was enhanced and well correlated with CO in all but one event, SReICe
‘i E il £ £ suggesting significant export of O in these plumes. NOAA WP-3NO,-CO
. 4CO aNO, 410, 40, L. FLXPT-CO . 7 ©ogs.co
« Observed O3-CO slopes in the well correlated U.S. events (0.6-0.9 ]
B) Outflow from southeastern U.S. ppb/ppb) were larger than those observed in plumes up to 2 days _®
downwind from the eastern U.S. during ICARTT [Andy Neuman, £ )
NOAA, personal communication]. This suggests that significant Og S
£ formation may occur during ~5-10 days transport to the PICO- o &
b NARE site. b
" e o - * Avg. O3-CO slope in well correlated events (0.7 ppb/ppb) during 50 oo e, 250
#CO aNO, 4O, _._ FLXPT-CO summer 2005 was somewhat smaller than that reported at Pico for
similar outflow in 2001 and 2003 (~1 ppb/ppb [2]). This needs fur-

ther evaluation.

*Our observations demonstrate that the summer 2004 North American boreal wildfires resulted in an important source 1 iss ot (2006] The e fope fi orographic i I, IR,
of BC, NOy, NOy and Og in the North Atlantic lower FT, 6-15 days downwind from the fires. This suggests the very {21 Homraih, R, € et al. [2004], Regional and h ic and bi b and O in the North Adan-
. e N N -~ N ic lower FT. JGR, doi:10.1029/2004JD005147.
large-scale impacts of the wildfires both on tropospheric NO, and O3 budgets and on direct radiative forcing by BC, [3] Andreae, M. O, et al. [2001], Emission of trace gases and aerosols from biomass burning, GBC, 15,
Ny N P . . X 4] Jain etal. 2006], 0, NMHCS, NO, and CO;, JGR. doi:10,
and supports previous conclusions that boreal wildfires impact the O background over the North Atlantic region during (s vaiwaren ta. (2006, Sinficant enhancements of NO, NO, BC and, 03 i the Nort Atlicfower F resting rom Norih American Borea Wi, JGR.
. 10, Table 4 )
high fire years [7]. (61N JA. etal. [2008], the North Atiantic Ocean, JGR, d0i:10.1020/2005JD007010.
. i i in sianifi i i 7] Lapina et al. [2006], Evidence of signiicant large-Scale impacts of boreal f troposphere. GRL,
North American U.S. outflow during summer 2005 resulted in significant impact on NO,, NOy and Ogin the lower FT of B 026120050 005876,

the Azores region, 5-10 days downwind from the eastern U.S. However, this impact was small relative to that resulting

from fire-impacted boreal region outflow in summer 2004.

*Significant removal of NOy occurred in the urban plumes during transit to the PICO-NARE station. However, export of
it f iti : 0 We thank Dr. Andy Neuman for sharing the NOy and CO data in the anthropogenic plumes intercepted by the NOAA WP-3 during ICARTT.

NOy and significant Ievel§ of NOy (>59 ppt) in T[he urban plumes squeSt §\d§|tlonal O? formatloh may ecour during We also thank Dr. Andreas Stohl for sharing simulations of the FLEXPART model. Technical and logistical support was provided by Mike Dzi-

transport. We are expanding the analysis of the impact of anthropogenic emissions on nitrogen oxides and O3 to other
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seasons and regions (Asia and Europe).
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