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Abstract. In situ atmospheric observations of bromoform sources of atmospheric CH linder these conditions. Al-
(CHBr3) made over a 2.5 year period at Mace Head, Ire-though we cannot entirely rule out other local land or coastal
land from May 2001- Dec 2003, including during the NAM- sources, our observations also suggest peatland ecosystem
BLEX (North Atlantic Marine Boundary Layer Experi- emissions of CHBy. We use correlations between CHCI
ment) campaign, show broad maxima from spring until au-and CHBg during the north-easterly land breeze events in
tumn and winter minima, with mixing ratios of 5.3+1.0 pptv conjunction with previous estimates of local wetland CEiCI
(mid March - mid October) and 1.8+0.8 pptv (December- release to tentatively deduce a global wetland Cifaurce
February). This indicates that, unlike CHClhich has a  of 20.4 (0.4-948) Gg yr!, which is approximately 7% of the
summer minimum and winter maximum at Mace Head, lo- total global source.

cal biological sources of CHBtave a greater influence on
the atmospheric data than photochemical decay during long-

range transport. The emission sources are predominantly

macroalgal, but we find evidence for a small terrestrial flux 1 Introduction

from peatland ecosystems, which so far has not been ac-

counted for in the CHBybudget. Sharp increases in CHCI Bromoform is ubiquitous in the marine environment and is
and CHBg concentrations and decreases ig €@ncentra- the major natural carrier of organic bromine to the atmo-
tions occurred at night when the wind direction switched sphere. It has a relatively short tropospheric lifetime~G
from an ocean- to a land-based sector (land breeze) and thweeks and is believed to make a significant contribution to
wind speed dropped to below 5ms These observations inorganic bromine in the upper troposphere and lower strato-
infer a shallow atmospheric boundary layer with increasedsphere (Sturges et al., 2000; Nielsen and Douglass, 2001;
O3 deposition and concentration of local emissions of bothvon Glasow et al., 2004). The major sources of CkiBr
CHCI3 and CHBEg. The ratio of ACHCl3/ACHBr3 varied have been identified as marine in origin, namely macroal-
strongly according to the prevailing wind direction; from gae, ocean phytoplankton and water chlorination (Gschwend
0.60+0.15 in south-easterly (100—-27@nd northerly (340— et al., 1985; Carpenter and Liss, 2000; Quack and Wallace,
20°) air to 2.5+0.4 in north-easterly (40-7Cair. Of these 2003 and references therein). To date, there are only limited
land-sectors, the south-easterly air masses are likely to band inconclusive studies of production by terrestrial ecosys-
strongly influenced by macroalgal beds along the coast ané&ms. CHBg has been found in the air of upper soil of a pris-
the emission ratios probably reflect those from seaweeds itine spruce forest (Haselmann et al., 2000). However in soil
addition to land sources. The north-easterly airmasses howair of rural areas, Hoekstra et al. (1998) found no detectable
ever had an immediate fetch inland, which locally is com- concentrations of CHBy except after in-situ enrichment by
prised of coastal peatland ecosystems (peat bogs and coast&Br. This suggests the potential of soils containing elevated
conifer plantations), previously identified as being strongbromide, e.g. coastal soils/peatlands, to produce brominated
trihalomethanes. Peat bogs cover approximately 3% of the
Correspondence td:. J. Carpenter total continental land mass (Biester et al., 2004). They are
(ljc4d@york.ac.uk) comprised exclusively of organic matter and in additional
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coastal bogs are subject to deposition of halides from se&JK) into a 100 mI mirr® stream of purified nitrogen gas in
spray, making such sites potentially significant organohalo-order to dilute parts per million by volume (ppmv) mixing
gen producers. Biester et al. (2004) found that the major+atios into low parts per trillion by volume (pptv). The cal-
ity of halogens in peat exist in an organically bound form, ibration is completely automated, allowing multi-point cal-
with concentrations dependent upon peat decomposition probrations during routine operation. The overall accuracy of
cesses. Speciated organohalogens were however not identhe measurements is estimated todhE5%. A full descrip-
fied in this study. tion of the calibration and GC-MS methodology is given in
Chloroform concentrations at Mace Head can be substanWevill and Carpenter (2004).
tially influenced by local biological emissions from the pine  Routine AGAGE (Advanced Global Atmospheric Gases
forests and peat bogs, which cover large parts of IrelandExperiment) GC-MS observations, made by Bristol Univer-
(Dimmer et al., 2001; O’'Doherty et al., 2001). Extrapolat- sity, of a range of halocarbons commenced at Mace Head
ing from chamber studies made on Irish peatland ecosysin 1994. A full description of the instrumentation can be
tems, Dimmer et al. (2001) estimated global annual fluxesfound in Prinn et al. (2000) and Simmonds et al. (1995).
of 4.7 (0.1-151.9) Gg yr* of CHCI3 from such systems and A nominal, precisely repeatable two liters of ambient air or
24.1Ggyr?! from total wetlands. CHBy measurements calibration standard are trapped onto a 3-stage mixed ad-
were not made in the latter study. Here, we present ovesorbent contained in a microtrap. The microtrap is located
2.5 years of CHBy data measured at Mace Head and usebetween two thermoelectric coolers maintained—&0°C
the tracer-ratio technique, in conjunction with the data fromduring sampling. This low temperature enables the small
Dimmer et al. (2001), to estimate the contribution of peatlandmass of adsorbent material to have the capacity to quanti-
and wetlands to global CHBemissions. tatively trap the compounds of interest. The trapped sample
is purged briefly with clean helium then thermally desorbed
i (245°C) directly onto a chromatographic capillary column
2 Experimental (CPSil-5, 100 nx0.32mmi.dx5umd.f.), interfaced to an
Agilent benchtop MS. The individual trace components are
separated and identified using both their chromatographic re-

Mace Head is located on the remote western coast of Coumgﬁntion times, and their characteristic ion masses. Each com-
Galway, Ireland (5319 N, 9°54 W). The site is well known ponen'F is quantified by intggrating the response of a selected
for background air measurements and receives relativeljarget ion and where possible, two qualifier ions are used to
clean marine air from the prevailing westerly sector associ-€nsure compound specific ion ratios are maintained. Cus-
ated with the easterly tracking cyclonic systems of the North!om software developed at Scripps Institution of Oceanogra-
Atlantic. The surrounding area is sparsely populated ancPhy (SIO), enables constant monitoring of ion ratios, peak

contains a large expanse of peat bogs. The nearest large popidth ratios and many other diagnostic parameters. This
ulation centre is Galway:~62 miles to the east. Heard et enables rapid identification and determination of instrumen-

2.1 Site description

al. (2005) gives a full description of the site. tal problems. At present standard and air analysis are al-
ternated every two hours to provide six calibrated measure-
2.2 Instrumentation ments per day. The method of standard preparation and prop-

agation is described in detail in O’Doherty et al. (2004).
The York halocarbon measurements were made during th@riefly, all working standards are 351 stainless steel elec-
NAMBLEX campaign (2 August-3 September 2002) with tropolished tanks (Essex Cryogenics, Missouri, USA) filled
a Perkin Elmer Turbomass GC-MS system with electron im-with Mace Head “real-air’, under baseline conditions, and
pactionisation and operating in selective ion recording modehave a working life of 3—4 months. Calibration of ambi-
Air sampling was from a height of 20m through a stain- ent air measurements is achieved by means of bracketing
less steel 3/4manifold, pumped at-30 L min~1. Sample  them with measurements from a working standard tank. At
volumes of 500 mL were pre-concentrated on a two staggresent, a CHBy calibration is not assigned for the ADS-
carbon-based adsorbent trap held—&t0°C before being GC-MS data at Mace Head; the Bristol data presented here
transferred to the GC by rapid heating to 400 Halocar-  were instead calibrated using contemporaneous York GHBr
bons were separated on a SGE BPX5 capillary column (5Qata collected at Mace Head, as described below.
m x 0.32mmi.dx3umd.f.). Detection limits are between
0.02 and 0.12 pptv for approximately hourly samples of2.3 Comparison of York/Bristol measurements and conver-
CHClIz, CHgsl, CoHsl, 1-C3H~I, 2-CsH7I, CH,CII, CH2Br», sion of Bristol CHBg relative response to pptv values
CHBr2Cl, CHyBrl, CHBr3 and Chl, with a precision of
3-8% (5% for CHBg) and complete recovery of all com- An “organic” x-y correlation (i.e. a correlation which min-
pounds. Our calibration system utilises fixed volumeg§0 imizes errors in both the x- and y-directions, e.g. Helsel
loop injections of the output of thermostatted in-house per-and Hirsch, 1992) of York/Bristol CH@ldata taken within
meation tubes filled with pure liquidg@7% purity, Aldrich,  the same 40-min period during the NAMBLEX campaign
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258 Fig. 2. Comparison of York and Bristol CHBrdata, converted to
mixing ratios using both the organic correlation of Fig. 1b and a
o standard correlation.
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18 ° of 80% (York) and 60% (Bristol)) compared to CHGela-

tive standard deviation of 50%, both instruments). The offset
of the Bristol data may be caused by incomplete recovery of
high concentrations of CHBrin the microtrap, which was
designed for quantitative measurements of the more volatile
Halons and CFCs rather than CHBrA comparison of the
0 . . . . York data with Bristol CHBg mixing ratios converted using
0 1 z 3 4 5 both the organic regression values and a standard linear least
AGAGE CHEr, (relative response] (b)  squares regression (with York data on the x-axis) is shown
] ) ) ] ) in Fig. 2 and reveals the higher dynamic range of the York
Fig. 1. (a) Organic correlation of York and Bristol CHEImix- — qat5 * Although the Bristol instrument appears to underesti-
ing ratios measured during the NAMBLEX campaign, using data oo o highest mixing ratios of CHBrnevertheless the
points taken within the same 40-min perigd) Organic correlation . . . .
of York CHBrz mixing ratios and Bristol CHBy relative response average concentrafions derlveq using this approach are equal
data, using data points taken within same 40-min period. to the York average Concentratlon_s. We chose t_o_use a_stan-
dard correlation to “correct” the Bristol data to mixing ratios
because the organic correlation under-predicted low values

nd in fact resulted in occasional negative mixing ratios in
h m m (v
showed that on average the York measurements were 13 &/i ter.

higher than the AGAGE data (with zero offset), with &4
value of 0_.95 (Fig. 1a). Th_e fact that the instrum_ents Were) 4 Tracer-ratio approach
not sampling for the same time periods may explain some or
most of the Scatter, however there is Clearly also a CalibratiOﬁrhe tracer-ratio technique has been used, in various forms]
diﬁerence although thIS iS W|th|n the estimated error Of our to estimate trace gas emissions by ut|||s|ng Corre|ati0ns Ob'
measurements. tained with a reference compound with a known emission,
The same procedure for the correlation of York ChIBr in this case CHGl (e.g. Dunse et al., 2001, 2005; Biraud
mixing ratios against the Bristol CHBrelative response to et al., 2002; Carpenter et al., 2003). Here, we attempt to
a Mace Head reference air sample (contained in a 36 L elecuse CHBg/CHCI3 correlations obtained during land breeze
tropolished Essex canister) revealed more variance in the linevents in order to estimate Irish terrestrial emissions of bro-
ear regressionR? value of 0.74) and an offset in the Bristol moform. Visual inspection of the data from Mace Head
data (Fig. 1b). Because the York instrument has the same preslearly shows the strong covariance of CHGOCHBr3 and
cision for CHBg and CHCE measurements (Wevill and Car- Oz concentrations during land breeze events (e.g. Fig. 3).
penter, 2004), we attribute the increased scatter of the correAlthough the size and duration of the land breeze episodes
lation compared to Fig. 1a to the shorter lifetime and hencevaried, a strong temporal correlation in CHCCHBr3 and
greater natural variability of atmospheric CHBrindeed, = Os and wind direction was always apparent, with only one
both instruments detected greater variability in atmospherianaximum in CHC4 and CHBg. For each “event”, de-
CHBr3 levels during NAMBLEX (relative standard deviation fined as described below (Sect. 2.5), the maximum change in

10

York CHEr- (ppty)
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land (peatland plus coastal conifer forest) ecosystem terres-
50 trial sources of CHGlat Mace Head (Dimmer et al., 2001),

as discussed in Sect. 3.2. Such emissions are believed to be
the cause of enhanced chloroform concentrations observed
. during land breeze episodes at Mace Head (O’'Doherty et al.,

2001).
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AN "
. . Land breeze events are quite commonly observed at Mace
08 Apr 0:00 08 Apr 12:00 09 Apr 0:00 09 Apr 12:00 10 Apr 0:00 10 Apr 12:00 11 Apr 0:00 Head, and are Characterised by a Change in Wlnd direCtion
pre e from westerly (ocean sector) in the day to easterly (land sec-
Fig. 3. Land breeze events during the nights(af 29/30 August tor) at night (e.g. O'Dpherty et al.., 2001; Blraqd etal, 2,002)'
2002 andb) 8/9 April 2003. They are accompanied by a rapid decreasegndde to in-
creased deposition over land and a shallower nocturnal con-
tinental boundary layer, and increases in C§@O, and
concentratiorA X (where X=CHCl; or CHBrz) from base-  2?Pb concentrations during low wind speeds due to local
line was calculated, both in units of pptv, yielding one dataemissions (Biraud et al., 2002). Here, we select events within
point for each event. The “baseline” was taken by interpolat-the land sector (20-14pwith a greater than 40% maximum
ing between the halocarbon concentrations measured immedecrease in [g] and greater than 100% change in [CHCI
diately before and after a particular event. We then use théVe define the fetch of the land breeze events as the product
simple approach of assuming a linear relationship betweerf their time duration (typically 5-7 h) and the average wind
the enhancements in mixing ratio, speed recorded during the event (typically 1-5Msnd se-
lect events with a fetch ok50 km, i.e. dominated by local
continental emissions.

CHClI; (ppt), CHBr; (ppt), wind direction/10 (degrees)

2.5 ldentifying local land breeze events

o

ACHCI3/ACHBr3=E (1)

whereE is the molar emission ratio (Dunse et al., 2005) and
both ACHCI3; and ACHBr3 are in units of ppt. The overall
approach assumes no atmospheric decay along the trajectory,
which in this case should apply, given the short fetches (se 1  General trends and seasonality
below). More details concerning the tracer-ratio approach
can be found in Dunse et al. (2005). The complete Bristol data set, fixed to the York calibra-
In order to deduce the mas¥/{ of emissions, the relative  tion scale as described in Sect. 2.3, is shown in Fig. 4.
molecular weightMW) of the two gases should be takeninto Broad spring-autumn maxima, with occasional peaks of over
account: 25 pptv but an average of5 pptv, and winter minima are ap-
Mot = E.Mcrok.-(MWergr,/MWencl,) ?) Earent. Figure 5 shows an averaged gqnual cycle for gHBr
ased upon 2.5 years of data, comprising 2-weekly average
The mass of CHGl emissions was obtained from esti- data points, with mixing ratios of 5431.0 pptv (mid March—
mates of peatland (coastal marshes and bogs) and total wettnid October) and 180.8 pptv (December—February). Also

Results and discussion

Atmos. Chem. Phys., 5, 2927934 2005 www.atmos-chem-phys.org/acp/5/2927/
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shown is an average UVB (290-320 nm) annual cycle com-
puted for Mace Head. The only other published annual
measurements of CHBhave been made at the free tropo- N
spheric site of Mauna Loa (Atlas and Ridley, 1996, discussed
in Nielsen and Douglass, 2001) and at Alert, in the Arctic
boundary layer (Yokouchi et al., 1996). Both these stud-
ies showed winter maxima and summer minima, suggesting
higher reactive loss in summer during long-range transport,
but could give little information on the seasonal variation of
sources. Thus our data gives a unique insight into the sea-
sonal variation of coastal CHBemissions.

CHBr3 appears to be the most abundant organic halogen
compound emitted from macroalgae (e.g. Nightingale et al., . 5 Mar 3y s 25ep 2o 2.3an
1995; Mtolera et al., 1996; Carpenter et al., 2000) and these o

emissions are significant on a global scale, comprising probi:ig_ 5. Mean annual cycle of CHBrand UVB at Mace Head. The

ably the dominant source of atmospheric CHBEarpen-  orror bars on the CHRrdata are the RSDs of the 2-weekly average
ter and Liss, 2000). Halocarbon formation in macroalgaegaia points from each year.

is initiated by oxidative stress, resulting inp®&, produc-
tion as part of a defense mechanism (Theiler et al., 1978;

F"ede;sn IeLaIL, 19?]6 and ref'er.e'ncej ;he;]relm). Th% forma-May), however the contribution of temperate microalgae to
tion of polyhalomethanes are initiated by haloperoxidase en; tmospheric CHBylevels at Mace Head is probably minimal

zymes produced in the cells, which catalyse the reaction o Carpenter et al., 2003). The highest CHBoncentrations

ac%umlljlalted hahdg lons _W|th2I€D 2h fomc]:mgBlZ h)l:/)pohaLous are consistently found along coastlines containing macroal-
acid. Halogenated species such as Ciay be subse- gal beds, with coastal and shelf seawater concentrations of

quently formed in the algal cells and transferred across theCHBrg of up to 100 times greater than open ocean concen-
cell membrane to seawater (Gschwend et al., 1985). Altemat'rations (Quack and Wallace, 2003)

tively, formation may be initiated outside the cell by reaction
of the released hypohalous acid with organic matter in sea-
water (Wever et al, 1991). 3

Macroalgae exhibit quite constant cover over the course of
the year, resu|ting from the continual recruitment of young In tOtal, 28 land breeze events as defined by the selection cri-
plants and the prolific output of spores. Our data indicate thateria described in Sect. 2.4 were identified during mid 2001
CHBr3 emission occurs all year, with only a short winter pe- 2003, all occurring during the period 23:00-04:00. These
riod of minimal levels (November—February), when the algal €vents were characterised by sharp changes in wind direction
population of the intertidal region is at its lowest. Goodwin et (from seato land), [€], [CHCls] and [CHB], as typified by
al. (1997) and Klick (1993) reported that CHBelease from the events shown in Fig. 3. The variation in CHCbrrelated
brown macroalgae maximises in mid summer, probably duevell with the variations in CHBy and in G during every
to enhanced tissue decay during this period. Further, a numone of these events. Only on the 29/30 August 2002 (during
ber of studies have shown that CHBelease from macroal- the NAMBLEX campaign) were sufficient Bristol and York
gae is stimulated by light (e.g. Klick, 1993; Nightingale et al., data available for comparison; the excellent agreement of the
1995; Mtolera et al., 1996; Pedersen et al., 1996; Goodwir(corrected) Bristol and York CHCls/ ACHBr3 ratios of 0.62
et al., 1997; Carpenter et al., 2000). Light-induced stressand 0.61, respectively gives some confidence that both data
especially at high light intensities, results in increased cel-Sets can be used to give an estimate of the emission Eatio
lular levels of activated oxygen species including hydrogenin Ed. (1).
peroxide, as by-products of oxygenic photosynthesis, which Figure 6 shows theACHCI3 vs. ACHBr3 correlations,
generally increase the emission of halocarbons. Seaweed irseparated into events occurring in either coastally-influenced
cubation experiments reveal an enhancement in GH8r  (e.g. south-easterly (100-1%0or northerly (340-29)), or
lease by factors of 2-10 in daylight compared to the darknorth-easterly (40—7) winds. South-easterly and northerly
(Mtolera et al., 1996; Pedersen et al., 1996; Carpenter et alwinds travel across the Irish shoreline and are expected to
2000). Thus, variation in light intensities and/or tissue decaybe strongly influenced by local macroalgal emissions. Dur-
in conjunction with higher algal coverage from early spring ing such events, thACHCIz/ ACHBr3 molar ratio was rela-
through to late autumn, could explain the seasonal variatiortively invariant at 0.6-0.15, indicating that average emission
of CHBr3 at Mace Head. ratios of CHCE/CHBr3 from the local coastline are also rela-

It is well established that trace gas emissions from phyto-tively constant. Both CHGland CHBg are known products
plankton tend to peak in spring (at this latitude around earlyof macroalgae (e.g. Nightingale et al., 1995; Carpenter et al.,

CHBr; (pptv) and UVB (arbitary units)

.2 Land breeze events

www.atmos-chem-phys.org/acp/5/2927/ Atmos. Chem. Phys., 5, 29342005
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30 limits of the molarACHCI3/ACHBr3 ratio determined here
of 2.5 (2.1-2.9), together with CHElsource estimates to
25 1 deduce a total global CHBmpeatland source of 54.0 (0.1—

+ N 183) Ggyr! and total wetlands source of 20.4 (0.4-948)
0y L + Ggyrl. Any non-peatland ecosystem sources of either
g +e CHCI3 or CHBr3 over the north-easterly fetch will add er-

g 15 L ror to our peatland emission estimates. However, despite the
& + b y = 0.60x large uncertainties involved, it is worth comparing our peat-
107 Lo e e land and wetland source estimates with current estimates for
;j,,r"' CHBr3 emission of 220 Ggyr! from macroalgae (Carpen-
° i + ter and Liss, 2000) and a total global source of 300 Gg yr
. ’ (Dvortsov et al., 1999). Thus, it is possible that peatland and

0 = 10 15 20 25 30 3 a0 45 wetland emissions of CHBrtogether are a small10%)
ACHBY, (ppt) but significant unaccounted term in the CHBudget.

Fig. 6. ACHCI3/ACHBr3 ratios obtained using both Bristol )

(crosses) and York (filled circle) data. The red data points were? Conclusions

obtained during southeasterly or northerly winds (probable coastal ) ) )

influence); the blue data points were obtained during northeasterly>© far, global modelling studies of tropospheric and strato-

winds, with no apparent immediate coastal influence. spheric bromine that have specifically included CkiBr
(Dvortsov et al., 1999; Nielsen and Douglass, 2001; von
Glasow et al. 2004) have assumed a seasonally invariant

2000 and references therein), with CHRonsistently pro- ~ 0¢€an source of CHBr Our study indicates a much stronger

duced in higher amounts across many different genera. ~ Source of CHBgin summer than in winter, possibly linked to

From the north-easterly winds data set, data were selectelt')ght levels and macroalgal coverage, and points to an addi-

which back-trajectories (Fig. 7) indicated had an inland fetch lonal coastal terrestrial source in the CHEudget of (ten-
. . . X . . .. tatively) around 7% of the global source. The dual roles of
with no immediate coastal influence. This selection criterion

left 3 data points, as shown in Fig. 6. TAE€HCl/ACHBr such ecosystems in conjunction with macroalgae indicate the

. ) L ; dominance of coastal regions in providing CHBo the at-
molar ratio during these conditions was much higher than . o L
X ; mosphere. Changes in wetland emissions, through man’s im-
the coastally-influenced land-breeze events, with an average . . . ,
. : . pact on land use, and in ultraviolet radiation at the earth’s sur-
value of 2.5:0.4. The variance in the ratio may be due

t0 a number of factors including different starting concen- face due to the effect of ozone-depleting substances on strato-

trations of CHC4 and CHBg along the trajectories during spheric ozone, show the p(_)SS|_b|I|ty 9f anthropogenic e_ffects
. . L . on the release of CHBr which itself is an ozone-depleting
the various events, and different emission ratios from lo-

. . spbstance.
cal terrestrial sources, e.g. peat bogs, inland marshes and’

coastal forests. Although CHBwas not measured, Dim-  acknowledgementsive specifically acknowledge the cooperation
mer et al. (2001) found strikingly different emission ratios and efforts of the station operators and support staff Gerard Spain
of CHCI3 to CHzBr in peatland compared to conifer for- and Duncan Brown at Mace Head. We also thank the Physics
est in the vicinity of Mace Head, with greater variation still Department, National University of Ireland, Galway, for making
within vegetation types. Thus, although our measurementshe research facilities and meteorological data at Mace Head
show evidence of peatland ecosystem sources of gldBr available. The operation of the Mace Head station was supported
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S - of the Environment, Food and Rural Affairs (UK) (contracts
Splr_‘e”c lifetimes OI‘; C':fcé' and EHB@_’ ar|1d the '”Str(;‘,me”' ECD 1/1/130 and 7/10/154, EPG 1/1/82 and EPG 1/1/130 to
tal issues potentially affecting the Bristol ratios, as disCUSS€qyenational Science Consultants).  The halocarbon compo-

in Sect. 2.3. Nevertheless, it is instructive to approximatenent of the NAMBLEX campaign was funded by NERC grant
source strengths from peatland emissions in order to comparQER/A/S/2001/01064. We gratefully acknowledge the NOAA Air
with other known source strengths (which are also highly un-Resources Laboratory (ARL) for providing the HYSPLIT transport
certain). Dimmer et al. (2001) estimated a global Ckiix and dispersion model. DJW thanks the EPSRC for his studentship.
from peatland soil of 4.7 (0.1-151.9) Ggyrand from total

wetlands of 24.1 Ggyr, calculated simply by extrapolat- Edited by: D. Heard

ing the measured Irish fluxes to estimated global coverages;

1.04x 10° km? for peatbog (Olson, 1992) and 530° km?

for wetlands (Matthews and Fung, 1987). We use the 1
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Fig. 7. NOAA HYSPLIT model 3-day back trajectories for north-easterly land-breeze events.
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