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1 Overview

The PICO-NARE station was established in July 2001.
Measurements to date have demonstrated that the station
frequently samples the free troposphere (FT) and captures:

e lower FT North American anthropogenic pollution, aged
~4—6 days (frequently);

e hemispheric-scale impacts of boreal forest fires on CO, Os,
nitrogen oxides, and other species (frequently in high-fire years);

e aged European pollution (occasionally); and
e African dust (occasionally).

Transition to a long-term station.

Over the next ~3 years, the station will be transferred to the Azores
Regional Government and the Portuguese Meteorological Institute,
who plan to operate it as a permanent Global Atmosphere Watch
(GAW) station. The goal is to provide a long-term atmospheric
record and a base for research intensives.

Summary of main findings to date.

e Large d|O3]/d|CO]| slopes (~1.0) in summertime lower-FT U.S.
outflow [1].

e Significant impact of boreal wildfires in Siberia and North
America on CO, O3, and nitrogen oxides (poster A51D-109 [2],
pres. A41D-02 [3], [1]).

e U.S. pollution events are the result of low-altitude transport
governed by the locations of the Azores/Bermuda high and
transient northerly lows [4]. This type of event is significant in the
total U.S. pollution export budget, and similar events can reach
Europe.

e African dust events can be separated from black carbon events
and are observed occasionally [5].

The rest of this poster presents
¢ information on the station (top row: sections 2-5);

e seasonal cycles and interannual variation of O3, CO, black
carbon, NMHCs, and nitrogen oxides (2nd row: section 6); and

e Examples of time series observed during pollution transport
events in summer, winter, and spring (bottom row: section 7).

2 Station Location

Pico mountain is the only location The station is located on the
where ground-based free summit caldera (2225 m altitude,
troposphere measurements can be | circled). Itis powered by a
made in the marine region of generator at 1200 m altitude

westerly winds downwind of North (circled).
America. A permanent Pico station
would complement the Mace Head R
station (in the MBL) and the Izafa g
station (in the easterly trade wind
region).

GAW station locations.
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Pico island is located in the
Azores central island group.

View of MBL-capping clouds
behind the station. The FAAM
Image from NASA Worldwind. (|TOP) aircraft is visible
behind—see section 3.

Pico island is small and dominated
by Pico mountain.

Image from NASA Worldwind.

3 Flow Characterization: Upslope Flow

Detailed analyses of upslope flow on Pico mountain are provided in poster A51D-110 and [6]. We find that:
e Buoyant uplift occurs on Pico mountain about 1/3 of the summer days.

— Impacts of marine boundary layer air are detectable on only a fraction of the buoyant upslope flow days, and
free tropospheric air is sampled throughout the day on most other summer days.

e Wind-driven uplift may bring MBL air to the summit on about 1/3 of the days during fall-spring, but does so
only rarely during summer.

Comparison to aircraft vertical soundings Summertime Diurnal Cycles (2005)

During summer 2004, the U.K. FAAM aircraft flew The diurnal cycles of O3, CO, and NO,, for days
soundings near Pico on several days. The plots below | identified as buoyant upslope flow days (red solid line)
compare O3 at the PICO-NARE station to soundings and non-upslope flow days (black dashed line).

within 35 km of the station. The PICO-NARE O3 Is
plotted from station altitude to the estimated minimum
upwind height of air travelling over the mountain (Z;).
(Dashed blue line: potential temperature.)

Day/night differences are insignificant for O3 and
CO—see poster A51D-110 for more information. The
daytime increase in NO, on upslope-flow days may
reflect generator emissions (location shown in

PICO O3 measurements (thick red vertical line) are section 2).
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We have conducted cluster analyses of 10-day
backward trajectories ending at the station over a
45-year period.

Figures: Cluster means by season.

These emphasize the stronger zonal flow during
fall-spring and more frequent sampling of Atlantic air
during summer, due to the Azores/Bermuda high.
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4 Flow Characterization: Transport Pathways

Table: Summertime interannual variability.

Large enhancements in CO were observed in 2003 Data Aval Iabl I |ty

and 2004 (see section 6). Large boreal fires occurred

_ SU M mer“ me - black carpon, | July 2001
|nte Fann ual vari abl I |ty absorbing dust Multi-A\ Aethalometer  July 2001

In Siberia and North America, respectively, during o Current measurements.

those summers (see poster A51D-109.) The

frequency of trajectories in the “Alaska” and “Canada” Species Method Start date

clusters was only moderately enhanced during these

years (+37% and +15%). The long-term values and €O NDIR [1] ULy 2007

those during the ICARTT summer of 2004 are O3 UV abs. [1] July 2001

highlighted below. NO, NOy, NO, Chemilum. August 2002
Co—Cs NMHCs  GC-FID [7] July 2004

5 Measurements and

Cluster name 1960-2005 2001 2002 2003 2004 2005 e Data status
Eastern North America 16.4 8 20 12 19 22
Western Atlantic 224/ 35 17 32 23 7 Species Data status Contact
B Canada 179 15 14 23 23 16 CO Final to 8/2004 Honrath
a3 Cjreda B ﬂ / Alaska 867 9 7 14 8 7 Prelim. to 8/2005
© EN.Amer. [T T 360 Atlantic south of Azores 239 26 30 15 20 30 O3 Final to 8/2005 Honrath
W ' Atlantic north of Azores 104 7 12 4 7 19 black carbon,
absorbing dust Prelim. to 12/2004 Fialho
NO, NO9, NO,  Final 5-9/2004 Honrath
Prelim. 8/2003 to 8/2005
Co—Cs NMHCs  Prelim. to 8/2005 Helmig

Information on data availabllity is posted at
http://www.cee.mtu.edu/~reh/pico/data exchange/

o Planned future measurements

. 135 o . The station is currently shut down for the 2005-2006
ST A= winter. Station status during 2006 is dependent upon
NOAA and NSF funding.

6 Seasonal Distributions

Seasonal distributions during non-upslope flow periods are shown in the
three plots to the right. The monthly box-plots show the middle 2/3
(colored box) and middle 90% (error bars), with lines at the means and
medians. (In the CO/Os/black carbon plot, the mean and middle 2/3 for the
mean annual cycle Is also plotted over each year for comparison.)

e CO and black carbon: Note the large enhancements in CO during the
summers of 2003 and 2004. Extreme boreal fire years in Siberia and
North America were responsible. Black carbon was also enhanced.

e O3. Mean O3 peaks during spring—but note the much larger range of
O3 during summer. This is the result of increased O3 in anthropogenic
and biomass-burning plumes contrasting with reduced O3 in background
Atlantic air.

e NMHCs: a strong seasonal cycle is apparent, driven by enhanced loss
during summer, when [OH] is high.

e NO, and NO,: High NO, levels were observed during summer 2004 in
boreal fire plumes (Val Martin presentation A41D-02, [3]).

8 Final Remarks

e Pico summit is well suited for studies of aged N. American anthropogenic emissions exported in
the lower troposphere. Pico station is unique in providing FT measurements in the lower
troposphere downwind of N. America. Pico observations of significant enhancements in O3 and O3
precursors indicate that the fate of lower-FT export is significantly different from that of MBL export.

e The location is also well suited for studies of the large-scale impacts of boreal wildfires. FT
measurements well downwind are necessary to capture the full magnitude of O3 impacts resulting
from fire emissions; Pico measurements indicate these impacts are significant.

¢ A long-term Pico station would provide a valuable base for such studies and would observe trends
resulting from changes in boreal fires (expected due to climate change [9]), from changes in U.S.
emissions, and from hemispheric changes in background tropospheric composition.

If you would like to receive updates on the status of a long-term Pico station, please sign up below.
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/ Example Time Series

The plots to the right show examples of measurements during periods impacted
by pollution transport during summer, winter, and spring.
Greyed out periods indicate when upslope flow may have brought MBL air to the

station.

e Summer 2004: N. American boreal fires.  Large CO enhancements
(including the highest CO yet observed) coincided with peaks in fire-CO
simulated by MOZART [8]. Corresponding enhancements in O3, NO,, and

black carbon were observed.

e December 2004 U.S. export. Backward trajectories during 12/14-20/2004
travelled from the southeast U.S. Enhancements of NO,, NO,, O3, and CO
and NMHCs occurred intermittently.

e Spring 2005 U.S. export. Trajectories arriving 4/18 and 4/22-23/05

travelled from the southwest and northeast U.S.

Ozone, CO, and black carbon. Box-plots show the distributions of observations each month. NMHCS. Monthly boxplots: propane NO, and NOy. Monthly boxplots for NO,
The mean annual cycle shown with the solid and dotted line, and is repeated every year. (red), n-butane (green), and ethane (blue). (red) and NO,. (blue).
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section 3 were obtained by the U.K. FAAM (Facilities for Airborne Atmospheric Instruments) BAe-146 during
the ITOP study. The MOZART CO fire tracer values shown in the summer 2004 plot of section 7 were
provided by G. Pfister, NCAR.
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