Atmos. Chem. Phys., 10, 1182R1838 2010 iy —* -

www.atmos-chem-phys.net/10/11823/2010/ Atmospherlc
doi:10.5194/acp-10-11823-2010 Chemls_try
© Author(s) 2010. CC Attribution 3.0 License. and Phys|cs

Measurements and modelling of molecular iodine emissions,
transport and photodestruction in the coastal region around Roscoff

R. J. Leigh!, S. M. Ball?, J. Whitehead?, C. Leblanc?, A. J. L. Shillings®, A. S. Mahajan®, H. Oetjen®, J. D. Le¢/,
C. E. Joneg, J. R. Dorsey, M. Gallagher?, R. L. Jone?, J. M. C. Plané®, P. Potin®, and G. McFiggans

1Department of Physics and Astronomy, University of Leicester, Leicester, UK

2Department of Chemistry, University of Leicester, Leicester, UK

3School of Earth, Atmospheric and Environmental Sciences, University of Manchester, Manchester, UK
4Station Biologique de Roscoff, UPMC-CNRS, UMR 7139, Roscoff, France

SDepartment of Chemistry, University of Cambridge, Cambridge, UK

6School of Chemistry, University of Leeds, Leeds, UK

"Department of Chemistry, University of York, York, UK

Received: 11 September 2009 — Published in Atmos. Chem. Phys. Discuss.: 7 October 2009
Revised: 1 November 2010 — Accepted: 5 November 2010 — Published: 13 December 2010

Abstract. lodine emissions from the dominant six macroal- with the BBCRDS observations. Daytime measured concen-
gal species in the coastal regions around Roscoff, Francerations of b at the site correlate with modelled production
have been modelled to support the Reactive Halogens imnd transport processes. However substantial recycling of
the Marine Boundary Layer Experiment (RHaMBLe) under- the photodissociated lis required for the model to quanti-
taken in September 2006. A two-dimensional model is usedatively match measured concentrations. This result corrob-
to explore the relationship between geographically resolvedrates previous modelling of iodine and N©hemistry in
regional emissions (based on maps of seaweed beds in titee semi-polluted marine boundary layer which proposed a
area and seaweed émission rates previously measured in mechanism for recyclinglvia the formation, transport and
the laboratory) and in situ point and line measurements ofsubsequent reactions of the IOMN&servoir compound.

I> performed respectively by a broadband cavity ringdown The methodology presented in this paper provides a tool
spectroscopy (BBCRDS) instrument sited on the shorelinefor linking spatially distinct measurements to inhomoge-
and a long-path differential optical absorption spectroscopyneous and temporally varying emission fields.

(LP-DOAS) instrument sampling over an extended light path
to an off-shore island. The modelled point and linecbn-
centrations compare quantitatively with BBCRDS and LP- )
DOAS measurements, and provide a link between emis! Introduction
sion fields and the different measurement geometries use
to quantify atmospheriglconcentrations during RHaMBLe.
Total I, emissions over the 100 I@megion around Roscoff
are calculated to be 1710 molecules per second during
the lowest tides.

During the night, the model replicatesdoncentrations up
to 50 pptv measured along the LP-DOAS instrument’s line

ﬁ/lost technigques for measuring atmospheric composition
provide a single point observation from which conclusions

are then sought over a wider region or scenario. Other
techniques such as long-path differential optical absorption
spectroscopy (LP-DOAS) provide integrated measurements
along a folded line of sight between a light source and retro-
: ; : , reflector. The relationship between point and line data (and a
of'S|ght, gpd pred|ct§ spikes of seyeral hundred pptv in Cer'campaign’s wider conclusions) can be understood by a rela-
tain conditions. Point2 concentratlon_s up to 50 pptv are tively simple model linking the measurements to temporally

also calculated at the measurement site, in broad agreeme()(tjlrying and spatially inhomogeneous concentrations in the
region around the monitoring site. Results are presented
here from a model of molecular iodine emissions during

Correspondence tR. J. Leigh the RHaMBLe campaign hosted at the Station Biologique
BY (rj.leigh@leicester.ac.uk) de Roscoff (SBR) in late summer 200BI¢Figgans et a).
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2010. This model is used to place novel measurements of | —4.08 —4.05
from broadband cavity ring-down spectroscopy (BBCRDS)
and LP-DOAS instruments into a regional context.

Coastal emissions of reactive halogen gases merit inves-m
tigation owing to their linkages with perturbations of tro- s
pospheric radical chemistry, aerosol particle nucleation and~
possible climate impactsydn Glasow and Crutzer2007,
McFiggans et a).2010. In coastal regions,2l has been
shown to be a significantly larger source of iodine atoms 0
than iodocarbonsVcFiggans et a).2004), with elevated lo- ©
calised concentrations of measured at Mace Head, Ireland,
peaking around low tideSaiz-Lopez and Plan2004 Saiz-
Lopez et al. 200§. Mahajan et al(2009 also observed,l
around low tides during RHaMBLe, as discussed further in
this work. 0

4.08 4.09 4.03 4.00 3.98

2 The model Fig. 1. Bathymetry map and algal distributions used as inputs for

this modelling work. The following key locations are marked; the
The present model incorporates two horizontal spatial scalemain measurement sif@), the LP-DOAS telescopéB) and the
and a temporal domain, with an additional vertical com- LP-DOAS retroreflecto(C). Seaweed species are coded as follows:
ponent included in footprint modelling calculations. The L. hyperborea-purple L. digitata— greenL.. ochroleuca- orange,
horizontal grid consists of 746 by 227 elements, each ofSaccharina latissima yellow, Ascophyllum/Fucus red.
0.0005x0.0005 degrees extending from?.2075 to—3.835
degrees longitude, and 48.6725 to 48.7855 degrees latitude. . .
In g'Ehe Rosc%ﬁ region, this resolution correspgnds to grid §tant mixing ratlp of 65:35 foAscophyllum:Fucuwias used
boxes of approximately 36.7 m longitudinally by 55.6 m lat- in modelling their emissions.
itudinally. Bathymetry and macroalgal distribution informa-

The vertical zonation of seaweed species is very distinct
tion was mapped on to this model grid. Tide and meteoro-2" rocky shores with each species often forming a belt at a
logical data was applied to this spatial information at 1-min

certain elevation in the eulittoral zone (the area between the
resolution from 5 to 28 September 2006 during the RHaM_hlghest and the lowest tides) and also in the subtidal zone
BLe campaign.

(the area extending below the zero of the marine charts). It
is thought that the driving force of this zonation is a com-
bination of biotic factors and the tolerance of the different
species to abiotic factors such as temperature, light, salinity,
dehydration, and mechanical forces caused by wave action

The Roscoff inter-tidal zone in front of the SBR extends (Liining 1990. A typical kelp bed from the Roscoff region
more than five kilometers in length and about 1 km in width. ;s shown in Fig2.

Mapping of the seaweed beds in the vicinity of Roscoff 5 the North Atlantic, as exemplified in the study site in
has been attempted in two main studies. One in the early,,n+ of the SBR, the eulittoral zone in sheltered habitats
1970s Braud 1974 combined aerial photographs and in s gominated both in coverage and biomass by brown algal
situ observations obtained from diving and field meas”re'species of the order of Fucales (fucoids), sucFasusspp.
ments. The second study in the 1990s used both field a”ﬂndAscophyIlum nodosumin addition, four species of the
airborne spectrometers to map the seaweed and seagrass befiger | aminariales (kelps) are distributed in distinct popula-
near Roscoff Bajjouk et al, 1999. The published maps jons forming belts Laminaria digitataoccurs in the lowest
from these previous studies were used to construct a dedsq of the eulittoral zone and in the upper subtidal zone, with

ipated map fpr this work which was further validated by | sminaria hyperboreaextending from the upper subtidal
field observations from September 2006 to September 200946 1 4 |imit of depth conditioned by the light penetration

This seaweed map was then superposed with a bathymetréébout 20m at lle de Batz, TabB. Laminaria ochroleuca

map of the area provided by L. Leveque from the Ser-gnneqrs in habitats protected from the dominant wind, either

vice Mer et Observation (Roscoff). The resulting mapped pnixeq with Laminaria hyperboreand Saccharina lattisima
distributions ofLaminaria digitata Laminaria hyperborea i, monospecific stands, and mainly restricted to shallow
Laminaria ochroleuca Saccharina latisima Fucus and waters.

Ascophyllumare shown in Figl. Ascophyllumand Fucus
beds are inherently mixed, and are mapped together: a con-

2.1 Seaweed speciation and site bathymetry
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The shallow inter-tidal zone at Roscoff results in the wa- _. . . .
¢ | t 1o the shoreline beina t hallow for Laminari Fig. 3. Emission rates assumed for the six species of macroalgae as
ers c ose§ 0 the shoreline being OO.S allow for Laminart-, ¢, tion of time following exposure to the atmosphere.
ales species. So although a large horizontal surface area of
seaweed beds becomes exposed at low tide immediately in
front of the SBR, this mainly consists of fucoids (see Riyg. 22 Emission rates from exposed macroalaae
The distribution of seaweed species is rather patchy in the™ P 9
inter-tidal zone and is mainly dominated Bycus sppand . . .
Ascophyllunbeds, however there is also a small amountof 2 EMission rates for each species of macroalgae were esti-
digitata, Saccharina latissimandL. ochroleucan the chan- mated from the time since ea}ch r_nodel grid square was first
nel and tide pools between the site and the lle de Batz is|an(§a?(posed to air by the changing tide, and from the propen-

to the north. The south shore of lle de Batz includes s:hel-SIty of each seaweed species to emit. For the former, each

tered shallow patchy habitats with sand and gravel which Surgeaweed SPecies was given a height attribute in the model
order to account for the variable length and structure of

round rocky areas covered by fucoids except where expose : . .
to strong tide currentd.aminaria(mainly hyperborea beds Ee plants, and therefore the variable water height at which

extend to the north of lle de Batz, wherdagigitata flour- the seawegd first breaks_ the water surfac_e and becomes ex-
ishes in moderately exposed areas or at sites with strong Wepose_d to air. These helghf[s are showp n T?'b@”d, re-
ter currents in the western part of the study site (lle de BatzSUIt in the b m°de”e‘?' emissions _startlng sllghtly in ad-
and islets west of Perharidy) and north-east from the Ile de/ance of the surrounding sea bed itself becoming exposed.
Batz.L. digitataalso occurs in rockpools up to mid-tide level SPECIES Specificzlemission rates (in picomoles per minute
and higher on wave-exposed coasts of the lle de Batz. per gramme fresh weight) were pgrametensed from t.he lab-
The average biomass densities in Tablevere obtained oratory study O_B"’,‘” etal.(2010. Figure3 shows thg time i
from recent studies omscophyllum nodosurat Roscoff de_pendent emission rgtes for each seaweed species used in
(Gollety et al, 2008 andL. digitata (Gévaert et al.2008, this wprk. Fucusspecies andiscophyllumwere _assum_ed_
and from the extensive long-term survey ldiminariales ~ © €Mit at a constant rate when exposed to air. Emission
populations by Ifremer Arzel, 1998 using the average rate_s of theLammarla'_spe_ues were assumed_ to dechne_af—
biomass oflL. digitatain September over the last ten years. ter first exposure to ar with a common half Infe.of 10 min-
The average volumic mass of each species was determinedes- I__aboratory studies have also foupd_lhallgnatacqn
experimentally by filling a one-litre volume with seaweed sometimes resume bursts of stro_rggemlssmn after having
thalli and determining the fresh weight of 5 replicates. The P€€N exposed to air for long periodsixneuf et al, 2009
depth limits of the various species at Roscoff were obtained®!l €t al. 2010: for simplicity here, emission rates for -
from previous mapping studies and from the Service Mereach Species are assumed to become_ constant after 40 min-
et Observation, in agreement with published dataning utes of. contlnuous exposure. Em|SS|ops from all species
1990. cease |mmed|ately once the seawe_ed is re-covered I_Jy the
incoming tide. L. ochroleuca for which measured emis-
sion data were not available, was assumed to emit at a rate

www.atmos-chem-phys.net/10/11823/2010/ Atmos. Chem. Phys., 10, 11B233-2010
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intermediate betweeh. digitata and Saccharina latissima Tide Height
These emission rates were converted into emissions per m
sea surface area using the assumptions shown in Tatfle s
mass per rh by species. Emissions were assumed to mix
into an atmosphere layer of 15cm depth, providing a con- Photolysis frequency, jl,

version into volume mixing ratio (VMR). This assumption 3

produces peak VMRs immediately above the most str%ngly— ié A m ﬁ m ﬂ A A A A M A ﬁ* h M f‘\ A A ﬂ A A ﬂﬁ é
emitting speciesl.. hyperboreaandL. digitata, of approxi- g8 Mo e 1E A8 O 2= om m &

(m)

=

38 3 10 12 14 16 18 20 232 z4 28 8

o

oo o oo

mately 15 ppbv (parts per billion by volume) immediately af- Wind Speed

ter their first exposure to air, consistent with the peak VMRs g2

observed byBall et al.(2010 in their laboratory study. £ 4 ,j"a
Actinic fluxes of solar radiation were measured using a 6 8 0 2 9% 18 18 30 22 24 3

Metcon spectral radiometeEdwards and Monk003, and oo Shrserdhn

were used to calculate the photolysis frequencies of a numbes o

of trace gases, including molecular iodinke) — see Fig4. E%WW
The model temporal resolution was matched to the meteoro- 6 & 10 1z 14 18 18 0 22 24 26 28
logical dataset sampling of 1 min, with all times within the

model expressed in Universal Time. The model was applied
to data from 5 to 28 September 2006.

Temperature

(degrees C)
-
wo Mmoo

38 3 10 12 14 16 18 20 232 z4 28 78

2.3 Footprint analysis Doy in September 2008

Concentration footprints (as opposed to the more often usetig. 4. Tide, lp photolysis frequency and meteorological data used
flux footprints) were calculated for a range of wind veloc- to drive the model.
ities and representative meteorological conditions using the

analytical imati Echmid(1994. Th del i . . . . . .
y approximation ogchmid (1994 © modet IS time bin of the footprint calculation, and for using wind data

a numerical solution to an analytical approximation of the d at the SBR i i ind direction/ d
advection-diffusion equations. The heterogeneity of the up_measure atthe site to infer wind direction/speed over

wind surface makes it rather difficult to draw firm conclu- the seaweed belds.l ; h diff ide heih
sions about the exact form of the concentration footprint, Footprints calculated for each different tide height and

nevertheless the model is capable of providing sufficientlyViNd strength were used in the model to characterise the
detailed estimates for the purposes of this study. transport of § emissions to the site and into the LP DOAS in-
A surface roughness lengtty, of 0.03 m was used where strument’s line of sight. Following rotation appropriate to the

the fetch was across the inter-tidal zone. For the water sur‘—"’ind direction, the footprint for each time step was applied to

faces encountered at high tidg, was determined using the the emissions grid to estimate its contribution to thedn-

relationship described Wilitinkevich (1969 centration observed by the BBCRDS and LP-DOAS instru-
ments. Footprints for the LP-DOAS were obtained through
voou? integration of all “point” footprints along the line of sight.
0=c1- - + 2 1)
* 2

whereu, is the friction velocity,g the acceleration dueto 3 Model results
gravity, v is the kinematic viscosity, angi andc; are coef-
ficients with highly variable values estimated to be betweenThe exposed regions of macroalgae were calculated for each
0.0-0.48 (forcy), and fromoo to 81.1 ¢2). In this study  model time step, and the resultaatémissions estimated

intermediate values af; =0.1 andco =32.0 were used. |- based on the time since each grid cell had been exposed by
lustrations of footprint dimensions using this technique canthe tide and the seaweed species resident within the grid cell.
be found in Fig. 13 oMcFiggans et al(2010. Two example snap-shots of model footprints and emission

Using this technique, footprints were calculated at five fields are shown in Fig$& and6. The curtain effect during
minute intervals throughout the campaign, taking windspeedan ebb tide is shown in Fid, as the initial exposure of the
tide height and time of day as input parameters. These inpuseaweed beds to air causes bursts of higintissions, espe-
parameters are shown in Fig. Emission footprints were cially from the most potent emitters (red and green pixels).
also calculated at5 degrees either side of the wind direction Emissions are lower and more uniform during the flow tide
(as measured at the SBR site), and the total modelled foottsee the dark blue pixels in Fif).
print was taken to be the mean over all three of these footprint Figure 7 shows the total regional emissions (panel 2)
calculations. This averaging procedure aims to compensatand the individual contributions from each seaweed species
for temporal variability in wind direction within each 5min (panels 3-7). The greatest emissions correlated with the

Atmos. Chem. Phys., 10, 11821838 2010 www.atmos-chem-phys.net/10/11823/2010/
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Table 1. Derived bathymetry bands for each seaweed species included in this study with assumptions used to derive average fresh weight
mass per rhof coverage. The final column details the height assumption for each species, used to determine the tidal level at which seaweed
becomes exposed to the atmosphere.

Species Minimum  Maximum Average Average Average Average
depth depth volumic mass  volume biomass Height
(m) (m) (kgFW/n?)  (m3m?)  (kgFW/nf)  (m)
L. digitata +0.5 -1.0 320 0.03 10 1.0
L. ochroleuca 0 -5.0 315 0.03 10 0.5
L. hyperborea 0 —20.0 310 0.03 10 1.0
Saccharina latissima +0.5 -2.0 140 0.07 10 0.2
Ascophyllum/Fucu35/65) +6.0 +1.5 230 0.035 8 0.2
—4.08 —4.05 —4.03 —4.00 —3.98 —4.08 —4.05 —4.03 —4.00 —-3.98
N & 2 &
2 & R &
% i © 3
K. N o - J-ﬂ IH' I
—4.08 —4.05 —4.03 —4.00 -3.98 —4.08 —4.05 —4.03 —4.00 —3:98

Fig. 5. Model timestep from 10:32 p.m. on 7 September 2006 dur-Fig. 6. Model timestep from 5:48 pm on 14 September 2006 dur-
ing an ebb tide, and one of the highesitbncentrations predicted ing a flow tide, when the BBCRDS instrument measured signifi-
at site. The wind speed and direction at this time were 5.65 m/scant concentrations opl The wind speed and direction at this time
and 79.7 degrees respectively, with the tide 0.85 m below the datumwere 1.9 m/s and 309 degrees respectively, with the tide 1.83 metres
LP-DOAS and site footprints are shown in blue and grey shading re-above the datum. The modellegémission fields are shown on the
spectively. The modelled lemission fields are shown as red, green same scale as Fi§with dark blue, purple and black pixels denoting
and dark blue pixels denoting emission rates gfl@l’, 5x 106 emission rates of 2:6106, 1.25x 1016, and< 5.0x 10° molecules
and 2.5¢<10' molecules per grid square per second respectively. per grid square per second respectively. The reduction in emissions
since first exposure can be seen with respect togig.

lowest low tides around 9-11 September and 23-25 Septenbeing biased towards greater emissions when the seaweeds
ber when the largest area &f digitata and particularly  are first uncovered by the retreating tide: the initial burst of
L. hyperboreéeds were uncovered. The dominance of theseemissions following first exposure is evident in the contribu-
two Laminariaspecies in regional emissions is illustrated by tions ofL. ochroleucaand particularlySaccharina latissima

the the propensity of green and blue shading in panel 2 ofwhich grows in habitats spanning a narrow depth range).
Fig. 7: these two species provide approximately 85% of to-

tal regional emissions over the RHaMBLe campaign period.

The shapes of the emission profiles also change with the dif4 |, measurements during RHaMBLe

ferent tidal spans. The profiles are typically shorter and wider

on days with the smallest tidal ranges around the middle o4.1 BBCRDS measurements

the campaign, as seaweeds growing in shallow waters e.g.

fucusandascophyllunremain uncovered and thus contribut- A broadband cavity ringdown spectrometer was deployed
ing their low level emissions throughout the majority of the from a shipping container sited on the jetty in front of the
tidal cycle. In all cases the emission profiles are asymmetricSBR, adjacent to the containers housing the campaign’s other

www.atmos-chem-phys.net/10/11823/2010/ Atmos. Chem. Phys., 10, 11B233-2010
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Fig. 7. Tide height (panel 1) and calculated regional emissions &bim 5 to 28 September 2006 (panel 2). The emission contributions are
differentiated according to seaweed species by colour in panel 2, and are plotted separately in panels 3—7.

in situ instruments NicFiggans et a).2010. Broadband at green wavelengths, a new clocked CCD camera and im-
cavity ringdown spectroscopy (BBCRDS) uses light from a proved analysis software/spectral fitting routines. A broad-
pulsed broadband laser to measure the absorption spectruband dye laser pumped by a 532 nm Nd:YAG laser (Sirah Co-
of samples contained within a high finesse optical cavitybra and Surelight 1-20; 20 Hz repetition rate) generated light
(Bitter et al, 2005 Ball and Jones2003 2009. In this case, pulses with an approximately Gaussian emission spectrum
the BBCRDS instrument was configured to detect molecu-centred at 563 nm (FWHM =5.2 nm). This light was directed
lar iodine using several of the molecule’s B« X absorp-  into a 187 cm long ringdown cavity formed by two highly
tion bands in the wavelength range 560-570 nm. Other atreflective mirrors (Los Gatos, peak reflectivity =99.993% at
mospheric gases @, NO, and the oxygen dimerfalso 570 nm). Light exiting the ringdown cavity was collected and
absorb at these wavelengths and thus contribute to the mea&eonveyed through a 100 um core diameter fibre optic cable to
sured BBCRDS spectra. an imaging spectrograph (Chromex 250is) where it was dis-
rPersed in wavelength and imaged onto a clocked CCD cam-

instrument previously used to measuset Mace Head (Ire- era (XCam CCDRem2). The time evolution of individual

land) during the 2002 NAMBLEX campaigrSéiz-Lopez ringdown events was recorded simultaneously at 512 differ-

etal, 2008 Heard et al.2008 as described in detail Bitter gnt Wavelengths, one for each pixel row of the detector, and
et al.(2005. In the intervening years, the instrument’s per- light from 50 ringdown events was integrated on the CCD

formance has been enhanced significantly by upgrading Se\ﬁam?ra dbefo:je stori_ng the data to da CO(;“S u';_er._ Wivelgngth
eral key components, notably a new laser system that yield(%eso Vz ringdown Em‘?s :/verg prlo u;iz yT;]ttmg t el rl,ng-
pulsed broadband light with a factor of two wider bandwidth own decay in each pixel ro$ 1 to )- The sample’s

The BBCRDS system used for this study is based on a

Atmos. Chem. Phys., 10, 11821838 2010 www.atmos-chem-phys.net/10/11823/2010/



R. J. Leigh et al.: Bridging spatial scales in measurements of | 11829

absorption spectrum was then calculated from sets of ring-

down times measured when the cavity contained the sample, 5%10°
7(%;), and when flushed with dry nitrogets (2 ;): 4x109
10 ! ”‘// I Measured Signal U\M‘
@) = ﬁ( 1 B 1 ) 2x10° Full Fit |
c \t(x;) 10(%j) 1x10°
=Y (i) +teon (1)) 2) o
n

wherec is the speed of light, Ris the fraction of the cavity 254109 |
that is occupied by absorbing specieg(} ;) is the wave-
length dependent absorption coefficient of tf& molecu-

lar absorber and.,, (%) is the absorption coefficient due

2x107

1.5%10°

Absorption Coefficient / cm’!

to all other contributions to the spectrum’s unstructured con- 1107 | ’ ‘

tinuum absorption (mainly aerosol extinction). During the 5x10°10 V I, Measured ( L '

first part of the campaign (before 16 September), the cav- . [z Fit 304+ 7.8 pptv) | |

ity was located inside the shipping container and ambient air

was drawn into the cavity at 3 litres per minute. The cav- 4x10°

ity was then moved onto the roof of the container and oper-

ated in an open-path configuration for the remainder of the 3107

campaign. In both cases, appropriate correcti@isll{ngs %10

2009 were made to account for exclusion of the atmospheric 7 ] NO, Measured ‘

sample from the cavity’s mirror mounts which were purged 1107 NO, Fit (1.30 % 0.1 ppbv) J

with dry nitrogen to prevent contamination of the optical sur- 0

faces by ambient aerosol patrticles (i.e. thet®&m in Eq.2). 560 561 562 563 564 565 566
BBCRDS absorption spectra were averaged to a time reso- Wavelength / nm

lution of 5 minutes and the known absorptions due to ambient

H>0 (humidity meter) and @(atmospheric oxygen concen- Fig. 8. An example BBCRDS spectrum recorded around 1730 UT

tration) were subtracted. The concentrationsycdnd NGO on 14 September 2006. The upper panel shows the measured spec-

were then retrieved from a multivariate fit of reference ab- trum (blue) after subtraction of th_e absorptiqns due to water vapour,

sorption cross sections to the structured features remainin ga”d a second order polynomial accounting for the unstructured

in the sample’s absorption spectrum using an analysis simi- sqrptn_on con;nbutlons. The red line sh_owsa DOAS fit to the spec-

lar to that developed for DOASP{att, 1999 Ball and Jones trum’s differential structure, and the_re5|dual spectrum_ is showr_l in
. green. The measured (blue) and fitted (red) absorption contribu-

2003 2009. NO, cross sections were taken frcWandaeIe_ tions due to 3 and NG are shown in the middle and lower panels

et al. (1999 and were degraded to the 0.12nm FWHM in- regpectively.

strumental resolution. 2lcross sections were derived from

the PGOPHER spectral simulation prograwestern Ac-

cess: September 200Blartin et al, 1986 and were scaled described inMcFiggans et al(2010. The NG amounts

to reproduce the differential cross sections reporte8&ly-  are also a valuable indicator of the possible extentof |

Lopez et al.(2004 (see alsaBall et al. (2010). The top  recycling via IONQ chemistry in the semi-polluted envi-

panel of Fig.8 shows an example BBCRDS spectrum ob- ronment around Roscoff, and so the Nfield observations

tained during the campaign, where the central and lower panfrom both instruments are shown together in the figures il-

els show respectively the land NG contributions to the  |ustrating the measured and modellecbncentrations (see

measured absorption overlaid by their fitted reference spectrgigs. 10, 12, 16 and18). The generally good agreement be-

from the DOAS fitting routine. During the RHaMBLe cam- tween the BBCRDS and chemiluminescence measurements

paign, the precision of the spectral retrievals was typicallyacross a wide range of rapidly varying M@oncentrations is

10 pptv (parts per trillion by volume) fopland 0.2 ppbv for  exemplified by the data from 14-15 September shown in the

NO; (1o uncertainty, 304 s averaging time). Although not bottom panel of Fig. 10: the gradient of a correlation plot of

the principal target of this deployment, co-retrieval of the the NO, concentrations recorded by the two instruments was
NO, concentrations served as an important quality assurancg 98+ 0.03.

parameter with which to monitor the BBCRDS instrument’s

performance. Throughout the campaign, theoN©ncen- 4.2 Measurements taken by long path DOAS

trations measured by BBCRDS were in excellent quantita-

tive agreement with N@ measurements made by the Uni- During the RHaMBLe Roscoff deployment, the long path
versity of York's NQ, chemiluminescence instrument, as differential optical absorption spectroscopy (LP-DOAS)
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300 E . 2006. The top panel shows BBCRDS data (red points and error
200F- = bars) with modelled concentrations of &t the site assuming 95%
i l k L .L recycling of b photolysed during the daytime (orange line). The
B AL L A7) .}“LJAJ\ dhedkomen. x ki K oix middle panel shows LP-DOAS data (dark blue points and error bars)
= e i Stk a00E: = with modelled concentrations o3 in the LP-DOAS light path as-

suming 95% 3 recycling (blue line). The grey areas in the upper
Fig. 9. Complete timeseries of model output from 5 to 28 Septem- WO Plots indicate the range of modelleglvalues using recycling
ber 2006. From top down: Regional emissions as calculated byASSUMPtions fronk =90% to 98%. The photolysis frequency of |
the model: § concentrations at the measurement site based on footiS indicated by the green line in the upper two plots, and tide by the

print analysis calculated with photolytic destruction and no recy- Plack line. The bottom panel shows @neasured by the N
cling processes; likewise but with recycling at 95%. The lowest chemiluminescence (black) and BBCRDS instruments (red points

two panels show calculateg toncentrations along the LP-DOAS  @nd error bars).
line of sight with photolytic destruction and no recycling processes,

and with recycling at 95%. ) ) o
measured spectrum were determined by simultaneous fitting

of their molecular absorption cross sections using singular

value decompositionRlane and Saiz-Lope200§. Aver-
technique Plane and Saiz-Lope2006 was used to mea- aged b concentrations along the line of sight were retrieved
sure the concentrations ¢f 1010, 10 and NQ. The absorp-  in the 535-575 nm window on a number of days and nights
tion path extended 3.35km from the SBR (48.728 latitude,using the $ absorption cross sections 8kiz-Lopez et al.
—3.988 longitude), to a small outcrop on the south west shorg2004. The full data set from the LP-DOAS instrument
of the lle de Batz (48.74 latitude;4.036 longitude), where is presented itMahajan et al(2009 and McFiggans et al.
aretroreflector array was placed to fold the optical path — seg2010).
also Fig.1. The total optical path length was thus 6.7 kmwith  For the present work, footprints for the LP-DOAS instru-
the beam 7 to 12m above the mean sea level. Full detailgnent were calculated using the same footprint model (as-
of the DOAS instrument can be found elsewhevialiajan  suming an 8 m height for the LP-DOAS light beam), with
etal, 2009 Saiz-Lopez and Plan&004). modelled p amounts averaged for the footprints along the

Briefly, spectra were recorded with 0.25 nm resolution be-line of sight. In this way the model provides a path length

fore being converted into differential optical density spec- averaged measurement gfdlong the LP-DOAS light path
tra. The contributions of individual absorbing species to thewhich sampled emissions from a significant proportion of the
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channel between the SBR and the lle de Batz (see, for exam(-R =0.98) recycling efficiencies appropriate for, respectively,
ple, the footprints in Figss and6). NO, concentrations at and above the NER ppbv baseline
case of theMahajan et al(2009 model. These results are

i o additionally shown in Fig. 10 and the following other results
5 Calculation of total emissions and modelledd at the figures.

site and along the LP DOAS line of sight Figure 9 shows total calculated regional emissions, the

Spatially resolved emissions were calculated for each riofmde"ed b mixing ratios in air advected to the measurement
P y INGite (BBCRDS) and the meap Inixing ratio in the air sam-

square within the model for each one minute time step. Site : . L
and LP-DOAS footprints were calculated taking account ofpled along the LP-DOAS line of sight. Modelled emissions

. 0 X
wind speed, wind direction, and tidal height. The time taken'nhg;gl rgfﬂ%j:g kiﬁg%rg g?nneelfzi;?ilcjmmsei dge?smtv\:g?l/c()ilgg of
for I, emissions to travel from their source within the foot- P y 9 Y )

print to the detector was estimated from the windspeed megScenarios: (i) dilution and irreversible photolytic loss accord-

sured at the site. In addition to dilution of the emitted | Ing to Eq. @) and (i) dilution and photolytic loss less a re-

(accounted for in the footprint), the model also considered%ﬂ'rr'ngezzifén(g Ig ?)sznjrgtigoSnisafee::E%Aoérl—geinn:ﬁg?gﬁgw-
the photolytic destruction oblduring its transit to the mea- P

. X . ing section.
surement location using equatidn

1210 =[12]0ye’"?" 3
2l =ll2loe 3 6 Comparison of modelled and measureda

where [b](,) is the volume mixing ratio ofJ at time¢, and ] ] . ]

[12](0 is the volume mixing ratio of4 at time O directly Owing to the challenges mherent in operating the BBCRDS
above the emission source.; jis the photolysis frequency and LP-DOAS instruments in the field and the requirements
of I, as measured by a spectral radiometer. for measurements of other species to be taken by the same

Although no chemical modelling was attempted along theinstrumentation, 4 observations are unfortunately not avail-
lines of Mahajan et al(2009, a simple recycling parameter able throughout the campaign. Results from three intensive
R was also included in this work to mimic the effects of | Measurement periods from each instrument are detailed be-

recycling via IONGQ chemistry downstream of the emission low.

source. This recycling was achieved through modification of

the I, photolytic destruction process to: 6.1 Comparisons during the night

[|2](l)=[|2](o)ej|2'(1_R)'t () During the night, in the absence of photolytic destruction,
I> can be considered as a passive tracer to establish the link
The recycling parameteR effectively permits a propor- between emissions and measurements. Agreement between
tion of photodissociated: Ito be instantly reformed in our the model and BBCRDS and LP-DOAS measurements at
model. In order to test this approach, the chemical model prenight indicates acceptable model parameterisation of emis-
sented previously iMahajan et al(2009 was re-run in this ~ sion rates, seaweed spatial distribution, meteorology, and di-
study to examine the decay of toncentrations downwind lution and dispersion within the emission footprint. This can
of an emission source. The chemical model was run twicetherefore be used as a baseline for investigations during the
once in the presence of N@for an assumed baseline NO day when additionally photolytic destruction and chemical
concentration of 2 ppbv), and again in the absence of NO recycling of b become important.
but for reducedd photolysis rates (whilst keeping the pho-  Figure 10 illustrates night-time measurements and model
tolysis rates of other photolabile species unchanged). Goodata from 13 to 15 September, while Figl shows the cor-
qualitative and reasonable guantitative agreement was fountesponding sources of (differentiated by seaweed species)
between these two scenarios when thpHotolysis rate was modelled at the measurement site and along the LP-DOAS
decreased to 10% of its typical daytime value, providing alight path. In Fig.10 the diurnal cycle is indicated by the
validation for our simplistic approach of reducing the effec- photolysis frequency ofzl (green line), with tide heights
tive I, photolysis rates to mimic the effect of lecycling via  shown in black. During the period described in Fi@, there
IONO; formation in this semi-polluted atmosphere. For the were night-time low tides shortly after midnight on 14 and
present modelling study, the recycling parameter was set to 45 September 2006 when, respectively, both the LP-DOAS
default value off =0.95, i.e. 95% of theylthat is photolysed and BBCRDS observed Isubstantially above their detec-
is reformed by subsequent chemistry. This is higher than thdion limits and the model predicted pegkdoncentrations of
R=0.90 suggested by thdahajan et al(2009 chemical  50-100 pptv.
modelling, but tended to produce the best agreement with Three modelled) datasets are presented in Fig. (and
the observational data. For comparison, modeljetbhcen-  other following data figures), covering the range pfré-
trations were also calculated for small&=0.90) and larger  cycling assumptions discussed in the previous sectien. |
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Fig. 11. Sources of emissions for 13 to 15 September 2006. The

top panel shows total regional emissions, data in the middle panel
indicates the source op lemissions modelled at the measurement
site, with the bottom panel showing the sourcexaéissions mod-
elled along the LP-DOAS line of sight. Modelled emissions in the
middle and bottom panels assume 95% recycling of photolysed | Fig. 12. 'V'O‘?'e“eo' and measur.ed (BBCRDS) data from 16 Septem-
during the daytime. The emissions are coloured by seaweed specid€’ 2006 with format as per Fig0.

using the convention of Fig.

18.8 17.0
Day of September 2006

to the regional results in the top panel, the contribution

of each seaweed species’ emissions to theméasured by
concentrations modelled at the measurement site for outhe BBCRDS or LP-DOAS technique is highly dependent
usual assumption of 95% recycling of photolysechie in-  upon wind direction and speed (middle and lower panels
dicated by the orange line. The lower boundary of the greyof Fig. 11). For example, the lack of a contribution from
region defines modelled Iconcentrations for th&® =0.90 L. hyperboreao the BBCRDS modelled data is a common
recycling assumption, in line with results from thtahajan  feature throughout the dataset, resulting from the absence
et al. (2009 chemical recycling scheme. The upper bound- of L. hyperboreaseaweed beds in the shallower waters near
ary of the grey region is defined by R=0.98 recycling to the measurement site, while the extensive and strongly
scheme. The purpose of the grey region is to indicate reaemitting L. hyperboreabeds around the lle de Batz and on
sonable boundaries of uncertainty in the model output in-the coast west of Roscoff lie too far away to be included in
troduced by recycling schemes which allow between 90 andhe footprint of air advected to the SBR site. The LP-DOAS
98% of photodisocciated Ito be reformed through IONO  does however have sensitivity ta hyperboreaemissions
chemistry. During the night, there is no photolysis and nofrom an area of this species growing to the south-west of the
I, recycling via IONQ chemistry, and thus settingto any  lle de Batz.
value 0.00-1.00 yields an identical result: at night, the grey Measured night-time concentrations efdround the pre-
region collapses to the orange line alone. Similar considerdawn low tide on 14 September (up to 50 pptv) are some
ations apply to the blue line modelling the LP-DOAS mea- of the highest recorded by the LP-DOAS instrument for the
surements (fok =0.95) and the accompanying grey region whole campaign, and are shown in Fit0 to be repro-
(0.90<R<0.98). duced well by the modelling results. Agreement between

The dominant contributions fromL. digitata and  the BBCRDS observations and the model from 14 to 15

L. hyperboreao the regionald emissions are highlighted in  September is also acceptable, with the model reproducing
the top panel of Figl1l. The asymmetry of emission profiles the main form of the BBCRDS measurements through to the
throughout the low tide cycle is also evident, resulting from early hours of 15 Semptember (albeit the sharpeak of
the decay in seaweed plantg émission rates with time approx. 100 pptv due tb. digitata emissions predicted by
since their first exposure to the atmosphere. In contrasthe model towards the end of the time series is not present
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Fig. 13. Sources of emissions for 16 September 2006 with format
as per Figll

in the BBCRDS measurement). The close correlation of the
NO, measurements by the Npand BBCRDS systems sug-
gests good operation of both instruments during this period,
and thus any measured/modelled discrepancy-fis imore
likely due to deficiencies of the model.

Night-time measurements and model results are also il-
lustrated in Figs.12 and 13 for 16 September, when re-
gional emissions from predominantly. digitata are pre-
dicted around the evening-time low tide; doncentrations
up to 25 pptv (significantly above the BBCRDS instrument’s
limit of detection) were indeed seen around the low tide, with
the measured,lconcentrations decreasing to zero at mid-
night as the tide rises. The modeldoncentrations peak at
approximately 20 pptv around low tide and then decay away
to zero in broad agreement with the measurement. However,
the modelled 4 is more highly structured than the measure-
ment, indicating a high spatial dependence (i.e. wind direc-
tion) of the b emissions reaching the measurement site (se
also middle panel of Figl3). Throughout the 16 September

2 o m
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Fig. 14. Modelled and measured (LP-DOAS) data from 5 Septem-
ber 2006 with format as per Fig0.
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Fig. 15. Sources of emissions for 5 September 2006 with format as

dataset, the BBCRDS NOneasurements are again in excel- duce modelledd before 5a.m., this dataset illustrates a num-
lent agreement with the N chemiluminesence instrument, ber of interesting features. Pre-dawn concentrations aifd
providing confidence that the BBCRDS observational data isboth predicted and seen along the LP-DOAS line of sight.

valid. The model also predicts sustainedemissions from
L. ochroleucan the LP-DOAS line of sight (bottom panel of
Fig. 13and middle panel of Fidl2), though unfortunately no
LP-DOAS measurements of Were available on this night.
Measurements and modellegldoncentrations from early
in the campaign, on 5 September, are shown in Figs.
and15. Although there is no N@data for this period (to
comment on the possible extent efrecycling), and no me-

Up to 40 pptv of p is detected by LP-DOAS around the early
morning low tide, when the model also predicts up to 20 pptv
of |2 before dawn and post-dawn for the the most extensive
R =0.98 recycling regime. The modelled and measuged |
then both decrease to essentially zero as the tide rises from its
minimum in mid-morning, through into the afternoon. After
dusk, as the tide again recedes, both modelled and measured
concentrations increase significantly. It should be noted that

teorological data for the first few hours with which to pro- emissions froniL. hyperboreaare responsible for the largest

www.atmos-chem-phys.net/10/11823/2010/
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modelled concentrations at the end of this day (seelHy.
These are emitted into the LP-DOAS light path as it passes
close to thel. hyperboresseaweed bed south west of the lle
de Batz.

, (pptv)
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T T

6.2 Comparisons during the day

i,

VMR af |
Tide Height x &

1> photolyses rapidly during the day, with photolysis rates i
reaching 0.253! at solar noon (Fig4) corresponding to —el
a lifetime of only 4s for . Transport times from all but
the very closest seaweed beds are equivalent to many phao
tolytic lifetimes and thus photolytic destruction rapidly re-
duces } concentrations modelled after dawn to negligible
amounts. Indeed without a method for reforming photolysed
I2, the model predicts that ng Ehould be detectable either
at the site or by the LP-DOAS instrument for the vast ma-
jority of daylight hours (note, for example, the differences
between the modelled daytime toncentrations shown in
panels 2 and 3 and panels 4 and 5 of Fig. 9). However,
both LP-DOAS and BBCRDS techniques clearly do mea-
sure appreciable concentrations pétound most of the day-
time low tides when the instruments were makinglhserva-
tions, suggesting a significant mechanism to refogrmust
be present. The modelling of recycling schemes f®m90
to 98 presents an opportunity to assess the likely extent of re- ; ;
cycling required for the model to reproduce the observations, bayiof september. 2008
and to relate the extent of recycling to the pl€ncentra-
tions co-measured by the BBCRDS and N@Struments. Fig. 16. Moc_:lelled and measur_ed (BBCRDS) data from 25 Septem-
Modelled concentrations and observational data around®" 2006 with format as per Figui®.
the daytime low tide on 25 September are shown in E&).
Rather low concentrations of lare predicted on this day,
with concentrations reported by the BBCRDS instrument
consistently below its detection limit for,| including at =~ SQUrees G BEQIont, Eraissiing
the tidal minimum. Some of the lowest NQoncentra- s
tions of the whole campaign were also measured by the .-
BBCRDS and NG instruments on this day, being approx- =
imately 0.5 pptv for the duration of the BBCRDS observa- &
tions (bottom panel). This is significantly below the 2 pptv of
NO; considered by th&lahajan et al(2009 chemical model
of I, recycling via IONQ which suggested the recycling pa- -
rameter was arount =0.90. For the particularly clean con- ©
ditions (for this location) of 25 September, with NGig-
nificantly below 2 pptv, recycling is likely to be ineffective
at offsetting the rapid photolytic losses of ITherefore the
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most reasonable modellegl ¢éoncentrations are likely to lie 25.0 25.2 25.4 255 5.8
below the grey region (i.e. below even tRe= 0.90 assump- o ) )

. . Sources of Emissions modelled along the LP—DOAS line of sight
tion), commensurate with the low lamounts reported by wE

the BBCRDS instrument. The exception is the spike of 25— ™= | L
75 pptv b (depending on wher is assumed in the range il )
0.90 to 0.98) due to a sharp rise in modelledligitataemis-
sions received at the site caused by a short-lived shift in  _°¢ ‘ ‘ ‘ . i

wind direction (see Figl7), but which is not evident in the 250 2 254 .8 258
BBCRDS measurements themselves.
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Fig. 17. Sources of emissions for 25 September 2006 with format
as per Figll
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low error estimates on the LP-DOAS data: the LP-DOAS
system detects; Iwell above its detection limit throughout
daylight hours which is not reproduced in the model.
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6.3 Discussion of differences

WMR of |
Tide Height x &

This modelling activity has demonstrated a number of strong
correlations between modelled and measugedoncentra-
tions for both measurement geometries, and provided infor-
mation on the likely 4 sources (seaweed speciation and ge-
ographical location). However, significant discrepancies re-
main, most notably those on 19 September for the longest
LP-DOAS data sequence, indicating inaccuracies in model
inputs and/or more fundamental limitations of the modelling
approach applied in this work.

Potentially inaccurate input data include the spatial dis-
tribution of seaweed species, including small patches of sea-
weed not accurately represented by or missing from the origi-
nal seaweed mapBfaud 1974 Bajjouk et al, 1996, mixed

seaweed beds containing more than one species, and any
loose seaweed that had washed up on the shore near to mea-
of ‘ ‘ UMJ« ‘ ] surement site. Although previous studies were used to pro-
19.0 19.2 19.4 19.6 19.8 duce an updated map for the present modelling study, an
Hay of September. 2008 aerial survey coupled with further surface studies would re-
) duce uncertainties in this area. Furthermore, there are no
Fig. 18. Modelled and measured (LP-DOAS) data from 19 Septem- o mission data available fdr. ochroleucafrom previous
ber 2006 with format as per Fig0. | - . . .
aboratory studies. Here this species was assumed to emit
at a rate intermediate betwekndigitata/L. hyperboreand

Daytime data from 14 September, included in Fi.  Saccharina lattisimabut if this assumption is in error it
and introduced above, indicate broad agreement betweesould have a significant impact on modellegmounts, par-
BBCRDS measurements and modelled concentrations at sitgicularly for the LP-DOAS measurement geometry where
within the boundaries established by tRe0.90 to 0.98 re- L. ochroleucais the dominant emission source for certain
cycling schemes. It should be noted here that although NO meteorological conditions (see Fij3 for example). Also,
concentrations at site experienced a local minimum of undethe spatial variability of wind fields across the eulittoral zone
1ppbv around the time of the highest BBCRDScbncen-  is not considered in detail in this study. Although two in-
trations, the usual N®concentrations on this day are sub- dependent measurements of wind speed and direction were
stantially higher than on clean days such as 25 Septembeaaken at the BBCRDS measurement site, and showed strong
(Fig. 16), and significant recycling is still needed to bring agreement, the local scale topography is likely to have caused
the model into agreement with the BBCRDS measurementsa some variation in wind vectors within the eulittoral zone.
The modelled 4 concentrations during daylight hours on the In particular, variability in wind vectors increase uncertain-
previous day, 13 September, are generally smaller than thées in the contributions made by thaminariabeds around
LP-DOAS measurements (see middle panel of EW), al- the lle de Batz. For example, emissions from these seaweeds
though there are spikes in the modellgdifound sunset of a  are responsible for the large spikes in modellg¢dncen-
similar size to the observations. Indeed, there is a particularlytrations above 100 pptv shown in Fig.and which are gen-
large amount of variability in the modelled and measuted | erally not replicated in the measurements (i.e. the modelled
concentrations, measured bl@nd emission sources on 13 |, footprints are likely to be too directional, even with5
September, most likely due to highly variable wind condi- degree uncertainty already assumed in the model).
tions on this day. Fundamental limitations in our the relatively simplistic

For completeness, LP-DOAS data from 19 September arenodelling include the parameterisation of seaweed mass per
shown in Fig.18. There is generally good agreement be- unit sea surface area and characterisation of the surface
tween the data and model during the first phase of this timagoughness and slope in the footprint modelling. Drawing
period, i.e. a very low level oflis observed from midnight conclusions about the extent of daytimerécycling and its
until the tide ebbs around dawn, when 10 pptv pid ob- relationship with NQ concentrations also rely on an under-
served and modelled. There is then poor agreement for thetanding of the concentration of NGbove the eulittoral
majority of the day despite high data density and relativelyzone and along the full transport path gf A comprehensive
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modelling treatment for this factor demands a more advanced Modelled concentrations during the day were demon-
chemical scheme and a robust understanding of iodine chenstrated to be highly sensitive to recycling schemes allow-
istry in the semi-polluted environmeritl@hajan et al.2009. ing the reformation of photodissociateg Without any re-
As with the wind vectors, N@ concentrations measured cycling mechanism, concentrations gfrhodelled for both
at site are not fully representative of M@oncentrations measurement geometries would usually have been negligi-
throughout the modelled region of interest with its many var- ble, in marked contrast to the BBCRDS and LP-DOAS obser-
ied NO sources. vations themselves which both report clear daytipmdnals

Of the potential sources of error discussed here, we sugabove their detection limits (approx. 10 pptv) on a number of
gest the major contributors to model/measurement differ-occasions during the campaigMahajan et al(2009 mod-
ences are inaccuracies in mapping the spatial distributionglled L, concentrations measured by the LP-DOAS instru-
of seaweed habitats (particularly for seaweeds close to meanent during RHaMBLe, and also concluded that it was nec-
surement locations), uncertaintieslinochroleucaemission  essary to invoke substantial recycling ef IFurther chem-
rates, and the variability in wind vectors along the transitical modelling was performed to support the present study,
path from emission source to detection. Given the closere-running theMahajan et al(2009 model for different $
agreement between NOGneasurements from the Npand  photolysis rates with and without N(present. It was found
BBCRDS instruments, and the established pedigree of LPthat the decrease in toncentrations downstream of an emis-
DOAS as an atmospheric measurement technique, couplesion source (using a baseline l@oncentration of 2 ppbv)
with high data density and low error bars calculated from thewas well matched to the results of re-running Mehajan
DOAS fits, inaccuracies in the measurements are not considet al. (2009 model with the NQ chemistry “turned off” but
ered to be a significant reason for any discrepancy with thewith an L, photolysis rate reduced to only 10% of its usual

modelled data. value. Hence a very simplistic recycling scheme was intro-
duced into the present model (which has noNBemistry)
7 Conclusions to mimic the effects of4d recycling in a semi-polluted NO

environment by reducing the effectivephotolysis frequen-

A dynamical model was produced to examine the sensitivitycies, starting with a recycling parameter®f 0.90 (i.e. the
of in situ and line of sight measurements based at the Stal, photolysis rate is reduced to 10% of its measured value, as
tion Biologique de Roscoff to regional emissions of molec- suggested by the extMahajan et al(2009 modelling).
ular iodine during the RHaMBLe campaign in September Employing a recycling rate a =0.90 produced modelled
2006. Modelled concentrations afWwere compared to mea- |, concentrations that were still generally below 5 pptv dur-
sured concentrations from a BBCRDS instrument located oring daylight hours. Except for clean condition encountered
the shore, and a LP-DOAS instrument with an absorptionon one day (25 September; [NQOess than 0.5 ppbv) when
path extending over the eulittoral zone. Although having good quality BBCRDS data consistently showeadncen-
simplifying assumptions, this model nevertheless provides drations below 10 pptv, recycling rates &=0.95 to 0.98
means to assess likely impacts on measuredihcentrations needed to be included in the model to bring the modelled
from time-dependent variations in emissions from the differ- 1, into agreement with the observegldmounts. It should
ent seaweed species growing in the area and the spatial locke noted that more extensive recycling (i.e.R > 0.90) is
tion of seaweed beds relative to the measurement locationgxpected when N@concentrations are above 2 ppbv (which
Furthermore, the boundaries of feasibledcycling schemes was often the case during RHaMBLe), as a greater fraction of
suggested by our measurements and by recent chemical moabdine will be converted into the temporary ION@eservoir
elling studies were explored. to act as a potential downstream sourceyoflhe greater re-

Using previous laboratory measurements of specieseycling efficiencies required in the present model do not nec-
dependentd emission rates, concentrations gfdbove the  essarily meanylrecycling chemistry is even more extensive
most strongly emitting_. hyperboreaand L. digitata beds  than proposed in the origindllahajan et al(2009 study;
were predicted to be 15 ppbv immediately after being firstit may just be a consequence of the simplistic scheme our
exposed to the atmosphere by a retreating tide in line with remodel has used to parameterisedcycling.
cent laboratory measuremenBa(| et al, 2010. Although a However, the semi-polluted NOegime at Roscoff is, as
few spikes above 100 pptv were predicted, concentrations atoted byMahajan et al(2009, rather different from that for
the BBCRDS measurement site and along the LP-DOAS lingprevious b measurements at cleaner background sites, most
of sight were generally modelled to be below 50 pptv, andnotably at the Mace Head Atmospheric Research Station
show some quantitative agreement with measured dataset@Galway, Ireland) where typical NOconcentrationsHeard
This demonstrates the use of concentration footprints in thiset al, 2006 are below the minimum N@levels observed
context to explore the substantial dispersion and dilutionduring RHaMBLe and thus little recycling of via IONO;
along a transit path linking the high concentrations directly chemistry is expected.
above emission sources to the much lower concentrations
measured downwind.
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Analysis such as that produced in this paper is recom-of sight. In the future, such advantages could be extended by
mended to aid the interpretation of results from in situ mea-deploying open-path DOAS systems that use scattered sun-
surements performed in complex environments containindight and can scan the direction of their field of view over the
spatially inhomogeneous and temporally varying emissionentire measurement region to build a map of absorber con-
fields. Ideally the framework presented in this paper would,centrations, provided that appropriate detection limits and the
in future, be coupled with a suitable chemistry scheme toability to isolate local emissions could be assured.
model b observations with a full treatment of the N@e-
pendent recycling chemistry. An enhanced scheme couldcknowledgementsThe authors would like to thank the staff at the
also then be used to model other observables in iodine’s maStation Biologique de Roscoff for their significant assistance during
rine boundary |ayer Chemistry, most importanﬂy the 10 rad-the RHaMBLe project, and the Natural Environment Research
ical and iodine-induced particle nucleatiaf Glasow and ~ €ouncil for funding the RHaMBLe campaign. Deployment of
Crutzen 2007 McFiggans et a).2010. The formation of the BBCRDS instrument to the RHaMBLe car_npangn was made
10 from I, (via I, photolysis and reaction of the resulting p035|b!e through a grant from the Natural Environment Research

. . . Council NE/D00652X/1.
| atoms with @) happens rapidly on the timescale of 10 s
during th_e day, Whereas nucle_ation of_partiqles _from—l%) Edited by: E. Pelinovsky
OlO — viable nuclei— detectible particles inevitably oc-
curs over longer timescales. Thus these processes are likely
to be affected differently by variable meteorology and spa-
tially inhomogeneous emission fields, even for co-located |
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