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ABSTRACT 

Measurements of cloud condensation nuclei 

(CCN) concentrations between 0.2-1.0% 

supersaturation and aerosol size distribution were 

performed at an urban background site of Athens 

during HygrA-CD. The site is affected by local 

and long-range transported emissions as portrayed 

by the external mixing of the particles, as the 

larger ones appear to be more hygroscopic and 

more CCN-active than smaller ones. Activation 

fractions at all supersaturations exhibit a diurnal 

variability with minimum values around noon, 

which are considerably lower than unity. This 

reinforces the conclusion that the aerosol is 

mostly externally mixed between “fresher”, less 

hygroscopic components with more aged, CCN 

active constituents.   

 

1. INTRODUCTION 

The international HygrA-CD field campaign took 

place between 15 May and 22 June, 2014, in the 

frame of the Initial Training on Atmospheric 

Remote Sensing (ITARS) project. Hygra-CD 

brought together different instruments and 

expertise aiming to enhance our understanding on 

the impact of aerosols and clouds on weather and 

climate (http://hygracd.impworks.gr). It was based 

on the synergy between remote sensing and in-situ 

instrumentation, making also use of numerical 

weather prediction and atmospheric modeling.  

Aerosol particles, especially the anthropogenic 

ones, are important components of climate 

change, via absorption and scattering of incoming 

radiation [1]. They can also act as CCN and 

“indirectly” force climate through modification of 

cloud radiative properties and precipitation 

efficiency, according to the Twomey effect [2]. 

The main physico-chemical principles involved in 

the transformation (“activation”) of CCN into a 

cloud droplet involve the effects of curvature and 

solute on the equilibrium water vapor pressure, 

represented by the Köhler theory [3]. It constitutes 

the theoretical basis for linking aerosol to CCN 

activity, by determining the characteristic level of 

ambient water vapor supersaturation (Sc), required 

for particles to activate into cloud droplets. For a 

given aerosol particle, S depends on the particle 

dry size and chemical composition.  

Simple representations of solute hygroscopicity in 

Köhler theory are fitted to a one-parameter model, 

where the hygroscopicity parameter (κ) represents 

a quantitative measure of aerosol water uptake 

characteristics and CCN activity [4]. Typical 

values of κ vary between 0, for insoluble wettable 

materials that do not significantly affect water 

activity via adsorption, ~0.1-0.2 for oxidized 

secondary organic aerosol (SOA) and ~0.6 for 

pure ammonium sulfate and nitrate.  

Continental and marine aerosols tend to cluster 

around κ~0.3-0.7, respectively, with a fair amount 
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of variability across space and time, depending 

mainly on the organics mass fraction, relative 

abundance of ammonium sulfate, as well as 

particle size [5].   

2. METHODOLOGY 

The measuring site in Athens was located in 

Demokritos WMO-GAW station (37.995º N, 

23.816º E, 250 m a.s.l.), at a distance of ~8 km 

from the city center. The sampling location was 

influenced by aerosol particles (PM) emitted from 

the city under S and NW wind flow regimes. The 

instrumentation setup consisted of a Droplet 

Measurement Technologies (DMT) streamwise 

thermal-gradient CCN counter [6] and a scanning 

mobility particle sizer (SMPS) composed of a 

custom-made differential mobility analyzer and a 

condensation particle counter (TSI Model 3772) 

used to measure the dry aerosol size distribution. 

Throughout the campaign, the instrument was 

operated at a total flow rate of 0.5 L min
−1

, with a 

sheath-to-aerosol flow ratio of 10:1, and a top-

bottom column difference, ΔΤ between 4 and 15 

K. Concentrations were measured at each 

supersaturation for 10 min, yielding a CCN 

spectrum consisting of 5 different supersaturations 

every 50 min. 

To support the aerosol ground measurements the 

AIAS mobile one-wavelength (532 nm) elastic 

backscatter depolarization lidar system [7] was 

deployed in the field to provide information about 

the dynamic activity of the Planetary Boundary 

Layer (PBL) (from ~ 300 m above ground level to 

1500 m a.sl.) and to strengthen the link between 

CCN activity and cloud formation. 

Aerosol activate in the CCNc when Sc > than the 

instantaneous supersaturation (S), in the CCNc 

column. This Sc corresponds to a critical diameter 

(dp,c) above which all particles activate. These 

parameters are used to determine the parameter κ: 

23

,

3

27

4

ccp Sd

Α
=κ , where A=(4Mwσw)/(RTρw), R is 

the universal gas constant and Mw, σw and ρw are 

the molar mass, surface tension and density, 

respectively, of water at the average mid-column 

temperature, T, in the CCNc. The dp,c is obtained 

by matching the concentration of CCN activated 

at a given S with the backwards integrated SMPS 

number distribution.  

3. RESULTS  

In this paper we focus on the period of 18-22 June 

2014. In Figure 1 (upper and lower graphs) we 

present the available data of the spatio-temporal 

evolution of the range-corrected aerosol 

backscattered lidar signal at 532 nm obtained by 

AIAS system on 18 and 21 June 2014 from near 

ground (0.4 km) to 5 km height. 

 

 

 

 

 

 

 

 

 

 

Figure 1: Spatio-temporal evolution of the range-

corrected aerosol backscattered lidar signal at 532 nm 

obtained by AIAS system on 18 and 21 June 2014. 

In Fig.1 (upper graph) we see that the PBL is 

limited to 500 m a.s.l. Taking in account the 

Athens basin topography, being surrounded by 

mountains higher than 1 km, this extremely 

shallow PBL leads to very poor ventilation of the 

basin and thus to very low air pollution 

dispersion; therefore high concentrations of 

aerosols are to be expected near ground. On 21 

June (Fig. 1, lower graph) the PBL is significantly 

higher (~2 km) and strong convective conditions 

drive ground aerosols to higher heights leading to 

their dispersion and dilution, so forming a cloud-

topped PBL.  

Figure 2 shows the CCN concentrations measured 

from 17 to 22 June. As seen by AIAS, the highest 

concentrations are observed on 18 June, linked to 

very low PBL heights. As the PBL height is 

gradually increased during the following days, 

vertical dispersion leads to concurrent decrease of 

PM concentrations as well. As expected, CCN 

concentrations were higher with increasing 
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supersaturation. CCN at ss >0.6% were generally 

similar, showing that most of the hygroscopic 

particles are activated by this supersaturation. The 

correlation of increased CCN concentrations with 

similar trends in NO2 (Fig. 2) is an indication that 

anthropogenic pollution may also lead to 

increased CCN numbers, possibly through 

atmospheric processes. CCN activity can be also 

represented by the activation fraction (AF), which 

is the ratio between the measured CCN and the 

total condensation nuclei (CN), calculated by the 

integration of the aerosol size distribution.  

 

 

 

 

Figure 2: CCN concentration levels at the measured 

supersaturations during the measurement period.  

Figure 3 shows the calculated AFs at the different 

measured supersaturations. The average values of 

the AFs for the five different supersaturations are 

0.24±0.13, 0.31±0.14, 0.35±0.15, 0.39±0.16 and 

0.43±0.18, from lowest to highest S, respectively. 

At the lowest supersaturation the measured CCN 

accounted only for a quarter of the total CN, 

probably because only a minor fraction of the CN 

was larger than the activation diameter. It can be 

seen that generally there is a diurnal variability 

with ratios having the highest values during 

nighttime and lower around noon, with values 

being substantially lower than unity. AFs between 

0.6 and 1% ss do not differ a lot, showing that the 

CCN-active particles that are present activate at 

this range of supersaturation.  

Also the fact that generally AFs are substantially 

higher during nighttime denotes the fact that 

during night the aerosol is more aged and more 

hygroscopic, compared to the aerosol during day. 

This might be associated to fresh, local sources 

such as traffic, emitting principally smaller, non-

hygroscopic particles that can form external 

mixtures and lower the CCN activity of the 

sampled aerosol. Similar to our observations, 

Rose et al. [8] observed at the mega-city 

Guangzhou in China, that at the lowest S, the 

maximum activated fraction remained well below 

one, indicating substantial proportions of 

externally mixed CCN-inactive particles with 

much lower hygroscopicity-most likely soot 

particles.  

 

 

 

 

Figure 3: Activation fractions (CCN/CN) calculated for 

the different supersaturations.  

Finally, the κ parameter was calculated for all 

supersaturations, based on the methodology 

already presented in the precedent section (Fig. 4). 

The median values for the five supersaturations 

were 0.36, 0.19, 0.13, 0.1 and 0.09, respectively. 

It can be seen that κ values are higher at the 

lowest supersaturation and diminish with 

increasing S. This is expected, as the lowest 

supersaturation corresponds to particles with 

larger critical diameters. These particles are 

usually also more hygroscopic, containing higher 

amounts of inorganic salts. Smaller particles tend 

to exhibit reduced hygroscopicity. 

The observed values are closer to typical values 

observed for oxidized organics [9] therefore this 

external mixing causes the overall drop of total 

hygroscopicity of the sampled aerosol. Once 

more, the values for the three higher 

supersaturations are fairly close, indicating the 

similar chemical composition and mixing state 

aerosols. 

 

 

 

 

 

Figure 4: Hygroscopicity parameter, κ, calculated 

based on the size distributions for all supersaturations.  
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Finally, these values are very close to the 

measured κ values at the same site during summer 

2012, where median κ for 60 nm and 80 nm 

particles was 0.29 and 0.43, respectively. This 

reinforces the conclusion that in this environment 

there are mostly smaller, less hygroscopic 

particles present. Our future plans include 

implementing ISORROPIA II to infer the PM 

chemical properties aloft (~500 m asl.) [10] and 

compare them with those obtained at ground level. 

4. CONCLUSIONS 

In this paper we presented the combination of 

CCN and lidar measurements which were 

conducted during HygrA-CD in 2014. During the 

first days of the CCN measurements the highest 

concentrations were observed, verified by the 

structure of the PBL seen by the lidar. This 

extremely shallow PBL, characterized by poor 

ventilation and limited dispersion, led to high 

CCN concentrations. With the increase of the PBL 

height on the following days, the CCN 

concentrations decreased. AFs exhibited diurnal 

variability with higher values during nighttime, 

which remained well below unity during daytime, 

probably because of external mixing with non-

hygroscopic components. Finally, κ was 

calculated for all supersaturations, having lower 

values with increasing supersaturation. As lower 

supersaturation values are characterized by larger 

critical diameters, this means that larger particles 

are more CCN-active. As supersaturation 

increases, there is a decrease in critical diameter, 

which means that smaller particles start to 

activate, as well. κ-values at the lowest 

supersaturation are close to values observed for 

continental aerosol, while those of the smaller 

particles are more representative for organic 

aerosol.  
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