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Abstract. Fog-induced visibility reduction is responsible for vealed that the critical wet diameter, above which the hy-
a variety of hazards in the transport sector. Therefore therelrated aerosols activate to fog droplets, is rather large (with
is a large demand for an improved understanding of foga median value of 2.6 um) and is highly variable (ranging
formation and thus improved forecasts. Improved fog fore-from 1 to 5 um) between the different fog events. Thus, the
casts require a better understanding of the numerous complexumber of activated fog droplets was very small and the non-
mechanisms during the fog life cycle. During winter 2012/13 activated hydrated particles were found to contribute signifi-
a field campaign called ParisFog aiming at fog research toolcantly to the observed light scattering and thus to the reduc-
place at SIRTA (Instrumented Site for Atmospheric Remotetion in visibility. Combining all experimental data, the effec-
Sensing Research). SIRTA is located about 20 km southwedive peak supersaturation, &« a measure of the peak su-
of the Paris city center, France, in a semi-urban environmentpersaturation during the fog formation, was determined. The
In situ activation properties of the prevailing fog were inves- median Sgeak value was estimated to be in the range from
tigated by measuring (1) total and interstitial (non-activated)0.031 to 0.046 % (upper and lower limit estimations), which
dry particle number size distributions behind two differentin- is in good agreement with previous experimental and model-
let systems; (2) interstitial hydrated aerosol and fog dropleting studies of fog.

size distributions at ambient conditions; and (3) cloud con-

densation nuclei (CCN) number concentration at different

supersaturations (SS) with a CCN counter. The aerosol par-

ticles were characterized regarding their hygroscopic properl Introduction

ties, fog droplet activation behavior and contribution to light

scattering for 17 developed fog events. Low particle hygrO_AerosoI hygroscopicity is defined as the ability of aerosol
scopicity with an overall median of the hygroscopicity pa- Particles to take up water. This water uptake plays an im-
rameter, of 0.14 was found, likely caused by substantial in- Portant role in the Earth's radiative budget, as it changes the

fluence from local traffic and wood burning emissions. Mea-Particle’s light scattering and absorption properties. The in-
surements of the aerosol size distribution at ambient RH releraction of aerosol with solar radiation can either be direct,

or through the aerosol’'s modification of cloud properties.
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Aerosols influencing fog are also a major factor in visi- which particles can grow while still being in stable equilib-
bility reduction at surface levels, which can cause fatali-rium is at their Sgi;, and is defined by the particle’s size
ties in traffic Rosenfeld 1996. When the relative humid- and hygroscopic propertieBétters and Kreidenwgig007).
ity increases, particles can grow substantially and if the at-These unactivated particles, however, grow to their stable
mosphere becomes supersaturated with respect to water vaquilibrium size by taking up water and remaining smaller
por, particles can activate to form fog droplets (eBgrgot than activated droplets, but large enough to contribute sig-
2007, depending on their size and hygroscopic proper-nificantly to extinction (sum of scattering and absorption) of
ties. The term mist is used if visibility drops below 5km visible radiation in fog Elias et al, 2009.
(Vautard et al.2009 and the term fog is used below a visi-  Despite the advances in modeling (eBott et al, 199Q
bility threshold of 1 km Tardif and Rasmusse8007, Maier Stolaki et al, 2012, the representation of the physical pro-
etal, 2013. Studies in Europe showed that during developedcesses leading to fog formation has not yet progressed
fog, the visibility can decrease down to 50 m or lower (e.g.,to the point where numerical models can accurately fore-
David et al, 2013 Elias et al, 2009. cast/nowcast fog event&(ltepe et al.2007). The goals of
In recent years, several field campaigns have been carriethis study are to examine the interaction between particles
out in Europe and North America, focusing on physical andand fog, and the partitioning of water within this system to
chemical processes in continental f@gultepe et al.2007). improve the understanding of fog formation.
Some studies investigated a certain fog type, such as radia- A detailed examination of the aerosol properties during
tion fog in the Fog-82 campaign in Albany, New YoMéyer  fog occurrence was performed to determine which fraction of
et al, 1986, or radiation fog in the Lille-88 and Lille-91 the total particles is activated to fog droplets (Sdct). The
field experiments in northern Franc8yedalia and Bergpt  activation properties of the particles within fog are further
1994. The role of turbulence in fog formation was studied at investigated by comparing dry with ambient (humid) size
the Cabauw station in the Netherlan@sugnkerke 1991). In distribution measurements. The effective peak supersatura-
the years 1989 and 1994, field campaigns were performed ition is quantified and discussed for the fog events observed
the Po Valley, Italy Heintzenberg1992), investigating fog  at the SIRTA site (Sec#.2). The contribution of hydrated
microphysical processedN¢one et al. 1992h Svennings-  but non-activated particles to the visibility reduction during
son et al. 1992 and the evolution of chemical species in fog is also investigated and the relative contribution of sta-
the observed air masseSacchini et al. 1992 Fuzzi et al, ble non-activated particles and activated particles to the light
1992. In the winter of 2006/2007, the series of ParisFog scattering is presented (Seét3).
field campaigns started to monitor important processes for
fog formation and dynamics simultaneoudhagffelin et al,
2010. This study presents results from the latest ParisFo
campaign, which was conducted in the winter of 2012/2013
Cloud condensation nuclei (CCN) activity can be defined

by the particles’ critical supersaturation (&9, thatis, the  paisFog is a series of field campaigns focusing on fog re-
lowest supersaturation at which the particles can activate tQa4rch Kaeffelin et al, 2010. They have taken place at

a fog or cloud droplet. The critical supersaturation dependsyg |nstrumented Site for Atmospheric Remote Sensing Re-
on the size and chemical composition of the partiMeKig-  gearch (SIRTA) several times since 2006. SIRTA is located in
gans et al.2008. Cooling of an air parcel to temperatures i, immediate vicinity of the Ecole Polytechnique Palaiseau,
below its dew point will result in the formation of a cloud or 5, the Saclay plateau about 20km southwest of the Paris
fog, and those particles with a critical supersaturation belowgin, center. The site is located in a semi-urban environment
the peak supersaturation in the cloud are actlva_lted to fom?:omposed of roughly equal portions of agricultural fields,
cloud droplets. The effective peak supersaturationd@®  \yooded areas, housing and industrial developmeigef:

of a cloud is defined as the highest supersaturation that a pagg|in et al 2005. SIRTA hosts active and passive remote
t!cle experiences for a sufficiently long time, such that all par- sensing instruments to continuously quantify cloud and par-
ticles with SSric smaller than Sgeacare able to growto asta- icje properties as well as key atmospheric parametdas (
ble cloud/fog dropletifammer et al.2014. The term effec- gfain et al, 2005. During the ParisFog 2012/13 campaign
tive is used here because very short supersaturation spik§s he winter season (October to March), additional measure-
that do not lead to additional droplet activation of particles ,ant instruments were provided and operated by several re-
are irrelevant in this context. 3&kis a key parameter for  gearch institutes, as described below. During this time, the
aerosol-to-cloud droplet activation and is thus an importanty 4| was to closely observe surface conditions, large- and
quantity for fog and cloud parametrizations in models (€.9..gmaj|-scale dynamics, radiation, turbulence, precipitation,
Kim and Yum 2012 Stolaki et al. 2012 Zhao et al.2013.  yrqpjet-microphysics and particle-microphysics and particle-

Those particles having a larger cri_tical super_saturati_on tharbhemistry. The data presented in this study cover the time
the. peak §upersaturat|on of the air parcel will remain _non'period from 2 October 2012 to 7 January 2013.
activated in the hydrated aerosol mode. The largest size to

g2 Experimental

2.1 ParisFog 2012/13 campaign
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2.2 Instrumentation 2009 was installed downstream of the total inlet. This instru-
ment was constructed at Scripps Institution of Oceanography

The instrumentation used in this study is listed in Tahle based on the design Boberts and Neng2005. The parti-
For the sampling of the particles and hydrometeors, a totatles sampled behind the total inlet are introduced to the cen-
and an interstitial inlet were installed on the roof of a mea-ter of a column surrounded by a sheath of filtered humidified
surement container at 4 m above ground level. The total in-air. A linear temperature gradient along the column produces
let collected all particles (including droplets). The water as-a well-defined and controlled supersaturation (SS) with re-
sociated with the hydrometeors and aerosol particles waspect to water. The SS is defined by the temperature gradient
evaporated by heating the top part of this inlet to approx-and the flow rate. Particles that take up water and grow to
imately 20°C, and subsequently all dried aerosol particlesa diameter size of 1um are detected by an optical particle
(non-activated aerosols and the residuals of the fog dropletsjounter at the end of the column and are counted as CCN.
reached the instruments in the laboratory. The interstitial in-The temperature differences and flow rate were scanned from
let sampled particles with an aerodynamic diameter smalled to 14K and from 0.1 to 0.28 Lpm, respectively, such that
than 1 pum at ambient relative humidity (RH; from 17 Octo- a SS range of 0.05 to 0.6 % was achieved (for the uncertain-
ber 2012 07:00 to 14 November 2012 16:00 UTC). In the lab-ties, see Tabld). The m-CCNC was calibrated before and
oratory, the aerosol from both the interstitial and total inletsafter the campaign using monodisperse ammonium sulfate
was dried to RH< 20% as it was heated to room tempera- particles (nebulized from a solution, dried by a diffusion drier
ture (typically 20 to 30C). The maximum diameter of the and size-segregated by a DMA).
sampled aerosol particles was increased to 2 um from 2 Oc- For the data analysis it is important to know when fog
tober 2012 17:00 to 17 October 2012 07:00 UTC and fromwas present and especially how dense it was. For this task
14 November 2012 16:00 to 7 January 2013 15:00 UTC. Thea Degreanne forward scatter sensor DF20+ was operated
cut-off diameter of the interstitial inlet was varied in order to at a height of 3m above the ground. The instrument pro-
test how the best separation between interstitial particles angided a measurement of the horizontal visibility with a white
activated fog droplets could be achieved. This inlet consistdight source (wavelength from 350 to 900 nm) and a receiver
of an aerodynamic size discriminator (M Very Sharp Cut  placed off axis from the source. In addition, a Particle Vol-
Cyclone, BGI, USA and PM Sharp Cut Cyclone 2.229, BGI ume Monitor (PVM-100;Gerber 1991) additionally mea-
Inc.) running at flow rates of 20 Lpm (PM) or ~ 16 Lpm sured the liquid water content (LWsGm) by forward light
(PM1). The term interstitial is based on the assumption thatscattering.
all particles larger than the applied cut-off consist of acti- An optical particle counter, WELAS 2000 (Palas Inc.),
vated cloud droplets. However, this was not always the casewas used to measure the number size distribution of hydrated
particularly when the smaller cut-off diameter of 1 um was aerosol particles and fog droplets up to a diamefsp
applied, as discussed in Se¢t2 of ~10um at ambient conditions by means of light scat-

Inside the container, the dried number size distributionstering (size range between 360 nm and 42 um water droplet
of total and interstitial particles were measured with a scan-equivalent diameter). Droplets larger tharlOum could not
ning mobility particle sizer (SMPS), consisting of a differen- be measured due to the inlet used with the WELAS 2000
tial mobility analyzer (DMA; TSI 3071) and a condensation (Burnet et al. 2012 Elias et al, 2014). The instrument was
particle counter (TSI CPC 3022). The DMA was operated calibrated in the laboratory with monodisperse latex spheres
at a sample air flow rate of 0.3 Lpm and a closed loop exces$PSL; index of refractioa= 1.59). During fog events, when
and sheath air set-up with a flow rate of 3 Lpm. The measuredhe RH is~ 100%, the particles can be expected to be hy-
mobility diameters Dmop) ranged from 13 to 520nm. The drated and mainly composed of water. Therefore, an index
scan time of one size distribution was 6 min, and after eactof refraction for water /4 = 1.333) was used to infer cor-
scan the instrument was automatically switched between theect particle/droplet sizes from the WELAS raw data. Ac-
total and interstitial inlets. The mean size distributions mea-cording toHeim et al.(2008, the detection efficiency is' 1
sured behind either inlet agreed well during fog-free periodsfor Dpsi = 1um, which translates into a water droplet di-
as both inlets deliver the total aerosol under these conditionsameter ofDygaier~ 1.4um. Thus, only WELAS data having
However, the total number concentration differed by up toa Dyater 2 1.4 um will be considered in this study.
15% between consecutive scans due to temporal variabil-
ity of the aerosol concentration. To minimize the effects of
aerosol variability on the calculated activation curves, the to-3  Methods
tal size distribution was compared with the average of the
two interstitial size distributions measured immediately be-3.1  Classification of fog types
fore and after.

To measure the cloud condensation nuclei (CCN) num-According toTardif and RasmussgR007), developed fog is
ber concentration, a miniature continuous flow streamwisedefined by a visibility lower than 1.6 km (1 land mile; how-
thermal gradient CCN chamber (m-CCNSullivan et al, ever, in Europe it is common to use a threshold of 1km;
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Table 1. Instrumentation deployed during ParisFog 2012/13 that provided data for this study.

Measured parameter(s) Instrument Accuracy Measurement range  Time resolution
Dry aerosol number size Scanning Mobility Number conc.: Dmob=13-520nm 6 min
distribution Particle Sizer (SMPS) +20% (20< D <520nm;)
(Wiedensohler et 312012
Ambient aerosol and droplet Palas Welas-2000 Number conc.:
number size distribution Particle Counter +20% Dopt=1.4-10punf ~ 5min
(Elias et al, 2009 (for water spheres)
Continuous flow 1s
Cloud condensation nuclei streamwise thermal B8 % SS=0.05-0.6 % (20 min/
(CCN) number concentration gradient CCN Number coitd.0 % spectra)
chamber
Degreanne DF20+ <5km:£10%
Visibility forward scatter 5-20 k15 % 5m-70km 1min
sensor > 20km: 25 %
Liquid water content (LW@yy\)  Particle Volume +15% D =3-50pum 1min
Monitor (PVM-100) @llan et al, 2008
Temperature PT-100 ATDM — MH13 £+0.1K —100-25CC 1min

(EdgeTech datasheet)

*Size range with a detection efficiency-ofl. The full size range of the instrument i8:= 0.36-42 pm.

Haeffelin et al, 2010 for at least 30 min during a 50 min pe- equation. With this, the semi-empiricat-Kohler equation”
riod. An automatic classification of fog events according tois obtained (here expressed for the equilibrium supersatura-
the scheme ofardif and Rasmussg2007) was carried out  tion S§qas a function of the diameter of the solution droplet
for the whole measurement period (2 October 2012 to 7 JanD):

uary 2013). The classification uses visibility, temperature,

wind speed, precipitation, cloud cover and ceiling height asSSq(D) := RHeq(D) —1 1)
parameters to assign a type of fog to each event. The fog D3 — (D)3 dog/aMy
events were assigned to three different categories: (1) radi= 53— (DIN3I1—_x) (RTpWD> -1

ation fog (RAD) is mainly triggered by the balance of in-

frared radiative cooling and turbulent mixing, which cools \yhere DIV is the dry particle diametetis/a is the surface
the bottom air layer until it reaches saturation. Further ra-tensjon of solution—air interface (in our calculations the sur-
diative cooling at the top of the fog layer deepens it at theface tension of pure water was takeR)is the universal gas
surface layerkiaeffelin et al, 2010. (2) Stratus lowering fog  constantM,, is the molar mass of watef, is the absolute
(STL) isinitiated by a stratus cloud layer. Due to the radiatiVetemperaturepW is the density of water and is the hygro-
cooling at the cloud top, larger cloud droplets settle down-scopicity parameter, which depends on the particle chemical
wards to and beyond the cloud base, thus leading to a loweleomposition. Equationtj provides the relationship between
ing of the cloud baseQupont et al.2012. (3) Precipitation SSq (RHeg), DY, D, andx under equilibrium conditions,
fog (PREC), or in some literature also called frontal fog, is and forms the basis for various theoretical calculations per-
formed by rain that falls from warmer air masses down to formed in the data analysis. For example, the critical super-
colder air masses (subcloud layer) and evaporates. The cokatyration (S§i) of a particle with a certain dry sizeb@)
responding evaporative cooling and additional water vaporgpg composition/hygroscopicitk ) is obtained by numeri-

leads to saturation and thus ng is able to fOHII]I|Ofer et al, Ca”y Searching for the maximum of Eq]_)(as a function of
2009. However, precipitation fog occurred only once during the droplet diameterry).

the period covered in this study. The hygroscopicity parameter, corresponding to a pair
of DY and S$;it, is obtained by numerically solving the
3.2 k-Kohler theory SSyit—D9Y—« relationship fork. This is used to infer the

« value from the CCNC and SMPS measurements, follow-
The equilibrium saturation vapor pressure @gHbver a so-  ing the approach byuranyi et al(2011).
lution droplet is described by the Kohler theoridh-
ler, 1936 considering the Raoult (solute) and Kelvin ef-
fects. Petters and Kreidenwei{®007) introduced a simple
parametrization for the solute (Raoult) term in the Koéhler

Atmos. Chem. Phys., 14, 1051720533 2014 www.atmos-chem-phys.net/14/10517/2014/
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2000 7 e oo scattering coefficient size distributi %‘é”%) was calcu-
i / \ Z SWPS. roealulated fo RH=100% i i atribtic e -
] / el lated from the ambient wet number size distributigil e
1500 —
mg ] / \ db pwet deet pWwet
2 1 / MZG(DWES.#’ )
? 1oooi / \ d|0nget d|onget
s 1 i \
5 1 AL » \ . . .
.//.\/ hd \ where o (D8 is the scattering cross section for the so-
0] \ lar spectrum (American Society for Testing and Materials
\ (ASTM); www.astm.org/last access: 6 November 2013) of
0 : IR N a spherical water droplet with diamete¥*®' and a refractive

T T T T T T T T T T TTT
2 3 4 56789 2 3 4 56789

o1 ! 10 index ofm = 1.333—0i. The total light scattering coefficient,
diameter (dry or wet) [um] . . . . db. .
bs, is then obtained by mtegratlrwl over the whole di-
Figure 1. For the fog event F9 on 12 November 2012: median ameter range.
dry total aerosol dry number size distribution (brown) measured by
the SMPS and corresponding ambient wet number size distributior8.5 Retrieving the threshold wet diameter that

(blue) recalculated to RHE 100 %, assuming a hygroscopicity pa- separates activated droplets from non-activated
rameterc of 0.14. The ambient aerosol and fog droplet number size hydrated particles

distribution (green) was measured with a WELAS (using the refrac-

tive index of pure watern = 1.333, for the optical sizing). Particles with a critical supersaturation above the effective

peak supersaturation in the fog will remain in stable equilib-
rium, and their size remains restricted to their stable equilib-

3.3 Reproducing the ambient total size distribution by ~ rium diameter at the ambient RH-(100%). Particles with
combining dry SMPS with WELAS measurements a critical supersaturation below the effective peak supersat-
uration will be activated to droplets and keep growing until
Figure1 shows, as an example, the median total dry numbetheir water uptake pulls the ambient RH down to 100 %. This
size distribution (in brown) for a stratus lowering fog event Will lead to a size separation between the non-activated but
on 12 November 2012. Since the total inlet samples the inflydrated particles and the activated fog droplets, given a suf-
terstitial as well as the activated particles and dries them, alficient amount of excess water vapor to substantially grow
particles, including droplet residuals, are measured with thehe fog droplets. The resulting minimum in the ambient num-
SMPS. With the assumption that the ambient relative humid-Per size distribution between the modes of the non-activated
ity (RH) in the fog is approximately 100 %, the total dry size but hydrated particles and the activated fog droplets approx-
distribution measured by the SMPS (brown line in Fljy.  imately represents the size of the particles at the activation
was recalculated to the corresponding ambient wet size disthreshold, hereafter referred to A For most fog events,
tribution assuming hydrated (non-activated) particles (blugn0 distinct minimum was detected in the number size dis-
line in Fig. 1) usingx-Kohler theory Petters and Kreiden- tribution, most probably due to limited growth of the few
weis 2007, see also SecB.2) and a fixedc value of 014 activated fog droplets. Therefore the surface size distribu-
(overall medianc value discussed in Seet.1). The recal- tion of the aerosol was instead used to deterniiff;, (see
culated SMPS size distribution is comparable to the WE-Fig. 2). In practice, this was achieved by fitting a bimodal
LAS measurement of the size distribution at ambient RHI0g-normal distribution to the wet surface size distribution,
(see green line in Figl) in the common size range of 1.4 Obtained by merging the SMPS and WELAS rs’ngasurements
to 2.6 um, which is a strong indication that the majority of (sée Sect3.3). This approach of determiningy . is essen-
these particles are not activated, but hydrated particles ifially equivalent to the method biylias et al.(2014, except
stable equilibrium. The total ambient size distribution for that they used the volume size distribution, which results in
the complete diameter range of 17 nm~alOum was ob-  slightly larger threshold diameters, as will be shown below.
tained by merging the recalculated SMPS measurement with The threshold diametebi™; which represents the equi-
the WELAS measurement, Whereby the recalculated SMPgbrlum diameter at RH=100 %, was then recalculated to the
measurements were taken up to a diameter of 1.4 um and tHgorresponding dry particle diameter using h&ohler the-
WELAS measurement covered the size range from 1.4 um t@'y (Petters and Kreidenwgi2007, see also Sec8.2) and

10 um. a« value of 0.14 (this is the reverse calculation of what is
described in Sec8.3). The threshold diametht""h‘fésis con-
3.4 Retrieving the light scattering coefficients sidered to be slightly biased high, due to (h@weighting of

the surface size distribution, and thus the corresponding dry
To investigate the influence of hydrated particles and fogSize is considered to represent an upper estimate for the dry
droplets on the light scattering during the fog events, the lightactivation threshold diametérag; .

www.atmos-chem-phys.net/14/10517/2014/ Atmos. Chem. Phys., 14, 1080533 2014
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Figure 2. For the fog event F9 on 12 November 2012 04:45: 12 min Figure 3. 12 min average aerosol number size distributions mea-
average number and surface area size distribution at ambient Rigured behind the total (green) and interstitial (red) inlet for a devel-
from the merged SMPS (recalculated to RH of 100 %) and WELAS oped fog event. The right axis shows the corresponding calculated
measurement. A bimodal log-normal fit of the scattering coefficientactivated fraction. The half-rise of the hiII-eqduation fit (solid blue
was used to retrieve thB}’ﬁféS line) is defined as the dry activation diamet®S[; indicated with

the blue dashed line), where 50 % of the particles were removed

at the interstitial inlet because they grew above the cut-off of the
3.6 Retrieving the dry activation diameter from the impactor (2 um), either due to activation to a fog droplet or due to

interstitial and total particle size distributions a stable equilibrium diameter in the fog (RH100 %) above the
impactor cut-off.

In the presence of a cloud, the dry activation threshold diam-

eter (Dact) can be experimentally determined from the mea- , .
sured dry interstitial and total number size distributions via @S Measured 2m above ground. The theoretical critical su-

calculating the activated fraction (AF) of the dry particles Persaturation corresponding to these values, which we define
with a diameterDd (see Fig3). AF was calculated as fol- 25 S®eak Of the cloud, is then obtained with theKohler

lows (Verheggen et al2007): theqry (Sect3._2). .
Since two different methods for retrieving,c; were ad-

dNiot_ ( pdryy _ _dNin_  pydry dressed in Sect8.5 and 3.6, two different S@eak Were re-
dlo Ddfy( ) dlo Ddfy( ) ; ; upper lower ;
AF(DIY) = %9 T 9 , (3) trieved: usingD,e;  and D3{°" provides a lower and upper
ngfw(l)dry) estimate for Ss.ak respectively (subsequently referred to as
ppe
i . . sgYfand S
where g par (D7) is the value of the number size distri-  The experimental uncertainty for $ was estimated

bution at diametedY and behind inletc. The diameter, using the uncertainties described in Tablerhe variability

DIower at which 50 % of the particles of this size were acti- (25th/75th percentiles) of the-D%Y relationship from the

vated, i.e., AEDggtvef) =0.5, provides a lower estimate for time-resolved CCN measurements and the uncertainty from

the dry activation diameter in the observed fog. It is a lowerthe temperature sensor was used as an estimate for the uncer-
estimate for the true activation diameter, because the largedginty of  (Dacy) (see Sectd.1 for further discussion). Ap-
non-activated particles were sometimes also removed by thglying these uncertainties for the retrieval ofp5&, a rela-

interstitial inlet for the set-up applied in this study, as further tive uncertainty of about 48 % (i.e., ca. 1 standard deviation)
discussed in Sect.2 was estimated for SE"

The uncertainty of §§‘§kr is dominated by the uncertainty
of D¢t inferred from the WELAS measurement. The uncer-

thres

tainty of D{®!_is estimated to be- +-20 % associated with

finding the minimum in the size distribution (the sizing un-

Combining D4t with the particle hygroscopicity, obtained . X 0 X .
from the simultaneous CCNC measurements, makes it posgertamty of the WELAS is only- +9 % according t&rosati

. i ) ; i i % i Wer o i
sible to infer the effective peak supersaturation of the cloud®t al, 2014. A relative uncertainty 0£3 % in S% arises

3.7 Retrieval of the effective peak supersaturation and
associated uncertainties

eak

(SSyea) Using thec-Kohler theory Petters and Kreidenweis ~ from a temperature uncertainty 8f10°C. SSEZ is virtu-

2007). A detailed description of this procedure can be foundally independent of the value used to infer it fronD}j'e!_

in Hammer et al(2014). because in this approach theKohler theory is just used to
The measured,ct and x are used as input for Eql)  extrapolate the Koéhler curve over a very small change in RH

to infer the effective peak supersaturation. Thereby it is as-and droplet diameter. On the other hand, the infei&fP®"

sumed that the activation occurred at the same temperaturgould decrease by 20 % if ax value of 0.3 was assumed

Atmos. Chem. Phys., 14, 1051720533 2014 www.atmos-chem-phys.net/14/10517/2014/
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instead of 0.14. The propagated uncertainty oﬁéﬁﬁ is at the SIRTA site may be attributed to more continental in-

dominated by the-20 % partial uncertainty Optwhgés fluence compared to the cleaner western sector, but also to

The RH in the developed fog will stabilize slightly above the local influence of road traffic and wood burning emis-
100% RH, depending on the fog droplet sizes that aresions Crippa et al. 2013k as will be further discussed in
reached while buffering the excess water. The fact that theSect4.1). o
RH in the developed fog is not exactly known adds some un- Figure4c presents the visibility measured by the Degre-
certainty to the inferred 3% values. If the RH in the devel- anne forward scatter sensor DF20+ instrument on a log-scale
oped fog was assumed to be as high as 100.03 % (i.e., 0.03 %ith the threshold at 1 km (dotted line) defining developed
SS) instead of exactly 100.00 %, then the%&% would in- fog. Events where the visibility decreased to values between
crease by 17 % (relatively). In the interest of providing a 1 and 5km are defined as mist or quasi-fog. Such events were

conservative estimate for S‘g‘fg, we assume an RH of ex- investigated at the SIRTA in detaiEfjas et al. 2009 Ha-
actly 100 % for this approach. effelin et al, 2013. Median visibility ranges of 244 m and

211 m were observed for developed RAD and STL fogs dur-

ing ParisFog 2012/13, respectively, reaching down to a mini-
4 Results and discussion mum of 107 m (1 h average). In earlier campaigns minimum

values down te~ 50 m were observed at the SIRTA sitég-
During the ParisFog 2012/13 campaign, 17 developed fogeffelin et al, 2010.
events were detected at the SIRTA site. Tablests all fog
events with the corresponding fog type, cut-off diameter at
the interstitial inlet and median liquid water content (LWC)
measured by the PVM (LW&ym). The next nine columns
show the median effective peak supersaturationg,daRS
lower and upper estimate), median dry activation diameterfThe hygroscopicity of aerosol particles is relevant for many
(Dact; lower and upper estimate), median threshold diameteatmospheric processes; it can be described with the hygro-
(thhfés), the scattering coefficients for the modes of hydratedscopicity parameter (Sect.3.2), which is required in this
particles bs, hyd and the activated droplets up to a diame- study to infer the Saxfrom the observed activation diam-
ter of 10 um bs, grop, the fractional contribution of the non-  eters. The hygroscopicity parameter as a function of parti-
activated but hydrated particles to light scatteringbgfyd cle dry sizex (DY), was determined from simultaneous to-
to (bs, hyd+ bs, drop, and particle extinction coefficient (pec) tal polydisperse CCN number concentration and aerosol size
that are discussed in Sec#s2and4.3, distribution measurements, following the approach described

Seven fog events of the type STL and seven fog eventsn Juranyi et al(2011) andHammer et al(2014). While to-
of the type RAD were detected. One fog event of the typetal aerosol size distributions are available for the whole pe-
PREC was detected, however, neither the SMPS nor the WEriod, there are some gaps of the measurement period for the
LAS measured the latter fog type, therefore no results areCCN measurements. Therefore, median data Hct,cocnd
presented for this event. were used to infer §3ak for all the fog events of ParisFog
Figure4 gives an overview of the most important meteo- 2012/13.

rological parameters, the fog presence and type (in different Figure5 shows the median values observed during Paris-
color bars), and the total particle number concentration durfog 2012/13. The median value decreased from 0.17 at
ing the campaign. The temperature slightly decreases fromDgry = 69 nm to 0.09 atDgry = 295 nm and then increased
the beginning of the campaign towards the end with a mini-to 0.17 at 310 nm. The abrupt change«nbetween 295
mum value of-6°C and a maximum value of 28 (Fig.4a). and 310nm dry diameter is unreasonable and may be at-
The wind speed at the site was rather moderate during thé&ibuted to increased experimental uncertainty of CCN mea-
whole campaign, ranging from 0 to 11.3 mis(Fig. 4a). surements at very low SS. In this study we have chosen a
There is a high frequency of wind coming from the north- fixed « value of 0.14, which represents a mean value across
east and thus polluted air from the Paris metropolitan areahe size range from 205 to 330 nm, for inferringpgsrfrom
is transported to the sitél@effelin et al, 2005. In Fig. 4b, Dgact. Thex values observed in this study are very close to the
the total particle number concentration is depicted and repreviously reported wintertime values for the same slte (
veals rather high pollution transported from Paris with north-ranyi et al, 2013 « = 0.08-Q024 for Dgry = 50-177 nm) as
eastern wind direction. Maximum values of 12800¢m well as Paris city centei@milli et al., 2014 « = 0.17 for
and a median value of 2800 crhin the total particle num- Dgry = 285 nm). Thec values reported for Paris are substan-
ber concentration were encountered. However, the studies dfally lower than the observed and modeled average value of
Crippa et al(20133 found at the same site that a major part « ~ 0.3 for continental sitesAndreae and Rosenfel@00§
of the fine particulate matter in Paris is contributed by the re-Pringle et al. 2010. This low « value is most likely due to
gional background rather than by local pollution. Thus, thethe influence of non- or less-hygroscopic road traffic and res-
higher pollution with northeastern wind directions measuredidential wood burning emissiorC{ippa et al.20138, which

4.1 Particle hygroscopic properties during
ParisFog 2012/13

www.atmos-chem-phys.net/14/10517/2014/ Atmos. Chem. Phys., 14, 1080533 2014
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Figure 4. All detected fog events (stratus lowering fog; STL, radiation fog; RAD and precipitation fog; PREC) during ParisFog 2012/13
shown with wind speed, wind direction and air temperatajetotal particle number concentrati@in) and visibility (c).

03 ParisFog 201213 stable equilibrium. This brings up the question whether su-
3 PG s persaturation and true droplet activation occurred at all dur-
3 ing fog formation. We are confident that this was the case, as
particles on the stable side of the Kdhler curve, which have
I : ; a clearly defined equilibrium diameter, cannot buffer the RH
. radion Paner og0 13113 per 85 at 100 % by uptake or release of water vapor if the ambient
00 Lo 28" percentis temperature varies. Thus, if the air cools below the temper-

100 ature that corresponds to 100% RH, then the RH will ex-
dry diameter Dy [nm] ceed 100 % and the peak supersaturation will only be reached

Figure 5. Hygroscopicity parametek} as a function of dry particle when the activated droplets have taken up enough water to
size during the ParisFog 2012/2013 campaign as derived from th&€duce the RH back to 100 % RH.
polydisperse CCN and dry particle number size distribution mea- FOr measuring the interstitial aerosol, a size cut-off of 1
surements. The median values are given in color-coded markers aPr 2 um was used during the campaign (see Se2x. In an-
ter supersaturation, and the 25th and 75th percentiles are indicateather fog-campaign performed in the Po Valley, Italy, a size
with grey shading. cut-off of 5um was used to distinguish the interstitial from
the activated particledNpone et al. 19923. Thus, it is im-
portant to know which ambient threshold diameter separates
lowers the mean hygroscopicity of the aerosol substantiallythe activated fog droplets from the non-activated, but hy-
(Baltensperger et al2002 Laborde et a].2013. drated, particles. In non-fog cloud types, the cooling rates
The variability in thex value over the whole period of experienced by the air parcel are generally larger than in
ParisFog 2012/13 is indicated by the shaded area betweethe case of fog. Therefore the activated droplets experience
the 25th and 75th percentiles of all data during the 3 monthsarger water fluxes, resulting in larger growth rates such that
in Fig. 5. The variability in time in the values is fairly small, the two modes of hydrated aerosols and activated droplets
particularly between diameters of about 100 and 250 nm. Atare much more distinct in diameter for clouds (e.g., at the
larger particle diameters (250 to 350 nm) the range betweedungfraujoch, Switzerlandjenning et al. 2002, or for ma-
the 25th and 75th percentile increases somewhat. This lowine stratus clouds, Baltic SeBjtas et al, 2012) than ob-
variability and the fact that Sea«is insignificantly sensitive  served in fog, as we will see in the following.

0.1 0.2 0.3 04 05 0.6
supersaturation [%]

0.2

0.1

hygroscopicity parameter « [-]

to «, permit the use of averagedvalues instead of time- Figure 6a shows the ambient aerosol number size dis-
resolvedk values derived from simultaneous CCN measure-tribution and Fig.6b the corresponding normalized surface
ments. size distribution for the fog event F7 detected on 4 Novem-
ber 2012. The aerosol size distribution at ambient RH was
4.2 Observed fog activation properties obtained by complementing the direct WELAS measurement

(for diameters larger than 1.4 um) with the SMPS measure-

The droplet diameters observed during the events are in thghent of the total aerosol dry size distribution recalculated to
range where very large and hygroscopic particles can exist in

Atmos. Chem. Phys., 14, 1051720533 2014 www.atmos-chem-phys.net/14/10517/2014/
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Figure 6. Radiation fog event F7 observed on 4 November 2012. Ambient number size distrib%%wg‘) obtained by combining the

WELAS measurement (fobWet > 1.4um) merged with the SMPS measurement recalculated to RH=100 9% {8r< 1.4pm) (a), the
corresponding normalized ambient surface size distributé%ﬁggw(), together with the wet activation threshold diameter (orange circles;

Dtthés) and the cut-off diameter applied at the interstitial inlet (red dotted ibg)and the visibility measured by the Degreanne DF20+

forward scatter sens¢c).

RH= 100 % (for the diameter range smaller than 1.4 um, asactivation threshold diameter. Thus, a significant fraction of
detailed in Sect3.3). Droplets with diameters larger than  the non-activated but hydrated particles are removed from
2 um are only observed at times with developed fog, in othetthe interstitial inlet, in addition to the fog droplets, which are
words, when the visibility is below the threshold value of supposed to be removed. In those cases the dry activation di-
~ 1 km. This suggests that these large droplets represent aemeter Dacr), as explained in Sec8.6, reflects the dry size
tivated fog droplets, while droplets with diameters 2 um corresponding to the hydrated particles with an equilibrium
are non-activated but hydrated aerosol particles. The actisize at ambient RH that is equal to the cut-off of the inter-
vated fog droplets appear as a distinct mode in the normalstitial inlet. Thus, the inferredyct is a lower estimate for
ized surface size distribution (Fi§a). The minimum in the  the dry activation threshold diameter and is callgiye".
surface size distribution below the fog droplet mode, shownThe bias introduced by this artifact is the more significant the
with orange markers in Figeb, is considered to be an es- lower the cut-off of the interstitial inlet is. Thus, the results
timate of the threshold diameteﬂt‘“’h‘ﬁés for fog droplet ac- obtained from measurements with the 2 um cut-off are ex-
tivation, as detailed in Sec8.5. It is important to note that pected to be closer to the true value than those obtained with
large and very hygroscopic CCN with critical droplet diam- the 1 um cut-off. This is illustrated with the ambient aerosol
eters above- 5 um may potentially remain in stable equilib- number and surface size distributions observed during fog
rium, even under developed fog conditions, coexisting withevent F11 (Fig7a and b), when a 2 um cut-off was applied at
smaller and/or less hygroscopic CCN that got truly activatedthe interstitial inlet. In this case, the wet activation threshold
(e.g.,Phinney et al.2003. The reason for this phenomenon diameter is closer to the inlet cut-off and thus the bias in the
are kinetic limitationslenes et a).2001): depending on the retrievedD'a‘}:"tVer is expected to be small.
conditions, the CCN with smaller critical wet diameter re-  Figure 7c shows the dry activation diameteBgr° and
quire less time to grow across their critical size, comparedD!j?é’{’er inferred from the wet activation threshold diameter
to the CCN with much larger critical diameter. However, this and the interstitial/total dry size distribution measurements
phenomenon does not invalidate the data analysis approadbor fog event F11, respectively (see Se8t&and3.6for the
for retrieving the D', which uses the minimum in the methodology). The difference betwe@ri ™ and DI2We" is
droplet size distribution between the modes from unactivatedsmall when the wet activation threshold diameter is around
droplets in stable equilibrium and truly activated droplets, be-the cut-off of the interstitial inlet and larger at other times.
cause the large CCNs would show up in the uppermost tail The estimate ofD5c combined with the particle hygro-
of the droplet size distribution. scopicity from CCN measurements are the basis to infer the
The cut-off diameter of 1 um applied at the interstitial in- effective peak supersaturation (&) of fog according to
let for the example in Fig6 is always clearly below the wet the methodology addressed in S&%. A « value of 0.14,

Atmos. Chem. Phys., 14, 1051720533 2014 www.atmos-chem-phys.net/14/10517/2014/
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Figure 7. Radiation fog event F11 observed on 16 November 2012. Ambient number size distrib&%%@) obtained by combining

the WELAS measurement (fap"Ve! > 1 um) merged with the SMPS measurement recalculated to RH=100 9B {8r< 1pm) (a), the
corresponding normalized ambient surface size distributi%giml) (b), the dry activation diameterdicy) (c), and the corresponding

effective peak supersaturations (389 (d). The error bars for %;"é"é?{ and Sﬁggﬁrare explained in Secs.7.

representing the averaged CCN measurement near activatiadrated particles and the fog droplets, as determined for all
diameters (see Se@.2and Fig.5), was used to infer §3ak ~ fog events when WELAS data is available. The conditions
with Kohler theory. Figurerd shows the lower and upper during the fog droplet formation in the vicinity of the SIRTA

limit estimates of the effective peak supersaturatiorj;’e"gs site are characterized by considerable variability (see also Ta-

and S§e5F' corresponding to the upper and lower limit esti- ble 2). The observedDy, values shown in Fig8b vary
mates of the dry activation diametd@"PP®" and Dlover, re- between 1 and 5um, with a campaign median of 2.6 um.

act act i -
spectively. The results for the fog event F11 indicate a veryEllas et al.(2014 reported an average ofGk: 1.1um, de

low supersaturation in the range f0.016 to 0.113 % rived from volume size distributions of developed fogs mea-
As mentioned above. a rather IMaIue ofd 14 as. mea- sured in November 2011. Using the volume size distributions
i : i P Elias et al, 20149 instead of surface size distributions (this
sured at dry diameters: 300nm, is used to infer S ( 9 (

study) for derivingD}'e! _results in slightly higher threshold
from Dyl and Sgepy from DIRYe". It is possible that parti- Y) J gy Mid

thres
thres eak diameters and therefore their result is in good agreement with

cles in the dry diameter range above 300 nm have somewhahe yalues presented in this study.
largerx values due to the potential addition of hygroscopic

material via fog processing. By assuming a highealue of,  giameter are shown in Figc and median values for all fog

. r.
for example, 0.34 instead of 0.14, theﬁﬁﬁ inferred from  qyents are provided in Tab® The lower estimates for the
the 2 um cut-off measurements would become apprommatelydry activation diametet!ower

wer ST . aer o, are systematically smaller for
equal to Sz, (which is virtually independent of, see e fog events F4 to F9, when the 1 um cut-off was applied
Sect.3.7). Therefore, using a somewhat largevalue would

- pper wor lower uppe at the interstitial inlet, compared to the results for fog events
bring the S%eak and SQgak (@s well asDaet™ andDaci ) F1 10 F3 and F11 to F15, obtained with the 2 um cut-off.
to closer agreement. However, in the interest of providing atis gifference ianacvtver between the two subsets is artificial
conservative estimate of the likely range of the effective peaky g can be attributed to the larger low bias introduced by the

supersaturqtion in the fog, the lowenalue of 0.14 isused. 1 um cut-off. The fact that the upper limit estimates of the
An overview of the results for all fog events observed dry activation diameterp PP’

T ) o o act» do not exhibit a systematic
in this study is shown in Fig8, where the visibility range jtterence between the two subsets, excludes a difference in
(Fig. 8a), was used to identify the periods with developed

’ - ) ) the fog properties as a cause. The true activation diameter
fog. Figure8b shows the time series of the ambient thresh-

old wet diameterD}'®! | separating the unactivated but hy-

The upper and lower limit estimates of the dry activation

www.atmos-chem-phys.net/14/10517/2014/ Atmos. Chem. Phys., 14, 1080533 2014
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Figure 8. Visibility (a), wet activation threshold diametgfts), dry activation diametersc(gg) (c), and effective peak supersaturation values

(SSean ().

is likely betweenDa P and DI9%e" from the measurements
with the 2 um cut-off.

All fog events feature rather high mediab!%%¢" and
DyPP®" indicating that only a small fraction at the upper
end of the patrticle size distribution is able to activate to fog
droplets. The range of dry activation diameters observed in ,-!-l
this study overlaps with the range of typidakc values re- 01 H — 01
ported in other fog studies{(300 to~ 500nm; e.g.Noone 9
et al, 1992a Ming and Russe}I2004). However, the dry ac- 8
tivation diameters observed in the fog are considerably larger 7
than those observed and/or inferred within stratus or cumulus 6
clouds (e.g.Ditas et al, 2012 Hammer et al.2014 Hud-
son and Rogerd.986 Kriger et al, 2014 McFiggans et a.
2009 due to the lower Sgakencountered in fog.

The effective peak supersaturations determined for all fog
events during ParisFog 2012/13 are shown in Biy. For
the upper estimate, the results from events F11-F15 (2 um
cut-off) are expected to be closer to the true value for the
reasons explained above. The effective peak supersaturation 2 2
is always very low, with limiting values between0Q.6 % o
and 0113%. Differences in the observed & values be-
tween different fog events are of similar magnitude as the | | |
accuracy. Nevertheless, these differences reflect true differ- inlet cut-off: 1um 2um -
ences of the fog properties, as the small point-to-point vari- upper fimit - lower limit

ability of adjacent data points indicates a relatively high pre-gigure 9. 10th, 25th, 50th (median), 75th and 90th percentiles (box
cision. The median effective peak supersaturation falls beplot) and mean value (cross) of the effective peak supersaturation
tween Sg’gﬁr% 0.03% and Sigﬁr% 0.05% (see Tabl@). (SSpear for the upper and lower estimate for ParisFog 2012/13.
The variability of the effective peak supersaturation values isFor the upper estimate, the data was split according to the cut-off
shown in Fig.9. Half of the data points fall between 0.02% diameter at the interstitial inlet, 1 um (RMand 2 um (PM).

(25th percentile of S'p%"é?[; 2 um data only) and 0.06 % (75th

percentile of S§E), while the respective 10th and 90th per-
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centile values are 0.017 % and 0.1 %. These values, observeti2.2 Possible influences of in-fog processes on

during ParisFog 2012/2013, are within the range of previous measuredDact and inferred SSyeax

literature reports of measured and modeled peak supersat-

urations in fog (Sgeak<~ 0.1%; e.g.,Meng and Seinfeld The size distributions of the total, interstitial and droplet

1994 Pandis and Seinfe)d989. residual particles may be altered by in-fog processes such as
fog droplet sedimentation, entrainment of subsaturated air,
4.2.1 Effect of local emissions on fog properties in-cloud scavenging of interstitial particles, coalescence of

fog droplets, and droplet processing, which includes con-
The results shown in Figt show a higher particle number densation of semi-volatile aerosol components or aqueous
concentration while wind directions from the Paris city cen- phase heterogeneous formation of secondary aerosol within
ter were measured (sector betweef and~ 90°). However,  the droplet (e.g.Noone et al.1992a Henning et al.2014).
neither the obtained $&xnor thex values show any depen- These processes can potentially lead to a bias in the mea-
dence on the wind directiot.aborde et al(2013 showed,  sured D,; compared with the true dry activation diameter
through the combined analysis of aerosol composition andht the time of fog formation. A detailed sensitivity analysis,
hygroscopicity distribution data measured at the SIRTA siteprovided in the Supplement, revealed that the measDegd
in winter 2010, that a dominant number fraction of the par- may be larger (more likely) or smaller (less likely) compared
ticles with a diameter of 110 nm often originates from local tg the trueD,c; due to the effects of in-fog processes. These

emissions from within Paris, while the dominant fraction of grtefacts are most likely smaller thanl5 %, which is within
the particles with a diameter of 265nm can be attributed tothe specified uncertainty of the measui@g.

the background aerosol. This size dependence of local in-

fluence can be explained by the fact that the size distribu4.3 Contribution of hydrated particles and fog droplets

tion of primary particle emissions from combustion sources to light scattering

peaks at rather small sizes clearly below the maximum of

the background aerosol size distribution. The observationd/isibility is dramatically reduced during the presence of fog.
of this study showed that only particles with dry diameters It can decrease from a few kilometers to a few meters within
larger than 300-500 nm are able to act as condensation nuninutes (as occurred for example on 30 November 2012,
clei for fog droplets due to the low peak supersaturation.F15). However, it was observed that only a few of the larger
This finding is consistent with the small number concen-particles are usually able to activate to fog droplets (10 to
tration of fog droplets usually measured at the SIRTA site 150 cnm3; Burnet et al, 2012 Elias et al, 2014).

(Elias et al, 2014. Therefore, the local emissions composed Elias et al.(2014 showed for earlier campaigns at the
of small particles do not have a substantial effect on the resame site that hydrated aerosols have a non-negligible con-
sulting fog droplet number concentration. The fact that thetribution to visibility reduction during fog events (500 to
freshly emitted particles are less hygroscopic than the back3500MnT?). In order to assess the contributions of the
ground aerosoll(aborde et al.2013, which shifts the ac- hydrated and activated aerosol to the light scattering, they
tivation threshold diameter for local emissions even highercomputed the light scattering coefficiet, as described

up, further amplifies the dominant influence of backgroundin Sect.3.4. For comparison, Figl0 shows the medianhs
aerosol particlesCrippa et al.(20133 showed, by parallel ~ size distribution measured by the WELAS instrument and
measurements of fine particulate matter (PM1) at three meaetrieved from the estimated wet size distribution from the
surement sites across Paris in winter 2010, that variation®MPS instrument for the present study. TaBleresents

of aerosol mass concentration and composition are domithe light scattering coefficient of the hydrated aerosol mode
nated by regional-scale influence, while local emissions only(bs, hyd):

give a minor contribution. This is consistent with the above-

mentioned findings frorhaborde et al(2013, given the fact Difes
that the dominant contribution to particle mass and bulk com-pg 1, 4=
position comes from larger particles, which are mainly from

the background aerosol. The regional scale emission may po-
tentially have some influence on fog properties, for exampleand the light scattering coefficient of the droplet mode
by growing background aerosol mode particles across the aqbs, grop:
tivation threshold dry diameter through condensation of sec-

ondary aerosol matter. However, this potential effect cannot Dmax
be quantified from the data set available here.

dbs

Wdlogl)wet (4)

'min

db S wet

WdlogD (5)

bs, drop=

wet
D thres

Dmin and Dpyax are the smallest and largest particle diam-
eters at ambient RH, respectively, that are covered by the
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Figure 10. For the fog event F9 on 12 November 2012: median (bin-wise) aerosol number size distribution at ambient RH from recalculated
SMPS and WELAS measurements. The scattering coefficient size distribution was obtained by calculating the bin-wise median of the
individual normalized size distributions, followed by scaling with the median of the individual total scattering coefficient Vglies (
obtained by integrating the individual scattering coefficient size distributions).

SMPS and WELAS measurements. Additionally, in Table certainty and the fact that the WELAS is undercounting the

the fractional contribution ——2s.hvd of the hydrated largest activated droplets wit > 10pum, thereby result-
; '(h's, droptbs, hyd " e . . . . : bs, hyd
particles mode to the total light scattering coefficient of all ing in a low bias ofbs, aropand a high bias of "7,

particles and droplets is reported. This fraction ranges fromwhen large droplets are present. Nevertheless, the conclu-
41 up to 93 % with a median of 68 % (see TaBJeThe stud-  sion that the hydrated but non-activated particles give a sig-
ies ofBurnet et al(2012 andElias et al.(2014 showed that  nificant contribution to the visibility reduction also remains
WELAS measurements alone are not able to reproduce th@alid when considering the ratilﬁp'%’.
light scattering of the larger fog droplets (only droplets up to

a size range of- 10um can be detected with a WELAS). In

order to obtain an estimate of the total light scattering of all5 Conclusions

particles, including all fog droplets, the WELAS data would ) ) ] )

need to be complemented with a fog droplet probe. AnothefPUring the ParisFog 2012/13 field campaign, performed at
method is to calculate the particle extinction coefficient (pec)the semi-urban site SIRTA in Palaiseau, close to Paris, 17
from the visibilimeter data using the Koschmieder equationdeveloped fog events were observed and examined regard-
(Koschmieder 1925 Harrison 2012 as has been done in N9 their aerosol-to-fog droplet activation properties. Aerosol

Elias et al(2009: and droplet size distributions were obtained at ambient rela-
tive humidity. The activated fraction of the particles was ac-
_ In(Cv) (6) quired using total and interstitial particle dry size distribution
visibility - measurements. CCN number concentrations were measured

Cy, is the visual contrast, which is defined at 5% for &t different SS to obtain particle hygroscopicity.
the visibilimeter. The pec is retrieved for a halogen lamp 1he hygroscopicity parameter, was calculated for the

spectrum (in the wavelength range 350-900 nm peaking ayvhole campaign and values (in the range of measured parti-
550 nm: spectrum used fromww.uvguide.co.uk(last ac- cle diameters) were found between 0.06 and 0.27, and cen-

cess: 6 November 2013), which is similar to the visible Ioarttered at 0.14. These values are in the same range as observed
of the solar spectrum) and is listed in TaBleuring most of in earlier studies at SIRTA and Paris city center. These rather

the fog events the pec values are higher tthah(q+bs drop. low values likely indicate substantial influence of road traffic

which can to some extent be attributed to the undetecte@nd wood burning emissions. , , ,
largest fog droplets. For comparison, the rati b cd is also Two alternative approaches were applied to investigate the

presented in Tabl@. A mean value of 0.41 is observed for fog droplet activation process. The wet activation thresh-

bs hyd S old diameter, separating the activated fog droplets from the
pec’ which is somewhat lower than the mean value (0'68)non—activated but hydrated particles, was found to be around

This can be attributed to experimental un- 2.6 um. The median dry activation diameter was estimated

o) bs, hyd
bs, droptbs, hyd”
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