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ABSTRACT 

Aerosol absorption profiling is crucial for 

radiative transfer calculations and climate 

modelling. Here, we utilize the synergy of lidar 

with sun-photometer measurements to derive the 

absorption coefficient and single scattering albedo 

profiles during the ACTRIS-2 campaigns held in 

Germany, Greece and Cyprus. The remote sensing 

techniques are compared with in situ 

measurements in order to harmonize and validate 

the different methodologies and reduce the 

absorption profiling uncertainties. 

1 INTRODUCTION 

Absorption is a key climate-relevant aerosol 

property of particular importance for aerosol-

radiation and aerosol-cloud interactions. 

Specifically, aerosol absorption can directly 

modify the global radiation budget, indirectly 

modify cloud properties and abundance (e.g. [1]) 

and thus modify the atmospheric stability in the 

boundary layer and free troposphere (e.g. [2]). 

However, the magnitude of absorption at the 

global scale is subject to considerable 

uncertainties, for aerosol particles of both 

anthropogenic and natural origin. While the 

aerosol optical depth (AOD) and aerosol particle 

size distribution are relatively well-constrained 

from measurements, uncertainties related to the 

SSA (e.g. [3]), and especially the vertical profile 

of the black carbon (BC) concentration, which is 

the main light-absorbing component in the visible 

wavelength range, contribute significantly to the 

overall uncertainties of the aerosol radiative 

effect. 

The European project Aerosols, Clouds and Trace 

gases Research Infrastructure (ACTRIS-2 
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http://www.actris.eu) through its Joint Research 

Activity 1 (JRA1) focuses on reducing the 

uncertainty in the determination of the aerosol 

light absorption vertical profiles by combining 

and optimizing advanced remote sensing and in 

situ methods. The novel remote sensing and in 

situ instrumentation included in the ACTRIS 

research infrastructure, offers a unique 

opportunity for a comprehensive absorption 

characterization of anthropogenic and natural 

aerosols, within urban and remote sites of the 

network in Europe. The vertical distribution of the 

absorption coefficient and the SSA are retrieved 

via surface and airborne in situ measurements and 

remote sensing techniques, and dedicated 

ACTRIS JRA1 campaigns have been organized to 

perform closure studies between these different 

methods. Here we present results from the 

campaigns in Melpitz, Germany (May-June 

2015), in Athens, Greece (December 2015 – 

February 2016) and in Nicosia/Agia 

Marina/Orounda, Cyprus (May-June 2016).  

2 METHODOLOGY 

The remote sensing retrieval of the absorption 

vertical structure is performed with the synergy of 

passive and active remote sensing instruments, i.e.  

multiwavelength lidars and sun-photometers. The 

sun-photometer provides the columnar properties 

of the particles (e.g. [4]), whereas lidars are 

capable of providing vertically resolved profiles 

of the backscatter and extinction coefficients, 

along with vertical profiles of the particle 

microphysical properties, mainly for the fine 

mode (e.g. [5]). The Generalized Aerosol 

Retrieval from Radiometer and Lidar Combined 

data algorithm (GARRLiC [6]), developed in the 

framework of ACTRIS, goes a step further using 

for the first time both sun-photometer and lidar 

measurements in the combined retrieval of the 

particle microphysical properties. Figure 1 shows 

the algorithm’s input and output.  

 

Figure 1 The GARRLiC algorithm input and output 

parameters 

During the ACTRIS-2 JRA1 campaigns, intensive 

ground-based active and passive remote sensing 

measurements were performed with Polly
XT

 lidars 

and CIMEL sun-photometers. Both GARRLiC 

and the lidar stand-alone algorithm of Müller et al. 

[5] are used to produce the absorption coefficient 

and SSA vertical profiles. The lidar stand-alone 

algorithm is very useful for days with broken or 

high clouds, when the GARRLiC retrieval cannot 

be applied due to the lack of sun-photometer 

measurements. 

For the in situ measurements of the absorption 

profile airborne platforms were deployed, to 

acquire the absorption and scattering coefficients, 

BC mass concentration and particle size with 

multi-wavelength aethalometers, nephelometers, 

and optical particle sizers, respectively. More 

specifically, in the framework of the Athens and 

Cyprus campaigns, a new light-weight absorption 

monitor, named Dual Wavelength Prototype 

(DWP), was used onboard unmanned aerial 

vehicles (UAVs), providing the absorption 

coefficient at 370 and 880 nm. In the Melpitz 

campaign, the Airborne Cloud Turbulence 

Observation System (ACTOS), carried by a 

helicopter, acquired absorption measurements 

with a 630 nm CAPS-PMssa monitor (Aerodyne, 

USA) [7]. This instrument performs calibration-

free extinction coefficient measurements (with 5% 

accuracy). Scattering coefficients are measured 

from the same optical cavity via integrating 

nephelometry. In situ absorption (extinction minus 

scattering) is thus obtained, with greatest accuracy 

for low SSA environments. ACTOS also carried a 

Single channel Tri-color Absorption Photometer 

(STAP, Brechtel, Hayward, CA 94544), 

measuring the particle absorption at 450, 525 and 

624 nm. 

3 RESULTS  

The comparison of remote sensing retrievals of 

the absorption coefficient with the airborne and 

surface in situ measurements during the ACTRIS 

JRA1 campaigns in Melpitz, Athens and Cyprus 

are shown in Fig. 2.  
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3.1 Melpitz campaign 

During the Melpitz campaign the particle 

extinction coefficient was low, with AODs at 440 

nm not exceeding the value of 0.2, and the SSA 

was generally above 0.9, with correspondingly 

low absorption coefficients. This means that 

signal-to-noise ratios for in situ and remote 

sensing measurements were the lowest for this 

campaign. Although the AOD requirements have 

not been quantified yet for GARRLiC, an AOD of 

0.3 at 440 nm is considered sufficient for the SSA 

retrieval.  

For the case of 24 June the AOD at 440 nm was 

0.14. The GARRLiC results show large 

uncertainties (~7 Mm
-1

), but they have similar 

slopes with the in situ absorption profiles, 

although they produce larger values (left plots in 

Fig. 2a). The lidar stand-alone retrieval has 

comparably large uncertainty for the case of 17 

June, with an AOD at 440 nm of 0.17 (right plots 

in Fig. 2a). In part due to the large uncertainties, 

the in-situ and remote sensing results are not 

statistically different for this case, although the 

latter have larger values. 

 

Figure 2 Absorption coefficient profiles retrieved from remote sensing measurements, from GARRLiC (colored solid 

lines) and lidar stand-alone algorithms (grey solid lines), and measured with airborne platforms with in situ 

instruments, i.e. CAPS-PMssa monitor (grey dash line) and  STAP (colored dash lines) for Melpitz campaign, and 

the DWP (colored dashed lines) for Athens and Cyprus campaigns. The surface in situ measurements are denoted 

with squares. The absorption coefficients are provided at 370, 450, 525, 630 and 880 nm. The results are from the 

ACTRIS-2 JRA1 campaigns in: a) Melpitz, Germany, on 24 and 17 June 2015, b) Athens, Greece, on 19 January 

2016 and c) Nicosia, Cyprus, on 7, 15 and 21 April 2016.

 

3.2 Athens campaign 

During the Athens campaign there were few 

cloud-free days available to use for the combined 

lidar/sun-photometer GARRLiC retrieval and the 

AODs were low (<0.2 at 440 nm). Another 

challenge for the remote sensing retrievals is that 

most of the aerosol were located below ~1 km, in 

the lidar incomplete overlap region. In this region, 

there is large uncertainty in the lidar backscattered 

signal, which is only partially collected from the 

telescope [8]. We are currently working on 

enhancing the information in this region by 

utilizing the near-range measurements of the 

Polly
XT

 lidar, performing the signal gluing 

technique. Due to the low flight heights of the 

UAVs (up to 700 m a.g.l. for the case shown 

here), the retrieved profiles do not overlap. In the 

results of 19 January (AOD at 440 nm at 0.16) in 

Fig. 2b we see an agreement between the 

GARRLiC and the lidar stand-alone absorption 
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coefficients at 370 nm, within their uncertainties. 

The agreement is better at 880 nm.  

3.3 Cyprus campaign 

The mandate of the Cyprus campaign was to 

investigate the influence of dust on absorption 

properties. The cases shown here (Fig. 2c) have 

AODs at 440 nm of 0.2-0.35. Due to higher 

AODs, we achieve a good agreement between 

GARRLiC, UAV and surface in situ 

measurements, especially at 370 nm, for the cases 

on 7 and 21 April (left and right plots, Fig. 2c). 

On 15 April (middle plots in Fig. 2c) we see  

disagreement between GARRLiC and in situ 

UAV measurements, for which we currently 

investigate the reason(s).  

4 CONCLUSIONS 

In this study we used remote sensing algorithms 

utilizing the lidar measurements (i.e., lidar stand-

alone algorithm) and the combination of lidar and 

sun-photometer measurements (i.e., GARRLiC 

algorithm), along with airborne and surface in situ 

measurements to characterize the particle aerosol 

absorption vertical distribution. Data were 

gathered during three ACTRIS-2 JRA1 campaigns 

in Germany, Greece and Cyprus in 2015-2016. 

The lidar stand-alone and the GARRLiC retrievals 

agree well for a case study in Athens. The remote 

sensing and airborne in situ measurements were 

not statistically different in Melpitz, where 

absorption and extinction coefficients were low. 

The comparison in Cyprus shows very good 

agreement between GARRLiC and in situ 

measurements for most cases investigated.  

The difficulties posed in retrieving the absorption 

profiles are associated with low AODs, the 

insufficient lidar information in the overlap region 

and possibly the uncertainties in the airborne in 

situ sampling. In this line specific actions need to 

be taken further, as for example to incorporate the 

lidar near-range signal in the remote sensing 

retrievals [e.g. 9] that will provide the missing 

information in the overlap region.  

We aim to continue investigating the benefits and 

improvements brought in by the synergy of 

remote sensing and in situ techniques for aerosol 

absorption profile characterization within the 

framework of the ACTRIS-2 project and its 

experimental campaigns. 
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