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 The final conference “Environmental Remote Sensing” of DELICE project took place  
in Magurele together with the workshop OTEM 2011 and the opening of the Romanian 
Atmospheric Observatory. The synergy of funds permitted us to give an important dimension 
to this event: 27 key speakers out of 69 participants, with more than 42 papers presented and 
included in the Conference proceedings. As a rule, DELICE’s budget was used to cover 
transport of invited persons, 2 nights of accommodation, and partially horizontal costs, the 
rest of expenses for this 3-days event being supported from other sources (Norway Grants 
and national research programme). The impact of the event was extraordinary, considering all 
collaboration opportunities which have been open to us since then (new proposals, direct 
contracts, transfer of expertise to research groups from South Easte Europe via trans-national 
access to infrastructure, etc.). Moreover, this event contributed to the improvement of our 
collaboration with various national authorities (Ministry of Environment, National Authority 
for Scientific Research, ROMATSA, National Administration for Meteorology, etc.), which 
attended to the conference and learned about the capacity we have not only to perform high 
quality research, but also to contribute to their immediate needs (e.g. volcanic ash alerts, 
climate change particularities for Romania). 
 The conference  was divided into two sessions:  

• Session I : Optoelectronic Techniques for Environmental Monitoring: oral 
presentations; 

• Session II: Optoelectronic Techniques for Environmental 
Monitoring: round table. 

 The first session having as session chair Tymon Zielinsky from 
Institute of Oceanology, Polish Academy of Sciences  was dedicated 
to oral presentations made by personalities of the domain which have 
papers related to atmospheric aerosols, laser remote sensing and 
meteorology. Darko Vasiljevic(Serbia), Christa Fittschen(France) and 
Dombai Ferenc(Hungary) presented their work in the first part of this 
session having success, their presentations attracting many questions.  
 The second session called round table, whose session chair was 
Doina Nicolae the coordinator of DELICE, was splitted into various 
sections. In this section  were awarded prizes for the two best poster 
presentations. The prizes were offered by the companies Enviroscopy 
Switzerland and TehnoInstrument Romania. 
 The associated activity of the conference -  Info Hour 
"Clusters" - was presented by Mrs. Christina Leucuta, Senior Adviser 
in the Ministry of Economy, Trade and Business Environment , the 
presentation being a novelty for more participants and interesting for 
all the workshop participants. 
 Another associated activity of the conference was the 
Exhibition "Optoelectronic equipments for environmental monitoring" 
that attracted all participants. This event took place throughout the 
workshop. 
 All papers have been published in the proceeding presented below. 
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Abstract: Based on a brief overview of selected results obtained in the last two decades this paper is 
highlighting the role of the remote sensing techniques first on defining the mesoscale 3D related 
processes and parameters determining the regional air quality and second for better measurements of 
atmospheric parameters triggering the climate change at global scale. The focus is made mainly on the 
benefits and limitations of using a LIDAR technique. Thus the use of aerosols and O3 lidar in the 
assessment of the regional photochemical episodes, identifying pollution regimes and the dynamic of 
the planetary boundary layer (PBL) will be exemplified from an intensive campaign in Grenoble area.  
For illustrating the role of the lidar remote sensing in relation with climate change understanding we 
present here results from four years lidar observations in the free troposphere of aerosols, contrails, 
water vapor and temperature from Jungfraujoch Atmospheric Observatory (3580m ASL). Finally the first 
steps in building a national lidar network in Romania (ROLINET) will be pointed out. 

Keywords: lidar, PBL, aerosols, ozone, water vapor, temperature, Jungfraujoch, Grenoble, ROLINET 

1 Introduction 

1.1 The 3D monitoring air pollution at regional scale within PBL  

The air quality at regional scale (mesoscale) and the climate change (at global scale) issues need both 
for understanding and assessment 3D accurate observations. In fact the ground based point 
measurements are limited in offering the possibility to understand the atmospheric dynamics and photo-
chemistry processes at regional and global scales. Both meteorological parameters and atmospheric 
composition/chemistry need to be measured in respect with two important atmospheric altitudes: (a) 
planetary boundary layer – PBL (from the ground to the top of the PBL) and (b) the free troposphere 
(from the PBL top to the tropopause). Depending on the topography, the season and the Earth location 
the PBL daily dynamics are extremely variable. The PBL top may reach hundred meters from the 
ground to several km high, more or less well defined. PBL is determined by a conjunction of 
meteorology-location triggering subsequently the concentration level of the atmospheric compounds 
both aerosols and gases (e.g. water vapor and ozone). If the water vapor and aerosols are clearly the 
main tracers of the PBL dynamics and its top, the tropospheric ozone, as result of the regional 
photochemistry, is a more complex issue. The remote sensing of the whole PBL is really necessary for 
understanding not only the ozone formation and destruction processes but also the impact of the PBL 
itself on the ground values of ozone and other pollutants. Neglecting the PBL-free troposphere 
exchange and considering the two atmospheric layers as quite isolated we may estimate the regional 
photochemical potential by measuring continuously the tropospheric ozone from the ground to the top of 
PBL/free troposphere. In order also to follow the PBL dynamics both aerosols and water vapor (relative 
humidity/moisture) tracers are suitable. Of course complementary measurements as meteorological 
parameters as temperature wind, solar radiation or other primary pollutants as nitrogen dioxides NOx 
(NO and NO2) and any information about the VOC (volatile organic carbons) are of great interest.  
Finally the remote sensing observations may be realistically compared with the photochemical models 
outputs in order to validate and to improve their performances.  
In the figure below is represented the chemical mechanisms as basis of the air pollutant transformation 
from the emissions to the imissions concentrations, mechanism in addition triggered/catalyzed by the 
meteorological conditions and particularly the solar intensity and wind regimes. We may conclude on the 
complexity and the importance to measure the tropospheric ozone as being not only a secondary 
pollutant but also as a tracer/indicator of the photochemical potential.  
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Fig. 1 Chemical mechanism of the NOx and Hydrocarbons transformation in tropospheric ozone. 

In order to exemplify all the above concerns we will present the concrete add values of 3D observations 
both of PBL and tropospheric O3 in the Grenoble region in the summer 1999 in the paragraph 2.1. The 
regional air quality abatement strategy taking into account the photo-chemistry is complex and an 
example of an assessment possible approach is analyzed and given in scientific literature [1]. 

1.2 Free troposphere monitoring of climate change related parameters 

The worldwide scientific community via IPCCC (Intergovernmental Panel on Climate Change) agrees 
that finally the most of the errors and unknown effects on the radiative forcing are attributed to the 
aerosols (direct and indirect effects) and to the water vapor cycle and its variability and positive 
feedback. If the PBL parameters and processes are more related to the regional scale the monitoring of 
the free troposphere (above the PBL up to the tropopause) of aerosols, contrails, clouds and water 
vapor is definitely more concerning the climate at global scale. Thus high space time resolution selected 
results from a period of observations between 2000 et 2004 at Jungfraujoch Observatory station (3580m 
ASL) in the Swiss alps using a multi-wavelength lidar system of aerosols and water vapor in free 
troposphere will be presented in 2.2. In the figure 2   is resumed the level of scientific knowledge in 2001 
(left) and 2007 (right) where we see that the level of knowledge concerning the water vapor and 
aerosols (direct and indirect effects) doesn’t change significantly and thus are still challenging 
observations and modeling [2]. 

IPCC 2001

H2O
???

Fig. 2 The concerns and scientific understanding on radiative forcing (RF) data in 2001 (left) and in 2007 
(right) by IPCC. 
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2 Add values of remote sensing of the PBL and the free troposphere 

In order to highlight the add values of remote sensing both on regional air pollution and climate change 
issues we present in parallel the two types of observations: 2.1. O3 and PBL in Grenoble area in 1999 
based on a 3D complex experiment and in 2.2. The aerosols/clouds and water vapor/temperature in free 
troposphere from Jungfraujoch station (2000-2003 period) based mainly on lidar observations. 

2.1 Remote sensing of tropospheric ozone and PBL dynamics: Grenoble 1999 

In order to understand the processes and regimes governing the summer photochemical smog in a 
complex topography area as Grenoble an intensive 3D observations campaign was organized in 
summer 1999 large described on [3]. 

 

 
 
 
 
 
 
 
 
 
 
 

Fig. 3 GRENOPHOT experiment: disposition of the 3D observations typology on the Grenoble area 

Thus in addition to the ground network for measuring point air pollution (O3, NOx, VOC) and meteorology 
(temperature, wind, solar and moisture) remote sensing were employed as follows: DIAL LIDAR (for O3, 
aerosols and PBL) as presented by [3], a Wind Profiler (for wind direction and speed from Degreane SA) 
and an equipped aircraft for air pollution and meteorology (METAIR). The principles and details about 
the equipment and techniques are largely presented on [4]. 
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Fig. 4 O3 profiles (left) and O3 fluxes/profiles (right) by combining lidar, aircraft, doas and wind profiler 
observations 

 
When combining these techniques (DOAS + ozone dial lidar + aircraft + wind profiler) we may obtain for 
example 1D profile as O3 and O3 fluxes in Figure 4. The Euler model MAP3D values figure also. 
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In addition to the possibility to have O3 fluxes at various altitudes we may obtain the time and space 
ozone variation i.e. O3 profiles in the whole PBL. Thus we may observe when compare a morning with 
evening profile that the O3 value at the top of the PBL in the free troposphere is constant over the day 
time ~60 ppb while at ground the O3 growth due to the regional photochemical processes is huge from 
25 to 75 ppb in the example presented in Figure 5. 
We may also when looking at many days of aerosols, wind and ozone observations to have a clear idea 
about the PBL dynamics and meteorological regime as well as the ozone distribution and event to 
identify the ozone reservoirs plumes in altitude persisting over the night. 

 

Fig. 5 Wind direction/speed from the wind profiler and aerosols backscatters and ozone form the LIDAR 
DIAL system. 

From the figures we may identify based on wind measurements the cyclonic regime on 25 and 36 July 
with the relevance of the thermic winds and the change to an anticyclone on 27 July where the thermic 
winds are less important compared with the perturbation. We noticed the PBL dynamics following the 
aerosols load and reaching easily 3000m at 18h. The two stars are the PBL markers from combined 
relative humidity, temperature and aerosols measurements form the aircraft confirming the lidar 
indications. Finally we may observe the 3D evolution of the ozone and even to clearly confirm the 
persistence of an ozone reservoir between 1600 and 2500 m in the nighttime (26 to 27 July). The 
enhancement of the ozone on 27 July is due to both to wind change direction (from North to South) and 
speed (10-15m/s) pushing the Grenoble city ozone to South. 

2.2 Free troposphere aerosols, water vapor, clouds/contrails and temperature:  
Jungfraujoch 2000-2003 

A multi-wavelength UV-VIS Raman LIDAR system, largely described in [6] installed in 1999 at 
Jungfraujoch Observatory allowed from 2000 to 2003 systematic measurements in the free troposphere 
(from 3600 m) up to the tropopause (to 12-15 km). This system was part of the EARLINET network and 
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inter-validated [5]. The first target of the system was to evaluate the free troposphere aerosols in term of 
optical properties (backscatter and extinction coefficient) resumed in the Figure 6 through the median 
AOD (aerosols optical depth) respectively extinction coefficient and largely presented in details in [7]. 
From the power fit we may estimate the median Angstrom coefficients A (aerosols size ~1.36 and B 
number density ~ 50) over 500 observations (points) of 30 minute averaged. 

 

 
 
 
 
 
 
 
 
 
 
 

Fig. 6 Median aerosols optical depth/extinction in the free troposphere (Jungfraujoch 2000-2003)  

Based on 355, 387, 532, 607 and 1064 nm lidar signals and using the Mie inversion algorithm [8] to 
retrieve the microphysical properties (size distribution of number, surface and volume concentrations, 
refraction index, albedo and effective radius) as shown in Figure 7 where these median values over 
three years set of measurements are presented as a robust information from statistical point of view. 

 

Fig. 7 Free troposphere aerosols microphysical properties (Jungfraujoch 2000-2003) 

 
Based on Raman channels and the depolarization channels as well as the Mie inversion approach [6] 
more precise optical properties (extinction and backscatter coefficients) as well as microphysical 
properties and the depolarization ratio may be retrieved also for cirrus and contrails. As a particular 
example of results obtained for a cirrus/contrail are presented in figure 8 demonstrating the lidar remote 
sensing potential of clouds, contrails, mineral dust and volcanic ash investigations. 
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Fig. 8   Contrail case study: depolarization ratio (left) and its microphysics (right).  

 
Thus also in the cirrus/contrails cases we may deduce some microphysics as for example above reff (avg) 
~ 1.88 – 2 [μm], m = 1.4597+0.0000i (abs.→0), ω0 ~ 1, st~532 μm2cm-3 vt~ 339 μm3cm-3 nt~88 cm-3 and 
of course the depolarization ratio ~ up to 7%. The same procedure may be applied for mineral dust and 
volcanic ash plumes flying in the free troposphere. 
The first water vapor lidar signal was obtained in 01.08.2000 by adding to the lidar system a Raman 
vibrational 407 nm detection channel [9]. Thus various water vapor profiles were obtained both in very 
dry atmosphere under 0.5 g/Kg H2O up to extremely humid conditions (like in August 2003 heat-wave) 
around 5 g/Kg H2O when it seems that the PBL dynamics extend up to 5 Km ASL over the Alps 
mountains [9]. By adding a Raman rotational channels [10] around 532 nm we may combined the water 
vapor and temperature profiles to retrieve the relative humidity of the free troposphere layers. Examples 
of these profiles in addition to the aerosols backscatter and extinction coefficients are illustrated in the 
figure 9 below. 
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Fig. 9 Simultaneous Jungfraujoch station lidar observations of aerosols optical properties (a) and of the 
free troposphere humidity b) and temperature (c). 

 



Proceedings Environmental Remote Sensing 

 

I. Balin(1,2)*, O. Tudose(2,3), O. Couach(4), D. Nicolae(5) 13 

 

3 ROLINET: ROmanian LIdar NETwork: motivation and state of the art. 

Taking into account first the present needs of 3D remote sensing both at regional and global scale, both 
within PBL and into the free troposphere layers observations the ROLINET (Romanian lidar network) is 
a 5 lidar based stations distributed side-other of the natural barrier i.e. Carpathians Mountains on the 
Romanian territory as illustrated in the figure 10. Beside the aerosols basic lidar instrumentation (as 
presented in figure 10) the stations performed also meteorological, ground based aerosols and gases, 
integrated sun-photometer and camera - DOAS measurements. A super-site (Magurele - INOE- [11]) is 
in addition performing in situ aerosols chemical analysis and O3 Dial LIDAR sodar-wind and radiometer -
humidity profiling. 

 

Black lines: already installed 
Dash lines: suited installations 
Circle: INOE supersite 
 

 

 
 
 
 
 
 

 
 

Fig. 10 ROLINET lidar basic configuration (right), its installations (black) and suited ones (dashed) 

The main first objective is to cover the essential points of Romanian territory with a high space time 
resolution of the aerosols load, the PBL dynamics and clouds at regional scale but also to follow up the 
long range transport at global scale of volcanic ash, Saharan dust, and in general specific plumes. 
These systems are based on a 355, 532 and 1064 coaxial powerful laser emission and the analysis of 
the first tests [12] on two elastic channels 355and 387 nm, 387 nm Raman N2 and depolarization at 
532nm are showing for an integration time as 5 minutes and at 7.5m spatial resolution the ability of the 
systems to profile up to 12-15 km in 3D from 300-500 m full overlapping. 

4 Conclusions 

This paper presented based on selected results the need of 3D remote sensing measurements both for 
regional photochemical understanding processes into the PBL and the key free troposphere parameters 
triggering the climate change and less known. Thus key results of 3D Ozone, PBL dynamics from 
Grenoble campaign in 1999 i.e. GRENOPHOT were analyzed demonstrating the usefulness of using a 
multi–wavelength Raman DIAL Ozone LIDAR for evaluating the photochemical potential of a region i.e. 
Grenoble giving thus more options/solutions/information to the abatement strategies. Also the use of a 
Raman multi-wavelength lidar was highlighted in the free troposphere by illustrating not only the 
aerosols, cirrus/contrails, water vapor and temperature profiling but also the derivative information 
related particularly to the estimation of aerosols/cirrus microphysics properties and of the free 
troposphere processes. Finally a promising lidar basic configuration system proposed for setting up the 
national lidar network in Romania i.e. ROLINET and its immediate objectives were briefly presented. 
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1 Introduction 

Aerosol properties in marine boundary layers over regional seas and coastal environments vary from 
those in open ocean regions.  
In coastal areas aerosols which are in the zone of direct interaction between the atmosphere and the 
ocean surface are characterized by fast temporal and spatial changes of aerosol concentrations (Gao et 
al. 2011). The spectrum of marine aerosol size distribution functions is complicated and strongly 
depends on weather conditions in the marine boundary layer, especially on wind speed, duration and 
direction as well as relative humidity. Additionally, it indirectly depends on the sources of aerosol 
generation and the air mass advection (Zhang et al. 1999; Vignati et al. 2001; Dubovik et al. 2002). 
Coastal areas as sources of marine aerosols play important roles due to the fact that breaking waves 
occur in this area even at small wind speeds. Breaking waves create whitecaps and sea-spray droplets 
which consist of a large number of air bubbles essential for greater production of marine aerosols 
(Monahan and MacNiocall 1986). Concentration of air bubbles in breaking waves is four times higher in 
the surf zone than in the ocean under the same weather conditions. 
This paper provides information on combined aerosol studies made with lidars and sun photometers in 
two different coastal areas, in Crete on the Mediterranean Sea and in Rozewie on the Baltic Sea coast. 
We concentrate on aerosol optical thickness measurements and its variations with aerosol advections 
into the study area. 
 

2 Measurement and instrument description 

The data presented in this paper were collected during two international campaigns, SOAP and COAST. 
The ACCENT affiliated SOAP study took place in Crete in July and August 2006. The measurement 
campaign started on July 25 using the lidar LB series provided by Raymetrics S.A. from Greece which 
was located at the Finokalia station (35° 20’N and 25° 40’E). The Raymetrics LB backscatter lidar 
system is an active laser remote sensing instrument, that measures the vertical profile of suspended 
aerosols. The lidar measurements were conducted until 5 August. The first Microtops sun photometer 
measurements were made on 28 July at Gouves (35° 19’N and 25° 17’E). There is a CIMEL CE-318 
sun photometer operating at Gouves. The Microtops measurements at Gouves were continued until 2 
August when the Microtops was placed at the Finokalia station. It was operated there until 7 August and 
then between 7 and 10 August in Gouves again.   
TheCOAST 2009 experiment took place in Rozewie (54° 49'N 
18° 20' E) on the coast of the Baltic Sea. The ensemble of instruments included the LB series lidar and 
Microtops sun photometers among others. Additional sun photometer studies were made onboard r/v 
Oceania, which was anchored offshore from Rozewie. 

3 Sun photometer calibration 

Three handheld spectral Microtops II sun photometers 
(http://www.solarlight.com/products/sunphoto.html) with visible wavelengths were used to retrieve 
aerosol optical thickness. The AOT was measured at 380, 440, 500, 675 and 870 nm. To minimize the 
potential sun pointing error we performed 5 scans at each measurement session. Scans with the 
smallest standard deviation have been used in data processing. Cloud contamination was eliminated 
through visual inspection of sky conditions during measurements and the analysis of the images from 
the satellites. Table 1 shows the calibration coefficients obtained for the Microtops II instruments during 
different campaigns.  
Table 1 shows calibration factors derived during different campaigns, such as the Maritime Aerosol, 
Clouds and Radiation Observation in Norway (MACRON) in 2007 
(http://www.igf.fuw.edu.pl/meteo/stacja/macron.php) or POLAR-AOD 
(http://polaraod.isti.cnr.it:8080/Polar/) intercomparison campaign in 2008 in Tenerife and factory 
constants stored in the instrument's internal memory. Two independent attempts during the MACRON 
experiment provided significantly lower values than the other data. These systematic differences may 
result from the weather conditions. During the MACRON campaign the AOT decreased rapidly before 
the sunset (Northern Norway) and/or some thin Cirrus clouds were reported close to sun disk over the 
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study area. The results obtained one year later during the POLAR-AOD campaign on Tenerife differ 
very little from the factory constants. Since calibration factors obtained during the POLAR-AOD 
campaign differ very little from the factory values, providing long time stability of the instruments, we 
decided to use averages between the factory and POLAR-AOD values.   

 

Table 1. Comparison of the Microtops calibration coefficients based on Langley calibrations with factory 
calibration. 

Calibrations 
Channel [nm] 

380 500 675 870 

Factory Solar Light July of 2006 7.680 6.871 7.023 6.522 

MACRON 8.08.2007 7.638     6.806     6.973     6.481     

MACRON 11.08.2007 7.623     6.791     6.992     6.507     

POLAR-AOD Tenerife 12.10.2008 7.679     6.869     7.032     6.551     

Standard deviation  0.029     0.042     0.027     0.029     

 
The CIMEL Electronique 318A in Crete is a part of the AERONET network 
(http://aeronet.gsfc.nasa.gov/) and has been calibrated in accordance with the Project guidelines. In this 
work we present data from level 2.  
 
4.  Some results and conclusions 
We describe two case studies of the combined measurements made in two coastal zones, in Crete in 
2006 and in Rozewie on the Baltic Sea in 2009. The combination of lidar and sun photometer 
measurements provides complex information on both the total aerosol optical thickness in the entire 
atmosphere as well as the vertical structure of aerosol optical properties. Combination of such 
information with air mass back-trajectories and data collected at stations located on the route of air 
masses provides complex picture of the aerosol variations in the study area both vertically and 
horizontally. We show that such combined studies are especially important in the coastal areas where 
depending on air mass advection directions and altitudes the influence of fine or coarse mode (in this 
case possibly sea-salt) particles on the vertical structure of aerosol optical properties is an important 
issue to consider.  
Joint measurements using lidars and sun photometers provide complex information on both the total 
aerosol optical thickness in the entire atmosphere as well as the vertical structure of aerosol optical 
properties. In order to detect the dynamics of potential aerosol composition changes it is necessary to 
use data from different stations where measurements are made using the same techniques. The 
combination of such information with air mass back-trajectories and data collected at stations located on 
the route of air masses provides complex picture of aerosol variations in the study area both vertically 
and horizontally. Such ground-truth obtained information are very useful for satellite retrievals, which in 
coastal regions are especially difficult to analyze.    
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The proposed development is an attempt to enhance aerosol retrieval by emphasizing statistical 
optimization in inversion of advanced satellite observations. This optimization concept improves retrieval 
accuracy relying on the knowledge of measurement error distribution.  Efficient application of such 
optimization requires pronounced data redundancy (excess of the measurements number over number 
of unknowns) that is not common in satellite observations. The POLDER imager on board the 
PARASOL micro-satellite registers spectral polarimetric characteristics of the reflected atmospheric 
radiation at up to 16 viewing directions over each observed pixel. The completeness of such 
observations is notably higher than for most currently operating passive satellite aerosol sensors. This 
provides an opportunity for profound utilization of statistical optimization principles in satellite data 
inversion. The proposed retrieval scheme is designed as statistically optimized multi-variable fitting of all 
available angular observations obtained by the POLDER sensor in the window spectral channels where 
absorption by gas is minimal. The total number of such observations by PARASOL always exceeds a 
hundred over each pixel and the statistical optimization concept promises to be efficient even if the 
algorithm retrieves several tens of aerosol parameters. Based on this idea, the proposed algorithm uses 
a large number of unknowns and is aimed at retrieval of extended set of parameters affecting measured 
radiation.  
The algorithm is designed to retrieve complete aerosol properties globally. Over land, the algorithm 
retrieves the parameters of underlying surface simultaneously with aerosol. In all situations, the 
approach is anticipated to achieve a robust retrieval of complete aerosol properties including information 
about aerosol particle sizes, shape, absorption and composition (refractive index). In order to achieve 
reliable retrieval from PARASOL observations even over very reflective desert surfaces, the algorithm 
was designed as simultaneous inversion of a large group of pixels within one or several images. Such 
multi-pixel retrieval regime takes advantage of known limitations on spatial and temporal variability in 
both aerosol and surface properties. Specifically the variations of the retrieved parameters horizontally 
from pixel-to-pixel and/or temporary from day-to-day are enforced to be smooth by additional a priori 
constraints. This concept is expected to provide satellite retrieval of higher consistency, because the 
retrieval over each single pixel will be benefiting from coincident aerosol information from neighboring 
pixels, as well, from the information about surface reflectance (over land) obtained in preceding and 
consequent observations over the same pixel. 
The algorithm performance is illustrated by a series of numerical tests and presents the examples of 
preliminary retrieval results obtained from actual PARASOL observations. It should be noted that many 
aspects of the described algorithm design considerably benefited from experience accumulated in the 
preceding effort on developments of currently operating AERONET and PARASOL retrievals, as well as 
several core software components were inherited from those earlier algorithms. 
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Tropospheric aerosols of natural and anthropogenic origins, affect the Earth's radiation balance by 
absorbing or scattering the solar or terrestrial radiation, leading to radiative forcing. Scattering and 
absorption tend to cool the atmosphere, moreover, cloud properties are modified by aerosols. These 
effects lead to the cooling of atmosphere and thus, important for the understanding of global climate 
change. Therefore to be able to understand the atmosphere and its constituents, the spatio-temporal 
variations of aerosols need to be observed on a regular basis. A multiwavelength (MW) Mie-Raman lidar 
based on an Nd:YAG laser and its second and third harmonics can measure aerosol extinction and 
backscatter coefficients and from this data, aerosol optical and physical properties such as the spatial 
and temporal distribution, morphological characterization, particle size distribution, polarization and 
complex refractive index can be calculated. The MW Mie-Raman lidar at TUBITAK Marmara Research 
Center, Materials Institute, K09 Laser Spectroscopy Laboratory has been in operation since May 2009, 
measuring the aforementioned aerosol properties on a fixed schedule. As of February 2011, the Center 
has been a part of European Aerosol Research Lidar Network (EARLINET). The aim of this paper is to 
demonstrate; (i) the results from the lidar measurements which have been carried out during February-
April 2011 (the beginning of a Saharan dust season), and (ii) the main characteristics of the aerosols. 
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Abstract: Tropospheric aerosols are an important component of the present day climate system 
depending on various generating sources. Tropospheric aerosols may vary greatly in both time and 
space. Despite of their importance detailed characterization and their interactions with the climate are 
poorly understood.  
This paper presents few long range aerosol  transported cases exploiting sun photometer and lidar data 
(Light Detection and Ranging) at the EARLINET(European Aerosol Lidar Network) – AERONET(Aerosol 
Robotic Network) site, Magurele-Romania station (44.35 N, 26.03 E) during 2010. The observed AOD 
(Aerosol Optical Depth) and derived Angström exponents are consistent with the Lidar observations and 
their origin was confirmed by the back-trajectories of air masses. 
To achieve a better understanding of the characteristics, sources and processes of the aerosols an 
Aerodyne Aerosol Mass Spectrometer (AMS) was set up at the end April 2010. It measures size-
resolved chemical composition of non-refractory submicron particles. According to AMS results, main 
species at ground level are nitrate, chloride, sulfate, organics and ammonium. Peaks in sulfate and 
organics were observed in some particular cases, while nitrate and chloride were observed only at very 
low concentrations. 

Keywords: long range transported aerosols, Lidar, chemical composition 

 

1 Introduction 

Even though the aerosols have a significant effect on climate change and on ecosystems health they 
are still poorly understood [1]. Extensive measurements and analysis are done all over the world in 
order to overcome this. Over the last years, active and passive remote sensing as well as mass 
spectrometry proved to be powerful tools to characterize ambient aerosols [2]. The concentration, 
chemical composition, size distribution and shape are the most important aerosols characteristics.  
Chemical composition and complex refractive index as well as climate-relevant optical properties are 
subject to large variability, especially in the troposphere, because of different sources and 
meteorological processes. Thus, vertically resolved measurements of aerosol microphysical and optical 
properties such as the extinction coefficient, particle size distribution, effective radius, complex refractive 
index and single scattering albedo are of the great interest. Height-resolved observation of these 
parameters can only be carried out with lidar [3].  
The aim of this study is to investigate the characteristics of long range transported aerosol particles 
using collocated ground based instruments at Magurele site near Bucharest, Romania. Hysplit (Hybrid 
Single Particle Lagrangian Integrated Trajectory Model), MODIS Fire alert and DREAM (Atmospheric 
Dust Forecast System) have been used to examine and confirm long range transport influences. 
Chemical composition, complete mass spectra and size distribution of aerosols at the surface level was 
studied for the first time in Romania by an Aerodyne C-TOF AMS. Daily variations of the AOD (Aerosol 
Optical Depth) have been observed by a Cimel sunphotometer, part of AERONET (Aerosol Robotic 
Network). 

2 Methodology and instruments 

2.1 Multi-wavelength Lidar 

The LIDAR (LIght Detection And Ranging) [4] systems are detecting the atmospheric particles along the 
sounding direction. Lidars have good precision and real time response, due to the fact that are laser 
based systems. In this paper was used a multiwavelength system – RALI, which usually perform 
measurements for long range transported aerosols at Magurele site (44.35 N, 26.03E) since 2005 [5]. 
The RALI laser radiation is emitted at 1064, 532 and 355nm and collected at 1064, 532p (parallel), 532s 
(cross), 355, 607, 387 and 408 nm. Analog and photon counting detection for almost all channels give a 
maximum range of processed signal at about 15 km with high temporal and spatial resolution. 
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The retrieval of optical and microphysical parameters of the aerosols has been previously described by 
Nicolae. et al. [6]. 

2.2 Sun-photometer 

The instrument used for the measurements is a CIMEL Electronique 318A spectral radiometer, solar-
powered, robotically-pointed sun and sky spectral sun photometer. The sun measurements are made at 
seven wavelengths: 340, 380, 440, 500, 670, 870, and 1020 nm [7]. Five of these wavelengths 
correspond to lidar’s and some comparison, calibration and assessments can be done to better 
understand the atmospheric aerosols, providing spectral aerosol optical depth, inversion products of 
other aerosol optical properties, such as single scattering albedo (SSA), Anstrom exponent and the 
column integrated aerosol size distributions above the measurement site. 

2.3 Aerosol mass spectrometer 

The instrument used for composition and size distribution measurements of non-refractory (vaporized at 
600◦C under vacuum) submicronic aerosols with a time resolution of the order of minutes was a C-ToF-
AMS, an Aerodyne quadrupole model. The instrument operates in two modes: mass spectrum mode, 
which provides information on composition, and time of flight mode, which gives size-resolved chemical 
components [8].  
The AMS is used for continuous ambient aerosols monitoring, obtaining mass concentration for several 
species, concentration time series and aerodynamic size distribution of aerosols. The mass spectrum 
and concentration of oxidized and hydrocarbon-like organic aerosols can be used to derive the sources 
and proprieties of aerosols. Fresh and aged organic aerosols can be distinguished from mass spectrum 
values of m/z 57 and respectively 43 [9]. 
 

3 Results and discussion 

We have started regular Earlinet and sunphotometer measurements in 2006, respectively 2007 but only 
at the end of April 2010 an AMS has been installed for chemical characterization of the aerosols at the 
ground level. Due to complex dynamics of the air masses, Romanian atmosphere encounteres regularly 
strong influences of long range transport as Saharan dust [5] and seasonal biomass burnings in Russia, 
Ukraine and Greece [5]. 
Figure 1 presents the time series of the range corrected lidar signal for two hours during morning of 
August 11th, 2010. High altitude cirrus is visible at 8-10 km but other layers can be also observed due to 
the color gradient. Retrieved backscatter coefficient profile clearly depicts the layered structure.  

 

Fig. 1 Range Corrected Signal time series lidar 
measurements for August 11th, 2010 

Fig. 2 Backscattering coefficient profiles for 
August 11th, 2010 

From analysis of Fig. 2 and Fig. 3 air masses at 1-2.5km altitudes proved to come from approximative 
the same region and travelling over Ukraine. MODIS fire map shows a high density of fires in this region, 
which confirms again the results obtained from lidar. Results from sunphotometer measurements 
August 11th and 12th 2010 are: AOD (500nm) =0.5, Angstrom exponent=1.4, fine mode concentration= 
0.455 which is typical for confirmed influences of biomass burning [ 7].  
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Fig. 3 Backward trajectories from HYSPLIT 
indicating the origin of atmospheric layers over 

Magurele on August 11th, 2010 

Fig. 4 Modis Fire map Europe-Asia for the first two 
weeks of August 2010 

Signature of biomass burning is seen in the AMS data of August 12th, 2010. The size distribution is 
unimodal (Fig. 5), with the peak heights varying depending upon the species. Organics and sulfate were 
the dominant species representing over 60% of the total mass (Fig. 6). The predominant organics 
fractions are m/z 44 and m/z 43 representing aged organics acids, respectively aged oxidized organic 
aerosol.  
The AMS measurements confirm the presence of aged aerosols in troposphere on August 12th, the 
ratio between m/z 44 and m/z 57 (proxy for fresh hydrocarbon-like organic aerosol, non-oxidized 
fragment) indicating a high probability to sense the long ranged transported aerosols from biomass 
burning. 

 
 

Fig. 5 Size distribution of the aerosol species derived 
from AMS measurements on August 12th  2010 

Fig. 6 Organics species (m/z 43,44,57) mass 
concentrations time variations, August 12th, 

2010 

On June 14th 2010, the size distribution derived from the sunphotometer measurements shows that 
large particles dominate, coarse mode concentrations being double than the monthly average (0.2 vs. 
0.08). Angstrom exponent is 0.7, AOD (500nm) =0.6 [10]. Hysplit indicates that the origin of atmospheric 
layers over Magurele on June 14th, 2010 9:00 UTC is from N Sahara (Fig 8 ) and the Dust Forecast 
model confirms an intensive Saharan Dust intrusion (Fig. 9). AMS measurements for this case do not 
show any particularity. The instrument is not designed to detect refractory components such as sea salt, 
mineral dust and elemental carbon. 
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Fig. 7 Range Corrected Signal time series lidar 
measurements for June 14th, 2010 

Fig. 8 Backscattering coefficient profiles for 
June 14th, 2010 

  

Fig. 9 DREAM forecast [12], June 14th 2010  Fig. 10 Backward trajectories from NOAA 
HYSPLIT model indicating the origin of 

atmospheric layers over Magurele on June 14th 
2010  

During the Eyjafjallajokull eruption periods, April-May, 2010, our lidar station along with most EARLINET 
stations performed measurements and several of them had the opportunity to observe aerosol layers 
which were probably due to the eruptions. The aerosol backscattering and extinction profiles were 
obtained from simultaneous measurements of elastic and nitrogen Raman signals. Several episodes of 
volcanic ash intrusion were recorded by our lidar and distinctive layers have been monitored between 2-
8km [11]. One special case is the measurement performed on May 11th 2010 when both trajectory and 
simulation analysis indicates aerosol layers over Magurele originated from the Eyjafjallajokull eruption 
but they mixed along the way with dust layers transported from Sahara. This unusual type of air mass 
mixing proved to have a very high lidar ratio (80sr) and high angstrom exponent (2.3) Time series of the 
mass concentrations of the chemically resolved mass spectra for May 11, 2010 have showed a 
pronounced increase in the sulfate concentration [13]. 

4 Conclusions 

Synergistic approach of in-situ and remote sensing data is now regularly used at Magurele site for 
accurate characterization of long range transported aerosol. In this work we presented three cases of 
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long-range transported plumes (smoke from biomass burning, mineral dust and a mixture of volcanic 
ash and dust) detected by the multiwavelength Raman lidar and sunphotometer near Bucharest, and 
confirmed by air mass trajectories analysis, forecast model and satellite imagery. 
To qualitatively and quantitatively enhance the information derived from lidar measurements we have 
started to use a ground based AMS. During the biomass burning episodes the aerosol loading in 
Magurele was composed of 24% sulfate, 4% nitrate, 13% ammonium, 53% of organic and amounts of 
chloride aerosol species. The average size distributions of sulfate and organics were very similar and 
characterized by a prominent accumulation mode peaking between D 450-600 nm.  For studies of 
Saharan dust intrusions ground-based lidar and sunphotometer, along with transport modeling 
techniques allow full exploitation for a detailed description of the temporal and vertical aerosol 
distribution. During the next years we will be able to provide a detailed data base for both seasonal 
characterization of local aerosol and special cases of long range transported aerosols. 

Acknowledgements 

The authors wish to acknowledge DELICE grant contract FP7 REGPOT-2008-1 Project no. 229907; 
Innovation Norway RADO grant contract STVES 115266/2008 and EARLINET-ASOS (EC Coordination 
Action) grant contract RICA-025991 
DREAM (Dust REgional Atmospheric Model) data were provided by the Earth Sciences Division, 
Barcelona Supercomputing Center, Spain. (http://www.bsc.es/projects/earthscience/DREAM/). The 
authors gratefully acknowledge the NOAA Air Resources Laboratory (ARL) for the provision of the 
HYSPLIT transport and dispersion model and/or READY website (http://www.arl.noaa.gov/ready.php) 
used in this publication 

References 

[1] IPCC, Intergovernmental Panel on Climate Change, Climate Change 2001: The Scientific 
Basis, Cambridge University Press, Cambridge, England, 2001 

[2] Canagaratna M.R, Jayne J.T., Jimenez J.L., Allan J.D., Alfarra M.R., Zhang Q., Onasch T.B., 
Drewnick F., Coe H., Middlebrook A., Delia A., Williams L.R., Trimborn A.M., Northway M.J., 
DeCarlo P.F., Kolb C.E., Davidovits P., Worsnop D.R., Chemical and microphysical 
characterization of ambient aerosols with the aerodyne aerosol mass spectrometer, Mass 
Spectrometry Reviews, 26, 185– 222, 2007 

[3] Weitkamp C., Lidar: Range-resolved Optical Remote sensing of the Atmosphere, Springer 
series in optical sciences, New York, USA, 2005 

[4] Measures R.M., Laser Remote Sensing. Fundamentals and Applications, Krieger Publishing 
Company, Malabar, Florida, 1992 

[5] Nicolae D., Belegante L., Nemuc A., Laser remote sensing in atmosphere investigation, 
Optoelectronics And Advanced Materials – Rapid Communications, 4 (12), p. 1946 – 1951, 
2010 

[6] Nicolae, D; Vasilescu, J; Carstea, E; Stebel, K; Prata, F, Romanian Atmospheric research 3D 
Observatory: Synergy of instruments, Romanian Reports in Physics, 62 (4), 2010 

[7] Nemuc A., Belegante L., Radulescu R., One year of sunphotometer measurements in 
Romania, Romanian Journal of Physics,  56 ( 3-4), p. 550-562, 2011 

[8] Allan, J. D. et al., Quantitative Sampling Using an Aerodyne Aerosol Mass Spectrometer, Part 
1: Techniques of Data Interpretation and Error Analysis, J. Geophysical Research—
Atmospheres, 108,  4090, 2003 

[9] Hildebrandt L., Engelhart G.J., Mohr C., Kostenidou E., Lanz V.A., Bougiatioti A., DeCarlo P.F., 
Prévôt A.S.H., Baltensperger U., Mihalopoulos N., Donahue N.M., Pandis S.N.,  Aged organic 
aerosol in the Eastern Mediterranean: the Finokalia Aerosol Measurement Experiment – 
2008, Atmospheric Chemistry and Physics, 10, p. 4167–4186, 2010  

[10] http://aeronet.gsfc.nasa  
[11] Carstea E., Belegante L., Radulescu R., Radu C. M., Volcanic ash monitoring over Bucharest 

area using a multiwavelenght raman lidar, Optoelectronics And Advanced Materials – Rapid 
Communications, 4 (12), p. 2162-2166, 2010 

[12] http://www.bsc.es/projects/earthscience/DREAM/ 
[13] Vasilescu J., Nemuc A.,  Marmureanu L.,  Nicolae D., Aerosol size distribution and 

composition near Bucharest during May 2010, Environmental Engineering And Management 
Journal, 10   (1), p.   121-126, 2011 



Proceedings Environmental Remote Sensing 

 

D. Dobrovolschi(1)*, V. Ristici(1), Anca Ristici(1), Rodica Sandu(1), C. Rada(1) 25 

 

Lidar backscatter profiles fitted by multidimensional 
minimization 

D. Dobrovolschi(1)*, V. Ristici(1), Anca Ristici(1), Rodica Sandu(1), C. Rada(1) 
(1)National Meteorological Administration, Sos. Bucuresti-Ploiesti 97, 013 686 Bucharest, Romania, 
*danidbrv@yahoo.com 
 
 
Abstract: In this paper we consider synthetic lidar backscatter ratio profiles, similar to those measured 
by aircraft-borne downward-looking lidars, and show how to fit a 4-parameter idealized backscatter 
profile to the synthetic profile by using a multidimensional minimization algorithm. The fitting procedure 
determines the four parameters, two of which are of great physical importance: the mixed layer depth 
and the entrainment zone thickness. The fitting procedure can be similarly applied to measured lidar 
backscatter profiles. The synthetic profiles are constructed by adding a random noise component to an 
analytic component. The random noise is a normally distributed sequence with zero mean and standard 
deviation equal to 1. The fitting technique was proposed in 1999 by Steyn, Baldi and Hoff, in order to 
identify the planetary boundary layer height under convective conditions and the entrainment zone 
thickness. However, the corresponding algorithm and the details on the choices to be made before 
applying it to a given profile have not been published yet. The purpose of this paper is to fill in this gap. 

Keywords: simulated annealing, lidar backscatter ratio profile, mixed layer depth 

 

1 Introduction 

The planetary boundary layer (PBL) is the lowest part of the troposphere that is directly influenced by 
the earth’s surface, and responds to surface forcings within a time scale of the order of an hour [6] . The 
convective PBL can be divided into three layers: the surface layer SL, the mixed layer ML, and the 
entrainment zone EZ, the last of which representing the transition zone between PBL and the free 
atmosphere FA. Knowledge of mixed layer depth MLD and of the entrainment zone thickness EZT is 
important for air pollution studies and, in more generally, for understanding the PBL. 
 
A review of methods for determining MLD and EZT can be found in [3]. In the late 60s it became clear 
that the distribution of aerosols in the PBL can be measured by lidar [1]. Probably, one of the first papers 
who showed how lidar can be used to make detailed observations of developing convective cells is [2]. 
 
In the late 90s, Steyn et al. [5] proposed a technique for extracting MLD and EZT from lidar backscatter 
profiles. The idea is to fit an idealized backscatter profile B(z) to the observed backscatter profile b(z) by 
minimizing the root mean square deviation (rmsd) between B(z) and b(z). The idealized profile B(z) is of 
the form:  
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where Bm is the mean mixed layer backscatter, Bu is the mean backscatter in the FA, zm is the mixed 
layer depth, s is related to the thickness of the entrainment layer by the equation EZT = 2.77 s, and erf is 
the error function  
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When we want to specify which values of Bm, Bu, zm, and s were used for generating B(z), we will use 
the notation B(Bm, Bu, zm, s, z) instead of B(z). 
The four parameters Bm, Bu, zm, and s are found by a multidimensional minimization procedure called 
simulated annealing [4].  
The technique can be tested on synthetic backscatter profiles. These are constructed by adding a 
random noise component to the analytic component given by (1). The random noise is chosen to be a 
normally distributed sequence of zero mean and unity standard deviation.  
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The fitting technique was proposed in 1999 by Steyn et al. [5], in order to identify the planetary boundary 
layer height under convective conditions and the entrainment zone thickness. However, the 
corresponding algorithm and the details on the choices to be made before applying it to a given profile 
have not been published yet. The purpose of this paper is to fill in this gap. For other techniques, based 
on wavelets, see [3,7] 
 

2 Methodology 

The name and idea of the minimization procedure called simulated annealing come from metallurgy, 
where the annealing process is used for increasing the size of the crystals of a metal and for reducing its 
defects. The process involves to stages. At the first stage, the metal is heated up to a temperature high 
enough to bring it into the liquid state. Its molecules have now a higher energy and can move from their 
initial positions. At the second stage, the liquid metal is cooled slowly in order to allow the molecules to 
arrange themselves into a configuration of global minimum energy of a perfect crystal. It is essential for 
the cooling process to be slow; otherwise, the molecules would not be redistributed to a minimum 
energy state. 
In 1953 Metropolis and coworkers incorporated these ideas into numerical calculations [4]. Press et al. 
[4] utilize simulated annealing minimization on continuous N-dimensional spaces by using a modified 
downhill simplex method. Being an N-dimensional minimization procedure, the method starts with N+1 
points, defining an initial simplex. If one of these points is denoted by 0P  then the other N points can be 

taken as ii ePP λ+= 0  for i = 1, 2, …, N, where ie  are unit vectors. It is also possible to take 

different iλ ’s for each vector direction. Next, one needs to define a temperature and an annealing 
schedule by which it is gradually reduced. It is also needed a procedure for taking random steps in the 
domain of f, which is an N-dimensional space. The input variables of the main subroutine amebsa are: 
the given function f of N variables, a matrix p(1:N+1,1:N) whose N+1 rows are the vertices of the 
starting simplex, a vector y(1:N+1) whose components are pre-initialized to the values of function f 
evaluated at the N+1 vertices stored in matrix p, the number ftol which is the fractional convergence 
tolerance to be achieved in the function value for an early return, the number of iterations iter, which is 
the number of function evaluations made by subroutine amebsa at an annealing temperature temptr, 
and the annealing temperature temptr.  
 

3 Results and Discussions 

Following Steyn et al. [5], we applied the technique to three synthetic profiles. In order to determine the 
best fit profile for the synthetic profile P1 generated from B(10.,2.,500.,100.,z) given by (1) we choosed 
the initial simplex  
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and the annealing schedule T reduced to ( )Tε−1  with 20.0=ε ; we also choosed ftol=0.001, and 
iter=20. The obtained best fit profile is B(9.935,1.987,503.341,96.544) with rmsd=1.006 for initial 
temptr=400. 
In order to determine the best fit profile for the synthetic profile P2 generated from B(10.,8.,500.,100.,z) 
given by (1) we choosed the initial simplex  
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and the same annealing schedule for T as before; we also choosed ftol=0.001, and iter=20. The 
obtained best fit profile is B(9.934, 7.950, 516.322, 109.468) with rmsd=1.006 for initial temptr=500. 
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In order to determine the best fit profile for the synthetic profile P3 generated from B(10.,10.,500.,100.,z) 
given by (1) we choosed the initial simplex  

⎥
⎥
⎥
⎥
⎥
⎥

⎦

⎤

⎢
⎢
⎢
⎢
⎢
⎢

⎣

⎡

=

5001001010
1005001010
1001005010
1001001015
1001001010

P
     (4) 

and the same annealing schedule for T as before; we also choosed ftol=0.001, and iter=10. The 
obtained best fit profile is B(10.064, 9.977, 91.816, 501.257) with rmsd=1.006 for initial temptr=500. The 
profiles are plotted on Figs. 1-3, and their parameters are listed in Table 1. 
 

Profile Synthetic profile Best fit profile Rmsd 

Bm Bu zm s Bm Bu zm s 

P1(Fig1) 10 2 500 100 9.935 1.987 503.341 96.544 1.006 

P2(Fig2) 10 8 500 100 9.934 7.950 516.322 109.468 1.006 

P3(Fig3) 10 10 500 100 10.064 9.977 91.816 501.257 1.006 

Table 1. The values defining the synthetic profiles and their best fit profiles by simulated annealing. 
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Fig. 1 Synthetic backscatter profile P1 (red line) generated by Eq. (1) with given parameters Bm, Bu, 
Zm, s (blue line) in Table 1 for profile P1and by random noise, and the profile fitted by simulated 

annealing (green line)  
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Fig. 2 Synthetic backscatter profile P2 (red line) generated by Eq. (1) with given parameters Bm, Bu, 

Zm, s (blue line) in Table 1 for profile P2 and by random noise, and the profile fitted by simulated 
annealing (green line) 



Environmental Remote Sensing Proceedings 

 

28 Lidar backscatter profiles fitted by multidimensional minimization 

 

7 8 9 10 11 12 13
0

500

1000

1500

Backscatter ratio

H
ei

gh
t [

m
]

 
Fig. 3 Synthetic backscatter profile P3 (red line) generated by Eq. (1) with given parameters Bm, Bu, 

Zm, s (blue line) in table 1 for profile P3 and by random noise, and the profile fitted by simulated 
annealing (green line)  

4 Conclusions 

The technique of Steyn et al. [5] is suitable for finding MLD and EZT from backscatter profiles whose 
idealized shape resembles that of the error function, in well-mixed convective boundary layers, in which 
there is a relatively sharp transition between the mixed layer and the fre atmosphere. 
Application of this technique is conditioned by choosing well the initial values of the input parameters of 
the simulated annealing subroutine amebsa (see [4]), the annealing schedule, and the number of 
iterations iter.  
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Abstract: After the September 11 attacks, mankind has been dramatically faced to terrorist threats in 
everyday life. The 7 July 2005 London bombings and the 22 July 2011 Oslo bombing demonstrated the 
destructive potential of IEDs (improvised explosive devices) employed outside war scenarios. The 
uncontrolled information disseminated in the web and the simultaneous presence of trained personnel, 
enables the manufacturing of IEDs at home, using products that can be bought without specific 
authorizations. Recently, EU (European Union) funded BONAS (BOmb factory detection by Networks of 
Advanced Sensors), a large project (14 partners from 9 countries, 42 months, 5 millions €) lead by 
ENEA UTAPRAD-DIM. BONAS aims to provide an early warning system for IEDs. In particular, a 
differential absorption lidar (DIAL) will monitor the changes in the atmospheric environment around the 
bomb factory, due to the presence of explosive precursors such acetone, hydrogen peroxide and 
nitromethane. 

Keywords: laser spectroscopy, lidar, DIAL, IED, bomb precursor 

 

1 Introduction 

The aim of the project BONAS (BOmb factory detection by Networks of Advanced Sensors) [Various 
Authors 2010] is to design, develop and test an innovative sensor wireless network, in order to increase 
citizen protection and homeland security from terrorist attacks, especially against the threat posed by 
improvised explosive devices, or IEDs. 
To achieve this objective, the work package 4 involves the realization of a remote sensor lidar/DIAL 
[Fiorani 2010]. In particular, the task 4.1 aims to develop a spectral database of explosives and 
precursors, also with laboratory activity of laser spectroscopy, to guide the implementation of the 
lidar/DIAL. 
Since this system is focused on the discovery of bomb factories by the detection of precursors, we will 
focus on these latter, particularly on liquid precursors that could lead to the escape of vapors outside the 
building in which they are prepared. So, we will consider a priority the characterization of acetone, 
hydrogen peroxide and nitromethane, in agreement with the current trends of terrorism [Romolo 2010]. 
In the second part of the project, we will try to choose a source that, at least in favorable cases, allows 
the detection of TATP (triacetone triperoxide) that, between the two most important improvised 
explosive, HMTD (hexamethylene triperoxide diamine) and TATP [Smith & Oxley 2006 ], has a high 
vapor pressure [Schulte-Ladbeck et al. 2006] although it is solid. 
Considering the case of a vapor plume near the bomb factory, it is reasonable to assume that the 
concentration is between 1 and 10% of the vapor pressure. 

2 Methodology 

A lidar/DIAL is based on the detection of the backscattered photons from laser pulses transmitted at two 
different wavelengths (ON and OFF) and has remarkable advantages, if compared with in situ sensors: 
(1) Single-ended range-resolved profiling of the precursor concentration (range resolution of about 1 m); 
(2) Continuous detection in time, allowing the assessment of the temporal variation (time resolution of 
few s); 
(3) Probe-less measurement, thus eliminating the possibility of modifying the sample and – what is more 
important in BONAS – the risk connected in sampling near the “bomb factory”; 
(4) Flexibility of probing direction, since this latter does not depend on natural illumination sources. 
The field deployment of the BONAS lidar/DIAL (Fig. 1) has to be preceded by a spectroscopic study 
aimed to the identification of the best operational wavelengths and, as a consequence, the most suitable 
laser source. 
In this paper, we report on the present status of the task 4.1 of BONAS, of course without disclosing 
classified results. 
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Fig. 1 Principle of operation of the BONAS lidar/DIAL system. The system is on board of a van firing an 
invisible laser beam towards the “bomb factory” (left), thus allowing the concentration of explosive 

compounds in its neighborhood to be retrieved (right). 

 

2.1 Spectroscopy of compounds and atmospheric transmittance (low resolution) 

A quick examination of the IR (infrared) spectra of acetone, hydrogen peroxide and nitromethane in the 
gas phase (Fig. 2), compared with the atmospheric transmittance, shows that the best spectral bands 
for the simultaneous detection of the three precursors are found around 3.5 and 7.5 µm. 
The spectrum of hydrogen peroxide was obtained by digitizing a figure of a recent publication by 
researchers at PNNL (“Pacific Northwest National Laboratory”) [Johnson et al. 2009], acetone and 
nitromethane those coming from the “NIST Chemistry WebBook” [Linstrom & Mallard, 2010]. The 
atmospheric transmittance was calculated by the spectroscopic database HITRAN [Rothman et al. 
2009]. 
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Fig. 2 IR spectra of acetone, hydrogen peroxide and nitromethane in the gas phase (arbitrary units). 

 

2.2 Spectroscopy of compounds and atmospheric transmittance (high resolution) 

Unfortunately, the information contained in Fig. 2 is not sufficient for our purposes: we need spectra in 
absolute units that allow us to both to compare the absorption of the precursors, and to investigate the 
interference of the atmosphere. 
For atmosphere, we will use HITRAN, for acetone and nitromethane the database of PNNL [Sharpe et 
al. 2004]. Although the PNNL spectra are absolute, accurate and recent, we will check their general 
agreement with the NIST data after calibration with absolute measurements available in the literature for 
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some spectral regions in the case of acetone [Dunayevskiy et al. 2007, Sigrist et al. 2008] and 
nitromethane [Jones & Sheppard 1968, Wells & Bright Wilson 1941]. 
More complex is the case of hydrogen peroxide: while the band around 8 μm is described by HITRAN, 
for the one around 3.7 μm, we had only the PNNL publication mentioned above (high resolution 
digitation of the figure was impossible). Fortunately, on November 29, 2010, we received the data of this 
publication by a PNNL researcher [Sharpe 2010]. In the following, we will use just these data, both 
because they cover the entire spectral region we are interested in, and because they are in good 
agreement with HITRAN [Johnson et al. 2009]. 

 

Fig. 3 Transmittance, along an optical path length of 1 m, of: acetone (A), nitromethane (N), hydrogen 
peroxide (HP) – in concentrations corresponding to 1 and 10% of the vapor pressure – and the 

atmosphere (U.S. Standard Atmosphere [Various authors 1976]) between 2 and 10 μm. 

The transmittance, along an optical path length of 1 m, of: acetone (A), nitromethane (N) hydrogen 
peroxide (HP) – in concentrations corresponding to 1 and 10% of the vapor pressure – and the 
atmosphere (U.S. Standard Atmosphere [Various authors 1976]) between 2 and 10 μm is shown in Fig. 
3. The spectral resolution of acetone and nitromethane is 2 cm-1 for the NIST data, indicated by the 
labels “An” and “Nn”, respectively, and 0.1 cm-1 for the PNNL data, indicated by the labels “Ap” and 
“Np”, respectively, that of hydrogen peroxide and the atmosphere is 0.1 cm-1. 
This graph confirms that the best spectral bands for the simultaneous detection of the three precursors 
are around 3.5 and 7.5 µm (even if other narrower windows, must not be overlooked) and shows that 
the detection of hydrogen peroxide will be more difficult than that of acetone and nitromethane, as a 
result of less absorption of this compound. 
It may be noted that the PNNL and NIST data (these latter after the calibration performed in this work) 
are in agreement in the absorption peaks (regions of interest for the realization of the lidar/DIAL) and 
differ in other spectral regions, suggesting that the NIST spectra are affected by a continuous absorption 
unrelated to the substance under study (as could already be suspected by observing Fig. 2). Both for 
this reason, and because the PNNL spectra have higher resolution and are absolute, accurate and 
recent, we will use below only these latter. 

3 Results and Discussions 

The accurate analysis of the high resolution IR spectra of the target compound shows that the best 
regions are: 
(1) 3.1 – 3.4 µm with ∆λ~10 cm-1 for the detection of acetone and nitromethane. 
(2) 7.8 – 9.3 µm with ∆λ~10 cm-1 (or, better, ∆λ~1 cm-1) for the detection of acetone and nitromethane, 
with ∆λ~0.3 cm-1 for the detection of hydrogen peroxide. 
The first interval is covered by OPOs (optical parametric oscillators), the second one by QCL (quantum 
cascade lasers). Unfortunately, QCLs have still low power. Moreover, while OPOs are mature sources, 
QCLs are expected to increase their power in the next months [Armacost 2011]. For this reason, it has 
been decided to procure an OPO first, scheduling the acquisition of a QCL in the near future. 
After a careful market research, three OPOs met BONAS spectroscopic requirements (Table 1). 
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Manufacturer Model Power Linewidth Size Volume Weight 
Price 

(VAT not 
included) 

Continuum & 
Laser Vision 

Surelite 
EX & 

Gakushuin 

120 mW 
@3.4 μm ~3 cm-1 

775×178×190 mm3 
(pump laser optical 

head) 
622×282×508 mm3 
(pump laser power 

supply) 
991×457×258 mm3 

(OPO) 

0.232 m3 ~80 kg 83 k€ 

Ekspla NT277-1K-
NB 

55 mW 
@3.4 μm 

7-9 cm-1 
@3 – 

3.5 μm 

300×260×820 mm3 
(unit) 

365×289×392 mm3 
(power supply) 

0.105 m3 ~70 kg 56 k€ 

Opotek 
Opolette 
IR 3034 
HE X1 

65 mW 
@3.4 μm 

4-7 cm-1 
@3 – 

3.5 μm 

356×133×432 mm3 
(pump laser power 

supply) 
95×260×292 mm3 
(control electronics 

unit) 
305×178×124 mm3 

(laser head) 

0.034 m3 27 kg 55 k€ 

Table 1 Tunable laser sources emitting in the region around 3.5 μm with a linewidth of less than ∆λ~10 
cm-1. 

 
Having in mind a possible deployment of the laser source in field campaign, the OPO manufactured by 
Opotek has been chosen because of its small volume and low weight. Note also its good power-to-price 
ratio. 

4 Conclusions 

The high resolution IR spectroscopy of the three main bomb precursors has been carefully discussed, 
having in mind their detection by stand-off lidar/DIAL. Two spectral regions seemed the more promising: 
the first one (3.1 – 3.4 µm) is covered by mature sources, while the lasers available in the second one 
(7.8 – 9.3 µm) have still low power and are rapidly evolving. For this reason, the strategic choice to 
focus the first part of the task 4.1 of BONAS on the 3-µm region has been taken, scheduling to explore 
the longer wavelengths in the future. 
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Weather radars  
 
The first meteorological target was detected in 1940 by radar and shortly after the first weather radar 
was installed in Washington. From that time the weather radars were used for surveillance purposes, 
monitoring the current meteorological phenomena and tracking the storms and thunderstorms. Today 
almost all country in the world is operating weather radars by their hidro-meteorological services. They 
are using weather radars on the X, C and S (9.5-10; 5.6-5.65, 2.9-3.0 GHz)  bands for multi purpose that 
means weather surveillance, thunderstorm tracking, precipitation measurements, etc. The main data 
users are the general public, meteorology, hydrology, aeronautical organization and media. The 
measurement ranges are varying from 200 km to 400 km. In most of the countries the radars covers all 
the territory but considering the weather surveillance only as typical distance between radar sites are 
200-300 km. The quantitative use of radar data is started in the 1980 years when first automated 
weather radar was installed in UK (1985) and the USA NEXRAD project had been started. As the 
numerical weather forecasting models have been developing the quantitative use of radar data is a 
matter of the data assimilation modules of these models also. Now the typical weather which could be 
an C or S band Doppler or Doppler dual polarization radar which is able to provide in different scans – in 
horizontal, in vertical and in 3 D scans – the following primary data: radar reflectivity (Z or dBZ), wind 
vectors and wind shears (radial and u, v, w components), dual polarization data (ZDR, LDR, PHI and 
DPHI). 
The most widely used quantitative data of the weather radars is the radar precipitation data or  QPE 
(quantitative precipitation estimates). In contrast to the automated rain gage weather radar provides 
data which are valid for specific volumes at particular altitudes. The radar based precipitation data is 
derived from radar reflectivity measurements using weather radar equation and exponential Z - R 
relationship with parameters using a statistically proven Z->R relationship which parameters are 
adjusted to the rainfall events. In practice the 12 and the 24 hourly precipitation totals are adjusted by 
rain gage. The natural variability of the drop size distribution and lack of unique correspondence 
between the observed reflectivity and estimated rainfall rate are the most quoted causes of radar 
measurement errors. Other errors need to be considered using radar rainfall data are: attenuation, 
ground clutters, partial beam filling, screening,, variability of reflectivity in vertical, anomalous 
propagation, calibration problems. To overcome these constraints the met services are deploying more 
and more “long range” C and S band Doppler dual polarization radars. Also the research laboratories 
are developing specific weather radars: small phased arrays (from military), imaging radars, pulse 
compression radar (Baron), FMCW X and S band Doppler dual-polarizations research radars (IDRA), 
etc.validated very wide range set of algorithm to generate meteorological products. 
  

 

Fig.1 (left) The coverage of the USA NEXRAD Doppler weather radar network (WIKI,) (right):  thee 
coverage and provided radar precipitation field over Europe by OPERA network (EUMETNET) 

Networking of weather radars in Europe - EUMETNET OPERA 
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Weather radar networks 
The biggest weather radar network is settled  in USA called NEXRAD(Next-Generation Radar) from 
1990. It is a network of 159 high-resolution S band (10 cm) Doppler weather radars operated by the 
National Weather Service (NOAA). The radar type is WSR-88D developed by Raytheon and Unisys.  
NEXRAD detects precipitation and thunderstorm movement (cell tracking) or wind (Doppler). The WSR-
88D provides reflectivity data at 1 km by 1 degree to 460 km range, and velocity data at 0.25 km by 1 
degree to a range of 230 km  
 
The tradition of weather radar collaboration at the European level dates back to COST 72 
(Measurement of precipitation by radar) which started in 1979. The results led to the launching of COST 
73 (Weather Radar Networking) which ended in 1991. Operationally oriented activities continued in 
GORN (Liaison Group on Radar Networking) end led to the establishment of OPERA in 1999. The 
OPERA program (Operational Program for the Exchange of weather Radar information) is the program 
of  EUMETNET. Almost 30 countries and 159 C and 33 S band long range radar involved in this 
European wide cooperation. Among these radar 166 radar is Doppler and but only 33 are Dual 
polarization type. The objective of OPERA is to harmonize and improve the operational exchange of 
weather radar information between national meteorological services.  A central task of the present 
OPERA phase is the creation of the OPERA Data Center, which is planned to start operation early 2011 
providing quality controlled European scale composites with high resolution. The OPERA is dealing with 
new technologies especially the small sized X band Doppler dual polarization radar applications also. 
 
X band research weather radars  
Next to the long range radar researching  the small sized X band weather radars are in the main stream 
also. One has developed by ERC of CASA and founded by NSF. In the consortium there are several 
universities, scientific institutions and industrial partners. This radar developed as precipitation sensor 
for DCAS- Distributed Collaborative Adaptive Sensing. Other is an European Hydrix radar developed by 
the French Scientific Research Institute - CNRS  - for  ZPHI dual polarimetric radar precipitation 
measurements 

 

Fig.2 (left): CASA X band Doppler dual polarization MINI radar- IP1, (right): DCAS Integrated 
composite of CASA IP1 weather radars. 

The very innovative example of the X band researching is the IDRA weather radar developed by IRCTR 
(Delft). IDRA is a highly sensitive and high resolution FMCW radar system aimed for the observation the 
rainfall and drizzle precipitation. This radar is placed on top of a 213 m meteorological tower in Cabauw 
(The Netherlands) 
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Fig.3 (left): IDRA ICTR developed X abnd FMCW radar installed on the top of 213 m hight observation 
tower weather in Cabauw (Netherland), (right) : a highr resolution radar precipitation field from IDRA  
 
Wind profilers  
Wind profilers – WP-  are able to provide additional information about the atmospheric state through the 
profiles of backscattered signal intensity and frequency spread (spectral width) of the echo. The WP is a 
special Doppler radar designed for measuring the vertical profile of the wind vector in the lowest 5 - 20 
km of the atmosphere (depending on the operating frequency), on timescales of seconds. The WP is 
using longer wavelengths, in comparison with classical weather radars, the typical wavelength range is 
from about 20~cm (L-Band) to about 6~m (VHF). Electromagnetic waves in this range are scattered at 
fluctuations of the refractive index of particle-free 'clear air' which are almost omnipresent due to the 
turbulent state of the atmosphere. The used bands are limiting the measurement heights of the WP as 
the characteristic sizes of the target fluctuations giving enough reflections for observations at specific 
band are depending on the heights also. The WP is using the method of Doppler beam swinging (DBS) 
for determine the wind vectors in different altitudes. The beam swinging method can be utilized by 
phased array antennas, by rotational antenna drives and by antennas displaced and oriented 
separately. To provide more reliable data a RASS (Radio Acoustic Sonding System) wind profiler was 
developed.  It is a kind of Sodar but the density fluctuations caused by  the generated  acoustic signal 
will be the targets for the microwave part of this WP also. The main output data of the wind profilers are 
the wind components at different altitudes and temperature profiles also using RASS type WP.  

  

Fig. 4 (left):  WP with 5 beam DBS, (right): VAISAL A RASS with four acoustic sources  . 

It must be mentioned that the Doppler weather radars capable to provide vertical wind profile data also. 
When they are scanning around the zenith and some reflective meteorological targets are exists above 
the radar site a vertical wind profile can be calculated from the radial wind field.  
Because of the every high importance of the wind profile data in the numerical weather forecasting 
models the Doppler radar wind profile together with other WP provided data are centrally collected and 
monitored by their quality by the EUMETNET (cooperation frame of the European national 
meteorological services.    
 
 Microwave profiling radiometers 
The absorption and emission of microwave radiation in the range 10-80 GHz are dominated by 
molecular water vapor and oxygen, as well as cloud liquid water. Because the mixing ratio of oxygen is 
invariant with altitude the emission at each altitude depends on the local temperature. The emission due 
to water vapor varies in proportion to the water vapor density; it also depends on altitude due to the 
effect of pressure broadening on the line shape, thereby permitting the vertical distribution of water 
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vapor density to be retrieved. The variation of liquid water absorption approximately as the square of 
frequency permits a coarsely resolved vertical distribution of liquid water retrieval 
to be attempted. The microwave radiometers measures the microwave radiance, expressed as 
brightness 
temperature, at several  frequencies near the water vapor resonance centered at 22.235 GHz and  also 
frequencies in the band of oxygen resonances between 51 and 59 GHz. The ground-based microwave 
radiometer measurements are useful in a variety of environmental, including meteorological 
observations and forecasting, satellite validation, climate, air-sea interaction, and fundamental molecular 
physics. One reason for the utility of these measurements in the operational practice is that microwave 
radiometers can be operated in a long-term unattended mode and they can provide nearly continuous 
observations on time scales of seconds to minutes.   

Fig. 5 (left) Absorption spectrum for water vapor and oxygen at the surface (solid) and at 2 km 
(broken).(Right). Time–height graph for temperature, water vapor, and liquid water content (from ARM 

MWRP handbook)  

The most popular microwave profiling radiometer s are provided by the Radiometer-Physics  (Germany 
RPG-HATPRO (Humidity And Temperature PROfiler GHz (7 channel for humidity and water and 7 
channel  for temperature profiles) and the Radimetrics MWRP (USA),  (5 channel + 7 channel 
respectively). These profilers provides data on   
 Vertical profiles of atmospheric temperature  
• Vertical profile of atmospheric humidty (relative and absolute humidity)  
• Liquid Water profiles  
These instruments use neural network retrieval algorithms to determine the vertical distribution of 
temperature, water vapor, and cloud liquid water.  
 
EG-CLIMET. COST ES0702 action -  European Ground-Based Observations of Essential Variables for 
Climate and Operational Meteorology www.eg-climet.org 
Atmospheric observing systems for GEOSS/GMES in Europe will be integrated to satisfy requirements 
for climate, environment  The main objective of the Action is the specification, development and 
demonstration of cost-effective ground-based integrated profiling systems suitable for essential 
atmospheric observations. to provide key atmospheric variables such as clouds, winds, temperature and 
humidity. These systems observe at high time resolution providing observations of atmospheric 
processes relevant to climate and weather but will need to be cost-effective. A test-bed  of such 
observing systems and design recommendations for the European integrated observing network can be 
delivered. Development in data assimilation techniques will allow the observations to be fully exploited in 
numerical models..  
 
MWRNET- An International Network of Ground-based Microwave Radiometers  
During the 18-20 March 2009 meeting of the EU COST action ES0702 (EG-CLIMET European Ground-
Based Observations of Essential Variables for Climate and Operational Meteorology) in Oslo it was 
discussed to perform a survey of the MWR currently operative in Europe as well as in the rest of the 
world. To help this survey the MWRNET was organized for connecting people working with ground-
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based microwave radiometers. Now the MWRNET is having 56 members representing 20 countries. 
Among these members 10 are represent hydro–meteorological services. 

Fig. 6 (left): Microwave radiometers around the World, (right): in Europe (MWRNET )    

Lightning detection 
The thunderstorm generated lighting is most attractive meteorological phenomena. The big thermal 
instability when warm and wet air masses are mixing with relatively cooled ones generate large updrafts 
with high speeds. The icing mechanism of the super cooled droplets produces ice crystals and 
hailstones falling and drafting with different speeds resulting collisions. When they collide to each other 
they have charged differently and they bring their charges into different space causing the electrification 
of the thunderclouds. When the electric field becomes high the electrical breakdown will start and the 
lightning flash will be appeared in the clouds – IC, intra cloud flashes, and  CG, between the cloud and 
the ground flashes. Lightning strokes next to their strong optical emissions produce very short and very 
wide band electromagnetic radiation giving possibility for remote detection of the lightning. The IC 
strokes predominately generate VHF radiation but the CG flashes produces LF or VLF radiations. 
Beyond the researching into atmospheric phenomena’s the detection of the lightning flashes giving 
possibility to track thunderstorm evolution for nowcasting purposes and of course to alarm the users 
avoiding deadly injures and damages.  

  

Fig.7 (left): radio frequency emissions of Lightning, (right): the intensity distribution of  lightning 
emission on differnt bands 

There are several ways to detect lightning flashes using optical and radio frequency (RF) radiations. 
Lightning detection from satellites are using the optical transients caused by flashes for monitoring on 
global scale -OTD . . Such systems are planning to use on geostationary meteorological satellites – 
GOES and METOSAT. More accurate systems are the ground based systems using the RF emissions 
of flashes. These systems can be MDF -Magnetic Direction Finding, TOA -Time of Arrival (differences )  
or interferometric systems. The most accurate systems are using TOA methods on LF (operational 
systems) or on VHF frequency band (research systems). The analog interferometric system called 
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SAFIR was the only operational system developed for detect IC and CG flashes separately (the IC and 
CG ratio is a good indicator for thunderstorm development as the IC activity will precede the CG activity.  
 
Lightning detection networks 
Besides the satellite lightning detection systems there are  global scale ground based systems. The 
ATDnet operated by  the UK Metoffice detects flashes in very low band exploiting the phenomena of 
travelling high energy radiation around the world. Other is the Globalnet operated by VAISALA on LF 
band. Almost all economically developed country has its own lightning detection network. The majority is 
such systems are not operated by meteorological services but they are operated by electrical energy 
transporting industries. Such network is the NLDN in USA, EUCLID in Europe (integrating more national 
networks). The newest European network is the LINET operated by a private company and delivering 
European scaled lightning data for different meteorological services. In Europe there is an amateur 
network called “Blitzortung”. 
 
Doppler Wind Lidar- DWL  
The DWL enables users to measure the wind speed and direction. The DWL is an active remote sensor 
using a laser beam: In fact the DWL is working on the same principles as the Doppler radars are 
working as they are periodically emitting short pulses of light in a given direction of the space then it 
detects the energy (amplitude) and the Doppler frequency shift of the backscattered part of that pulse. 
The targets of the DWL could be the particles of cloud and precipitation and of course any other targets 
and reflective inhomogenities for example: aerosols. Hence using several line of sights at different 
angles, wind speed and direction are retrieved by projection very accurately. The DWL systems fall in 
two categories: coherent (or heterodyne) detection, and direct detection (or incoherent) systems. Some 
commercial available coherent systems provide measurements with a temporal resolution of about 10 s 
and spatial resolution of 50 m measurements of the full wind velocity vector and backscatter within the 
atmospheric boundary layer. The most  powerful examples of the DWL are the WindCube 200s (1.54 
um) and the WindTacer (1.54 um/) from Lockheed Martin Tech which are capable to measure up to 6 
and 12 km height..  
 

 

 

Fig. 8 l(eft): Windtracer  DWL from Lockheed Martin Tech. (right): vertical cross section of Doppler 
wind during T-REX experiment, 2006  (DLR)  
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Doppler Wind Radar in Space - ADM AEOLUS – ESA Wind Mission  
It is widely recognized that a new global atmospheric observing system will be beneficial for operational 
weather forecasting. The provision of detailed wind profiles will also benefit scientists involved with 
climate research, allowing for greater accuracy in the numerical modeling of tropical regions in 
particular. ESA's Core Earth Explorer Atmospheric Dynamics Mission (ADM-Aeolus) will provide 
observations of wind profiles from space to improve the quality of weather forecasts, and to advance our 
understanding of atmospheric dynamics and climate processes. It is the first instrument to provide a 
three-dimensional global coverage of wind observations. ADM-Aeolus will utilize an active High Spectral 
Resolution Doppler Wind Lidar (DWL) to retrieve wind observations from atmospheric molecules, 
aerosols and cloud particles movements. In addition, ADM-Aeolus will provide information on cloud top 
heights, the vertical distribution of clouds and aerosol properties. The scheduled launch of ADM-Aeolus 
is November 2013.. The ADM Aeolus will demonstrate the capability of a space borne Doppler wind lidar 
to accurately measure wind profiles in the troposphere and the lower stratosphere (0–27 km). The 
mission thus contributes to resolving one of the main identified deficiencies of the current Global 
Observing System. From the backscattered, frequency-shifted laser light it will be possible to obtain 
about 3 000 globally distributed profiles of horizontal line-of-sight winds daily and with good vertical 
resolution.. The ADM-Aeolus wind profiles will find wide application in NWP and climate studies, 
improving the accuracy of numerical weather forecasting, advancing our understanding of tropical 
dynamics and processes relevant to climate variability and climate modeling. 
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Abstract: This paper presents tropospheric NO2 measurements made in the South-Eastern part of 
Romania, during several days in the summer season, using a portable DOAS (Differential Optical 
Absorption Spectroscopy) system placed on a motor vehicle. A GPS (Global Positioning System) device 
was used for location tracking.  The measurements were made in zenith view and the NO2 DSCD 
(Differential Slant Column Density) was determined with QDOAS software package developed by the 
Belgian Institute for Space Aeronomy. The aim of this study is to   investigate short-term and local 
variations of NO2 loading dependence on location and proximity to traffic or industrial areas. 

Keywords: nitrogen dioxide, mobile DOAS system 

 

1 Introduction  

Nitrogen dioxide is a trace gas with important implications in atmospheric chemistry. Measurements of 
NO2 are important for the understanding of tropospheric and stratospheric chemistry, its role being 
known in ozone cycle [1]. In the troposphere, NO2 is also an indicator of air quality. 
There are many measurement methods of the NO2 concentration: some are in-situ like 
chemiluminescence, fluorescence, other are remote sensing techniques like DIAL (Differential 
Absorption Lidar) and DOAS (Differential Optical Absorption Spectroscopy).  
Measurements with the DOAS technique [2],[3],[4] are based on Lambert-Beers law which describes the 
extinction of the solar radiation in an absorbing atmosphere. Measurements with the DOAS technique 
are divided in two groups: active and passive. In the active measurements the light source is artificial 
(e.g. a Xe lamp) while for the passive measurements the light sources are natural and these can be: the 
Sun, Moon or stars.  
The DOAS passive method consists in two steps. Firstly molecular absorption cross-sections are fitted 
to the logarithm of the ratio of the measured radiance and direct solar irradiance without atmospheric 
absorption. The resulting fit coefficients are the integrated number of molecules per unit area along the 
atmospheric light path for each trace gas, also called the slant column density (SCD). SCD is converted 
to a vertical column density (VCD) by ratio of SCD to an air mass factor (AMF) which is influenced by 
geometry (solar zenith angle (SZA) and line of sight (LOS)), albedo, visibility, and wavelength.  
For the NO2 DOAS measurements many kinds of mobile platforms are used nowadays. Such platforms 
are: satellites [5], airplanes [6], balloons [7], ships [8], and cars [9], [10].  Dunarea de Jos University of 
Galati, Romania, and Belgian Insitute for Space Aeronomy in Brussels, Belgium, have a common 
project under progress for NO2 DOAS measurements by means of UAVs. 
This paper presents NO2 measurements using a mobile DOAS system performed in the South-East of 
Romania during two days during the summer months of July and August 2011. The aim of the 
experiment was to determine NO2 loading over a large area where different sources for NO2 exist. To 
our knowledge, this is the first experiment of this kind made in Romania. DOAS measurements on 
zenith-sky were performed along more than 300 km on roads which connect the counties of Galati, 
Braila, and Ialomita. 

2 Methodology  

2.1 Experimental set-up 

Our mobile DOAS instrument consists in one compact Czerny-Turner spectrometer (USB2000, Avantes) 
with the dimensions 175x110x44mm and 716 g weight installed on a motor vehicle. The spectral range 
of the spectrometer is 200-750nm with 1.5 nm resolution (FWHM) and the focal length is 75mm. The 
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entry slit is 50μm and the grating is 600l/mm, blazed at 300nm. The CCD detector is a Sony2048 linear 
array with a Deep-UV coating for signal enhancement below 350 nm, 40 photons per count sensitivity at 
600nm and a signal-to-noise ratio of 200. A flexible device (a piece of wood with a hole cached in a 
small metallic plate), mounted on the top of the motor vehicle, holds the telescope achieving a 2.5° field-
of-view with fused silica collimating lenses. The spectrometer is connected with the telescope trough a 
400 μm chrome plated brass optical fiber. The spectrometer is connected to a laptop which registers the 
spectra and at the same time store the position by a GPS receiver. The entire set-up is powered by 12V 
of the car through an inverter. The spectrometer and the GPS receiver are powered by the laptop USB 
ports. The entire set-up is shown in Figure 1. Each measurement is a 5-second average of 10 scans 
accumulations at an integration time between 4 -12ms. 
 

 

Fig.1 The mobile DOAS system  

 

          
a)                                                                  b) 

Fig. 2 Track measurements on Google Earth with: (a) Galati city. (b) The entire experiment 

 
Mobile-DOAS observations of zenith-sky scattered sunlight were performed during two days with the 
aim to measure the NO2 loading in urban and industrial areas and road traffic. The first day of 
measurements was July 28th, 2011 including five stages. From 09.07 to 09.51 UTC measurements 
were made in the eastern part of the city along the national road DN26 up to Garboavele forest 
(45.57°N, 28.00°E). The track of these measurements is indicated with 1 on Figure 2(a). The second 
stage of measurements (09.55 – 09.85 UTC) focused on the industrial zone between a steel factory and 
another industrial company along the county road DJ25 up to Smardan village (45.47°N, 27.94°E) – 
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indicated with 2 on Figure 2(a). The third stage of measurements (09.97 – 10.53 UTC) focused next to 
the city of Braila (45.26°N, 27.95°E) along the national road DN22B. The fourth stage of measurements 
(10.57 – 12.05 UTC) of the experiment focused on the european road E584 from the city of Braila up to 
Iazu village. The fifth stage of the experiment (12.15 – 13.48 UTC) was back from Iazu(44.73°N, 
27.42°E) village to the city of Galati (45.43°N, 28.03°E) on the same track.  
The second day of experiments, August 8th, 2011 was dedicated to Mobile-DOAS measurements at 
different angles. From 05.90 to 5.80 UTC the first set of mobile DOAS measurements were performed at 
zenith (for approx. 20 minutes), immediately followed by the second set of measurements at an angle of 
30° (for approx. 20 minutes).  These measurements were performed along the western ring of Galati 
city.  
 

2.2 DOAS retrieval of NO2 DSCD 

For the analysis of zenith-sky spectra we used QDOAS, a program dedicated to the DOAS retrieval from 
ground-based and satellite measurements [11]. The NO2 column density was retrieved in the spectral 
region 425-530 nm where NO2 has strong absorption signatures at 439.5, 445 and 448 nm [12]. In the 
same region strong absorption of O3, H2O and O4 can also be detected. The cross sections of NO2 [13], 
O3 [14], O4 [15], H2O [16] and a Ring spectrum calculated with QDOAS according to Wagner et al. [17] 
were included into the fit. A low order polynomial representing the contribution of broad-band absorption 
in the atmosphere (Rayleigh and Mie scattering) was used in QDOASanalysis. The result of the DOAS 
fit is a Differential Slant Column Density (DSCD) of NO2 which is the difference between the NO2 SCDs 
of the measured spectrum and the Fraunhofer reference spectrum.        

2.3 Deduction of the tropospheric NO2 VCDs  

The result of a DOAS analysis is a DSCD which must be converted to a VCD, which is usually achieved 
with an AMF calculation.  In this paper the deduction of tropospheric NO2 VCD is done by two methods 
which yield directly the VCD, the calculation of the AMF not being necessary. This is possible due to the 
geometrical position of measurements, namely 90° and 30° with the line of sight. We have made the 
assumptions that scattering occurs above the NO2 layer. The two methods are presented below and are 
applied for the measurements of August 8th, 2011.  

      2.3.1 Method A 

The first approach, described by Wagner et al., [18], allowed deduction of tropospheric NO2 VCD by 
making the difference between the measurement performed at 30° and the measurement at 90°.  This is 
the simplest method which yields the tropospheric VCD (Figure 7). The equations (1) used are 
presented below: 
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where:  
MeasZen is the measurement performed in zenith; Measoff is the measurement performed at 30°. SCstrato 
is the stratospheric slant column; SCTropoZen is the tropospheric SC at 90°; SCres is the residual SC. 
VCTropo stands for the tropospheric vertical column.  
 

2.3.2 Method B 
The approach used for Method B, also described by Wagner et al., [18], is based on the equations (2) 
presented below for two measurements made at different elevation angles: 90° (zenith) and 30° (off-
axis), concomitantly. Since this approach also yields directly the VCD (Figure 8), calculation of the AMF 
is not necessary.  
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SCres-SCstrato is assumed to vary smoothly in time, and is fitted by a low order polynomial. 
Since only one spectrometer was available for this experiment, two different measurements were made, 
one at 90° and another one at 30°, on the same track in a short time (15 kms in approx. 20 minutes 
each measurement), making the supposition that the weather conditions and NO2 concentrations did not 
change in 20 minutes. 
 

3 Results and Discussions  

Figure 3 presents the results of DOAS zenith-sky measurements performed on July 28th, 2011, as 
described in the introduction of this paper. The high NO2 DSCD shown on this graphic (~9 – 11 UTC) 
comes from the cities of Galati and Braila and is the result of measurements in areas with industrial 
activities or heavy traffic.  

 
Fig. 3  NO2 DSCD during the round trip (measurements performed on July 28th) 
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Fig. 4.  The NO2 DSCD in Braila city plotted on Google Earth  

 

 

Fig. 5  Time series of NO2 DSCD in Braila city (the same track like in Figure 4) 

 

 
Fig. 6  The NO2 DSCD near the iron and steel plants in Galati city 
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Fig. 7 The NO2 VCD on the west ring of Galati city obtained using Method A 

 
Fig. 8  The NO2 VCD on the west ring of Galati city obtained using Method B (the time is an average 

from both measurements) 
 

In Figures 4 and 5 the case of the city of Braila is presented, which is not known as an industrial city. 
Parts of the measurements were performed on the national road DN22B and on the European Road 
E584 passing via the center of the city. This itinerary is usually very used to cross the city as a shortcut 
to the main exits. It can be assumed that high NO2 loading detected in the center of the city is caused by 
the slow heavy traffic.  
Figure 6 shows the effects of the wind direction on the variation of NO2 loading. Before analyzing the 
spectra we expected to find high NO2 loading near the iron and steel plants near the city of Galati (the 
measurement was performed at the very gates of the iron and steel plants). Examining the results 
obtained and the wind direction it is obvious that the wind has an important role in data interpretation. 
The results of measurements performed on August 8th, 2011 at different angles are presented in Figures 
7 and 8. Figure 7 presents the result of using Method A where the NO2 VCD was determined directly. In 
Figure 8 the result obtained by the use of Method B is presented, the NO2 VCD being also yielded 
directly without calculation of the AMF. These cases are the most convenient because of the AMF 
geometry at 30° and 90°. By use of these approaches are avoided the errors which can occur in the 
geometric approximations of the AMF. Both methods are useful and have similar results. 
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4 Conclusions  

We presented in this paper an experiment performed on two days of the summer season of 2011 using 
a mobile DOAS system for measurement of NO2 in zenith view and at a 30°angle. The experiment 
focused on areas with potential strong emissions of NO2 since these are industrial zones or roads with 
heavy traffic. It is very important that weather conditions should be taken into account and considered in 
the interpretation of data on NO2 concentrations and also for mobile-DOAS measurements. Good 
interpretation of data requires knowledge on wind direction, wind speed, temperature, etc. On July 28th, 
2011, we also found that NO2 coming from road traffic presents high loading especially inside the cities 
or on the city rings. On the same day of the experiment we also found that the most polluted places are 
located very close to the industrial zone of Galati city. The center of Braila city, where many vehicles 
pass, was found with an NO2 loading close to the loading found near the iron and steel plants. Two 
approaches for the determination of tropospheric NO2 VCDs, with similar results, were used by 
performing measurements at 90° and 30° elevation in Galati city. 
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Abstract:Volcanic ash (Grimsvotn, in South-East Iceland: Lat: 64.42 Lon: -17.33) cloud diffusion over 
Iasi county and its vertical distribution in the Iasi-North east region of Romania have been deeply 
analyzed during the period May 21 – 28, 2011. Because of numerous air pollutants with variable 
concentrations, size and chemical compositions depending not only of space and time but also of 
meteorological data, a complex panel of atmospheric pollution tools, satellite data and forecast model 
must be taken into account.  
The dynamics of the air pollutants are performed using the new 3D Atmospheric Observatory Site of the 
“Alexandru Ioan Cuza” University of Iasi, part of national LIDAR systems network implemented within 
ROLINET (ROmanian LIdar NETwork) and RADO (Romanian Atmospheric 3D Observatory) projects.  
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1 Introduction 

Grímsvötn (64.416 N 17.333 W - South-Eastern Iceland), Iceland's most frequently active volcano in 
historical time, lies largely beneath the vast Vatnajökull icecap [1]. Its previous eruptions have lasted 
between a day and several weeks, its last being in 2004 [2]. 
A new eruption began on 21 May 2011 at 19:25 UTC, with 18 km high plumes accompanied by multiple 
earthquakes [2], resulting in cancellation of 900 flights in Iceland, as well as in the United Kingdom, 
Greenland, Germany, Ireland, Norway and Scotland on 22–25 May [3, 4], which means that the volcanic 
eruption is ten times more powerful than the last eruption in Grímsvötn in 2004 [5]. Until 25 May the 
eruption scale had been larger than that of the 2010 eruption of Eyjafjallajökull. The eruption paused at 
02:40 UTC on 25 May 2011, although there is some explosive activity from the tephra vents affecting 
only the area around the crater [6, 7]. 
Meteorological satellites images can offer improved observational data. Thus, the Meteosat Second 
Generation (MSG) images are monitoring for the presence of volcanic ash emission in the vicinity of 
Iceland, using infrared data from the satellite. Because cloud particles and volcanic ash particles interact 
with the infrared radiation in different ways, data corresponding of several different wavelengths can be 
combined to identify the main ash plume, which, when present, would be shown as pink, yellow and 
orange colors in the images. However, it should be noted that it is only the thicker parts of the plume 
that are able to be detected by this method. In addition, the ash plume is often masked by overlying high 
cloud and therefore might not appear in the satellite image [8]. 
The additional information that can be highlighted by the most simple LIDAR system is the altitude of 
layers with different density or/and compositions. If different frequency channels were used by the 
detection module of the LIDAR system, a series of optical parameters could be calculated, such as the 
backscatter and extinction coefficients, the depolarization ratio and Angstrom parameter [9, 10, 11]. 
This paper presents results of monitoring of Grimsvotn volcanic ash dust what distributed over Iasi site 
(47.1922, 27.5687), between 25-27 May 2011. 
 

2 Methodology 

For the monitoring of the ash cloud, the satellite images (Meteosat Second Generation), meteorological 
and the LIDAR data were used. The satellite allowed us to distinguish the moment in which the ash 
cloud took shape, expanded and dispersed into the atmosphere, too.  
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The eruption of the Grímsvötn volcano and its impact on the environment have been studied by means 
of specialized instruments (optical remote sensing technology), thus confirming the transportation over 
great distances of sulphates and ash aerosols produced by the volcano in question [12]. Using the 
LIDAR methodology described by [13], both the moment of the intrusion of the observed local cloud and 
the ceiling (at which the cloud is situated) have been deeply investigated. In order to investigate both the 
layers of the atmosphere and the height of the “particle intrusions”, LIDAR system has been successfully 
used. As far as quality is concerned, one could notice the prevalence of the small and medium particles 
as compared to the gigantic ones, through the backscattered laser light.  
Based on the patented micro-LIDAR system µESYLIDAR, the new LIDAR system developed in the 
framework of ROmanian LIdar NETwork (ROLINET) research project is dedicated to monitor the 
atmospheric aerosols and clouds in the troposphere (from 700 m to 12 - 15 Km altitude). This is a multi - 
wavelengths mini-LIDAR system with the transmitter based on a coaxial UV (355 nm) – VIS (532 nm) – 
NIR (1064 nm) emission of a powerful and stable Nd:YAG laser with a variable repetition rate up to 30 
Hz. The initial divergence of the 6 mm laser beam diameter of 0,75 mrad is improved 5 times to 0,15 
mrad, by using a 3λ beam expander (BE) resulting thus a single beam of 30 mm diameter and a final 
divergence of 0,15 mrad. The high repetition rate and the low divergence (which provides a lower 
attenuation of the incident beam energy) are useful to mediate the LIDAR profiles with a good signal 
noise ratio at high altitudes. These features of laser offer the possibility to perform measurements up to 
high altitudes (12 km during daytime and 15 km during night) for one minute integration time [14]. 
Different experimental results, satellite data and models have been deeply analyzed and compared as 
following: prognostic materials from ECMWF, synoptic maps at the ground level, prognostic materials for 
the ash (Volcanic Ash Advisory – Met Office), LIDAR data, geostationary satellite MSG Eumetcast data 
(Meteosat Second Generation), dispersion models (RIU, ZAMG) and the HYSPLIT model for backwards 
trajectories [15 - 20] 
In order to analyze the satellite images, IR images, SEVIRI High Resolution Visible channel combined 
with data from the IR10.8 channel were used. 

3 Results and Discussions 

On 26.05.2011, Romania was under the influence of a high pressure field, that after being crossed by a 
cold front, the day before. Central-eastern part of the continent was in a relatively high pressure field. In 
the west of the continent, a field of low pressure was acting, with a depression center of 1000 hPa, 
located in the North Sea (Fig. 1). During the measurements were made, atmospheric pressure at sea 
level, at Iasi Meteorological Station was above 1020 hPa, the biggest value being 1024.7 hPa.  
 

 
Fig. 1  Synoptic situation at the ground level (DWD), on 26.05.2011 at 12 UTC 

 
Initially, the day started with quite a lot of cloudiness (between 6/8 and 8/8), cloud ceiling being quite low 
(somewhere around 1000 m), then the sky cleared gradually until becoming a clear one, Fig. 2 (in the 
afternoon the cloudiness was between 1/8-4/8, Cumulus and Stratocumulus cloud type being initially 
present, then just Cumulus Humilis and / or Cumulus Fractus existing). 
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Fig. 2  Meteosat Second Generation images- based on data from the SEVIRI High Resolution Visible 
channel combined with data from the IR10.8 channel (EUMETSAT)- h06 UTC (left), respectively h 12 

UTC (right) 
 
In the altitude, above our point of observation, the wind had a northern component (see Fig. 3), with not 
a high speed. 
During this period, simulations and forecasts of ash cloud intrusion above our territory were quite 
contradictory. On the one hand, the Volcanic Ash Advisory gave us no signs that our territory will be 
affected by the ash cloud, in contrast, simulations of ZAMG and RIU, showed that on 26.05.2011 our 
territory will be affected by this event (Fig . 4).  
 

 

 
Fig. 3  Images from ECMWF-wind direction at 10 m, 850 hPa, 700 hPa and 500 hPa 

 
By taking advantage of the fact that sky gradually cleared, so we removed from the start the presences 
of cloudiness and that some simulations signaled the presence of traces of ash on our territory and that 
we have a LIDAR system, we did few measurements. Here's what we get (Fig.5). 
It can be seen that the backscattering signals are quite intense between 1500 and 2000 m. During this 
period (06 - 13 UTC) low clouds have been reported also in the observation data from the 
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meteorological station Iasi, (Cumulus and Stratocumulus clouds). 
Instead, after the sky cleared, we got an intense signal at an altitude of 1700 - 2000 m (Fig. 6). 

 

 

Fig. 4 Volcanic Ash Advisory image- Met Office (top), image representing simulation of RIU (below left) 
and image representing simulation of ZAMG (bottom right) 

 

 

Fig. 5  RCS Time series - between 06:50-13:18 UTC, 26.05.2011 
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Fig.6 RCS time series (night profiles) for highlighting the fine volcanic dust in very low concentrations 

 
After the analysis, we conclude that on 26/05/2011, at of our observation point (RADO-Iasi station), then 
at 15 UTC, we noticed the presence of fine dust (fine volcanic ash, under 0.063 mm). From qualitative 
analysis of LIDAR data, we can see the distribution of ash traces. From simulations (Fig. 4), 
concentrations seem to be quite low and precipitation were not been reported (no acid rain) (Fig. 5). 
 

 

Fig.5 Rainfall from 26-05.2011, 06 UTC- to 05/27/2011 UTC 

 
And last but not least, to support our claims, we used the back trajectories HYSPLIT model (Fig.6), 
which shows, in addition to data already presented, trajectories of air masses moving towards to our 
observation point from the volcano Grímsvötn, still erupting. 
Of course, a thorough analysis is still under study, to eliminate any possible source of aerosols that 
could have a distribution at specified altitudes. To eliminate any source, the satellite data and the local 
data of pollutants at ground level confirm the absence of any other source; however the lack of local 
sources of aerosols cannot be excluded yet. 
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Fig. 6 Backward trajectory - HYSPLIT 

4 Conclusions 

Volcanic ash (Grímsvötn, in South-East Iceland: Lat: 64.42 Lon: -17.33) cloud diffusion over Iasi county 
and its vertical distribution have been analyzed. During our observations, low clouds Cumulus and 
Stratocumulus have been reported and after the sky cleared, we got a relatively intense signal at an 
altitude of 1700 - 2000 m. Thus, at 15 UTC, we noticed the presence of fine dust (fine volcanic ash, 
under 0.063 mm) and the distribution of ash traces can be evidenced. Concentrations seem to be quite 
low and precipitation were not been reported (no acid rain). Moreover, the back trajectories HYSPLIT 
model shows, in addition to data already obtained, trajectories of air masses moving towards to our 
observation point from the volcano Grímsvötn, still are erupting.In order to study the Earth atmospheric 
observations, relevant parameters for climate triggering like clouds, temperature and water have been 
investigated take into account both meteorological data (ECMWF, DWD, MetOffice- Volcanic Ash 
Advisory), satellite data (EUMETSAT), HYSPLIT and MAP3D models. 
Because of low evidenced concentration of volcanic cloud ash, different other dusty particle sources 
(that cannot be total excluded) may influence our preliminary results and further investigations must be 
taken into account. 
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Abstract: This paper describes the aerosol optical properties and their effects on the environment using 
a CE 318 sun photometer. The instrument is installed at the Mechanical Engineering Faculty of 
Timisoara (45.74 N; 21.22 E) and is connected to the federal network AERONET. The first part of this 
work presents the Ångström turbidity factor simulation applying MathCAD software, in order to 
determine the aerosol sizes. The second part comprises a comparative analysis of these data, based on 
numerical values delivered by the sun photometer device, during real time measurements. Sun 
photometry proves to be a very useful tool to distinguish between different types of aerosol loading in 
the atmosphere. The results of the analysis of aerosol optical for Timisoara indicate high values of 
atmospheric optical depth (AOD). 

Keywords: Sun photometer, Ǻngström coefficient, atmospheric optical depth, AERONET, aerosol. 

 

1 Introduction 

Atmospheric aerosols are one of the most variable components of the Earth’s atmospheric environment, 
and their influence on energy budget is known. [1]. Aerosols influence the climate via two ways: the 
direct effect by scattering and absorbing incoming solar radiation and the indirect effect which modify the 
microphysical and hence the radiative properties, amount and lifetime of clouds. Depending on 
composition, aerosols can absorb solar radiation in the atmosphere, producing further cooling of the 
surface and warming the atmosphere. Though the main aerosol source is natural, anthropogenic 
emissions have made aerosol levels increase dramatically over the past century. Aerosols also have 
been implicated in human health effects, visibility reduction in urban and regional areas, acidic 
deposition and altering Earth’s radiation balance [2]. The impact of aerosol on climate and environment 
has been a hot issue for the international scientific research community [3].  
Several studies have demonstrated in the past that the understanding of aerosols effects on climate is 
particularly difficult because aerosols are of quite different type, quality, composition and shape, ranging 
from desert dust to particles characteristic for urban pollution, and because aerosol concentrations vary 
strongly over time and space. Aerosol parameters can be measured in situ (mostly by standardized 
methods) or by remote sensing from ground, aircraft, or satellite [4]. All these methods are important 
and complementary. The application of automatic, ground-based remote sensing techniques to 
investigate aerosol effects on climate has advanced significantly in the last years [5]. In particular, 
remotely measured atmospheric aerosol optical parameters are important for various applications 
including the validation of satellite remote sensing retrievals. Sun photometry has, among them, the 
capability of delineating characteristic features of different air masses and the aerosol sources that 
generate them [6]. 
The Aerosol Robotic Network (AERONET) program, which is an international network founded in 1993 
and coordinated by NASA Goddard Space Flight Center (http://aeronet.gsfc.nasa.gov/) and LOA-
PHOTONS (http://www-loa.univ-lille1.fr/photons/) and maintains more than 500 automatic sun/sky 
radiometers worldwide, represents two of the scientific community efforts to reduce existing 
uncertainties in aerosol forcing estimates [7]. Starting 2011 March, also from Romania, a new station 
based on a sun photometer owned by the “Politehnica” University of Timisoara, joint the network.  
The goal of AERONET is to assess aerosol optical properties and provide much of the ground-based 
validation data required for future remote sensing programs and may provide basic information 
necessary for improved assessment of aerosols impact on climate forcing [7]. To this end, the network 
imposes standardization of instruments, calibration, and processing. The AERONET program provides a 
long-term, continuous and readily accessible public domain database of aerosol optical, microphysical 
and radiative properties for aerosol research and characterization, validation of satellite retrievals, and 
synergism with other databases. The CIMEL AERONET collaboration provides globally distributed 
observations of spectral aerosol optical depths (AOD), inversion products, and the precipitable water in 
diverse aerosol regimes. Aerosol optical depth data are computed for three data quality levels: Level 1.0 
(unscreened), Level 1.5 (cloud-screened), and Level 2.0 (cloud-screened and quality-assured). Two 
different versions of a flexible inversion algorithm, Version1 (V1) and Version2 (V2), have been 
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developed in the papers of Dubovik and King [9] and Dubovik at al., [10], respectively. The processing 
algorithms have evolved from Version 1 to Version 2.0 (fully released in July 2006) and now they are 
available from the AERONET and PHOTONS web sites. 

2  Methodology 

The mentioned sun photometer is placed on the roof of the Mechanical Engineering Faculty (45.74 N; 
21.22 E), in Timisoara. It consists of an optical head, an electronic box and a robot (Figure 1). The 
optical head has two channel systems: the sun collimator, without lens, and the sky collimator, with 
lenses. The sun tracking is equipped with a 4-quadrant detector. The electronic box contains two 
microprocessors for real time operation for data acquisition and motion control. In automatic mode, a 
‘wet sensor′ detects precipitation and forces the instrument to park and to protect the optics. The robot is 
automatically moved by step-by-step motors in two directions: the zenith and azimuth planes.  
 

  

Fig. 1 Main components of the sun photometer from Timisoara 

The sun photometer accomplishes two basic measurements, either direct sun or sky, both within several 
programmed sequences. The direct sun measurements are made in eight spectral bands (340, 380, 
440, 500, 670, 870, 940 and 1020 nm) requiring approximately 10 seconds. The 940 nm channel is 
used for column water abundance determination. These interference filters are located in a filter wheel 
which is rotated by a direct drive stepping motor. A sequence of three measurements is taking 30 
seconds apart, creating a triplet observation per wavelength, which is used to calculate the aerosol 
optical depth, the precipitable water and the Ångström parameter. Triplet standard observation are 
made during morning and afternoon at a 15 minute interval and for an air mass between m = 2 a.m. and 
m = 2 p.m. 
Sky measurements are performed at 440 nm, 670 nm, 870 nm, and 1020 nm. Two basic sky 
observation sequences are recorded: the “almucantar” and the “principal plane”. An “almucantar” is a 
series of measurements taken at the elevation angle of the Sun for specified azimuth angles relative to 
the position of the Sun. The range of scattering angles decrease as the solar zenith angles decreases. 
During an “almuncatar” measurement, observation from a single channel are made in a sweep at a 
constant elevation angle, across the solar disk and continues through 360° of the azimuth in about 40 
seconds. This is repeated for each channel. An almuncatar is made hourly between 9 a.m. and 3 p.m. 
local solar time.  
The standard “principal plane” sequences measures in much the same manner as the “almuncatar”, but 
in the principal plane of the Sun at a constant azimuth angle, with varied scattering angles. This 
measurements sequence begins with a sun observation, moves 6° below the solar disk, and then 
sweeps through the sun taking about 30 seconds for each of the four spectral bands. “Principal plane” 
observations are made hourly, when the optical air mass is less than 2 to minimize the variations in 
radiance due to the change in optical air mass. These measurements are used to calculate the size 
distribution, the phase function and the aerosol optical. 

3 Results and discussions 

Sun photometers measure the spectral extinction of the direct solar radiation. This is expressed in the 
Beer-Lambert-Bouguer law: 

( )( )λτλ tme
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0 )(            (1) 

where: V is the digital voltage, in V, 
 V0 - extraterrestrial voltage, in V, 
 λ – wavelength, in nm, 
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 m – optical air mass, 
 d0 - the average earth–sun distance, expressed in astronomical units (AU), 
 d - the earth–sun distance on the day of observation, expressed in astronomical units (AU), 
 τt - total atmospheric optical depth (AOD). 
The direct solar radiation is measured through filter bands with center wavelengths of λ and in terms of 
voltage V. This signal is a function of the instrument’s extraterrestrial voltage, V0, which expresses 
instrument calibration, d0 the average earth–sun distance, d the earth–sun distance on the day of 
observation, m is the air mass, and τt the total atmospheric optical depth. τt is the sum of the aerosol 
optical depth τa, the optical depth due to Rayleigh scattering τR , and the optical depth due to gaseous 
absorption τg. 

 
          (2) 
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where: β is the Ångström turbidity factor, 
 p - local pressure, in mbar, 
 p0=1.013·103 mbar. 
The fitting constants a, b from eq. 3 and 4 are listed in table 1 [11].  

The transmittances for aerosol (τa) and Rayleigh scattering (τR) are calculated for the following 
parameter set: m=1.5, β=0.077 and p=p0. It means that each transmittance is plotted versus its 
corresponding variable x. In both cases the correlation coefficient r2 is 0.999 (Figure 2). 
The influence of Ångström turbidity factor [12] is displayed in Figure 3. Summer the value of the 
Ångström turbidity factor is higher values compared with winter. 

 a b 

Rτ  -0.049130091 -0.58403675 

aτ  0.0033075617 -3.910335 

Table 1. The values constants fused in Eq. (3) and (4), [11] 

  
 Fig. 2 Transmittances for aerosol (τa) and Rayleigh (τR) scattering calculated in MathCAD software 
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Fig. 3 Ångström turbidity factor simulation with MathCAD 

 

The accuracy of the AERONET aerosol optical depth measurements is 0.01 - 0.02 for the wavelength   ≥ 
440 nm and the uncertainty in measured sky radiances due to calibration error is ~ 5 % [10]. The 
statistical results for aerosol optical depth and Ångström parameter for March - July 2011 present an 
average AOD of 0.348 at 500 nm and an average AOD of 0.182 at 1020 nm (Figure 4). The highest 
values of AOD are recorded by April 28 (1.290 at 500 nm and 1.161 at 1020 nm), May 3 (1.138 at 500 
nm and 1.098 at 1020), May18 (1.055 at 500 nm and 0.699 at 1020 nm) and June 9 (2.167 at 500 nm 
and 2.123 at 1020 nm). 

 

 

Fig.  4 Aerosol optical thickness 

 
The value of the Ångström parameter is 1.233 (Figure 5). Further Ångström parameters for these days 
are 0.371, 0.646, 1.006 and 0.249. 
In Figure 5 the Ångström parameter α is presented, as defined by the spectral dependence of the 
optical thickness and computed from two wavelengths, 440 and 870 nm. The value of α is a basic 
measure of the aerosol size distribution: α ~ 0 corresponds to large dust particles and α ~ 2 corresponds 
to small smoke particles. 
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Fig. 5  Ångström parameter 

Thus, it has been demonstarated that α is inversely related to the average size of the aerosol particles: 
the smaller theparticles, the larger the exponent. For example, values of α greater than 2.0 indicate the 
presence of fine mode particles (e.g. smoke particles and sulfates), while values of α near to zero 
indicate the presence of coarse mode particles such as desert dust [5]. As consequence, since AOD is 
related to the amount of particles and α to the size, it can be considered as a relevant information to 
individuate aerosols with different properties and of different types [13]. 
Figures 4 and 5 show that α and AOD values vary within the 0 – 2 and 0 – 2.5 range, respectively. 
Three main groups of particles can be identified: the first one include data with large values of AOD   
(0.3 ≤ AOD ≤ 0.6) and low values of α (α ≤ 0.6) for the dust aerosol; the second one contains points with 
low values of (0 ≤ AOD≤ 0.2) and large values of α (1 ≤ α ≤ 2) for the marine aerosols and the third 
group is made of 0.2 ≤ AOD ≤ 0.9 and 1.2 ≤ α ≤ 2. Finally the third group is typical of urban-industrial 
and biomass burning aerosols [5]. 
Until now, for the Timisoara case study, one had proofed that the average value AOD is 0.442 for range 
of α between 0 and 2. This value of AOD is typical for an area urban industrial [14] and [15]. In April 8 
the value of α is close to zero 0.039, value that corresponds to large dust particles. The high pollution 
level with particles is typical to large cities in Romania, and was proofed by on line automatic standard 
measurements, accomplished by the national environmental protection grid monitoring systems 
(http://www.apmtm.ro; http://arpmtm.anpm.ro; http://www.mediu.ro/). 

4  Conclusion 

Sun photometry proves to be a very useful tool to distinguish between different types of aerosol loading 
in the atmosphere. The results of the analysis of aerosol optical for Timisoara indicate high values of 
AOD. A smaller Ångström parameter indicates abundance in larger aerosol particle. It proofs noting else 
that Angstrom parameter is inversely related to the average size of the aerosol particles:   α >2 indicate 
the presence of fine mode particles such as sulfates and smoke particles, while α < 2 indicate the 
presence of coarse mode particles such as dust. The conclusion is valid for most urban areas in 
Romania and represents the result of latest novel investigation methods for air quality monitoring and 
status of application for environmental control measurements at sources. 
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Poland has in the past hardly participated in any remote or in-situ networking activities within Europe. It 
seems there was not enough of a general interest in aerosol, cloud and radiation research in our 
country. This situation has progressively been improving as researchers from different local institutions 
are actively approaching various integrative research initiatives. During the past five years a number of 
sites have vigorously improved, not only in terms of their instrumentation, but also in terms of conducting 
research with views on a holistic approach at many levels. Apart from the oldest existing observational 
site at the Institute of Geophysics of the Polish Academy of Science in Belsk other examples of stations 
which have improved are the Radiative Transfer Laboratory at the University of Warsaw in central 
Poland, a site at the Institute of Oceanology of the Polish Academy of Sciences in Sopot at the cost of 
Baltic Sea, and the private Aerosol and Radiation Observatory in Strzyzowin the Sub-Carpathian 
Mountains. 
 
 
Having this new net of closely collaborating sites in Poland makes new scientific investigations possible. 
Especially when one aims at improving our understanding of aerosol and cloud effect on the climate in 
Poland. Integrated utilization of these sites&#8217; available ground-based and satellite measurements, 
long-term passive and active remote sensing and various meteorological observations allow for studies 
of the evolution of the boundary layer, aerosol and clouds, including their radiative characteristics and 
optical properties. Finally, we aim at estimating the direct aerosol radiative forcing in a yearly cycle for 
the Warsaw, Sopot and Strzyzow areas, which will be interpreted with respect to pollution sources, air-
mass advection and the Earth's albedo. This study gives an overview of our main collaborative research 
topics, update the community on the spreading of our instrumentation range at each site, as well as few 
examples of recently published research work. 

 

 

Imaging cameras for monitoring of SO2 plumes 
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Abstract: Within the framework of the RADO project, ground-based UV and IR imaging cameras were 
developed for monitoring of SO2 plumes (e.g. industrial stacks, shipping emission or volcanic activity). 
The heart of the UV, EnviCam, system is an Alta U47 camera. For SO2 detection it has been equipped 
with two on-band (310 and 315 nm) and two off-band (325 and 330 nm) filter. The new multispectral IR 
camera, CyClops, has four channels within the infrared window from 8â€“13 Âµm, is capable of fast 
sampling (1â€“8 Hz), has 4 channels, an internal blackbody calibration and uses an uncooled 
microbolometer array of 644x512 pixels. We present results from the tests of the cameras during the 
RADO field training campaign close to the Rovinari power plant during 6. â€“ 15. September 2010. 
Calibration of the UV cameras and laboratory tests are shown. In addition, some examples of various 
applications of the camera are provided. Finally, most recent developments to improve the imaging 
cameras are described. This work was funded by the Norwegain Cooperation Programme (grant 
STVES-115266). 
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Studies of marine aerosols  
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Abstract: Studies of production and transport of aerosol over the sea are very important for many areas 
of knowledge. Data obtained during the polar research of the r/v Oceania in years 1995 – 2011 were 
analyzed. Aerosol sizes distributions were measured with an optical technique by laser particle counter 
and CPC counter Sea spray emission fluxes were calculated on the basis of vertical of the aerosol 
concentration  gradients and on basis of high frequency measurement of aerosol concentration. 
Additionally the eddy-correlation method and inertial dissipation method were employed. Calculated 
fluxes ranged between 103-107 [m-2s-1]. 
Marine aerosol emitted from the sea surface helps clean the boundary layer from other aerosol particles. 
The emitted droplets do not dry out in the highly humid surface layer air and because of their sizes most 
of them are deposited quickly at the sea surface. Therefore marine aerosol has many features of rain 
i.e. the deposition in the marine boundary layer in high wind events is controlled not only by the “dry” 
processes but also by the “wet” scavenging. We have estimated the effectiveness of the process using 
our own in situ measurements of vertical aerosol fluxes in the Nordic Seas. This process could explain 
observed phenomenon of lower Arctic aerosol optical thickness (AOT) when the air masses traveled 
over open sea and then over sea-ice 
During the 2007 ASTAR campaign the Arctic Haze conditions were observed on only one day in the 
southern Spitsbergen area. Such small representation of Arctic Haze conditions can be related to higher 
up north shift of frozen sea surface areas.  
The days with higher AOT values in Hornsund were under the influence of air masses advected directly 
from the north. Only in those cases air mass trajectories did not run over the open sea.  
The ASTAR data indicate that the Arctic Haze phenomenon is weakened due to decrease of ice 
coverage in the Arctic. In order to confirm this thesis all AOT data collected in Koldeway station over a 
period of time 1995-2008 have been analyzed and compared with the ice coverage of the sea in the 
Spitsbergen region.  
 Significant correlation has been obtained between sea surface area free of ice in March and 
average AOT value in April (R=0.7). There is also correlation between free of ice sea surface area and 
the minimum, monthly AOT in April recorded in Ny-Alesund. There is no correlation between the 
maximum AOT values and ice sea coverage. The maximum AOT values are connected with the 
advection of air masses from remote areas and/or are related to events such as: forest fires, 
exceptionally high industrial input, volcano eruptions. 
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Abstract: The atmospheric boundary layer height can be determined with high time and spatial 
resolutions using lidars. That height defines the volume in which various pollutants spread, especially 
over an urban area in a mountain valley [1, 2]. This work aims at following of the seasonal variations of 
the mixing layer (ML) height over a mountain valley over different years. 
In the paper the experimental lidar data taken during different seasons in 2005 to 2007 are shown. The 
dynamic of the different layers development during various seasons is determined.  
In conclusion it should be noted that during the all seasons two different types of ML, regarding the 
height reached and the manner of development, are observed: ML reaching low height with gradual 
increase in height during the day and ML reaching high height with two stages of development - slow in 
the beginning and rapid at the end of the experiment.  

Keywords: lidar, mixing layer, atmospheric boundary layer 

1. Introduction 
The dynamics of the different layers heights during various seasons are determined. To determine the 
stable, residual and the mixing layer heights two methods are involved, namely the minimum of the 
second derivative of the S-function and that of the mean square deviation. The applicability of those 
methods in investigations performed during different seasons is determined.[3, 4] 
On the basis of three-year lidar studies experimentally determined histograms of heights of the three 
main layers in the atmospheric boundary layer are presented. The time interval of the stable and 
residual layers destruction and the mixing layer formation are determined and their manifestation during 
different seasons is followed. For the purpose certain days in spring, summer, autumn and winter 
respectively are chosen. 
The presented experimental results might be summarized as follows: (i) the two methods have different 
use during different seasons; (ii) the method of the second derivative of the S-function of the lidar signal 
is more reliable in winter and spring; (iii) the method of the mean square deviation might be used during 
all four seasons (excluding in the cases of very homogeneous mixing layer) [1, 2, 5, 6]. 

2. Instruments, Methods, Experimental Results and Discussion 
The lidar investigation of the atmosphere is based on interaction between the laser radiation and the 
atmospheric aerosol. A series of laser pulses are emitted and the backscattered signals are detected 
and recorded. Under the single scattering conditions the value of the received light power is determined 
as a function of the distance along the sounding path and the optical characteristics of the scattering 
medium by the lidar equation (1) [2]. 
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where P(z) - is the backscattered light power received, P0 - is the laser light power 
transmitted, KL - is a constant characteristic for each lidar system and that depends on the 
laser characteristics and lidar emitting and receiving optics, βπ - is the atmospheric aerosol 
backscattering coefficient, z - is the altitude (the distance from the lidar), α(z) - is the 
extinction coefficient. 
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During the lidar observations, 6000 profiles were recorded for a period of about 9 – 10 minutes. Batches 
of 150 profiles were then averaged to increase the signal/noise ratio. The 40 profiles thus obtained were 
transformed into S–functions of the lidar signal S(z)=P(z).z2 (2). On tha basis of the latter profiles 
height-time indicators (HTI) of the S-functions of the lidar signals are calculated for each point along the 
sounding path. From HTIs the heights of the different layers could be visually determined. To avoid the 
subjective factor algorithms for automatic determination of the ABL (atmospheric boundary layer) height 
are being used. 

In Menut et al. 1999 [2] a review of the methods used for mixing layer height determination is 
made. Among them we chose two, namely, that of the minimum of second derivative of the S-function 
and that of the standard deviation, which are illustrated in next figure. (Fig. 1, 2, 3 and 4). 

 

 

Fig. 1 Images of lidar data: a) height-time indicators of the S-function, b) standard deviation of the 
S-function, c) second derivative of the S-function, d) S-function of the lidar signal. 

In Fig. 1a) a layer at a heights from H=100 m to H=400 m is clearly seen. The next aerosol layer is at a 
height of about H=700 m. The profile of the standard deviation of the S-function if the lidar signal is 
shown in Fig.1b). One can see a clearly revealed maximum at a height of H=250 m and smaller at 
H=730 m. The maximum at H=350 m evidences about considerable fluctuations in the lidar signal 
between the mixing layer and residual one. According to Menut et al. 1999 the minimum of second 
derivative points to the middle of the entrainment zone. 
In Fig. 2 HTIs are shown for the whole period of lidar observation during a certain day. The ABL 
development is clearly seen after 08:30. In Fig. 3 and Fig. 4 profiles of the standard deviation and of the 
second derivative of the S-function of the lidar signal are shown. The changes of the mixing layer height 
with the time is obvious. 

 

Fig. 2  Height-time indicators of the S-function of the lidar signal obtained on 06.03.2007. 
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Fig. 3  Profiles of the standard deviation of S-function of the lidar signal. 

 

 

Fig. 4 Profiles of the second derivative of the lidar signal 

In the these pictures one can see that in the case of full development of the ABL after 13:00 for the 
standard deviation and after 11:30 for the second derivative the data about the mixing layer height are 
not reliable enough – the mixing layer height should increase but this is not observed. 
In conclusion it should be noted that these two methods are complement one another. the method of 
second derivative is more applicable in the case of layers with clearly outlined borders whereas the 
method of standard deviation gives more reliable results in the case of fluctuations of the borders. 

 

Fig.5 Distribution of the mixing layer and residual layer height on PBL in the years 2005/2007 monthly 

The Fig. 5 shows the residual layer heights and maximum heights of the mixing layer. The interesting 
thing here is that there are cases where in winter, spring and fall the height of mixing layer does not 
reach the upper limit of the residual layer from the previous day. During the summer months of mixing 
layer rises above the height of the residual layer. In the spring, summer and autumn were observed and 
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a third type of development, where the maximum height of mixing layer reaches the upper limit of the 
residual layer at the end of the experiment (13:30 to 14:00) LST. 

 

Fig.6  Histograms of the frequencies of recurrence of different layers in PBL in height over the years 

The next graph Fig. 6 we show histograms of the three layers for three years. Clearly, the height of 
stable boundary layer is mostly about Hsbl = 400 m and below this height. The height of the residual 
layer is mainly in the range Hrl=600- 1000 meters. The height of mixing layer is mostly within the 
Hml=1200 - 1400 meters.  

 

 

Fig.7a, b. Histograms of the heights of which destroys the residual layer in PBL. 

The next graph fig.7 (A) and fig7 (B) are shown histograms of the heights at which most often began 
breaking on top and bottom of the complete destruction of the residual layer. Considering first Figure7 
(A) we can say that most destruction was started by top heights ranging from Hrl= 600-650 m, a full 
breakdown below Figure 7 (B) has happened to Hrl = 550 – 500m. Particular interest to us will be and 
when it happened during the different seasons and eventually, how this process is continued. Will stop 
the data from 2006 and 2007.  
In the spring, destroying the remaining top layer starts around 11:30 (10:30) LST and continues until 
12:40 (12:00), when reached by destroying its upper boundary layer mixing. In summer the process 
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begins at 9:15 (08:30) and lasted until 10:50 (10:30). In the fall of the demolition process above starts at 
10:00 and continues until 12:00. In winter, the process of destruction is not observed above, in many 
cases absent in the classic type of residual layer, it is rather stable with the boundary layer to a height of 
about H = 600 meters. It should be noted that the ongoing processes in the atmospheric boundary layer 
are varied because they depend not only on the temperature stratification and sunshine, but also by 
wind situation that could dramatically alter the development of PBL in the atmosphere, but in this study 
we restricted within the clear sunny days and moderate wind. Must to note that during the winter months 
in a clearly observed horizontal transfer of pollutants over the region, perhaps due to the absence of 
mountain valleys circulation and well-developed mixing layer. 
In conclusion we note that the destruction of the residual layer during the summer starts early and ends 
early. During spring and autumn this process begins one to two hours later. The duration of the process 
will take about two hours. There are cases where the mixing layer does not reach the height of the 
residual layer from the previous day and this maintained that most often occurs during the cold months. 

 

Fig.8 Time and height of the destruction of the residual layer of the atmosphere PBL 

The next graph 8 we attempted to summarize the data on height and destruction of the residual layer 
during the different seasons of the last three years. Definitely shown that the demolition of the remaining 
top layer during the summer starts early around 08:30 and full destruction before 11:00 is a height 
usually about Hrl= 600 m and higher. 
In the fall demolition begins at 10:00 and ends around 12:00 at an altitude of approximately Hrl=500m. 
In winter, the destruction began around 10:00 and ends around 12:30 at an altitude below 400m, in that 
most destruction is just below that is developments of the mixing layer. No later began the process of 
destruction of the remaining top layer in spring around 10:30 and most often occurs at a height of 700 
meters around and low and the process is completed around 12:30 to 12:50. These data refer to the 
valley, which is located in Sofia and the years of 2004 and 2007 survey. In the last year pronounced 
winter period with snow in the lower parts would, therefore mountain valley circulation and more 
accurate slopes and circulation was observed during this period.  
Meteorological conditions  

The sunrise is at 07:26 h. The temperature was t≈12°С at the beginning of the experiment and about 
t = 28°С at the end; the relative humidity was 90% and 35% respectively. The wind speed was about 
V≈1-2 ms-1. 

 
Comparison between the lidar data and model calculations 
Figure 9 shows a comparison between the lidar data and calculations concerning the changes in time in 
the heights of ML and RL on 04 October 2006. The calculations are made according to the model of [7] 
Whiteman and McKee (1982). Comparatively good agreement for the speed of development of ML, 
descending speed of RL, the height where those two layers meet each other, and for the process 
duration is obtained when a value of 0.4 is assigned to the parameter k (Whiteman and McKee 1982). 
When k is 0, inversion destruction occurs solely due to the removal of mass from a valley in the slope 
flows, resulting in a descent of the inversion top. When k is 1 destruction occurs mainly due to the 
growth of CBL over the valley floor. When k is between 0 and 1 the inversion is destroyed by the 
combined affect of the growing CBL and the descending inversion top.  
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The maximum of the solar radiation falling on the earth surface on that day is about Q = 900 Wm-2.  
Considerably better correspondence between the theoretical and experimental data is observed. The RL 
descends at approximately 65 mh-1, ML growth speed is about 75 mh-1. The height at which the upper 
boundaries of those two layers meet each other at 12:00 h LST is about 400 m. The influence of the 
mountain-valley circulation on the speed of ML development is significantly weaker, so it develops in a 
“classical” way. 
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Fig. 9 Comparison between lidar (filled circles) and model (solid line) data for the ML and RL heights on 
04.10.2006. 

3. Conclusions 
In conclusion it should be noted that during the seasons (excluding the winter) two different types of 
mixing layer (ML) are observed: ML with low height and gradually increase of the height and ML with 
high altitude and two stages of development (slow and fast). Under anticyclonic synoptically conditions 
the types of the mixing layer mentioned depends on the quantity of the solar radiation, the relative 
humidity of the air, soil moisture and the wind velocity. 
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Abstract: The investigation of the atmospheric aerosol optical characteristics in-situ and by remote 
sensing from ground and space has significantly extended. The reason for increased interest is the 
influence of the aerosol on radiation budget of the Sun-Atmosphere-Earth system. In the present paper 
the results from two-year measurements by ceilometer CHM-15k (Jenoptic) will be presented. This 
device works 24 hours in automatic mode regardless of meteorological conditions, different seasons and 
regions. The experiments are carried out in an urban area located in a mountain valley (Sofia). Part of 
the results is compared with results obtained by lidars operating in analog and photon counting modes 
for specific periods of simultaneous work. In the analysis of the results obtained, the data from two 
meteorological station located at two different heights of the valley are also taken into account. HYSPLIT 
back trajectory model data and satellite data from CALIPSO are also used. 

Keywords: lidar, ceilometer, sun photometer, ozonometer, atmospheric boundary layer 

 

1 Introduction 

The atmospheric boundary layer (ABL) over the land is directly influenced the earth’s surface and 
rapidly responds to the diurnal cycle of solar radiation. Daytime solar radiation heats the surface, 
initiating thermal instability or convection. Under clear skies the daytime ABL, the so –called convective 
boundary layer, can extend up to a height of 1-2 km and more. Strong turbulence homogenizes the ABL 
conservative properties as temperature, humidity and trace species like aerosols. 
The evolution of the ABL interacts directly with aerosols modifying radiative fluxes by scattering and 
absorption of solar radiation. The height of the ABL determines the volume where air pollutants are 
spread and are subject to physico-chemical transformations over urban area. Most of aerosol resides 
within the first 2-3 km (by height) of the atmosphere. In the paper we present results from combined 
campaign measurements with two lidars, ceilometer and two meteorological stations. 

2 Instruments 

The following set of instruments was used in this study: 1) a ground based lidar operating at wavelength 
510.6 nm and a lidar operating at 1064 nm based in Laser Radars Laboratory at the Institute of 
Electronics (IE) (42°39′ N, 23°23′E, 591 m above sea level). These lidars are included in the European 
Aerosol Research Lidar Network (EARLINET); 2) a sun photometer Microtops II located at IE; 3) a 
ceilometer CHM 15k located at Astronomical Observatory (AO) at the Sofia University “St. Kliment 
Ohridsky”, Borisova gradina Park at a distance about 300m away from Tsarigradsko shosse Blvd. and at 
a distance of about 7km from the IE; 4) meteorological station based at AO and 5) another 
meteorological station located at the Central Geophysical Station (CGS) at Plana Mountain. The main 
parameters of the devices are:  
Specifications of the lidar [5]: A CuBr-vapors laser generated pulses with repetition of 13 kHz at 
wavelength of 510.6 nm. Cassagrain type telescope with 20 cm aperture and 2.25 m focal length 
received the backscattered laser emission from the atmosphere. A registration in photon-counting mode 
is applied with spatial resolution of 30 m and averaging time of 60 s. The sounding height was from 
900 m to 15-16 km at night time. The data were subsequently processed applying Fernald’s algorithm 
[1, 11], via program system in MATLAB environment, developed in the Institute of Electronics. 
Specifications of the lidar operating in analog: The lidar is configured in a mono-static biaxial 
alignment pointing at a slope angle 32º with respect to the horizon. The radiation source is a Q-switched 
frequency-doubled Nd:YAG laser (pulse energy: up to 600 mJ at 1064 nm, 80 mJ at 532 nm; fixed 
repetition rate 2 Hz) provided with a single-pass optical amplifier. Laser light backscattered by the 
atmosphe is received by a Cassegrain telescope (aperture: 35 cm; focal distance: 200 cm). The 
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wavelength separator consists of three selective spectral channels for 1064 nm, 532 nm and 607 nm 
(Raman shifted wavelength of nitrogen molecules). Data acquisition system includes photo-receiving 
sensors, amplifiers, 14-bit ADC, and USB-interface for computer connection [7]. 
Specifications of the ceilometer-lidar: light source - a microchip Nd:YAG laser with a central 
wavelength of 1064 nm; measuring range 30-15000 m; resolution 15m; measuring time 60 s; pulse 
duration about 1 ns; pulse repetition rate 5-7 kHz; energy per pulse 8 μJ [9].  

Specification of the sun photometer: optical channels: λ = 380 nm, ( = 500 nm, ( = 675 nm, 
( = 936 nm and ( = 1020 nm, viewing angle ( 2.5(, dynamic range > 3x105, computer interface – RS 232, 
power source ( 4 x AA alkaline batteries [4, 9]. 
Specifications of the meteorological stations. Both stations hold sensors, at 10 m above ground, for 
measuring total solar radiation (SP1110 Skye pyranometer), wind speed and wind direction (05103 
YOUNG monitor); sensors, at 2 m above ground, for air temperature and relative humidity (Vaisala 
HMP45C); and sensors, at 0.5 m, for measuring precipitation (MRI). Ozone concentrations at 1.5 m 
above ground were measured at both stations with TECO 49 instruments (UV photometer principle 
based on the attenuation of light due to ozone in the absorption cell at a wavelength of 254 nm). Due to 
the inherent stability of the UV absorption technique used, the ozone concentrations reported here are 
within ( 5 ppb (by volume). Hourly mean and the standard deviations of the measured quantities were 
recorded (at 0.1 Hz sampling rate) using a Campbell Scientific CR10X data logger [9]. 

3 Results and Discussions 

The experiments were carried out in the south-eastern part of the city of Sofia where the Institute of 
Electronics (aerosol lidar and sun photometer) and Astronomical Observatory (ceilometer), are located. 
The present investigation is aimed at examining the atmospheric aerosol structure in whole tropospheric 
layer, including the atmospheric boundary layer (ABL).  
In order to fulfill the above mentioned aim we shall determine the ABL height at a few points of the valley 
in case of fully developed mixing layer (ML). For this purpose two lidars were used, the first one working 
in vertical direction and the second one – along slope path. The results obtained will be compared with 
the data from 24-hours working ceilometer CHM 15k. The ABL height in different regions of South-
Eastern part of Sofia will be compared. In addition, meteorological data will be presented at two heights 
in the valley: AO (Borisova Gradina Park, 577 m a.s.l.) and CGS (Plana Mountain, 1239 m a.s.l.). For 
part of the measurements the air mass backward trajectories will be presented as well as comparison 
between ground-based and satellite lidar data (particularly CALIPSO data) [2, 3, 6, 8, 10, 12]. 

 
Fig.1 Height−time indicators constructed from the ceilometer CHM 15k data obtained on 21.06.2011 

Fig.1 shows the ceilometer CHM 15k data obtained on 21.06.2011 in the period from 00:00 local time 
(LT) to 23:58 LT. In the beginning of the experiment a residual layer (RL) is seen at height of about 
H = 1000 m and a second one at height in the range H = 2000-2500 m. The formation of the new ML 
started around 09:00LT and its height reached H = 1600 m before 12:00 LT. The ML reached its 
maximum height H = 1800 m around 16:30 LT. The RL formation started after 19:30 LT and it remained 
at around Н= 1500m.  
The ceilometer data obtained on 22.06.2011 from 00:00 LT to 23:57 LT show a layer that remained all 
day at height H = 3000 m. The RL is observed at height H = 1400 m. In the period between 07:30 LT 
and 11:00 LT only the RL top border is seen. The new ML formation started at 08:00 LT and its height 
was H = 250 m at 11:30 LT. The ML rose up to H = 1250 m at 11:45 LT, at 15:00 LT its height was 
H = 1500 m and the maximum height H = 2100 m is reached at 16:30 LT and remained until 18:00 LT 
when stared to decrease. The RL formed at height H = 1250 m. ( Not shown here.) 
The ceilometer data obtained on 23.06.2011 from 00:00 LT to 23:58 LT show again a layer that 
remained all day at height of about H = 3000m. Its height rose up a little around noon. The RL height 
varied between H = 1400 m and H = 1250 m. The RL is fully destroyed from new ML around 11:45 LT at 
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height H = 1250 m. The ML started to form before 09:00 LT and gradually increased up to H = 1250 
(1300) m at 12:00 LT. Its height was H = 2250 m around 15:00 LT and reached maximum height 
H = 2400 m at 16:30 LT. The RL started to form after 19:30 LT at height H = 2000 m. ( Not shown here.) 
Fig.2 shows the ceilometer CHM 15k data obtained on 24.06.2011. The data are taken from 00:00 LT to 
23:57 LT. In the night-time around 00:00 LT RL at height of about H = 2000 m is observed. Its height 
decreased to H = 1700 m at 06:00 LT. The new ML formation started around 08:00 LT and its height 
slowly increased up to H = 800 m around 12:00 LT followed by a period of rapid increase up to 
H = 2300 m at 13:30 LT. The maximum height H = 2400 m is reached around 16:30 LT. After 19:30 LT 
the RL formation is observed at height of about H = 2400 m. 

 

Fig. 2 Height−time indicators constructed from the ceilometer CHM 15k data obtained on 24.06.2011. 

The data from the two meteorological stations located at AO (Borisova gradina Park) and at CGS (Plana 
Mountain) obtained on 21.06.2011 are shown on Fig. 3. Fig 3 A) shows the solar radiation and ground-
near ozone concentration data from the two stations. The weather was clear and sunny. In Plana region 
the maximum solar radiation was 1000 W/m2 around 13:00 LT and 950 W/m2 at 13:30 LT in the region 
of AO. In the mountain region the ground-near ozone concentration is always higher then the one in the 
valley in the night-time while after Sun rise during the ABL development the two profiles have similar 
behavior [14]. On Fig3 B) the temperature and relative humidity data are shown. Maximum temperature 
in the urban area was around 28ºC while in the mountain it was around 21ºC. The relative humidity 
varied from 85% to 25% in the city and from 75% to 40% in the mountain.  

00:00 03:00 06:00 09:00 12:00 15:00 18:00 21:00 24:00
0

5

10

15

20

25

30

35

40

45

50

55

60

So
la

r r
ad

ia
tio

n 
(W

/m
2 )

O
zo

ne
 c

on
ce

nt
ra

tio
n 

(p
pb

)

Time (hh:mm)

 ozone conc. Plana
 ozone conc. Sofia

 

00:00 03:00 06:00 09:00 12:00 15:00 18:00 21:00 24:00

0

200

400

600

800

1000

1200

 solar rad. Plana
 solar rad. Sofia

 
00:00 03:00 06:00 09:00 12:00 15:00 18:00 21:00 24:00
0

5

10

15

20

25

30

35

Te
m

pa
ra

tu
re

 (C
)

Time (hh:mm)

 temperature Plana
 temperature Sofia

00:00 03:00 06:00 09:00 12:00 15:00 18:00 21:00 24:00

0
5
10
15
20
25
30
35
40
45
50
55
60
65
70
75
80
85

24.06.2011

R
el

at
iv

e 
hu

m
id

ity
 (%

)

 relative humidity Plana
 relative humidity Sofia

 

Fig. 3  Variations of the solar radiation and ground level ozone concentration A) and variations of the 
temperature and air humidity B) obtained on 21 June 2011. 

Fig.4 A) presents the solar radiation and groun-near ozone concentration data taken on 24.06.2011 in 
the two regions. Solar radiation in Plana region reached its maximum value 1000 W/m2 around 13:00 LT 
while in the AO region it was 850 W/m2 at 13:30 LT. Ground-near ozone concentration at Plana 
Mountain during the night was 53ppb and rose up to 65ppb. In AO region it was 5-15ppb in night-time 
and varied between 40ppb and 68ppb during the day after the ABL full development. The temperature 
and relative humidity data are shown on Fig.4 B). The temperature in Plana region varied between 15ºC 

A 
B 
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in night-time and 27.5ºC during the day and between 15ºC and 35ºC in the AO region. The relative 
humidity varied in opposite to the temperature variations manner. It varied from 67.5% to 32.5% at 
Plana Mountain and from 80% to 22.5% at АО. 
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Fig. 4. Variations of the solar radiation and ground level ozone concentration A) and variations of the 
temperature and air humidity B) obtained on 24 June 2011 

 
In previous investigations of ours we have used two lidars located at IE and at AO at near altitudes, two 
meteorological stations and aerosol particle counters at two altitudes 591 m a.s.l. and 1239m a.s.l. We 
have observed the variations of meteorological parameters and aerosol microphysical characteristics 
during the ABL formation over the valley. [9] 
The present investigation is aimed at verifying the hypothesis for common ABL over the valley during its 
development. For this purpose two lidars sounding in vertical direction located at IE and AO and third 
one sounding at slope angle 30º based at IE were used. The ABL heights obtained from the three lidars 
will be compared. 
The ceilometer CHM 15k data on 21.06.2011 show that ML height was H = 1600 m at 13:00 LT and 
maximum height Н = 1800 m is reached around 16:00 LT. 
The data from vertical sounding lidar located at IE show that the ML height was H = 1000-1200 m at 
09:15 UTC (12:15 LT) and remained at this height until 10:40 UTC (13:40 LT) whereupon started to 
increase and reached H = 1500 m at 10:56 UTC (13:56 LT). 
The data from the lidar sounding at slope angle 30º obtained on 21.06.2011 show the following: three 
measurements were carried out at 08:30 UTC (11:30 LT), at 09:29 UTC (12:29 LT) and at 10:27 UTC 
(13:27 LT) and the determined ML height is H = 1500 m. Here we have to mention that this is not the 
ABL height over IE because of the slope sounding. This is the ABL height at a distance of about 3000 m 
from IE. 
The results obtained by the three lidars show difference in the heights ∆Н~100 m in the period from 
13:00 LT to 14:00 LT. On the next figures the data from the three lidars for the period of simultaneous 
work are shown.  
The good agreement between lidar determined ABL height and ceilometer’s readings is seen. The 
comparison is done for the same time on 21.06.2011 and 24.06.2011 but due to different development 
of the ABL, the heights measured differ – H = 1500 (1600) m and H = 700 (800) m, respectively. The 
close values measured with the three devices show that in clear sunny days the ABL development in the 
regions of IE and AO and in the valley has similar behavior. It should be mentioned that the results have 
preliminary character but encourage us to continue in this direction. 
Figures (7 and 8) show the ceilometer data determined height of the ML on 18.06.2010; and CALIPSO 
data when passing over the Balkans. Because of clouds presence, the comparison has qualitative 
character but show readiness for such kind of measurements. 
 
 

B
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Fig. 5 Backscatter coefficient profiles (A) and map of the aerosol stratification (B) measured on 21 June 
2011 by the lidar with CuBr-vapor laser. Two backscatter profiles are presented, each averaged for one 
hour time of measurement. The marks on the profiles show the estimated height of the upper limit of the 

planetary boundary  

layer (PBL) at ~1500 m altitude AGL. 

 

Fig. 6 Backscatter coefficient profiles (A) and map of the aerosol stratification (B) measured on 21 June 
2011 by the lidar with Nd:YAG laser. Three backscatter profiles are presented, each averaged for one 

hour time of measurement. As in Fig.1, the marks on the profiles show the estimated height of the upper 
limit of the PBL at ~1500 m. 
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Fig.7. Height−time indicators constructed from the ceilometer CHM 15k data obtained on 18.06.2010. 
On the white band the measured backscatter lidar profile (Fig.10a) is juxtaposed with the ceilometer 

data for the same time interval. The peak on the backscatter profile matches the low cloudy layer on the 
ceilometer data graph. 

 

Fig.8 presents a plot of the attenuated backscatter coefficient profiles measured by the Calipso lidar 
(CALIOP) from the space in the time when it flied over the Balkans. Calculated values of the backscatter 
coefficient are color-coded following the magnitude scale next to the graph. On the X-axis of the graph 

are presented the coordinates of Calipso groundtrack in degrees (North latitude and East longitude). On 
axis Y is marked the altitude above see level (ASL). The vertical red line at X ~ 42.6oN and 23.3oE 

marks the moment of nearest Calipso groundtrack position to Sofia lidar station. 

In the following part we present the experimental data for aerosol optical depth (AOD) obtained by using 
a commercial five-channel Microtops II sun photometer with optical channels at λ = 380 nm, λ = 500 nm, 
λ = 675 nm, λ = 936 nm and λ = 1020 nm. In Fig. 9 the variations in the AOD at five wavelengths 
obtained on 21.06.2011 are shown. The experiment started at 05:50 UTC and finished at 13:40 UTC. 
The mean value at λ=500 nm is τa = 0.21. Fluctuations in AOD in the period from 06:00 UTC to 
13:40 UTC are seen as well as a slight decrease in AOD after 11:30 UTC at all wavelengths. The AOD 
reached its maximum values before the mixing layer to reach its maximum height (according the lidars 
data). Similar results were obtained in our previous campaigns [13]. 



Environmental Remote Sensing Proceedings 

 

76 Retrieval of the aerosol and atmospheric boundary layer structure over mountain valley 
by ceilometer and lidars (Sofia, Bulgaria) 

 

Fig. 10 shows the 168-hours back trajectories of the air masses ending over Sofia on 21.06.2011 at 
heights H=1000, 1500 and 2500 m. The path of the air masses started from USA and Canada and 
Atlantic ocean pass along the EUROPE (for heights H=1000 and 1500m, 2500) and finish in Bulgaria, 

Sofia at 09:00UTC. 

Fig. 9. Daily variation in the aerosol optical depth at five wavelengths (λ = 380nm, λ = 500nm, 
λ = 675nm λ = 936nm and λ = 1020nm) obtained by sun photometer on: 21.06.2011. 
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Fig.10  Air mass back-trajectories calculated by the HYSPLIT model ending over Sofia on 21.06.2011 at 

09:00UTC at heights H=1000, 1500 and 2500m. 

4 Conclusion 

In the present investigation two lidats, a ceilometer, a sun photometer and two meteorological stations 
were used. The main aim of the investigation was to determine the ML height in different points of the 
South-Eastern part of Sofia valley on the basis of experimental data. 
The comparison between the data for the ML height from the three lidars in clear sunny days shows 
similar behavior of ML development in the three observed regions. The results have preliminary 
character and should be continued. The meteorological stations data confirm our definition about clear 
sunny days with high solar radiation values. Observation of aerosol structure of the atmosphere and 
determination of the optical characteristics are accompanied with air mass back trajectories data. Joint 
ground – based and satellite measurements of atmospheric aerosol optical characteristics are also quite 
promising. 
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Abstract: The goal of this study was to compare the signals provided by LIDAR system and Ceilometer 
in order to establish a correspondence between them and possibly to extrapolate the signals come from 
the LIDAR below 700m.  In order to partly cover the typical meteorological conditions relevant for 
aerosol remote sensing three days from the year 2009 were selected: 23th April, 8th July, and 21th 
September. Measurements were performed at Faculty of Physics and INOE2000, Magurele (26.029E, 
44.348N, ASL: 93m). A close correspondence between the two signals was found. Consequently, a 
composite signal was built combining the two backscattering coefficient distributions from LIDAR and 
Ceilometer. This way the mixing height and PBL height could be determined regardless the lidar 
overlap. 

Keywords: Ceilometer, LIDAR, backscatter coefficient, PBL 

 

1 Introduction 

The PBL (Planetary Boundary Layer), is the lower layer of the atmosphere that is sensitive to the effect 
of the Earth’s surface, controls the flow of heat and momentum between the surface and the free 
atmosphere, thus playing a key role in atmospheric circulation, air composition and atmospheric 
processes [1]. The presence of the aerosols and clouds within boundary layer allows determining of the 
height of this important layer.  It is known the importance of these atmospheric components for Earth’s 
radiative budget and consequently their influence on climate. Aerosols have long been recognized as a 
significant atmospheric constituent fundamental to our understanding of various weather-related 
phenomena in the atmosphere [2]. Aeolian dust particles also exert direct and indirect influence on 
global past and present climate. Significant increase in dust loading during glacial periods was observed 
in ice cores and in loess deposits on continents [3], [4]. Thus the knowledge of the aerosol optical 
properties will allow a more straightforward reconstruction of wind-blown dust deposition and 
consequently the impact of dust aerosol on climate.  
As aerosols dominate the optical properties of the atmosphere, optical (laser) remote sensing 
techniques have been in use for over half-a-century to study the atmospheric composition [5]. One of 
the earliest and important achievements of LIDAR (laser radar) has been its capability to measure 
remotely atmospheric aerosols [6]. A knowledge of their properties and their spatio-temporal distribution 
as well to understand physical processes it has to be studied the aerosol loading in the atmospheric 
boundary layer, which extends from the surface to about 1.5-2.0 km in the daytime, in different 
geographical locations and under different meteorological conditions. 
After the development of new lasers and photodetectors, various types of ground-based lidar systems 
(including ceilometers) have been continuously used to probe the Earth’s atmosphere and to measure 
aerosol optical properties (optical depth, spatial distribution and layering, diurnal variation, etc.)  [7]. 
A program of study atmospheric aerosols using the LIDAR technique has been used at Magurele  
(26.029E, 44.348N), Romania a suburban area of Bucharest, taking in account that the boundary layer 
has a structure that evolves with the diurnal cycle and geographical location [8]. 
Simultaneous, planetary boundary layer height evolution has systematically been investigated during the 
last years at Magurele, Romania), using either the Raman LIDAR or the ceilometer CL31. The height 
was identified by using different methods applied to LIDAR [9] and to Ceilometer CL31 [10] signals. 
Unfortunately, PBL retrieved by LIDAR and Ceilometer were in good agreement only in the cases when 
PBL height was over 700m, the height from that the LIDAR start measurements. 
An analysis of the correlation of the PBL heights obtained using the two equipments is outside the scope 
of this paper. The aim is establishing a correspondence between LIDAR and ceilometer signals to cover 
the LIDAR overlap. Therefore, in Section 2 were discussed the characteristics of the two equipments 
and method used to extrapolate the LIDAR’s signal below 700m, using ceilometer’s signal. In Section 3 
the results are discussed and conclusions end the paper. 
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2 Data and methodology 

2.1  Short Lidar and ceilometer comparison 

Optical backscattering intensity of the air was measured using a Vaisala CL 31 ceilometer based on a 
single lens technology at a wavelength of 910nm (near infrared)[11]. Its InGaAs diode laser LIDAR (light 
detection and ranging) is pulsed with a repetition rate of 6.5 kHz. Due to the strong and stable signal 
over the whole measurement range, recorded data can cover the range from 0 to 7500m altitude with 
20m vertical resolution. Every 2s a mean profile is stored. Data are corrected from the geometric overlap 
factor variations in the laser output and for spurious wave pattern in the signals. This system can detect 
three cloud layers simultaneously.  
The backscattered intensity is most influenced by the concentration of the air particles concentration. In 
addition the reflectivity is influenced by the atmospheric humidity since the grain-size of these particles 
varies depending on the moisture content. As a consequence the clouds, fog and precipitation could 
have significant influences on the measurements [12]. However single-lens technology of this equipment 
provides a good reliability during precipitation, low clouds and even ground based obscurations. Another 
advantage of the ceilometer is that it can operate unattended for several years in any climatic 
environment. As a consequence it is favorable for long-term studies and implementation in networks.  
Aerosol lidars are generally the simplest instruments, relying on elastic backscatter channels. As 
described in the literature [13],[14], the equation associated with elastic detection (lidar equation) does 
not have an unique solution. To obtain the backscatter coefficient from lidar equation, we have to 
assume a certain type of aerosol characterized by a specific value of the lidar ratio, but also to calibrate 
in a certain interval. The uncertainty introduced by the lidar ratio is higher in the lower part of the profile, 
where the concentration of aerosols is higher, but the uncertainty of the calibration value affects the 
entire backscatter profile. 
The lidar system used in this study is intended to measure aerosol optical coefficients up to the 
stratosphere, therefore is based on a short-pulses high power laser and a 400mm diameter telescope. It 
is operating at seven wavelengths (3 elastic: 1064, 532 and 355nm; 2 nitrogen inelastic Raman: 607 
and 387nm; 1 water vapor inelastic Raman: 408nm), VIS and UV channels both in analog and photon 
counting detection. With its design, the lidar has a full overlap around 700m and reaches SNR (signal-
to-noise-ratio) <3 above 20km altitude [15]. As consequence, this lidar is missing most of the PBL but 
provides a very good calibration in far range, where the atmosphere is considered free of aerosols. 
By contrary, the ceilometer has a low overlap, and therefore is capable in principle to detect aerosols 
near the ground. Unfortunately, the signal-to-noise ratio in the high-altitude region is very low; therefore 
a calibration in far range is not possible. Fernald-Klett algorithm for the calculation of backscatter 
coefficient from lidar / ceilometer corrected signals requires a calibration value for the aerosol 
backscatter, preferably at high altitude, so that the solution of lidar equation can be obtain by applying 
backward integration. This ensures a better stability of the solution than the forward integration. While 
far-end calibration is possible for powerful lidars which have a good signal-to-noise ratio above 20km, 
(the assumption of no aerosol is acceptable in the stratosphere) ceilometers have to assume a certain 
value for the backscatter coefficient in their calibration range, which is bellow 5km. Generally, 
ceilometers use specific values to calibrate the signal inside low clouds, where the backscatter value is 
considered constant and apriori known. 

2.2 Data and Methodology 

The goal for this study was to explore the possibility to extract as much information as possible from the 
2 systems by combining the best of their characteristics: all-weather, continuous monitoring capabilities 
and low overlap of the ceilometer, and the good accuracy and calibration of the lidar. We selected lidar 
signals at 1064nm wavelength, which is the closest to the sounding wavelength of the ceilometer 
(910nm), and identified common measurements recorded for 3 typical spring, summer and autumn 
days. While the ceilometer needs the presence of clouds to perform the calibration, lidar profiles with 
clouds have to be excluded from the average in order to perform the inversion, because the strong laser 
beam of the lidar generates multiple scattering and therefore the theory for the inversion [16] is no 
longer valid. As consequence, although the time interval used for averaging is the same for both 
systems, the backscatter coefficient profile obtained from lidar (which excludes clouds) may differ from 
the one obtained from ceilometer (which does not exclude clouds). Unfortunately Vaisala CL 31 does 
not permit the access to raw data, but only to the final products (the backscatter profile in this case), 
therefore we could not apply similar algorithms for both systems. Instead, we investigated directly the 
backscatter as provided by the 2 systems, regardless the processing chain which led to the output. 
Three days from 2009 were selected to observe the aerosol distribution under clear and sunny 
conditions during a stable high-pressure period: 23 April, 8 July, and 21 September. Ceilometer data 
(backscatter) were averaged over 60 min, as to fit to the lidar profiles.  Due to the strong white noise 
above 4000m, it is not relevant to use the whole ceilometer derived backscatter profiles. Therefore, the 
maximum height of the used profiles was set at 5000m both for the ceilometer and LIDAR systems. 
Note that were used the backscatter coefficient profiles computed by each system's algorithm, therefore 
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already calibrated. In order to eliminate as much as possible the electronics noise (high frequency 
noise) the ceilometer signal was smoothed using FFT (Fast Fourier Transform) method with a fixed 
window in 15 or 20 points depending on the characteristics of each ceilometer profile. 
The measurements were performed at Faculty of Physics – ceilometer, and INOE (National Institute of 
Research and Development for Optoelectronics) – LIDAR (26.029E, 44.348N, ASL: 93m). Based on the 
LIDAR and ceilometer signals composite profiles were constructed as follows: 
First, an altitude interval was selected comprised between the last LIDAR measurement and the 
maximum value of backscattering coefficient. All backscatter values between these limits were 
averaged. Between the same altitude limits, all ceilometer derived backscatter coefficients were 
averaged as well.  
Lidar averaged values were divided by the ceilometer averaged value. Next, the ceilometer signal was 
multiplied with the resulted value resulting in a ceilometer to LIDAR normalized signal profile. 
For each ceilometer and LIDAR signal a confidence function was constructed. Thus between the ground 
level (20m) and the last LIDAR measurement (840m) the confidence function for ceilometer is 1, 
between 840m and 2000m the confidence function decrease linearly from 0 to 1 and from 2000m and 
the first LIDAR measurement (5000m) the confidence function is 0. Conversely the confidence function 
for LIDAR signal is 0 between ground level and 840m, increase linearly between 840m and 2000m and 
is 0 from 2000m to the end.  
The Ceilometer and LIDAR signals were weighted by the corresponding confidence functions and then 
the two resulted profiles were added. This way between 20m and 840m the information is given by the 
ceilometer, then between 840m and 2000m the information is composed from both ceilometer and 
LIDAR and above 2000m the information is assured by the LIDAR signal. 
Before all these operations, the ceilometer wavelength (910nm) was translated to the LIDAR wavelength 
(1064nm). This was done using the equation [17]: 

( )
9101064ln

ln 1064910 betaceiloceilobetaAE =     (1) 

where AE represent the Angstrom exponent. For 21st September the measured Angstrom exponent was 
1.5 (mean over the entire day). For April 2009 there were no available measurements. Thus for 23rd 
April 2009 we considered the Angstrom exponent measured one year ago for the same month (2008) 
and averaged for the entire month (1.5).   For 8th July the Angstrom exponent was 1.6 (average of the 
entire month because for this particular day again measurements were not available)[18]. 

3 Results and Discussions 

Results obtained for the three days selected are depicted in Fig. 1, 2 and 3. The left panel is showing 
the initial ceilometer backscatter, the profile normalized to the lidar in the range 1500 - 1700m and the 
final lidar-ceilometer composite signal for 60min averaging time intervals. The right panel is showing 
time evolution of the lidar range corrected signal for an extended time interval, with the purpose of 
visualizing the general status of the atmosphere: presence of low and high clouds, stability, possible 
precipitation. 
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Fig. 1 (a) Backscatter coefficient profiles obtained with LIDAR and ceilometer systems for 23rdApril 2009 
in the 10.40-11.40 interval. Left: Ceilometer signal normalized to Lidar is shown with light grey line; thin 

grey line is the Lidar signal and the thick black line represents the composite signal. Right:  Raw 
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ceilometer signal is shown with light grey line and the smoothed signal with solid black line. (b)Lidar 
RCS time series for the same time period. 

April 23 is characterized by a very well defined PBL, with sparse clouds on top. This is visible in the 
RCS time series (Fig.1 b). Variable and thin clouds (~2km) are difficult to extract from lidar time series 
and generates a peak in the ceilometer backscatter, which is not filtered before the inversion. The 
variability is reflected by the wide spread of ceilometer not smoothed data. Moreover, the 2 instruments 
are providing quite different quantitative results even inside PBL, which is probably due to the 
impossibility of the ceilometer to calibrate correctly the profiles where the clouds are missing. 
Nevertheless, the instruments agree quite well in detecting the PBL height (~1600m). The difference 
between 1600 and 2000m is due to the presence of clouds in the ceilometer backscatter and the 
absence (filtering) in the lidar backscatter. 
Note that both instruments detect also thin layers around 2700 and 3500m, even though the ceilometer 
backscatter is seriously affected by the electronic noise, which seems to be amplified by the inversion 
algorithm, and cannot provide quantitative results above the PBL. 
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Fig. 2 (a) Backscatter coefficient profiles obtained with LIDAR and ceilometer systems for 21st 
September 2009, 10:05-11:05. Left: Ceilometer signal normalized to Lidar is shown with light grey line; 

the grey line is the Lidar signal and the thick black line represents the composite signal. Right:  Raw 
ceilometer signal is shown with light grey line and the smoothed signal with solid black line.  (b)Lidar 

RCS time series for the same time period  

Clouds are present on top of the PBL in September 21 also, but in this case more constant in time (Fig. 
2 b).  Since for the lidar retrieval low clouds have to be excluded, the backscatter profile was calculated 
for the time interval 10:05 - 11:05, when a short-time window with no visible clouds is present. 
Nevertheless, it is clear from Fig. 2 that clouds at 2000m are not completely eliminated from the 
averaged signal and corrupts the backscatter (the peak in the lidar profile - black line). On the other 
hand, all clouds in this time period are present in the ceilometer averaged backscatter (light grey profile). 
The increasing of their altitude in time generates by averaging a larger peak in the ceilometer 
backscatter. Lack of clouds for a short period in the same time-interval makes the calibration difficult for 
those profiles and affects the averaged output. It is visible that the ceilometer has a too low sensitivity to 
detect aerosols when the concentration is not very high, and is also corrupted by the electronic noise 
above 3km. In fact, comparing Fig. 1 and Fig.2 we can see that aerosol concentration in the PBL for 
April 23 was significantly higher than for September 21, and therefore the agreement between the lidar 
and the ceilometer is improved.  
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Fig. 3 Backscattering coefficient profiles obtained with LIDAR and ceilometer systems for 8th July 2009 
comprised in the hourly intervals of 14.33-15.33 (a), and 18:36-19:36 (c). Left: Ceilometer signal 
normalized to Lidar is shown with light grey line; thin grey line is the Lidar signal and the thick black line 
represents the composite signal. Right:  Raw ceilometer signal is shown with light grey line and the 
smoothed signal with solid black line. Lidar RCS time series for the two time periods (b and d) 
 
Two distinct cases can be analysed from 8th July measurements. The first case (upper panel) is 
characterized by almost clear sky conditions, having only few profiles corrupted by clouds, but sufficient 
to provide the ceilometer a good calibration. The agreement between the 2 instruments is quite good 
even quantitatively, after averaging. Nevertheless, this could be a coincidence, provided the fact that the 
average is containing the contribution of clouds for the ceilometer but does not contain the same 
contribution for the lidar. Clouds increase the value of the aerosol backscatter artificially, which 
compensate with an underestimated backscatter from the PBL aerosols. 
The second case is completely free of clouds, but showing a distinct aerosol layer around 4 km. As 
expected, the ceilometer response is underestimated compared with the lidar due to the wrong 
calibration value and low sensitivity. Moreover, low signal-to-noise ratio above 3km makes the detection 
of the lifted aerosol layer impossible for the ceilometer, but not for the lidar. 
In both cases, the PBL is not very well defined (some low-concentration layers are present above 2km), 
and the ceilometer is not able to provide accurately the PBL height. 

4 Conclusions 

The purpose of this study was to explore the possibility to extract as much information as possible from 
the 2 systems by combining the best of their characteristics: all-weather, continuous monitoring 
capabilities and low overlap of the ceilometer, and the good accuracy and calibration of the lidar.  
The calibration is an important issue for ceilometer derived backscatter, as well as its low sensitivity. 
Generally, ceilometers use specific values to calibrate the signal inside clouds, where the extinction  
coefficient is considered apriori known.  
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This approach is not always feasible, because:  (i) the backscatter is seriously underestimated in case of 
clear sky, when clouds are not available to perform the calibration; (ii) the estimation of the calibration 
value inside the clouds is also an important source of uncertainty, providing the fact that different clouds 
have different optical properties. 
 Calibration is not an issue for lidar, which uses regions free of aerosol in the high-range as calibration 
interval. 
Ceilometer also has a very low sensitivity to aerosols, even in the PBL, which again determines an 
underestimation of the backscatter, quite important for the cases when the concentration of aerosols is 
not very high.  
Calibration, low sensitivity, and the necessity of smoothing heavily due to the noise in the signal, also 
prevent the ceilometer from accurately detecting the PBL height in the absence of clouds.  
Beyond all the assumptions made and large errors caused by calibration and smoothing, there is still an 
important information contained in the ceilometer data, which is lacking from the lidar (e.g. how well 
mixed is the PBL, PBL height during night time when is decreasing bellow the lidar overlap, long-term 
monitoring of diurnal cycle under all-weather conditions etc.). This information is not always evident 
when analysing ceilometer data.  
Regardless the quantitative value of the backscatter, the 2 profiles generally agree for the region 0.8 - 
2.5km, especially when aerosol concentration is high enough to generate a good signal-to-noise ratio for 
the ceilometer too (case: April 23, 2009).  
As consequence, and after a proper normalization with regard to the lidar, the 2 profiles can be 
composed in order to extrapolate the backscatter profile down to the ground. The composite profile 
contains more information than lidar and ceilometer separately, from the ground up to the tropopause. 
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Abstract:  The aim of the paper is to analyze the potential of remote sensing data use in air quality 
assessment in lower troposphere, at local scale. Spatial and temporal distribution of surface-ozone 
concentrations for Bucharest’s urban agglomeration was estimated by running OML („Operationelle 
Meteorologiske Luftkvalitetsmodeller” (Operational Meteorological Air Quality Models)) dispersion 
model. To simulate with this model, the surface ozone distribution in 2009 year, two data sets were 
used: (i) air quality data base of the National Network of Air Quality Monitoring; (ii) remote sensing data 
obtained from OMI (Ozone Monitoring Instrument) on board AURA satellite. The intercomparison of 
simulated and measured data emphasized that satellite data can be used for estimation of air quality.  
Keywords: remote sensing, dispersion model, air quality, surface ozone. 

 

1 Introduction  

Air quality assessment is usually performed using ground level measured data. In the last time the 
satellite data are analyzed to assess air quality because they provide a large spatial cover [1, 2].  
In addition, satellite data can be used for identifying events that require immediate action, like forest fires 
[3] or traffic jams. The data can be also used to describe long-range transport of pollutants at global 
scale [4] and air quality assessment at regional scale [5, 6, 7].  
For the air quality dispersion models, satellite data can be used as input data for the meteorological 
parameters (surface temperature), terrain cover and use data, chemical compounds in atmosphere 
concentration data.  
Satellite measurements of ozone provide quantitative information about the distribution of ozone in a 
column of air between the Earth’s surface and satellite. The 90% of the ozone in the atmosphere lies in 
stratosphere (15-55 km) and 10% is located in troposphere [8].  
The aim of this study is to find a relationship between the total amount of ozone measured by 
instruments on the NASA AURA satellite (OMI- Ozone Monitoring Instruments) and the surface –ozone 
at ground by instruments from Air Quality Monitoring National Network (RNMCA). The simulated 
surface-ozone and its’ precursors dispersion requires background concentration values knowledge in 
the studied area. Therefore, in Section 2 the satellite measurements and ground level measured data 
were described. In the same section, the method to separation of the tropospheric column ozone from 
total ozone measurements was presented. The Section 3 is dedicated to discussion of modeled data, by 
OML model, using the surface-ozone concentrations measured at ground level and the satellite data, 
respectively. The conclusions end the paper. 
 

2 Methodology  

2.1  Satellite measurements of ozone 

Satellite data used are products of NASA specialists from OMI measured values. 
The instruments from satellite provide quantitative information about the total amount of the ozone. The 
amount of ozone in the air column is expressed in Dobson Units (DU), where one DU has a value of 
2.69x1016 molecules of ozone cm-2. 
OMI generates hiperspectral images from the detection of the solar radiation backscattered in visible 
and ultraviolet domains, the measurement principle being described in the OMI data user’s manual [9].  
The OMI OMDOAO3 product comprises the total daytime ozone [10]. The images have a 1644 pixels 
resolution with a 13x24 km pixel dimension. The data has been undertaken from TEMIS (Tropospheric 
Emission Monitoring Internet Service) [11] in HDF format (Hierarchical Data Format). 
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A number of 495 images have been selected and used; they corresponded with 345 days from 2009, 
data frequency being 1 or 2 measurements/day. 
 

2.2  Separation of tropospheric column ozone from total ozone measurements 

Identification of tropospheric ozone, generally and the ozone mass concentration at ground level 
specially, is a hard challenge for scientists. In this study, to determine the ozone mass concentrations at 
10m level, a simple algorithm was used [12]. 
In order to determine the ground level concentration mass (µg/m3), using satellite data, the ozone was 
estimated at 10 m level and the subtraction of the ozone at this level from the total ozone [12].  
The concentration values in Dobson units (DU) was transformed in microgram per cubic meter (µg/m3) 
using the relation deducted from ideal gas law. 

Error! Objects cannot be created from editing field codes. (1) 

Cmg – concentration in µg/m3 
∆D – ozone value in Dobson units between two chosen levels 
u – atomic mass unit = 1.660538 x 10-27 kg 
h – height between the two levels that limit the column for which the concentration is 
determined 
MO3 – ozone molecular mass=48 

The temperature and pressure correction were applied in Eq.1, using the meteorological parameter 
values from  the Bucharest – Baneasa meteorological station. 
The ozone estimation on a certain level was done using the function [13]: 
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where: 
o u(h) – represents the integrated ozone from the top of the atmosphere to surface; 
o h – height above the sea level ; 
o A,B,C – profile parameters. 

 The profile parameters used in the applied function are presented in Table 3. These parameters have 
been determined from monthly climatic profiles [14] specific to the Bucharest – Baneasa meteorological 
station, using total ozone measurements done with the Dobson spectrophotometer in this location [15].   
 

January February March April May June 

A=345.6 
B=22.01 
C=4.826 

A=368.0 
B=21.55 
C=4.913 

A=376.5 
B=21.54 
C=5.036 

A=373.2 
B=21.65 
C=5.076 

A=359.3 
B=22.02 
C=5.048 

A=343.5 
B=22.41 
C=4.970 

July August September October November December 

A=320.2 
B=22.98 
C=4.897 

A=309.9 
B=23.32 
C=4.867 

A=296.1 
B=23.61 
C=4.817 

A=288.1 
B=23.55 
C=4.779 

A=294.5 
B=23.19 
C=4.763 

A=319.7 
B=22.52 
C=4.749 

Table 1. A, B, C monthly parameters from the function applied to the satellite data [15]  

 

2.3  Ground level measured data  

The ozone concentration values on ground level have been provided by the Bucharest Environmental 
Protection Agency (BEPA) and represent hourly measurements in the air quality measurement stations 
located in the studied area Bucharest – Ilfov for 2009. The monitoring stations mentioned above and the 
Bucharest – Baneasa meteorological station location are presented in Fig.1. 
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Fig.1 Monitoring and meteorological stations location in Bucharest – Ilfov 

 

3 Results and discussions  

First of all, an intercomparison of ozone mass concentrations obtained from satellite data and monitoring 
stations at ground level was made. Ground level concentration estimated values from the satellite data 
have been compared with the ground level hourly measured values in the air quality automatic 
monitoring stations. In order to compare the data series from the two sources the BOOT statistics has 
been applied [18]. The time series obtained from the described above sources data processing 
comparison results are shown in Table 2 and Figure 2. 
 Since the correlation coefficient has had 0.35 value at the rural background station, it was considered 
that the ozone concentration values at ground level estimated from the satellite data can be used for the 
input files in the air pollutant dispersion models; these files comprise background data (background 
files). 
 

Monitoring station 
mean_mas

[µg/m3] 
mean_calc

[µg/m3] 
sigma bias nmse cor fa2 fb fs 

B1-Background urban 42.73 52.19 12.75 -9.46 0.24 0.273 0.766 -0.199 0.485 

B2-Industrial 33.95 48.62 13.42 -14.66 0.42 0.329 0.599 -0.355 0.492 

B3-Traffic 31.52 50.48 14.43 -18.97 0.37 0.291 0.716 -0.463 -0.216 

B4-Industrial 32.72 48.5 13.23 -15.78 0.4 0.067 0.616 -0.389 0.165 

B5-Industrial 40.59 53.93 12.69 -13.34 0.32 0.312 0.658 -0.282 0.595 

B6-Traffic 32.03 58.47 10.84 -26.44 0.59 0.252 0.478 -0.584 0.597 

B7-Background suburban 37.07 49.55 13.07 -12.47 0.31 0.255 0.717 -0.288 0.395 

B8- Background rural 56.9 51.37 13.56 5.52 0.2 0.353 0.822 0.102 0.588 

Table 2 Comparison results of the measured hourly values on ground level with the concentration 
values determined from the satellite data from OMI  

The heather abbreviation mean:  
mean_mas = Measured concentration average (µg/m3) 
mean_calc = Calculated concentration average (µg/m3) 
sigma = Standard deviation 
bias = Simulated concentrations mean error  
nmse = Normalized mean square error  
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cor = Correlation coefficient  
fa2 = Fraction of predictions within a factor of two of observations  
fb = Simulated concentration fractional bias  
fs = Normalized standard deviation  
Each type of station has a certain representative area for the measured concentrations defined as the 
area in which the concentration does not differ from the station measured concentration with more than 
a “specific quantity” (+/- 20%) [19].   

 

Fig. 2 Ground level hourly measured values and concentration values determined from satellite data 
provided by OMI (combined) for B8 station 

 

This fact has been verified by using ozone dispersion mathematical modeling with OML „Operationelle 
Meteorologiske Luftkvalitetsmodeller” (Operational Meteorological Air Quality Models), a Gaussian 
model developed in the ’80 by the Environmental Research National Institute – Denmark for air quality 
assessment both in urban and rural areas [16,17]. The model has been run using two different data sets 
for the background files: measured concentrations in the automatic monitoring stations and ground level 
concentrations estimated from the satellite data. 
Pollutant dispersion modeling has been made for the Bucharest urban agglomeration on a 30x30 km 
with a resolution of 750 m.  Preprocessed meteorological data, terrain height and emission data 
(physical attributes, NOx emission rates, and emission variability) have been used as model input. There 
have been considered all types of sources: point sources (stacks), linear (traffic) and surface sources 
(residential heating).  
The model has been run in chemical mode in order to determine the ozone concentrations; this mode 
includes a simple photochemical scheme NOx-NO2-O3. 
The results of the mathematical modeling done with the two data sets (measured and estimated from 
satellite data) are displayed as dispersion maps in Figures 3 and 4. The colors have been chosen to 
show exceeding of the limit value of 120μg/m3 provided by regulations for the maximum of the running 8 
hours average.  
One can see a good correlation for the B8 background suburban station that can be related also to the 
correspondence between the representative station  and the satellite images pixel dimension. Also, 
good correlations are obtained for the B2 and B5 industrial stations located in peripheral town areas with 
smaller traffic (Figs. 3, 4).  
In order to obtain some hourly concentrations from the satellite data a more consistent data series with 
more values during the day is necessary so it can be captured the ground level ozone concentration 
diurnal variation and a better satellite images resolution. 
The measured concentrations in the automatic stations and the estimated ones from the satellite data 
have different variation amplitudes but still have the same approximate tendencies. The difference in the 
way that the concentrations vary is due to the use of two measurement methods based on different 
working principles. 
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Fig. 3 Spatial distribution of maximum 8-hour running mean concentrations for ozone (background data 
from air quality monitoring stations) 

 

Fig. 4 Spatial distribution of maximum 8-hour running mean concentrations for ozone (background data 
from the satellite) 

The point ground level measurements from the automatic monitoring stations use the nondispersive 
ultraviolet ozone absorption principle. The satellite data used for the estimation of the ground level 
concentrations is obtained by measuring the solar UV radiation scattered back to space by the Earth’s 
atmosphere that gives the total column ozone. The total ozone contains the tropospheric ozone naturally 
existent of approximate 90% [20] and the tropospheric ozone that is strongly influenced by the 
anthropogenic activities thus having high variability. The high stratospheric ozone predominance with a 
relatively constant variability determines the time variations low amplitudes of the total ozone compared 
with the tropospheric ozone variation amplitudes. 
 

4 Conclusions  

• The results have shown that the background ozone-surface files obtained from satellite 
instruments can be used as input data of air pollutant dispersion models.  
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• The satellites can be used as an air pollution monitoring system with a good cost-efficiency ratio 
when it is combined with the ground level observations.   
• The satellite data can be successfully used for the estimation of the surface -ozone concentration 
spatial distribution. 
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Abstract: The mixing layer height (MLH) is a key parameter in the studies of many atmospheric 
boundary layer processes, including air quality. The mixing height cannot be observed directly by 
standard measurements, so that it must be indirectly estimated from clouds’ profile measurements or 
models. This work aims to use data obtained continuously from the Ceilometer  Cl-31 located at the 
Faculty of Physics , Magurele (44.35N, 26.03E). The ceilometer  CL-31 is a mini –lidar which allows to 
determine the cloud bases by the vertical backscatter profiles. To obtain the images of clouds and 
backscatter profiles we applied the Cl-View and Lab-View software for the winter 2008-2009, the spring, 
summer and autumn of 2009. To determine the MLH an algorithm from literature was used. To validate 
mixing layer height the values were compared with atmospheric radio-soundings and Richardson 
number values. The results show the ceilometer backscatter profiles can be an useful tool to determine 
the mixing layer height. In addition, the influence of stable and instable atmospheric conditions was 
emphasized. 

 Keywords: ceilometer, mixing layer height, clouds  
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Abstract: The classical and the quantum formulations are used to estimate the Rayleigh scattering 
within lidar signals. Within the classical approach, three scenarios are used to characterize the 
atmospheric composition. First part focuses on Rayleigh scattering (backscattering), showing a) the 
relative difference between the three scenarios within classical approach and b) between the three 
scenarios within classical approach and one scenario within quantum approach. The results show that 
the relative difference in molecular scattering using 2(4)-component atmosphere and 5-component 
atmosphere is below 1%. The second part focuses on the lidar retrieval of the aerosol backscatter and 
extinction coefficient, showing their relative differences as a result of using different molecular 
formulations. The effect of various molecular approaches on the retrieval of aerosol backscatter 
(extinction) coefficient is small, showing a relative difference ~ 1-2 % (~0.1%). The temperature 
dependence of the molecular scattering is considered as well. 
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Study of wind vertical profile at Afumati weather station 
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Abstract: In this paper we consider 3 years of continuous dataset maesurements made with the sodar 
to Afumati site. Measurements made over a long period allow to establish wind predictability. A study at 
temporal scale for wind  predictability  is considered as a essential parameter for take optimal decisions 
to install a wind farm. 
A Metek-PCS200 Doppler sodar were installed in Afumati Observatory (44o30'01.24'' N, 26o12'46.15'' 
E).  
3 years of wind dataset (2009-2011)from 40m up to 560 m height were investigated. Measurements of 
mean wind, speed profiles and stability class made with Doppler sodar were compared to ground data 
measurements 
Ground wind is messured with a sonic anemometer and a cup anemometer.  
3 acoustic frequencies (1700 Hz, 2100Hz, and 2300Hz) were used for measurements. The calculation 
of the acoustic beam tilt / sound frequency used relation is presented for a correct data interpretation. 
The opportunity to install a wind farm in this area is also analyzed by mean of the average wind/height 
relation and wind shear. Energy efficiency for different types of wind generators for the analyzed wind 
condition is also calculated. 
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Abstract:The presence of aerosols in the atmosphere plays an important role in radiative forcing and 
Earth’s energetic budget but it still is one of the major sources of uncertainty in the assessment of 
climate change (IPCC’s report, 2007). Therefore the interest has increased strongly in the past aerosol 
studies, their effects and local and global distribution. The ground based and satellite measurements 
offer a suitable possibility to analyze the aerosols’ characteristics. 
The CALIPSO (Cloud-Aerosol Lidar and Infrared Pathfinder Satellite Observations) satellite is on orbit 
since 2006 and determines vertically resolved aerosols and cloud properties. The sun-photometers 
measure column aerosol and they are part of AERONET (Aerosol Robotic Network). This paper 
presents a comparison between ground-based and space-borne measurements of aerosol optical depth 
(AOD) over Măgurele and Băneasa, suburban areas of Bucharest and Eforie, near the Black Sea, 
Romania. 
AOD values from the same time periods were used in order to estimate the accuracy and uncertainty of 
the measurements. 

Keywords: CALIPSO, aerosol, sun photometer, comparison, AOD, optical depth, LIDAR, satellite 

1 Introduction 

1.1 Overview 

In the last years, an increasing importance is being given to the study and measurement of aerosols in 
the atmosphere, because of their role in climate processes which is considered crucial but not yet 
understood. Aerosols, small particles, produced as a result of natural processes like breaking sea waves 
and wind-blown dust or from human activities such as industry and combustion of fossil fuels. Aerosols 
influence the heating of the atmosphere, because they can absorb and scatter light. The presence of the 
aerosols in the atmosphere therefore not only pollutes the environment but also alters the radiative 
balance and so directly influence the global climate. 
To produce good results of climate prediction models it is needed to reduce our uncertainties in the 
knowledge of the properties of different aerosols types and their distribution over land and oceans. 
Scientists, can now use, for the study of aerosol properties  tow different measurement types, ground-
based measurements such as from the The AErosol RObotic NETwork (AERONET; Holben et al.,), or 
satellite measurements, for example from The Cloud-Aerosol Lidar and Infrared Pathfinder Satellite 
Observation (CALIPSO).  
One of the important aerosol properties to be estimated from satellite measurements is the aerosol 
optical depth (AOD). 
In this study we present a comparison between ground-based and space-borne measurements over 
Măgurele and Băneasa, suburban areas of Bucharest and Eforie, near the Black Sea, Romania.  
We evaluated the measurements obtained from the two equipments, comparing the aerosol optical 
depth (AOD) values from the same time period, in order to assess their accuracy and uncertainty. The 
comparison between the two series has to deal with the problem of spatial and temporal matching of 
observations (Wagner et al., 2009).  We only used for our analysis the satellite data from overpasses 
near the ground site. 

1.2 Aerosol optical depth (AOD) 

The optical depth is a very valuable aerosol characteristic, which is a key parameter for various aerosol 
related studies such as aerosol radiative forcing, atmospheric corrections on aerosol effect on remote 
sensing, etc. [Kaufman et al., 1997]. The quality of optical depth data from the ground mainly depends 
on the AERONET instrumentation and operational procedures of the data registration are given in the 
paper of Holben et al. [1998].  
Aerosol optical depth (AOD) or aerosol optical thickness (AOT) is a quantitative measure of the 
extinction of solar radiation by aerosol scattering and absorption between the point of observation and 
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the top of the atmosphere. It is a measure of the integrated columnar aerosol load and the single most 
important parameter for evaluating direct radiative forcing. AOD is calculated as the extinction coefficient 
integrated on an atmospheric path generally corrected for the zenith direction: 
 

                                                     ( )∫=
Z

Z
a dzzAOD

0

α                                                                (1) 

The AOD can be determined from the ground through measurements of the spectral transmission of 
solar radiation through the atmosphere using rather simple and relatively inexpensive instruments 
pointed directly at the sun, called sun photometers or filter radiometers.  
In fact, AOD is not directly measurable, but can be retrieved from observations of atmospheric spectral 
transmission. The total optical depth at a given wavelength considers several components such as 
scattering and extinction by aerosol particles, absorption and possible cloud contamination. Therefore, 
the AOD can be obtained from the total optical depth by subtracting modeled estimates of the other 
components. 
The AOD typically decreases with increasing wavelength and is much smaller for longwave radiation 
than for shortwave radiation. Values vary widely depending on atmospheric conditions, but are typically 
in the range 0.02 - 0.2 for visible radiation. 
 

2 Methodology  

For the comparison we have used CALIPSO Lidar data and data from the AErosol RObotic NETwork 
(AERONET). The tow systems are described in the following section, as is the proposed method of 
comparison. 

2.1 CALIPSO and AERONET general description 

CALIPSO is an international Earth observing platform constructed and operated jointly by the USA and 
France (Winkler et al. 2007). Since 2006 CALIPSO is the first satellite-borne Lidar designed for aerosol 
and cloud studies and provides high vertical resolution profiling of aerosols on global scales (Winker et 
al., 2007). CALIPSO’s Lidar (the Cloud-Aerosol Lidar with Orthogonal Polarization, CALIOP) is a dual-
wavelength, dual-polarization, elastic backscatter Lidar that emits linearly polarized pulses of laser light 
at two wavelengths:1064 and 532 nm. From these measurements one can compute the Aerosol optical 
depth (AOD). 
The AERONET is a global network of sun/sky autonomous radiometers and has been developed to 
provide the aerosol information from tow kinds of measurements: angular distribution of sky radiance 
and spectral data of direct sun radiation extinction (Dubovik, 2000). All measurements reported in this 
paper were made with these radiometers. A detailed description of the instruments and data acquisition 
procedure is given by Holben et al. (1998). Sun and sky scanning radiometers make direct 
measurements every 15 min in eight spectral bands (between 340 nm and 1020 nm;). These solar 
extinction measurements are then used to compute aerosol optical thickness at each wavelength. The 
aerosol data we present here was cloud-screened following the methodology of Smirnov et al. (2000). 
We have selected in this work, the data set given by 3 instruments located in Baneasa, Magurele and 
Eforie. 
 

2.2 How to make the comparison 

For the purpose of this paper, we had to select a part from the CALIPSO Lidar data that overlaps a 
square quadrant in which sun photometers reside in order to have measurements of the “same” 
atmosphere. In essence we built a filter for the CALIPSO data that extracts only a selection by a criteria, 
which in this case was to from a square box with the side length being 100km centered on Bucharest 
when CALIPSO was passing near this city, and a square box with a side length of 300km for Eforie 
because in this case the satellite passes further away and if the quadrant were 100km in side length, 
then no data would have been selected and no comparison could have been made. 
For this study we have purposely not taken any precautions in weighting the CALIPSO data as the 
measurements are taken at increasing distance from the AERONET stations to see how well the data 
sets are in accordance relative to the distance at which they have been made. Square quadrants were 
used in this paper to act as filters for the data (Fig. 11). As it can be seen from the two figures, there are 
times when CALIPSO data is missing from the image. This is due to cloud screening and also because 
some of the data points have very large errors (specially flagged in the data files) and these points are 
removed from further processing. 
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Fig. 11. Selection of CALIPSO data by square quadrants. Left picture: Băneasa & INOE (Măgurele) in a 
box with the side length of 100 km; right picture: Eforie within a box with the side length of 300 km 

Another point that should be made clear is that CALIPSO’s Lidar measures at 1064 nm and 532 nm, 
whereas for the AERONET’s sun photometers we have used the 1020 nm and 500 nm bands, as these 
bands are the nearest in comparison to CSLIPSO’s Lidar spectral bands. Also no correction was made 
for these bands. 
The final results (correlations) were made in two ways: the first, just by taking the mean over all the 
CALIPSO data from the quadrant (which in time represent some few minutes), as for the sun 
photometers we have used the mean over the data from the whole day (24h). In the second case, we 
have computed from the sun photometer’s data the mean over a period of +/- 1 hour relative to the 
center time of the CALIPSO measurements. Fig. 12, below, illustrates the process of selection data 
points for calculating the means. 

 

Fig. 12. The right figures shows the first case in which all of the AERONET data points have been used 
for calculating the mean AOD for the entire day. The left figure points out that only a portion of the data 
set has been used for calculating the mean AOD, that is only the portion in the green box (+/- 1h from 

the center time of the CALIPSO data) 

3 Results and Discussions 

It should be expected that CALIPSO Lidar measurements will underestimate the AOD because of the 
lack of good signal to noise ratio near to the Earth. Thus, for CALIPSO the densest part of the 
atmosphere cannot be properly investigated. Near to the Earth, the laser backscatter signal is relatively 
weak, thus the information is lost and as a consequence the extinction cannot be integrated over the 

100km 300km 
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entire path from the satellite to the Earth and thus the AOD is expected to be smaller for the space 
borne craft Correlation plots were made for the two described cases (Fig. 12) relative the available 
spectral bands (Fig. 13): 532 – 500 nm: (a); 1064-1020 nm (b). Fig.3 (a.1) and Fig.3 (b.1) represent 
plots in which AERONET data was averaged over the whole day. Fig.3 (a.2) and Fig.3 (b.2) follow the 
method in which AERONET data is averaged over +/- 1 h from the center of the time frame of the 
CALIPSO filtered data. 
 

  

  

Fig. 13. Correlation plots for 532-500 nm (a) and 1064-1020 nm (b) spectral bands for Bucharest region 

 

As it can be seen, although the selected data reside inside a square quadrant with a side length of 100 
km, the AERONET data is well correlated with the CALIPSO data. It is no surprise that the CALIPSO 
measurements underestimate the AOD relative to AERONET, especially for the 532 nm spectral band. 
One good reason for the better 1064 nm – 1020 nm correlation it may be the fact that the spectral bands 
are closer to one another than the 532 nm – 500 nm ones. Another good reason for this may be the fact 
that the atmosphere is more transparent for the longer wavelengths, thus smaller deviations occur for 
both the CALIPSO and AERONET data sets. 
If one takes a look at the (a.2) and (b.2) plots in Error! Reference source not found., where the 
average AOD was done not on the entire day, but rather in an interval of 2 hours, centered on the 
CALIPSO filtered measurements, it can be see that the correlations are not necessarily better. 
There are times when the CALIPSO AOD is larger than AERONET AOD. In this situation, the 
explanation could be given by the fact that the atmosphere is filled with aerosol / clouds in one portion of 
the selected quadrant, but not above AERONET’s sun photometers so that CALIPSO measurements 
are take into consideration this aerosol contamination whereas the sun photometers do not. This 
process is illustrated in Fig. 14: in the left picture one can see the path of CALIPSO laser footprints 
relative to Bucharest region for the measurements done in 2008.10.13. The highlighted portion of the 
footprints represents the part of the CALIPSO Lidar measurements that enter in the 100 by 100 km 
quadrant. Clouds can be seen at the lower end of the quadrant (round highlight), where CALIPSO Lidar 
barely touches them, but as a consequence, the retrieved AOD from the satellite measurements 
increases, overtaking AERONET measured AOD for some of the points in the quadrant(Fig. 15). 
 

(a) 

(b) 

(a.1) (a.2) 

(b.1) (b.2) 



Environmental Remote Sensing Proceedings 

 

98 Comparison of CALIPSO measurements with ground-based measurements in Romania 

 

 

Fig. 14  Left: CALIPSO trajectory relative to Bucharest region. Right: wind velocity map for the same 
timeframe as the left picture (2008.10.13, hour 12:00) courtesy of NOAA READY (Real-time 

Environmental Applications and Display sYstem) 

 

 

Fig. 15  Left: 532 – 500 nm. Right: 1064 – 1020 nm; CALIPSO & AERONET superimposed datasets 

 
Moving on to Eforie region a question arises: why are these data sets so poorly correlated in 
comparison to the Bucharest region? And most importantly why are the 1064 – 1020 nm spectral bans 
better correlated than 532 – 500 nm region? Remembering that the square quadrants have different 
side lengths 100 km for Bucharest region, respectively 300 km for Eforie region, one answer for the first 
question could be given by the fact that the two systems measure different atmosphere samples. Then 
again, the second question remains unexplained by this hypothesis. Certainly the fact that 1064 and 
1020 nm are closer together than 532 and 500 nm has an important role in this situation as does the fact 
that the atmosphere is more transparent for longer wavelengths than for shorter ones. But this is not 
sufficient to satisfactorily answer the pressing second question. 
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Fig. 16  Correlation plots for 532-500 nm (a) and 1064-1020 nm (b) at Eforie region 

 

4 Conclusions 

The CALIPSO Lidar gives well correlated AOD values with the measurements from AERONET 
Bucharest stations if the filtering quadrant for the CALIPSO data is taken to be small enough so that we 
still have data to use, but not big enough to introduce large variations in the parameters. The 
correlations for Eforie region are clearly poor because of the great size of the filtering quadrant. 
Although we infer these conclusions, we are aware about the fact that correlation plots should be done 
on larger data sets, but even so a pattern can be seen which answers a few questions. 
For a better understanding about why some time CALIPSO measurements are not in accordance with 
AERONET measurements a further in depth analysis is in order. Future work will involve sensitivity 
analysis on the dimension of the quadrant and on the timeframe for AOD averaging from AERONET 
measurements as well as trying to find an explanation about the behavior of 1064 – 1020 nm 
correlations relative to the 532 – 500 nm correlations. 
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Abstract: The article focuses on a novel technique and system, developed at the “Politehnica” 
University of Timisoara, and one will demonstrate that the results generated are of comparative 
importance and attested by similar measurements, accomplished in other regions. LIDAR technique is 
very useful in atmospheric research because it provides information on various atmospheric parameters, 
with high spatial and temporal resolution. The paper is presenting the characteristics of the developed 
“TOLI” LIDAR system for investigation of lower atmosphere and some results from its operation 
achieved recently, such as aerosol layers, RCS, etc. determinations, as well examples from literature to 
proof that the technique is useful for atmospheric quality investigations, in real time, on vertical layers, 
investigations that are possible only by applying such techniques. 

Keywords: Lidar, aerosol, RCS (Range Corrected Signal), TOLI (TimisOara LIdar) 

 

1 Introduction 

Only by gathering more accurate information can scientists improve their understanding of the 
atmosphere to the point where they can confidently predict its behavior, and determine how it is being 
affected by human activities. This improved understanding would enable us to prepare for natural 
phenomena and take stronger measures to protect Earth's irreplaceable atmosphere [1],[8]. 
LIDAR (Laser Detection and Ranging) technique provides information on various atmospheric 
parameters with high spatial and temporal resolution and for this reason; it is increasingly used to 
characterize the atmosphere, particularly in terms of vertical resolution. In the past it has made great 
efforts to monitor the horizontal, vertical and temporal aerosol. The prediction of atmospheric changes in 
synoptic and climate scale requires the analyses of datasets that include a great variety of variables. In 
this sense, these data should come from different instruments, both from ground or from aerial 
(satellitary) platforms [1], [2]. Active and passive instruments for atmospheric research brought new and 
essential information about changes and state of the Earth’s atmosphere. The atmospheric aerosol 
affects the climate directly by interacting with solar and terrestrial radiation and indirectly through its 
effect on cloud microphysics, albedo and precipitation. The influence on the energy balance of the 
tropospheric aerosol is comparable to the overall net effect of clouds. However, at regional scale, the 
radiative effect is relatively strong compared to the clouds.  
The conception of the TOLI LIDAR is based on a multiple wavelength system, with four channels: two 
elastics (355 nm, 532 nm) and two Raman (387 nm, 607 nm) ones, and was built in the frame and as 
result of the research achieved through the RADO (Romanian Atmospheric Research 3D Observatory) 
project. The system is dedicated to identifying aerosol (height of layers, radius of the particles, optical 
depth of the layers, etc.) and clouds investigation in the low atmosphere ( 0-15 km), at high temporal (1 
minute – during day time, 5 minutes – by night time) and spatial resolution (7.5 m). The transmitter is a 
pulsed solid Nd:YAG [3], [4] laser at 30 Hz repetition rate. The diameter of the beam is 6 mm at a 
divergence of 0.75 mrad, but before being transmitted into the atmosphere is expander by a factor of 
five. This is achieved by a beam expander, optimized for the wavelengths of the laser and the resulting 
divergence is 0.15 mrad.     

2 Methodology  

2.1 Configuration and technical characteristics 

The TOLI Lidar system (Figure 1) presents a monostatic biaxial configuration and consists of a 
transmitter, a receiving system, a spectral selection unit, a detection system and a system of recording 
and storing data, according to the scheme from Figure 2.  
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Fig. 1 TOLI  LIDAR  system 

 

Fig. 2 Model for the configuration of the TOLI system [5] 

BS- beam splitter, R – reflected, T – transmitted, F.I. – Interferential filter 

The basic technical characteristics of the system are listed in table 1. 
 

Table 1: Technical characteristics of the TOLI LIDAR system. 

Emitter 

Laser Nd:YAG 

Wavelengths [nm] 1064, 532, 355 

Pulse energy  [mJ] 200, 100 , 35 

Pulse duration [ns] 7-9, 6-8, 6-8 

Repetition rate [Hz] 10-30 

Beam diameter  [mm] 6 

Beam divergence [mrad] <0.75 

Receiver 

Telescope type Newtonian 

Principal mirror diameter [mm] 406 
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Detector PMT 

Detection mode  Analogic , photon counting 

Channel separation Dichroic and interferential filters 

Detection Wavelengths [nm] 355, 387, 532, 607 

Date acquisition 

355, 532 [nm] analogic ,12Bit 20MHz 

387, 607  [nm] Photon counting, 250MHZ 

Spatial resolution [m] 7.5 

Temporal resolution [min] 1 ( analogic), 5 ( analogic+ Photon counting) 

Table 1 Characteristics of the Lidar system  

The emission system is an Nd:YAG laser, with 30 Hz repetition rate on three wavelengths, the 
fundamental 1064nm and two harmonics ( 532 nm, 355 nm). The backscattered signal is received by 
the Newtonian telescope, whose primary mirror is 406 mm for good quality signal detection, and 
transmitted to the selection spectral unit. The interior of the optic selection unit can be observed in Fig. 
3.  

 

Fig. 3 Spectral selection unit of the TOLI- 3D interior view: 1) 532 nm detector; 2) Interferential filter for 
532 nm; 3)Dichroic positioning device – transmit 607 , reflect  532 nm; 4) Interferential filter for 607 nm; 

5) 607nm detector; 7) 355 nm detector; 8) Interferential filter for 355 nm; 9) 387 nm detector; 10) 
Interferential filter for 387 nm; 11) Dichroic positioning device – transmit 387 nm , reflect 355 nm; 12) 

cover; 13)spacer; 14)cover; 15)diaphragm 1-12 mm; 16) lens; 17) Dichroic positioning device – transmit 
532 nm and 607nm, reflect 355 nm and 387 nm; 18) cube support. 

2.2 Examples  

In the following figures (Figures 4 and 5) significant results obtained at 532 nm with the system at a 
spatial resolution of 7.5 m and a 1 min time resolution are presented. The aerosols’ layers can be easily 
observed, as they are having a considerable thickness between 7 and 12 km. They consist mainly of 
clouds formed from nucleation on aerosol particles. A thin layer situated at 4 km and a good 
homogeneity of the planetary boundary layer up to 2000 m are visible. The thin layer of dust from 4 km 
consists of coarse particles, that were detected also by the photometer from Mechanical Faculty. The 
homogeneity below planetary boundary layer is demonstrating that the weather was calm, without 
turbulence. Because for all the measurements a 30 Hz repetition rate is used, the resulting image of the 
RCS is smooth and also characterized by a good signal to noise ratio.   
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Fig. 4 RCS image from 26.04.2011, 1:10 PM UTC 

 

Fig. 5 RCS image from 27.05.2011, 12:50 PM UTC 

Figure 4 represent the RCS (Range Corrected Signal) image from 26.04.2011, 01:00 UTC (Coordinated 
Universal Time) processed data. The data were collected with a 7.5 m spatial resolution and with a 60 
seconds temporal resolution. The aerosol layers can be easily identified, for example the layers of 
considerable thickness are situated between 7 and 12 km. They are clouds formed from nucleation on 
aerosol particles [6]. It can also be seen a thin layer at 4 km, and a visible homogeneity of the planetary 
boundary layer up to 2000 m, as well.  

 

3 Results and Discussions 

Figure 5 represent the RCS from 27/05/2011 and has a thin layer at 3 km and a descendent layer into 
the planetary boundary layer. In the meanwhile [7], supposedly volcanic ash from Grimsvotn, Iceland 
volcano, came to southern Romania, on 25-th May was already in northwestern Romania, down toward 
the southeast. The layers that have reached Romania were very fine and with small amounts of ash. At 
the same date but at different hour, Calipso satellite arrived near the investigated area. The trajectory of 
Calipso can be observed in Figure 6 [7]. The segment from the trajectory indicated in the image is of 
interest for the case study presented. 
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Fig. 6 Calipso trajectory from 27.05.2011 [7] 

 

Fig. 7 Calipso - Total backscattered coefficient at 532 nm from 27.05.2011 [7] 

As indicated by Figure 7, the image segment between the verticals is the measurements zone near the 
used location, and is characterized by geographic coordinates of the location where the LIDAR system 
TOLI is operating. One can observe the profile of a layer situated at 3 km, but also the descendent layer 
into the PBL (Planetary Boundary Layer), clearly visible in a depolarization image (Fig .7). 

 

Fig. 8 Calipso -  Depolarization coefficient  from 27.05.2011 [7] 
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The layers presented by Figure 4 are supposed to be clouds formed from nucleation on aerosol 
particles. For the analyze, the back trajectory and the Dream model have been used.  

 

Fig. 9 Dream model prediction of cloud coverage and dust from 26.04.2001 [8] 

Clouds detected with the LIDAR system are detectable also within model prediction, but to be sure one 
had to know also from were the air masses come.  
Figure 9 indicates the total cloud coverage and dust loading over Europe and Mediterranean sea as a 
result of Dream model prediction, that used a very complex atmospheric model.    

 

Fig. 10 Backward trajectories from NOAA HYSPLIT MODEL for 26 April 2011 [9] 

The trajectory of the air masses is identical with the position of the clouds but also with the dust layers 
predicted by the Dream model, and  one can conclude that the assumption nucleation clouds is true [9]. 
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Figure 10 reprezents the backtrajectory of air masses from the height of the layers detected in 
atmosphere by the TOLI Lidar.  
The LIDAR system has proven to be useful to characterize the optical properties of atmospheric 
aerosols, as well as their spatial and temporal distributions. To retrieve aerosol extinction coefficient 
from backscattered LIDAR measurements requires knowledge of the aerosol LIDAR ratio (LR). The 
LIDAR ratio (LR), is often used to analyze the elastic LIDAR signal and is a complicated spatial and 
temporal function which depends on the size distribution, shape and composition of the aerosols. The 
microphysical characteristics of aerosols are dependent to their geographical origin such as urban, rural, 
marine or continental, and also to local meteorological conditions. Therefore, to make a good analyze of 
the aerosol properties we have to know the aerosol characteristics dependent to geographical location 
but also the meteorological conditions [11]. 
 

4 Conclusions 

The TOLI system is robust and, because of the 406 mm mirror of the telescope, offers a very good 
signal reception that makes it useful for tropospheric investigation from 750 m up to 15 km. By delivering 
similar results in the height as the Calipso measurements, one may conclude that the system is correctly 
operational and has a very good spatial resolution. Very important for the quality of measurements 
results is the calibration and the stability of the system, and TOLI is . The equipment is ideal for aerosol 
and meteorological measurements.    
In this paper major aspects were discussed including the LIDAR system (TOLI), its geometry, including 
selected data obtained during the experiments, also in comparison to other similar analysis. 
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Abstract: The transport pathways and potential source regions of PM10 were investigated based on 
backward trajectories and PM10 concentrations measured in Belgrade from 2004 to 2008. A study of 
airflow characteristics was performed using cluster analysis of 48-hour backward trajectories of air 
masses arriving at six different vertical levels above Belgrade, Serbia. Airflow directions were grouped 
into five classes indicating typical origin of air masses. The results suggest that the highest PM10 
concentration was related to the west southwest pathway. Potential source contribution function (PSCF) 
and concentration weighted trajectory (CWT) models were used for identification of source regions. 
Long – range transport from west and southwest pathway was evident and sporadically (mostly in spring 
and summer) associated with African dust outbreaks. Case study of elastic backscatter LIDAR 
observation and complementary prediction of vertical concentration profiles of Saharan dust aerosols by 
the DREAM model were also carried out. 

Keywords: Aerosols, Transport pathway, Potential source contribution function (PSCF), Concentration 
Weighted Trajectory (CWT), LIDAR  

 

1 Introduction 

Atmospheric aerosols are of major scientific interest due to their confirmed role in climate change [1] 
and their effect on human health [2] and local visibility. In order to protect public health and the 
environment i.e. to control and reduce particulate matter (PM) levels, air quality standards were issued 
and target values for annual and daily mean PM10 (particles below 10 μm in diameter) mass 
concentrations were established. The studies of the transport and mobilization of trace metals up to now 
have attracted attention of many researchers. Within the European Program for Monitoring and 
Evaluation of the Long-Range Transmission of Air Pollutants (EMEP), measurements of PM10 and trace 
metals, as highly toxic species, have been introduced. Studies of spatial and temporal variation of 
atmospheric aerosol particles also gained in significance and resulted in an increased interest in the use 
of analytical techniques capable to measure the size, morphology and chemical composition of 
individual aerosol particles. Such data are essential for an understanding of particle formation, transport, 
transformation and deposition mechanisms, as well as the impact of particles inhaled by a respiratory 
system. One of the main difficulties in air pollution management is to determine the quantitative 
relationship between ambient air quality and pollutant sources. In the field of atmospheric sciences 
receptor models aim to re-construct the impacts of emissions from different sources of atmospheric 
pollutants based on ambient data measured at the monitoring sites [3]. These methods are called 
receptor-oriented or receptor models since they are focused on the behavior of the ambient environment 
at the point of impact, as opposed to the source-oriented dispersion models that focus on the transport, 
dilution and transformations that begins at the source and continue until the pollutants reach the 
sampling or receptor site. The problem is, using the data measured at the receptor site alone, to 
estimate the number of sources, to identify source composition and most importantly, from a regulatory 
point of view, to asses the source contributions to the total mass of each sample. The two main 
extremes of receptor models are chemical mass balance (CMB) and multivariate models.  
One of the main differences between models is the degree of knowledge required about the pollution 
sources prior to the application of receptor models. For pollutant sources that are unknown, hybrid 
models that incorporate wind trajectories Potential Source Contribution Function (PSCF) [4] and 
Concentration Weighted Trajectory (CWT) [5] can be used to resolve source locations. In this paper 
these models were applied on originally PM10 data set from Belgrade in order to provide a map of 
source potential of geographical areas. Statistical analysis of air mass back trajectories combined with 
long-term ambient air pollution measurements are useful tools for source identification [6]. In addition, 
transport paths of air masses with similar history and origin were obtained by trajectory cluster analysis. 



Optoelectronic Techniques for Environmental Monitoring - OTEM 2011 Proceedings 

 

110 Investigation of transport pathways and potential source regions of atmospheric aerosols 
in Belgrade: receptor modeling and LIDAR system 

 

The Mediterranean region and particularly the Balkan Peninsula have been under the influence of 
Saharan dust transport and deposition over millennia. Identification of the concentration, composition, 
origin, transport and geographical distribution of PM in Mediterranean atmosphere has been the subject 
of research activities since the last two decades as it is heavily affected by two contrasting sources; 
mineral dust (mainly from Sahara Desert) [7] and various anthropogenic (from industrialized/semi-
industrialized countries) emissions. However, in the Mediterranean region relatively limited research has 
been carried out on the identification of potential source regions of aerosol components in particulate 
matter and a few comparisons among the various source apportionment techniques have been 
performed [8]. Within the EARLINET (European Aerosol Research LIdar NETwork) [9] particular 
attention is devoted to Saharan dust transport events monitoring. The first case study LIDAR 
measurement of Saharan dust events over Belgrade will be shown related to DREAM (Dust REgional 
Atmospheric Model) model prediction.   

2 Methodology 

Air masses back trajectories were computed by the HYSPLIT (HYbrid Single Particle Lagrangian 
Integrated Trajectory) model [10] through interactive READY system [11]. Daily 48-h back trajectories, 
started from the center of Belgrade ( o o44,804 20,478 ) at 12:00 UTC each day, were evaluated for six 
different heights above the starting point at ground level (350, 500, 750, 1000, 2000 and 3000 m). In 
total, 10934 trajectories were generated throughout the study period of 2004-2008. The grid covers the 
area of interest with cells size of ×o o0.5 0.5 latitude and longitude. For air mass trajectory visualization 
and statistical analysis, a software application called TrajStat was used in which clustering, PSCF and 
CWT methods were included [12].  Demonstration of PSCF and CWT usage was presented on five 
years PM10 data set (2004-2008) continuously recorded by the Institute of Public Health of Belgrade. 

2.1 Potential Source Contribution Function 

Air parcel back trajectories, ending at the receptor site, are represented by segment endpoints. Each 
endpoint has two coordinates (latitude, longitude) representing the central location of an air parcel at a 
particular time. To calculate PSCF, the whole geographic region of interest is divided into an array of 
grid cells whose size is dependent on the geographical scale of the problem so that PSCF will be a 
function of locations as defined by the cell indices i and j. The construct of the potential source 
contribution function can be described as follows: if a trajectory end point lies at a cell of address (i,j), 
the trajectory is assumed to collect material emitted in the cell. Once aerosol is incorporated into the air 
parcel, it can be transported along the trajectory to the receptor site. The objective is to develop a 
probability field suggesting likely source locations of the material that results in high measured values at 
the receptor site.  
Let N be the total number of trajectory segment endpoints during the whole study period. If segment 
trajectory endpoints fall into the ij-th cell (represented by ijn ) the probability of this event is given by  

     [ ] = ij
ij

n
P A

N
      (1) 

where [ ]ijP A  is a measure of the residence time of a randomly selected air parcel in the ij-th cell relative 

to the total time period. In the same ij cell there is a subset of ijm  segment endpoints for which the 
corresponding trajectories arrive at the receptor site at the time when the PM10 measured concentration 
are higher than a pre-specified criterion value. The choice of these criterion values have usually based 
on trial and error and in this paper the mean value of the measured concentration was used. In some 
publications the use of the 60-th and 75-th percentile criterion produced results that appeared to 
correspond better with known emission source locations. Thus, the probability of this high concentration 
event is given by  

     [ ] = ij
ij

m
P B

N
     (2) 

where [ ]ijP B  is subset probability related to the residence time of air parcel in the ij-th cell for the 
contaminated air parcel. Finally, the potential source contribution function is defined as 

    [ | ]= = ij
ij ij ij

ij

m
PSCF P B A

n
     (3) 

where PSCF is the conditional probability that an air parcel which passed through the ij-th cell had a 
high concentration upon arrival at the receptor site. A sufficient number of endpoints should provide 
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accurate estimates of the source location. Cells containing emission sources would be identified with 
conditional probability close to 1, if the trajectories that have crossed over the cells effectively transport 
the emitted contaminant to the receptor site. One can draw the conclusion that PSCF model provides a 
map of source potential of geographical areas, but it can not apportion the contribution of the identified 
source area to the measured concentration at the receptor site. Thus, the potential source contribution 
function can be interpreted as a conditional probability describing the spatial distribution of probable 
geographical source locations inferred by using trajectories arriving at the sampling site. Cells related to 
the high values of potential source contribution function are the potential source areas. However, the 
potential source contribution function maps do not provide an emission inventory of a pollutant but rather 
show those source areas whose emissions can be transported to the measurement site. To reduce the 
effect of small values of nij, an arbitrary weight function W(nij) is multiplied into the PSCF value to better 
reflect the uncertainty in the values for these cells. 

2.2 Concentration Weighted Trajectory 

In the current PSCF method, grid cells having the same PSCF values can result from samples slightly 
higher than the criterion concentrations or extremely high concentrations. As a result, larger sources can 
not be distinguished from moderate sources. According to this problem, a method of weighting 
trajectories with associated concentrations, CWT model was developed. In this procedure, each grid cell 
gets a weighted concentration obtained by averaging sample concentrations that have associated 
trajectories that crossed that grid cell as follows:  

     
1

1

1 τ
τ =

=

= ∑
∑

M

ij l ijlM
l

ijl
l

C C     (4) 

ijC  is the average weighted concentration in the grid cell (i,j), lC  is the measured PM10 concentration 

observed on arrival of trajectory l , ijlτ  is the number of trajectory endpoints in the grid cell (i,j) 

associated with the lC  sample, and M  is the total number of trajectories. Similar to PSCF model, a 
point filter is applied as the final step of CWT to eliminate grid cells with few endpoints. Weighted 
concentration fields show concentration gradients across potential sources. This method helps 
determine the relative significance of potential sources.  

2.3 LIDAR measurement 

A ground-based elastic LIDAR system has been operational in the Institute of Physics, Belgrade, since 
2009. This biaxial LIDAR system is a single-wavelength backscatter system pointing vertically to the 
zenith. The light source used is a commercial Nd:YAG laser (LOTIS TII, model LS2131) operating at the 
second harmonic frequency, 532 nm, with repetition rate up to 20 Hz with the pulse duration around 10 
ns. The beam divergence is typically about 0.5 mrad. As a light collector a Meade LX200 Schmidt-
Cassegrain telescope with 12’’ diameter was used. At the present configuration the system has a 
maximum overlap beginning at 150 m allowing the system to perform up to 6-8 km. The backscattered 
laser radiation is detected by a low-noise PIN photodiode FD5N coupled to a 3 nm interference filter 
(Thorlabs FL532-3) to assure the reduction of solar background and improve the signal-to-noise ratio. 
The output signal is recorded by a National Instrument NI-5124 digitizer (12 bit, 200 MHz). Data were 
averaged every 1 min and summed up in blocks corresponding to 10 min. The spatial resolution applied 
is 15 m, which corresponds to 100 ns sampling time. The LIDAR system equation contains two unknown 
parameters the aerosol extinction and backscatter coefficients. In order to solve the equation for the 
aerosol backscatter coefficient, a relationship between the two quantities has to be assumed. This 
assumption introduces errors that may exceed 20%. In this paper Klett inversion technique was used to 
resolve aerosol backscatter and extinction profiles [13]. 

2.4 DREAM model 

DREAM is a regional model designed to simulate and/or predict the atmospheric cycle of mineral dust 
aerosol [14]. The South East European Virtual Climate Change Center (SEVCCC) maintains dust 
forecast operations with DREAM and conducts modeling research and developments to shorten 
prediction. During model integration, calculation of the surface dust injection fluxes is made over the 
model grid points declared as deserts. Once injected into the air, dust aerosol is driven by the 
atmospheric model variables: by turbulent parameters in the early stage of the process when dust is 
lifted from the ground to the upper levels; by model winds in the later phases of the process when dust 
travels away from the sources; finally, by thermodynamic processes (atmospheric water phase changes 
producing clouds, rain and dust wet scavenging) of the atmospheric model and land cover features 
which provide wet and dry deposition of dust over the Earth surface. 
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3 Results and Discussions  

Since we were concerned on the directions of the trajectories, the angle distance between back 
trajectories [15] has been used as the cluster model. A cluster number can be deduced through visual 
inspection and comparison of the mean-trajectory maps. We chose five as for the number of cluster 
because this gives the best representation of airflow classifications and their representative trajectories 
are shown on Fig. 1. The main directions of air mass flows over Belgrade were therefore grouped into 5 
classes named: (1) West Southwest (W-SW); (2) East (E); (3) West Northwest (W-NW); (4) North  (N); 
(5) South Southwest (S-SW). 

 
Fig. 1 Trajectories representing grouping of 48 hour backward trajectories of air masses over Belgrade 

into four classes for the period 2004-2008.  
Based on the analysis of the whole trajectory data set, the most frequently arriving directions are W-NW 
(36%) and E (19%) thus suggesting the sampling site might be under influence of several source 
regions. Trajectories within different classes of airflow had distinct effects on the PM10 concentrations. 
The highest PM10 concentrations were associated with classes W-SW (61 μg m-3) and S-SW (52 μg    
m-3), while the lowest PM10 concentrations were found in class N (40 μg m-3). Mean contribution of each 
class (including all trajectories and trajectories associated with PM10 measured at the receptor site 
greater then 50 μg m-3) are shown on Fig. 2. High PM10 concentrations related to W-SW and S-SW 
classes would imply high polluted pathways. Along such pathways, the high emissions could be located, 
which would be further indicated by high PSCF values. 
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Fig. 2 Mean PM10 concentration and corresponding standard deviation within five classes  

Additional insights into the nature of the PM10 sources are provided through a trajectory based 
evaluation of the upwind locations associated with high concentrations of these sources. Five year PM10 
data set (2004-2008) has been used in PSCF and CWT modeling. Calculated PSCF values were 
subdivided into four categories: very weak (0.0–0.20), weak (0.20–0.40), intermediate (0.40–0.60) and 
strong (0.60–1.0). The results of PSCF are presented in Fig. 3 (above) and indicated that the strong 
potential probabilities are located in the west. In addition, higher PSCF values are observed from north 
east. 
The CWT method evenly distributes concentration along the trajectories similar to PSCF, as presented 
in Fig. 3 (below). However, this method has an advantage over PSCF since CWT distinguishes major 
sources from moderate ones by calculating concentration gradients. PSCF shows probabilities of 
potential sources based on samples with concentrations higher than the criterion, which does not 



Proceedings Optoelectronic Techniques for Environmental Monitoring - OTEM 2011 

 

Zoran Mijić(1), Darko Vasiljević(1), Aleksander Kovačević,(1) Bratimir Panić(1), Milan 
Minić(1), Mirjana Tasić(1), Branislav Jelenković(1), Ilija Belić(2), Ana Vuković(3) 

113 

 

distinguish between moderate and major sources. The results suggest that the major contribution to 
atmospheric PM10 concentrations comes from local and regional sources. There is evident a long – 
range transport from western countries which is sporadically (mostly in spring and summer) associated 
with African dust outbreaks in levels of both PM10 and PM2.5 [16]. Thus, PM10 data were separated for 
seasonal period and then divided into the two groups, greater and lower then average values for specific 
period. PSCF and CWT results for spring and autumn period are presented in Fig. 4.  Based on the 
analysis of the seasonal trajectory data set, the most frequently arriving directions are west, north-west 
and south-west thus suggesting the sampling site might be under influence of several source regions. It 
can be seen that the highest PSCF and CWT values are from the west, south west and north during 
spring period. In addition, higher PSCF values are observed from west and south west during autumn 
period. 

 

Fig. 3 Distribution of PSCF (above) and CWT (below) for the period 2004-2008. 
 
Saharan dust particles can be transported at different altitude ranges affecting the local aerosol content 
when it reaches very low altitude and the planetary boundary layer. If lofted in the free troposphere, dust 
particles can be transported over long distances, penetrating deeply into Northern Europe. LIDAR 
measurements are very useful tool for investigation of dust transport thanks to the capability to provide 
high quality dust vertical profiles. The first elastic backscatter LIDAR measurements over Belgrade have 
been conducted during 2009. Saharan dust is rich with Fe, which in both soluble and suspended forms 
gives a characteristic red or yellow color to precipitation. Such event was observed on 27. March, 2010 
over Belgrade and in Fig 5. dust load predicted by the DREAM model can be seen.  
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Fig. 4 Distribution of PSCF (left) and CWT (right) for PM10 during a) spring and b) autumn period  
2004-2008. 

 

Fig. 5 Dust load over South Europe, on 27. March, 2010 estimated by the DREAM model  

 

Vertical profiles and temporal variation of dust concentration predicted by the DREAM model over 
Belgrade, as well as averaged backscatter coefficient profile derived from LIDAR measurements are 
shown in Fig 6. It can be seen that the dust episode lasted about 12h and there is considerable 
agreement between predicted and measured variables.  

 0 – 10 

11 – 20 

21 – 30 

31 – 40 

41 – 50 

PM [ μg m-3 ]

 0 – 20  

21 – 40 

41 – 60 

61 – 80 

81 – 100 

PM [ μg m-3 ]

a)

0-0.2 0.2-
0 4

0.6 - 10.4 -
0 6

PSCF 
b)



Proceedings Optoelectronic Techniques for Environmental Monitoring - OTEM 2011 

 

Zoran Mijić(1), Darko Vasiljević(1), Aleksander Kovačević,(1) Bratimir Panić(1), Milan 
Minić(1), Mirjana Tasić(1), Branislav Jelenković(1), Ilija Belić(2), Ana Vuković(3) 

115 

 

 

0 5.0x10-3 1.0x10-2 1.5x10-2 2.0x10-2
0

1000

2000

3000

4000

5000

6000

 

H
ei

gh
t [

 m
 ]

Backscatter coefficient [ m-1 sr-1 ]
 

Fig. 6 Dust concentration predicted by the DREAM model (above) and observed backscatter coefficient 
over Belgrade, based on LIDAR measurement (below), on 27. March, 2010, 03:00 h 

4 Conclusions  

In this study, trajectory clustering, PSCF and CWT methods were used to investigate the transport 
pathways and potential source regions of PM10 in Belgrade based on 2004-2008 data set. Based on the 
cluster analysis of the 48 hour backward trajectories five classes of backward trajectories were 
generated: West Southwest, East, West Northwest, North and South Southwest. The highest PM10 
concentration was found along the West Southwest and South Southwest pathway. Along such 
pathways, the high emissions could probably located, which were indicated by high PSCF and CWT 
values. For the case study analysis of regional Saharan dust impact elastic backscatter LIDAR 
measurements and DREAM model were used. The results show good temporal and spatial correlation 
between observed and forecast dust events.  
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Abstract: Absolute absorption cross sections for selected lines of the OH stretch overtone 2ν1 of the 
cis-isomer of nitrous acid HONO have been measured in the range 6623.6 - 6645.6 cm-1 using cw-
CRDS technique. HONO has been generated by two different, complementary methods: in the first 
method, HONO has been produced by the laser photolysis of H2O2/NO mixture at 248 nm, in the second 
method HONO has been produced in a continuous manner by flowing humidified N2 over 5.2 M HCl and 
0.5 M NaNO2 solutions. The first method, very time consuming, allows for an absolute calibration of the 
absorption spectrum by comparison with the well-known HO2 absorption cross section, while the second 
method is much faster and leads to a better signal-to-noise ratio. The strongest line in this wavelength 
range has been found at 6642.50 cm-1 with σ = (5.77 ± 1.07) × 10-21 cm2. 
Keywords: HONO spectrum, HO2 kinetics, high repetition rate LIF, cw-CRDS, Laser photolysis. 

 

1 Introduction 

Nitrous acid (HONO) is an important chemical species in the atmosphere as well as in laboratory 
studies. In the atmosphere it is, especially in polluted areas, a major photochemical precursor for OH 
radicals in the early morning[1], but has also been detected in remote areas such as the south pole[2]. 
HONO can be produced in a simple gas phase reaction between OH radicals and NO, but 
heterogeneous reactions seem to be more important and heterogeneous formation has been shown to 
occur on ice[3], but also on photocatalytic surfaces[4, 5]. In laboratory studies, it has been identified as an 
heterogeneously formed, important OH radical precursor in atmospheric simulation chambers[6], but also 
as a by-product in the photolysis of CH3ONO[7], another important OH-radical precursor for chamber 
studies. HONO can also be an interesting OH-precursor for laser photolysis studies, because it 
generates OH radicals after 351 nm excimer photolysis, thus avoiding possible unwanted complications 
arising at shorter, but more commonly used wavelengths[8, 9].  
HONO is often detected and quantified by spectroscopic methods: UV-VIS absorption using open path 
DOAS technique has been very successful for atmospheric measurements[10], but FTIR spectroscopy 
has also been used, especially in laboratory studies[11]. While the qualitative absorption spectra of 
HONO have been studied by many authors in the UV-VIS and IR rangef.e.[12-16], the major difficulty using 
spectroscopic detection methods is the uncertainty linked to the absolute absorption cross sections: 
HONO exists in an equilibrium with other components such as NO, NO2, HNO3 and H2O, and is a rather 
unstable molecule, decomposing easily through heterogeneous reactions. Therefore, determining the 
absolute HONO concentration contained in an absorption cell is rather difficult. Febo et.al.[17] have 
developed a method allowing the generation of stable HONO flows with very high purity, and this 
method has subsequently been used to determine absorption cross sections in the UV[18] and IR[19].  
Cavity enhanced absorption spectroscopy is getting more and more popular, especially in the near IR 
range, where cheap and reliable components such as DFB lasers and detectors are available. This 
makes this spectroscopic range attractive, because now the rather small absorption cross sections 
expected for overtone transitions occurring in this wavelength range can be compensated for by the high 
sensitivity of the cavity enhanced methods.  
HONO is known to exist in an equilibrium in two different forms, trans- and cis-HONO in a ratio of 
approximately 2 to 1 in favour of the trans form[20]. The rovibrational parameters of both isomers, 
including the 2ν1 overtone of the OH stretch, have been published[14, 15]: the band centre of the 2ν1 
overtone of the cis-isomer has been located at around 6665 cm-1, close to well-known and relatively 
intense 2ν1 overtone features of the HO2 radical[21, 22], an important intermediate in the oxidation of 
VOCs. The knowledge of absolute absorption cross sections of HONO in this wavelength range would 
allow for future, simultaneous measurements of HONO and HO2 in laboratory studies. 
Only one fairly indirect measurement of absorption cross sections for HONO is available in this range: 
Djehiche et.al.[7] have detected HONO by cw-CRDS at 6625.69 cm-1 as reaction product during the 
photolysis of CH3ONO in a simulation chamber. Through simultaneous measurements of CH2O and 
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subsequent modelling they deduced the theoretical HONO concentration, postulating that it is formed in 
a reaction of OH radicals with the precursor CH3ONO. From this fairly indirect approach they have 
estimated the absorption cross section for cis-HONO to σ6625.69cm-1 = 4.2 ×10-21 cm2, assuming that only 
1/3 of the formed HONO is in cis-configuration.  
In this work we present the measurement of the HONO spectrum in the range 6623.6 - 6645.6 cm-1 
using two different, complementary methods for generating HONO: pulsed and continuous. The pulsed 
method has allowed determining absolute absorption cross sections, while the continuous method led to 
a better signal-to-noise ratio. The results presented in this work will allow quantitative determination of 
HONO in laboratory experiments. 

2 Methodology 

There are four main components to the experimental set-up: the photolysis cell, the photolysis laser, the 
cw-CRDS system and the LIF system. Detailed description of this set-up has already been published[23, 

24] and will not be repeated here. The LIF system has been used in the frame of this work for 
determining OH decays in order to accurately quantify the absolute H2O2 concentration in the photolysis 
cell. The procedure has been described in detail in a earlier work[24]. The only change compared to the 
earlier work is, that now we use instead of the photon counting devise a simple photomultiplier 
(Hamatsu R928) connected to a boxcar integrator (EG&G 4121B).  

cw-CRDS (continuous wave- Cavity Ring Down Spectroscopy), coupled to laser photolysis for some 
experiments, was used for the measurement of the HONO absorption spectrum. The principle of this 
technique has been published previously[23], and recent improvements concerning the synchronisation 
and acquisition can be found in a more recent work[24]. The mirrors used in this work (Los Gatos) had a 
reflectivity of R=0.999954, leading to ring-down times in the empty cavity of around 60 µsec. Under our 
conditions ([HONO] = 3.1 × 1013 cm-3, 37cm absorption path) the strongest absorption lines led to a 
decrease in ring-down time of around 5 – 10 µsec. The spectrum has been measured using two different 
methods of HONO generation, one based on a pulsed photolytic generation (a) and one based on a 
continuous, chemical synthesis (b).  

(a) In the first method HONO was produced in-situ by photolysis of hydrogen peroxide H2O2 in 
presence of excess NO. Under these conditions, OH radicals initially formed from the H2O2 photolysis 
are converted nearly quantitatively to HONO in a fast reaction sequence (see next paragraph). The ring-
down events have to be measured relative to the photolysis pulse as explained in the previous 
publication[24]. A lab view program started the data acquisition and triggered simultaneously a delay 
generator which in term triggered after 2 seconds the Excimer laser. Ring-down events were recorded 
over a total period of 4 seconds, ie. 2 seconds before and 2 seconds after the photolysis pulse (see 
figure 1). In order to renew the gas mixture between two laser pulses and to pump out most of the 
HONO produced during the previous laser pulse, photolysis was carried out at a repetition rate of 
maximal 0.08 Hz. To ensure that the data acquisition and the fitting of the individual ring down events 
had been completed before the next photolysis pulse, the lab-view program was made to verify that data 
acquisition and fitting of the ring down events is finished before starting the next data acquisition cycle. 
A minimum of 500 ring-down events have been acquired over the full 4 seconds measurement time 
(asking in average for 2 – 5 photolysis pulses) before the cw-CRDS laser was tuned by the lab view 
program to the next wavenumber. The whole spectrum was measured with a resolution of 0.005 cm-1, 
ie. 4600 time resolved traces as shown in figure 1 have been recorded.  

(b) In the second method a stable concentration of HONO was produced in a continuous 
manner outside the cell by passing a calibrated flow of humidified N2 over 5.2 M HCl solution kept at 12 
°C followed by a 0.5 M solution of NaNO2. The absorption spectrum was measured continuously, 25 
ring-down events have been averaged before the cw-CRDS diode laser was tuned to the next 
wavenumber. The whole spectrum was measured with a resolution of 0.005 cm-1. The spectrum as 
shown in the supplementary data has been measured in seven individual portions of roughly 3 cm-1, the 
acquisition time of each portion was around 1 hour. The method of HONO generation, described above, 
leads to stable HONO concentration on a short time scale (1 hour). However, the acquisition time of the 
whole spectrum was too long to assume a constant HONO concentration. Therefore, at the end of each 
individual portion, we have measured the absorption line at 6643.17 cm-1 and have normalized the 
portion of the spectrum with respect to this individual line. Thereafter the HONO flow has been replaced 
by pure N2, and the baseline for the individual portion was measured.  
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Fig. 1 Typical time resolved absorption signal for HONO formed from H2O2 photolysis in the presence of NO in  
40 Torr He. The inset shows a zoom of the first 300 msec. 

All data have been acquired using the national instruments acquisition card PC-6259 installed in a 
personal computer and all programs were written in the lab-view software version 8.2.1. All experiments 
were conducted at a total pressure of 40 Torr. For method (a) 40 cm3 min-1 STP He was bubbled 
through a 50% H2O2 solution (Sigma Aldrich), 1 cm3min-1 STP of NO (99%, Air Liquide) was added and 
mixed with the main flow of 200 cm3min-1 STP He. 52mJ cm-2 photolysis energy leading to an initial OH 
concentration of 3.3×1013 cm-3, leading to a HONO concentration of 3.1×1013 cm-3 (for details see next 
paragraph). For method (b) 50 cm3min-1 STP N2 was flown over HCl (maintained at 12°C by a 
thermostat) and NaNO2 solution and mixed with a main flow of 100 cm3min-1 STP He, leading to an 
average HONO concentration of 1.7×1013 cm-3.  

3 Results and Discussions 

The full HONO absorption spectrum has been measured in 40 Torr He using two different 
complementary methods of HONO generation, a pulsed (a) and a continuous (b) manner.  

3.1 Pulsed HONO generation by laser photolysis 

Photolysis of H2O2 at 248nm leads to the formation of two OH radcials[25, 26] which reacts in the absence 
of other reaction partners in the following reaction sequence 

H2O2  + hν248nm → 2 OH                (R1) 

OH + H2O2 → HO2 + H2O      (R2)  

OH + HO2 → O2 + H2O      (R3)  

2 HO2  → H2O2 + O2     (R4) 

In the beginning, OH radicals will predominantly react with H2O2 to form HO2 radicals (R2). As the 
reaction advances and HO2 radical concentration increases, reaction (R3) becomes more or less 
important, depending on initial H2O2 concentration and photolysis energy[27]. Finally at longer reaction 
times, the HO2 radicals recombine (R4). The H2O2 concentration used for the HONO generation has 
been measured regularly by cw-CRDS through its absorption line at 6639.88 cm-1 (σ = 2.23×10-22 cm2, 
paper in preparation) and was [H2O2] = 2.9 × 1015 cm-3, while the time resolved HO2 profile has been 
measured at 6638.20 cm-1 (σ40 Torr = 2.93×10-19 cm2). A fit of these HO2-profiles using the well-known 
rate constants for (R2) – (R4) leads to an initial OH concentration of [OH]0 = 3.3×1013cm-3. Calculation of 
the OH concentration using the photolysis energy (52 mJ cm-2) and H2O2 absorption cross section at 
248nm (σH2O2,248nm = 9.37×10-20 cm2)[28] leads to [OH] = 3.52×1013cm-3, in very good agreement with the 
value obtained from cw-CRDS measurements.  

Addition of NO to the reaction mixture will lead to a competition between (R2) and 

OH + NO (+M) → HONO (+M)           (R5) 

Reaction (R5) is still in the fall-off range at pressures of 40 Torr He with a low pressure rate constant[29] 
of k5,0 = 6.0 × 10- 31× [He] cm6molecule-2s-1. However, HO2 radicals formed in the presence of NO in 
competition through (R2) will rapidly be transformed back to OH through the fast reaction  
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HO2 + NO → OH + NO2     (R6a) 

The competing reaction channel  

HO2 + NO (+M)  → OH + HNO3    (R6b) 

has been found to be very minor at room temperature at 200 Torr N2
[30], so it can safely been neglected 

under our conditions (40 Torr He). Another possible competing reaction for OH radicals is 

   OH + HONO → H2O + NO2    (R7) 

will gain some importance at longer reaction times with a rate constant[31] of  k7 = 7.0 × 10-12 
cm3molecule-2s-1. The rate constants for (R2) (k2 = 1.7×10-12 cm3molecule-2s-1)[32] and (R5) (k5 = 6.0×10-

31cm6molecule-2s-1 = 8.4×10-13cm3molecule-1s-1 at 40 Torr)[29] are comparable, leading at concentrations 
of H2O2 (2.9×1015 cm-3) and NO (5.1×1015 cm-3) to similar pseudo-first order rate constants of k2,5

1st ≈ 
5000s-1. A simple simulation shows that under this condition 88.4% of initial OH radicals will be 
transformed into HONO within around 1 msec, ie immediately on the time scale of Figure 1: 7.2 % of the 
initial OH radicals react through (R3) and 4.4% react through (R7), we can thus calculate [HONO] = 
0.884 × [OH]0 = 2.9 x 1013  cm-3.   

From the time resolved cw-CRDS signals (a typical example is shown in Figure 1), the absorbance αt=0 
and, now with knowledge of the photolytically generated HONO concentration, the absorption cross 
section σ can be extracted from: 
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with αt=0 being the absorbance immediately after the photolysis pulse, RL is the ratio between the cavity 
length L, i.e. the distance between the two cavity mirrors, to the length LA over which the absorber is 
present (in our case the overlap of photolysis beam and absorption path), c is the speed of light, τ0 and 
τt=0 being the ring-down times before and immediately after the photolysis pulse, respectively. In order to 
extract τt=0 and τ0, the time resolved signals as shown in Figure 1 have been analyzed for each 
wavelength by a data analysis program written in lab view. τ0 has been obtained as the intercept of the 
linear regression of all the ring-down events occurred during the 2 seconds before the photolysis pulse. 
For extracting τt=0, all ring-down events occurred after the photolysis pulse have been fitted by a two 
phase association  
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HONO is a stable product; therefore the two empirical rate constants kfast and kslow can be interpreted by 
two different loss processes. The rapid decay with an average rate of kfast, 40 Torr He ≈ 14 s-1 can be linked 
to the diffusion of HONO out of the photolysis volume. This process is completed after roughly 200 
msec, ie. after this delay the HONO generated only in the volume limited by the size of the photolysis 
beam has diffused into the entire volume. The following slow loss kslow with an average rate of kslow ≈ 
0.16 s-1 can possibly be approximated as the loss of HONO through processes such as the renewal of 
the gas mixture by pumping and heterogeneous losses on the reactor wall. In order to evaluate if this 
assumption is reasonable, one can carry out a simple estimation: the photolysis cell has an inner 
diameter of 6 cm leading to a surface of 28.3 cm2, while the photolysis beam has a surface of 4.5 cm2, 
ie. a ratio of 6.2 between photolysed over total volume (for simplicity the side arms of the reaction cell 
have not been taken into account, which would increase this ratio). Taking a typical time resolved signal 
such as shown in Figure 1, one can calculate the ratio of the absorbencies α: taking into account, that 
RL (see equation [1]) evolves from 2.22 just after the laser pulse (0.82 / 0.37) to 1.05 (0.82 / 0.78) at long 
reaction times, one finds a ratio of αt=0 over αt=200msec of 7.2, in good agreement with the above 
calculated volume ratio. We therefore are confident, that the time resolved evolution of the absorbance 
is due to diffusion phenomena only. One can notice, that the renewal of the gas mixture is probably not 
totally completed just before the next photolysis pulse, ie. some HONO is still left in the photolysis cell 
(the baseline is not completely flat). This however has no influence on the calibration of the absorption 
measurement, because the laser photolysis technique accounts only for HONO that is formed from the 
actual photolysis pulse, all possible residual HONO will also contribute with the same intensity to the 
baseline. The same is true for any absorption due to other species present in the photolysis cell such as 
H2O: these absorptions will not be visible, because it affects τ0 and τt=0 in the same way (see Figure 4 
further down).  
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In order to illustrate the measurement principle, a small portion of the obtained spectrum (although not 
typical for the whole spectrum, because measured with a higher resolution of 0.001 cm-1) is presented in 
Figure 2: each dot is the result of one time resolved HONO signal as shown in Figure 1. The upper black 
line is the baseline, as obtained from ring down events acquired just before the photolysis pulse. The 
middle, green dots have been obtained as τt=0 from fits of the individual, time resolved HONO profiles to 
equation [2]. The lower red line represents the absorbance α as calculated from equation [1].  

6643.10 6643.15 6643.20 6643.25
0

5.0×10- 8

1.0×10- 7

2.0×10- 5

4.0×10- 5

6.0×10- 5

Wavenumber / cm-1

α 
/ c

m
-1

τ0  and
τt=0  / s

  

Fig. 2 HONO spectrum obtained by laser photolysis: upper, black line is baseline (τ0), middle, green line 
is τt=0, obtained through fits of individual, time resolved HONO profiles to equation [2] (right Y-scale) and 

red line is absorbance α obtained from equation [1] (left Y-scale). 

In this manner the spectrum accessible with our DFB laser (6623.6 - 6645.6 cm-1) has been measured 
with a resolution of 0.005 cm-1 and is presented in Figure 3. The repetition rate of the experiment was 
very low (0.08 Hz maximal), therefore the total measurement time for the spectrum shown in Figure 3 
spread over 2 weeks. The generated HONO concentration depends directly on the H2O2 concentration 
and on the photolysis energy. To ensure that the HONO concentration was constant over the whole 
measurement period, the H2O2 concentration has regularly been checked by measuring its absorption 
line at 6639.88 cm-1. The photolysis energy has also regularly been checked by a calibrated 
powermeter. Occasionally, HO2 concentration-time profiles have been recorded in the absence of NO, 
verifying simultaneously the H2O2 concentration and the photolysis energy. 
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Fig. 3 Full spectrum of HONO accessible with the DFB diode, obtained by pulsed HONO generation and 
calibrated to the six individual absorption lines indicated by an arrow. 

It has been mentioned that the spectrum shown in Figure 3 has been measured for practical reasons at 
a low spectral resolution with a poor signal-to-noise ratio. However, this spectrum has been used to 
choose six of the most intense absorption lines to be re-measured very carefully with high spectral 
resolution in order to obtain a significant calibration. Six absorption lines, indicated by an arrow in Figure 
3, have therefore been measured using a higher resolution (0.001 cm-1, the same as shown in Figure 2) 
and taking special care on the verification of the absolute HONO concentration: before starting the 
acquisition of each line, the HO2 concentration-time profiles as well as the H2O2 absorption around 
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6639.88 cm-1 have been measured in the absence of NO. The peak absorption cross sections of theses 
lines in 40 Torr Helium are listed in Table 1. It can be seen from Figure 2 and 3 that a broad absorption 
underlies the individual absorption lines: this background absorption is unequivocally HONO, because it 
is generated by the photolysis pulse and is probably due to unresolved, dense spectrum. For practical 
reasons, ie if it is not possible to record a baseline in the absence of HONO, we have added in Table 1 
the percentage of the peak absorption cross section that is due this background absorption. Please 
keep in mind, that HONO is in equilibrium between its cis- and trans-isomer, ie. only around 1/3 of the 
photolytically generated HONO is present in form of the cis-isomer. This fact has not been taken into 
account in the calculation of the absorption cross sections, because the result of this work should be 
seen as a tool enabling the easy quantification of HONO in laboratory experiments. Under this point of 
view it seems idle to take into account the cis-trans equilibrium and absorption cross sections given in 
this work can therefore be directly used in order to obtain total HONO concentrations, and not only the 
concentration of the cis-population.  

Wavenumber / cm-1 Absorption cross section / 10-21 cm2 Background absorption / % 

6625.01 1.60 ± 0.67 26 

6637.36 3.54 ± 0.86 38 

6638.26 3.81 ± 0.90 30 

6642.50 5.82 ± 1.07 37 

6643.17 4.17 ± 0.94 33 

6644.00 4.79 ± 0.98 52 

Table 1 Line strengths of some selected HONO absorption lines in the near infrared region. Errors have 
been estimated from the signal-to-noise ratio (Δα = 1.5×10-8 cm-1) plus 10% for other errors such as drift 

in H2O2 concentration and photolysis energy. In the third column is added the percentage of this 
absorption cross section that is due to the congested background absorption. 

3.2 Continuous HONO generation from HCl and NaNO2 

It has been explained that the spectrum obtained by generating HONO in a pulsed manner could, for 
practical reasons, be obtained with a poor signal-to-noise ratio only. The pulsed method has other 
advantages, noticeably that (a) the absolute HONO concentration can be known from a calibration 
relative to HO2 profiles and that (b) other stable species present in the cell such as H2O or products 
formed in an equilibrium with HONO or from heterogeneous reactions at longer reaction times, will not 
be detected: all absorption features appearing directly after the photolysis pulse are inherent to HONO. 
In order to obtain a spectrum with better signal-to-noise ratio, we have therefore re-measured the whole 
spectrum using a continuous source of HONO: humidified N2 was flown first over a 5.2 M HCl solution 
(kept at 12°C) and then over a 0.5 M NaNO2 solution. First test using the method developed by Febo 
et.al.[17] didn’t lead to any signal, probably du to very low concentrations. We than tried a variant 
published by Barney et.al[19]., in which humidified N2 is flown over 5.2 M HCl (kept at 0.0°C) and solid 
NaNO2. However, the HONO concentration that could be generated by this method was still too low to 
obtain a spectrum with a satisfying signal-to-noise ratio. Therefore, a slight modification using NaNO2 in 
solution has been employed: this way, much higher concentrations of HONO could be obtained. A 
drawback of this modification is (a) the high water concentration in the reactor (H2O has strong 
absorption lines in this wavelength region) and (b) the instability of the HONO concentration on the 
longer time scale: a slow increase in the HONO concentration on the hour-time scale was observed, 
possibly due to an increase in NaNO2 concentration following the slow evaporation of water. This 
change in HONO concentration was too fast to allow measuring the whole spectrum considering 
identical HONO concentrations. Therefore the spectrum has been measured in seven individual portions 
and each portion has been calibrated to a reference: one of the HONO lines (6643.17 cm-1) has been 
chosen as reference line and has been regularly measured before and after the acquisition of each 
portion of the spectrum; the absorbance of the entire portion was calibrated subsequently to the intensity 
of this line.  
Once the whole spectrum has been measured and all individual portions have been calibrated to the 
reference line, the absorbances α of the six HONO lines listed in Table 1 were plotted against the 
absolute absorption coefficients σ of the same lines. The slope of a linear regression of this plot 
represents the HONO concentration generated by the continuous method: (1.58 ± 0.2) x 1013 cm-3.  
A comparison of the spectra, obtained with both methods is shown for a small portion in Figure 4. The 
green line represents the spectrum obtained using the pulsed method, the black line represents the 
spectrum obtained by the continuous method. For comparison, the positions of H2O absorption lines as 
published by Macko et al.[33] have been added to the graph (red spikes). It can be seen that the H2O 
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lines are clearly visible in the continuous HONO spectrum, but do not appear in the pulsed HONO 
spectrum. The HONO absorption features on the other hand (for example 6638.26 or 6639.36cm-1) are 
clearly visible in both spectra, continuous and pulsed. There is, however, a limitation even to the pulsed 
method: very strong H2O-absorption lines can decrease the intensity of the ring-down events below the 
trigger threshold and preventing measuring HONO absorption features. 
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Fig. 4 Small portion of HONO spectrum, obtained by both methods: green line shows the spectrum 
obtained by laser photolysis method, black line shows the spectrum obtained by continuous HONO 

production, red spikes show H2O spectrum, as obtained by Macko et. al 
The result of this work can be compared to the only published absorption cross section, deduced by 
Djehiche et al[7] for the line at 6625.69 cm-1: σ = 4.2 ×10-21 cm2. From looking at the whole spectrum, 
published as supplementary data, it can be seen that this is a rather small line with an absorption cross 
section of σ = 3.2 × 10-21 cm2 (Djehiche et al[7] have taken into account the cis-trans equilibrium, while in 
this work it hasn’t been taken into account, hence σ from the supplementary data has been multiplied by 
3 for comparison). The 30% higher absorption cross section from Djehiche et al is in good agreement, 
looking at the very indirect method that they have used to extract the absorption cross section.  
 

4 Conclusions 

The near IR spectrum of a portion of the 2ν1 absorption band of the cis-isomer of HONO has been 
measured at a total pressure of 40 Torr Helium in the range 6623.6 - 6645.6 cm-1, using two different 
methods for generating HONO. Absolute absorption cross sections for selected nitrous acid lines have 
been determined through calibration of the generated HONO concentration against the well-known HO2 
absorption cross section. The strongest line in this wavelength range has been found at 6642.50 cm-1 
with σ = (5.77 ± 1.07) × 10-21 cm2. Using current cw-CRDS set-ups, HONO concentrations of as low as 1 
× 1012 cm-3 (corresponding to α = 5 × 10-9 cm-1) can easily be quantified. If this detection limit shows, 
that absorption spectroscopy in the near IR-range is not suitable for atmospheric measurements, it can 
provide an interesting tool for laboratory studies.  
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Abstract: The study focuses on aerosol hygroscopicity as determined based on ground-based 
measurements. Usually, the ground-based measurements are taken in dry conditions (within less than 
20-30% relative humidity), in order to have a consistency within networks. In order to compare various 
optical parameters (e.g. aerosol absorption, scattering or extinction coefficients) with those taken in 
ambient conditions, a correction has to be applied to the formers. In addition, the optical properties used 
as input within radiative transfer models must be determined as for ambient conditions (aerosol 
absorption and extinction coefficient as well as aerosol asymmetry factor). Hygroscopicity 
measurements show that there are large differences within microphysical and optical properties of the 
aerosol taken at ambient conditions as compared with those taken in dry conditions (especially at high 
relative humidity).  
First part of the present research focuses on the study of the particles hygroscopic growth, as measured 
by a Hygroscopicity Tandem Differential Mobility Analyzer, during eight months of measurements in 
2008 and 2009, at Ispra EMEP-GAW station. A characterization of the monthly diurnal behavior, for 
each of the five diameters involved in measurements is accomplished.   
The second part of the work centers on the hygroscopic effect on the aerosol optical properties 
(scattering, extinction, absorption and backscatter coefficients as well as on aerosol asymmetry 
parameter). Our procedure to correct these optical parameters to ambient conditions implies in-situ 
measurements taken by several instruments and the Mie theory. The analysis is performed over more 
than five hundred of hourly measurements taken during 84 days in 2008 and 2009. The enhancement 
factor, which is defined as the ratio between the values of an optical variable taken in wet and dry 
conditions, is usually used to characterize the effect of the relative humidity on this optical variable. The 
results demonstrate that the enhancement factors show a strong correlation with growth factor. Thus, 
the climatology of the growth factor along with the its strong correlation with enhancements factors will 
allow an easy correction to ambient conditions of the optical measurements taken in dry conditions. 
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Abstract: By low each major nuclear unit must have his own meteorological observation system in 
order to assess the potential radiological risk in routine or emergency situations.  The system must 
supply real on time data in an automatic mode, with minimum staff.  Automatic Surface Observing 
Systems are also used in today meteorological systems for weather, aviation, defence. The ASOS use 
fast response sensors and deliver at least 12 time per hour a series of data on wind (direction, speed, 
gust), temperature, precipitation (type, intensity), cloud height, visibility etc. 
The Horia Hulubei National Institute of Research and Development in Physics and Nuclear Engineering 
(IFIN-HH)   is one of the most important public R&D organizations in Romania. 
 IFIN-HH is about 3 km from Bucharest border and is situated in  the middle of a forest and surrounded 
by agricultural  land and peri-urban areas.  Exhaust radioactive products, of very low activity, are emitted 
from stacks of 40 m height and the effective   source height is between 44 and 55 m. The meteorological 
tower was built with 30 and 60 m as major measuring height and initially instrumented with classic 
sensors. When operating in real time- on line, the meteorological tower delivered information for 
application of decision support  system for nuclear emergency. Difficulties were observed in data 
reduction explained by the non-homogeny characteristic of the site. An upgrade started using internal 
resources and grant from Innovation Norway. At this moment we operate in real time with 10 minute 
updating of wind direction and velocity (average, gust, standard deviation), temperature and relative 
humidity, temperature gradient, solar and net radiation, precipitation and atmospheric stability class. A 
ceilometer is used for cloud cover, visibility and cloud height as well as for crude estimate of boundary 
layer height. For radioactivity a radon monitor report air concentration (at 10 m) and more ambient 
gamma dosimeters are used. A 3D sonic anemometer at 30 m height is used for turbulence and friction 
velocity. An infrared gas analyser is under test in order to deliver HTO/CO2 concentration (average, 
fluctuation). Raw and processed data are stored in the archive and reported on the web 
(http://meteo.nipne.ro). First results will be presented on atmospheric stability, analysis of measured and 
computed energy fluxes, turbulence, correlation between ambient gamma dose, radon and weather. 
The system will be enhanced soon with high precision temperature and humidity sensors, present 
weather sensor (full precipitation characteristics) and at 60 m height with 3D sonic anemometer and 
infrared gas analyser. After completion the IFIN-HH will be able to supply real time data on local 
turbulence, pollutant dispersion, natural or artificial radioactivity as well as essential data for remote 
sensing normalisation at surface. The experience gained with the improved system will be transferred to 
our nuclear energy industry. Research on nuclear safety aspects in a changing climate can be pursued 
as well as nuclear pollution in sub-urban area. 
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Abstract: The aim of this work was to determine the direct aerosol radiative forcing for a specific area, 
using aerosol ground based measurements and the radiative transfer model MODTRAN. The 
MODTRAN input parameters were obtained from measurements data, taken in Ispra, Italy, at the EMEP 
station IT04. Measurements from an integrating nephelometer, an Aethalometer™, an Aerodynamic 
Particle Sizer, a Differential Mobility Particle Sizer and a Light Detection and Ranging system were used 
to determine the aerosol input. The vertical profiles of the aerosol extinction coefficient over the range of 
0.2 km to 4 – 10 km were derived from LIDAR measurements. For each 1-hr measurement period, Mie 
theory was used to determine the aerosol refractive index which would minimize the difference between 
the calculated and measured aerosol scattering and absorption coefficients. Using these refractive 
indices, along with particles number size distribution, MODTRAN inputs (aerosol absorption / extinction 
coefficients and  asymmetry parameter)  were calculated with Mie theory over the wavelength range 0.2 
- 40 µm. Sensitivity tests were performed to optimize the choice of certain model features, like the 
compilation version selection, the proper atmospheric model, and the spectral resolution. The net 
integrated radiative fluxes at the bottom of the atmosphere and at the top of the atmosphere were 
determined. At the surface, the aerosols have the highest influence on the diffused up and downward 
fluxes; while, at the top of the atmosphere, they have the highest influence on the upward diffuse flux. 
The differences between the net fluxes for polluted and aerosol-free atmosphere were determined. 
Preliminary results show large positive values (maximum value of 191 W/m2) for the atmospheric 
radiative forcing (i.e. warming). The mean values for radiative forcing at BOA and TOA were -25 W/m2 
and 28.5 W/m2, respectively. 

Keywords: atmosphere, radiative forcing, aerosols, in–situ measurements, radiative transfer model 

 

1 Introduction 

The atmospheric aerosol influence on radiation budget still represents a high uncertainty on global and 
regional climate changes due to its physical and microphysical properties (Houghton, 2001). Aerosols 
influence the radiative budget directly, through the absorption and scattering of short wave radiation 
(Charlson and Pilat, 1969); indirectly, acting as condensation nuclei and thus affecting the clouds 
properties (Twomey, 1974; Rosenfeld and Lensky, 1998) and semi – directly (Hansen et al., 1997; 
Ackerman et al., 2000; Koren et al., 2004) with influence on the atmospheric temperature due to energy 
absorption, and finally warming the lower atmosphere.  
In order to reduce the uncertainties on atmospheric radiative budget estimation, it is very important to 
perform a high volume and sort of measurements, in different places of the earth, but also to develop 
the radiative transfer model that agree with the measured data.  
 Studies to find the best agreement between the measured and modelled radiative forcing data 
for cloudy and cloudless atmosphere are an actual research problem (Wendisch et al., 2002). The main 
errors which appear in the radiative forcing estimation are coming from the aerosol properties, their 
vertical distribution, the surface reflectivity and the models set –up (Clerici and Melin, 2008). In the last 
years, researchers improved significant the aerosol characterization, organizing numerous 
measurements campaigns, using in situ and/ or remote sensing equipments, and integrating them on 
different radiative models.  
 The main objective of this study is to determine the direct aerosol forcing at local scale. A brief 
description of the methodology (model and input parameters) and of the equipments used to obtain the 
local aerosol parameters specific for the surface is given in section 2. Section 3 is dedicated to results, 
including the sensitivity tests performed for the optimal use of the model. Summary and concluding 
remarks follows in section four.  
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2 Methodology  

 Preliminary results of direct aerosol forcing in Ispra are estimated using the Moderate 
Resolution Transmittance radiative transfer model– MODTRAN 4. The radiative transfer code provides 
the broadband direct, diffuse and thermal upward / downward irradiances (Berk et al., 2003) which can 
be compared with the measured irradiances. The diffuse downward irradiances are measured by a 
pyranometer while the direct normal downward irradiances by a pyrheliometer. First, we selected from 
measurements data the proper input parameters for the model.  The primary inputs for MODTRAN 
obtained from measurements are the surface albedo, the absorption and extinction coefficients at three 
wavelength (450, 550 and 700 nm), the boundary layer height, the extinction coefficients on the vertical 
column, the aerosol optical thickness, the boundary level temperature and pressure. All these 
parameters, less the surface albedo and the aerosol optical thickness, were determined at Joint 
Research Centre (45048’N, 08037’E), Ispra, Italy, with EMEP station IT04 equipments. This location is 
specific for rural regions, and is surrounded by forests, lakes, fields and villages. Some other input 
parameters for the model are the water vapour, ozone, and other molecular gases volume mixing ratios. 
The results presented in this paper are obtained for 1 February 2007. This day is characterized by well 
mixed boundary layer, with some cloudy periods at 8 – 9 km. 
Input parameters for MODTRAN4 
The downward and upward solar irradiances (direct, diffuse and thermal) for 63 atmospheric levels – in 
the case of aerosol loading and 33 atmospheric – levels in the case of aerosol free atmosphere, were 
determined with MODTRAN4 model. The 63 atmospheric levels were extracted from the altitudes were 
the LIDAR recorded data.  
MODTRAN is a very complex model, which can be used to estimate the direct radiative forcing due to 
aerosols, for different atmospheric levels with accuracy better than 15% (Stone et.al, 2008). Moreover, 
MODTRAN has been established as the standard for quantitative modeling of the signal (e.g. upward 
scattered irradiance, W m-2) at the sensor level (z) (Schlapfer, 2000). In order to provide reliable data, 
MODTRAN needs a clear description of the radiative transfer for the earth – atmosphere system. In 
consequence, it requires as input parameters the solar irradiance on the top of the atmosphere (to 
characterize the incoming solar radiation); the surface albedo (to describe the surface reflectance), the 
atmospheric optical parameters (absorption and extinction coefficients, normalized to extinction 
coefficient at 550 nm, aerosol asymmetry factor) and the vertical profile of atmospheric constituents 
(aerosol and molecular gases).  
The surface albedo of the earth is a very important parameter in transmitted and reflected solar radiation 
through the atmosphere. This parameter depends on the surface where the radiation is coming in 
contact. Ispra can be described as a rural and forested area (Clerici and Melin, 2008). Surface albedo 
values for four different wavelengths (440, 675, 870 and 1020 nm) were obtained from AERONET 
network (Dubovik et.al., 2000). As can be observed from FIG1, the surface albedo registered for Ispra 
has values closer to the urban spectral albedo curve from the default spectral albedo file. Thus, for 
future analysis, the urban spectral albedo curve  can be used if the measured surface albedo are not 
available. The boundary level temperature were determined from meteorological data at the surface.  
The solar irradiance on the top of the atmosphere was extracted from the build in Thuillier plus corrected 
Kurucz MODTRAN database (Thuillier et al., 1998). This database integrates to 1376.73 W/m2 at 1 
astronomical unit. 
The standard mid – latitude atmospheric profile was chose from Anderson database (Anderson et al., 
1986) to describe the thermal and atmospheric molecular composition on the vertical column. For 
scaling, we used the recommended value of 365 ppmv for CO2 volume mixing ratio.  
 The optical properties of aerosols for 450, 550 and 700 nm were determined using the EMEP IT04 
station equipments. The scattering coefficients were obtained from a TSI 3653 integrating nephelometer 
(Charlson, 2005). The absorption coefficients, for the same wavelengths as for nephelometer, were 
obtained from a ground base aethalometer, Magee Scientific AE – 31 (Hansen and Schnell, 1991), 
placed in the same location. The minimum difference between the measured and the calculated 
scattering and absorption coefficients provided the proper refractive index (Bohren and Huffman, 1998). 
Next, the retrieved refractive index, along with particles number size distribution is used (Mie theory) to 
determine the aerosol absorption, extinction coefficients and the aerosol asymmetry factor for the entire 
spectral range considered in the MODTRAN radiative transfer model. (0.2 – 40 μm). Extinction 
coefficients at ground level were obtained as the sum of scattering and absorption coefficients. 
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Fig. 1 The surface albedo measured at Ispra compared with the urban, deciduous braodleaf forest and 
crop mosaic (standard values from internal data of MODTRAN4) . 

 Aerosol optical parameters described above and determined for February 1st, 2007 are 
presented in figure 2.  

 

Fig. 2 The optical parameters determined from in situ measurements for 1st February 2007 at IT04 
EMEP Station – Ispra. The parameters were used as input parameter for MODTRAN4. 

 
The coefficients were normalized to the extinction coefficient corresponding to 550 nm. The aerosol 
extinction coefficients on the vertical profile in the range of 0.2 km (after “overlap correction function”) 
and 4 km (depending on the atmospheric loading with aerosol) were determined from LIDAR 
measurements (Barnaba et al., 2010). 

 

Theoretical considerations 
The atmospheric radiative forcing (∆FATM) can be determined from the difference between the top of 
the atmosphere (∆FTOA) and the surface radiative forcing (∆FBOA) and represents the amount of 
energy trapped within the atmosphere due to the presence of absorbing aerosols (Gomez et.al., 2010; 
Roger et.al., 2006): 

        (1) 
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The units for the radiative flux are W/m2. The radiative forcing is defined as the difference between the 
solar irradiance on downward direction and on forward direction, in presence of aerosols (w) and without 
aerosols (0) (Gomez et.al., 2010; Henzing et.al., 2004; Roger et.al., 2006): 

      (2) 

     (3) 

 Depending on the atmospheric level, the radiative forcing is influenced by irradiances 
components: diffuse and thermal on the upward and downward direction and direct irradiance. 
Generally, the solar irradiance on downward directions is defined as the direct (Fdir) and diffused 
irradiances ( ) (Henzing et.al, 2004): 

        (4) 

and the solar irradiance on upward direction is defined as the sum between the diffuse  and 
thermal irradiances (Ftherm): 

                    (5) 

 The following formulas were applied for radiative forcing (RF) calculation at bottom of the 
atmosphere (BOA) and top of the atmosphere (TOA) atmospheric levels: 

  (Gomez et.al., 2010; 
Henzing et.al., 2004)         
 (6) 

  (Clerici and Melin, 2008)  (7) 

The equation used for TOA was (Roger et.al., 2006 ): 

        (8).
  

3 Results and discussions 

The first requirement for input data is the availability of the data from all the equipments. Matlab 
environment was used to create the input file for MODTRAN, considering the parameters described in 
section 2.2. Different MODTRAN sensitivity tests were performed to determine the proper formula for 
∆ARF calculation.  
The radiative fluxes were integrated over a spectral range of 0.2 – 40 μm, with a spectral resolution of 5 
cm-1. We chose the spectral resolution of 5 cm-1 instead of a better one due to the good ratio between 
computing time, amount of data and spectral results. The radiative transfer equation was solved using 
the Discrete Ordinate Radiative Transfer (DISORT) multiple scattering algorithm with 8 streams and 
correlated – k treatment, using 17 absorption coefficients per spectral bin of 1 cm-1 (Stamnes et al., 
1988). The “accurate algorithm” (input parameter MODTRN K) was chosen for the radiative transport 
calculation (instead of “the faster algorithm” – input parameter MODTRN M) as a trade of between 
results resolution and compilation period. Mid latitude winter atmospheric model was used to provide 
temperature, pressure and molecular gases volume mixing ratios on the vertical column.  
Another objective of this work was to optimize the calculation of the atmospheric, bottom of the 
atmosphere and top of the atmosphere radiative forcing using the output files of MODTRAN4. The 
output file of MODTRAN provides directly the net downward, upward diffuse and thermal fluxes and the 
direct net flux for all atmospheric levels specified on the input file.  
The global effect on the studied area has to consider the solar radiation interactions with the aerosols, 
but also with the clouds (Clerici and Melin, 2008). Clouds have a high influence on solar and terrestrial 
radiation because of their large global coverage (Liou, 2000). Due to the complexity of cloud effects on 
radiative budget, in this work we neglected their presence. FIG3 represent the comparison between the 
net fluxes calculated with and without the thermal flux components. The effect of clouds on the radiative 
budget can be seen. For the chosen day (1 February 2007), some periods with cirrus clouds were 
present at around 8 km above the surface (between 10:00 and 11:00 and 14:30 and 18:00 UTC). The 
presence of clouds effects can be noticed especially for the upward component of net flux determined at 
the surface, for the case when thermal flux was considered. We can see that the aerosols decrease the 
energy at BOA, and increase it at the TOA. The maximum value of the net flux is 617 W/m2 on 
downward direction at TOA. The net flux on downward direction has the highest values at the earth 
surface (424 W/m2) and corresponds to 12:00 UTC. Smaller values of net flux appears for the upward 
aerosol light scattering from TOA (96 W/m2) and BOA (48 W/m2).   
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Radiative forcing calculations, following formulas (6-8) are shown in FIG 4. No significant differences 
were observed between formulas (6) and (7) due to the low influence of aerosols on the radiative forcing 
at upward direction from the surface (F↑diff

w). The radiative  

 

Fig. 3  Net fluxes (at the bottom of the atmosphere and top of the atmosphere) calculated on downward 
(DW) and upward (UP) directions for two situations: considering the thermal component of net flux and 

without this component. Both graphs were made for loaded (w) and clear atmosphere (0). 

 
forcing (RF) at BOA has the mean value of -25 W/m2, with minimum and maximum value of -112 W/m2 
and respective 6.7W/m2. The negative values of RF show the aerosol cooling effect at BOA. At TOA, the 
radiative forcing mean value is 28.5 W/m2, with the minimum and maximum values of 0 and 95.7 W/m2 
respectively. The aerosol direct effect on the atmospheric radiative forcing is of warming, with values in 
the range of 6.7 - 192 W/m2 (mean value of 54 W/m2).  

 

Fig. 4. The radiative forcing at the bottom of the atmosphere (BOA), top of the atmosphere (TOA) and 
atmospheric column (ATM).  

Finally, the comparison of the measured and calculated downward flux at the surface is presented in 
FIG 5 [eq. (2) – first term on right hand side]. The results are very similar, with the highest differences 
coinciding with the cloudy period (intervals 10:00 – 11:00 and 15:00 – 19:00 UTC).  
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Fig. 5  Calculated and measured downward flux at the surface (left) and their difference (right). 

  

4 Summary and concluding remarks 

MODTRAN 4 radiative transfer model was used to determine the radiative fluxes at three atmospheric 
levels (BOA, TOA and ATM). Some selections were made to obtain the optimized version of the input 
file for the model. We chose the spectral resolution of 5 cm-1, based on the good ratio between the 
compilation time and results quality. Measurements data and Mie calculations were used to obtain the 
input parameters for MODTRAN for the entire spectral range of 0.2 – 40 μm.  Due to the calculation 
complexity we neglected the clouds presence on the analyzed day, and their effects were noticed on the 
thermal fluxes at BOA and especially at TOA (FIG 3-5). The mean values for radiative forcing at BOA, 
TOA and ATM are –25 W/m2, 28.5 W/m2 and 54 W/m2 respectively, showing the warming effect of 
aerosols on the atmosphere and top of the atmosphere and cooling effect at the surface. Downward flux 
at the surface obtained from measurements was compared with the model output and the results 
showed a good agreement, the major differences being related to the cloudy periods.  
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Abstract: Urban areas are complex systems that polarize a large part of world's population, as well as 
social and economical activity. Therefore, in the recent years, issues concerning the urban climate - 
such as urban heat-island effect and urban air pollution – have retained the attention of scientific 
community. In the past decades Bucharest’s urban climate has suffered significant changes, since the 
green areas have been severely affected by continuous extension of pavement, buildings and other 
infrastructure. In addition, the increase of the pollution levels contributed to these changes. Therefore, 
the aim of this paper is to assess the relationship between urban air quality and Bucharest’s urban heat 
island magnitude. The study has been carried out during the year of 2009 in order to survey the 
connection between the pollution with suspended particles and secondary pollutants such as oxides of 
nitrogen and ozone and meteorological parameters. As it was expected, the results have shown that 
pollution enhances the urban heat island’s intensity and, urban heat island impacts local weather, 
altering local wind patterns, spurring the development of clouds and fog and influences the rates of 
precipitation. Increased heat enhances photochemical reactions, which increases the pollutants in the 
air and thus, there is a strong relationship between pollution and urban heat island magnitude. 

 

1 Introduction 

In the past decades Bucharest’s urban climate has suffered significant changes, since the green area 
have been severely affected by continuous extension of pavement, buildings and other components of 
infrastructure. Latest studies (Cheval et al., 2009, Andrei et al., 2011) highlight a significant increase in 
urban heat island magnitude of the city of Bucharest. It is already known that the urban heat island 
intensity is directly influenced by atmospheric circulation regimes dominating the location of interest. 
Also it is known that, in addition to natural factors, a number of other factors, this time anthropogenic, 
have their own contribution to increasing air temperature in the metropolitan area ( 
www.eea.europa.eu/themes/urban). 
The main purpose of the present study is to emphasize whether UHI magnitude on various types of air 
circulation is decisively influenced by the presence of air pollutants and to what extent their 
concentration is important in atmospheric processes/photochemical generation of heat. 
Evaluations were conducted using daily meteorological observations and measurements data daily and 
hourly average concentrations of PM10, NO2 and O3 during 2009. Data and working methods are 
detailed in Section 2. The results are presented in Section 3 and Section 4 contains discussions and 
conclusions related to these results. 

2 Data and methods 

Conventional methods to assess UHI magnitude involve the comparison of urban temperature and rural 
areas temperature. In order to do this, the observational data of weather station from National 
Meteorological Administration were considered:  Filaret - as urban background station and Afumaţi and 
Băneasa – as non-urban stations (red stars in figure 1). As previous studies have revealed, urban heat 
island is visible mainly on minimum temperature, therefore all assessments in this paper were done in 
the base of this parameter (Morris and Simmonds, 2000).    
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Fig 1 Bucharest – the location of National Meteorological Administration’s weather stations (red 
stars) and the Environmental Protection Agency stations (green stars). Only the underlined 

EPA’s station were used in this study (http://www.calitateaer.ro/parametri.php). 

 
Applying Morris and Simmonds (2000) procedures, the analysis of Bucharest’s UHI magnitude in terms 
of ∆Tu-r was performed: 

2
AB

Fru
TT

TT
+

−=Δ −  

where, TF, TB and TA are Filaret’s, Băneasa and Afumaţi temperatures. The data obtained were 
compressed into six classes: 

    (0.)                           intense UCI (Urban Cold Island) 

    (I.)             medium size UCI 

    (II.)           normal UCI 

    (III.)             normal UHI 

    (IV.)               medium size UHI 

    (V.)                                intense UHI 

 
Based on previous assumptions (Demuzere et al. 2008) that there are clear correlations between the 
sea level pressure and urban heat island, daily values of ΔTu-r were correlated with the types of 
atmospheric circulation according to the predefined catalog GWT (Beck and Philip, 2010; Philip et al., 
2010). The GWT catalog with 18 circulations types (hereafter GWT18) was built using the reanalysis 
data (horizontal resolution 2.50×2.50) of mean sea level pressure, provided by the National Center for 
Environmental prediction (NCEP) and National Center for Atmospheric Research (NCAR) (Kalnay et al., 
1996). The working window for this study is set to 50- 450 E and 350 - 550N, also known as hybrid 
domain (Andrei et al., 2011). 
For the analysis of correlations between UHI magnitude, circulation types and the air pollution, daily and 
hourly data of suspended particles PM10 and secondary pollutants such as oxides of nitrogen NO2 and 
ozone O3 were used. The measured data series derived from five air quality monitoring stations (marked 
with green stars in figure 1) are provided by Romanian Environmental Protection Agency 
(http://www.calitateaer.ro/parametri.php). Each station has different characteristics: Drumul Taberei 
(hereafter B5) evaluate influence of industrial activity on air quality, Mihai Bravu (hereafter B3) is a road 
traffic monitoring station, Lacul Morii (hereafter B1) and Magurele (hereafter B7) are urban and 
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suburban background stations, and Balotesti (hereafter B8) is a regional background station. The 
chosen of these stations was made on the base on the consistency of datasets.  
To harmonize these data with daily meteorological data, a representative daily value is considered for 
each pollutant. Thus, daily mean of PM10, daily maximum value of NO2, and daily 8 hour maximum 
mean for O3 were taking into account. 
The aim of this paper is to establish whether there is a mutual relationship between the pollutant 
concentration and UHI’s magnitude. 

 

3 Results 

3.1 Urban heat island magnitude and circulation regimes 

 
GWT circulation catalog with 18 types (hereafter GWT18) was chosen because the number of types is 
conveying satisfactory for the complex atmospheric behavior. In this catalog, for each day a certain 
circulation type is assigned. This catalogue - developed by Beck et al (2000, 2007) - is built on the base 
of spatial correlation coefficients of zonality (Z), meridionality (M) and vorticity (V) for MSLP field and 
three prototypical patterns representing idealized W-E, S-N and central low/high pressure isobars over 
the region of interest. Atmospheric circulations are organized in eight cyclonic types (T01 to T08 ), eight 
anticyclonic types (T16 to T09), a pure cyclonic (type T17) and a pure anticyclonic type (T18), as in 
figure 2. Each day is assigned to a certain circulation type.  

 

   

 

Fig.2 Composites of GWT18 cyclonic (left) and anticyclonic circulation types (right) during 2009 

To ease the analysis, circulation types were grouped according to the original baric centre that can 
determine that circulation type. Thus, the S-SE-SW-E (T02-T08-T07-T06) cyclonic circulation group is 
attributed to Mediterranean Low, W-NW-N-NE (T01-T03-T04-T05) to Icelandic Low, anticyclonic 
circulations grouped in NW-W-S-SE-SW (T11-T09-T10-T16-T15) are assigned to the Azores High and / 
or North-African High and the N-NE-E (T12-T13-T14) represents the Scandinavian and Eastern 
European Highs. Pure cyclonic - C and pure anticyclonic - A circulations having uncertain origin (any of 
those mentioned above) were treated separately).       
A first evaluation (Fig. 3) highlights that during 2009 the dominant atmospheric regime was rather 
anticyclonic (205 days) than cyclonic (160 days). Normal UHI is a common feature for both cyclonic and 
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anticyclonic regimes. Normal UCI is more numerous on cyclonic circulation, while medium size UHI 
presents an important number of cases on anticyclone regime. Furthermore it can be observed that on 
pure anticyclonic circulation, cases of medium size UHI are more numerous than the other two classes.     

 

Fig.3 The distribution of UHI’s magnitude on circulation types during 2009 

 

3.2 Bucharest’s air quality analysis  

Regarding Bucharest’s air quality analysis, the attention has been focused on PM10, NO2 and O3 in order 
to assess their role in intensifying or weakening UHI’s magnitude. Only episodic cases in which 
concentrations of pollutants / particles exceeded the standards as recommended by the European 
Community (2008) were selected. 
During 2009 PM10 often exceeded the limited value of 50μg/m3 (figure 4 and 5).  Episodes in which the 
limit was exceeded three times or more were recorded mainly on SW-S-SE-E cyclonic group and NW-
W-SW-S-SE anticyclonic circulation group. Such cases were recorded mainly in winter. The highest 
concentrations were recorded during 11th and 14th of January and 23rd and 25th of December. Weak 
exceeding was observed during the spring and autumn seasons, when air circulation is alert. The lower 
values, were recorded in case of pure cyclonic circulation - C, when turbulent mixing of air favors 
particle dispersion. 

 

 

Fig.4 Atmospheric pollutants on the different cyclonic circulation types 
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Fig.5 Atmospheric pollutants on the different anticyclonic circulation types 

 
Few cases of NO2 concentration overtaking (200μg/m3) have been recorded at the traffic (B3) and urban 
background station (B1) station on cyclonic SW-S-SE-E group and on NW-W-SW-S-SE anticyclonic 
circulation group. 
Equally rare, are the O3 pollution episodes. Exceeding of 120μg/m3 were recorded by the regional 
background station B8. Low levels of surface ozone concentrations within the city limit is due to fresh 
nitric oxide emissions from traffic that practically suppress the  high ozone concentrations entering air 
from the surrounding country sides. 
Pearson correlation coefficients (table 1) were calculated between each of the selected pollutant and 
UHI’s magnitude (∆Tu-r). 
 

 

Table 1 Pearson correlation between ∆Tu-r  and daily air quality parameters for each group of circulations 

 

 

    Good correlation can be observed for PM10 and NO2 on pure cyclonic circulation, while between NO2 
and ∆Tu-r  on pure anticyclonic circulation there is an anti-correlation.  O3 has a good correlation with 
∆Tu-r on N-NE-E anticyclonic circulations and on pure anticyclonic – A circulation.  
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4 Concluding Remarks 

Data analysis revealed that the exceeding concentration of PM10 and NO2 under anticyclonic regime is 
due to local sources, while under cyclonic regimes, it is due to the long-range transport. 
O3 concentration within the polluted city, are lower than those in the surrounding countryside (B8) 
because fresh nitric oxide emissions from traffic suppress. 
Pearson correlations showed that between air pollutant particles and ∆Tu-r there are positive 
correlations. These correlations are good especially in the case of pure cyclonic circulation. PM10 and 
∆Tu-r T are anti-correlated under pure anticyclonic circulation, for reasons described above. 
The results of this study emphasize the necessity of a long-term analysis that could lead to more robust 
results regarding the contribution of air pollutants concentrations in intensifying or weakening the urban 
heat island's magnitude. 

 

Acknowledgement 

 Simona Andrei was supported by the strategic grant POSDRU/88/1.5/S/56666 - priority axis nr. 1. 
cofinanced by the European Social Found within the Sectorial Operational Program Human Resources 
Development 2007 – 2013.  
The author Sabina Stefan wishes to acknowledge DELICE grant FP7 REGPOT-2008-1 Contract no. 
229907. 

 

References 

[1] Andrei, S., Georgescu, F., and Stefan, S., 2010: Air circulation types and the severe 
weather in south-eastern part of Romania during the cold season, EMS Annual Meeting 
Abstracts, Vol. 7, EMS2010-594 

[2] Andrei S., Stefan S., 2011: Effects of Air Pollution upon Bucharest’s Urban Heat Island, 
ACCENT 2011 Symposia, 13-16 September 2011,Urbino, Italy.  

[3] Beck, C., Philipp, A., 2010: Evaluation and comparison of circulation type classifications 
for the European domain. J. Phys. Chem. Earth, doi:10.1016/j.pce.2010.01.001 

[4] Cheval, S., Dumitrescu, A., Bell, A, 2009:. The urban heat island of Bucharest during the 
extreme high temperatures of July 2007. Theoretical and Applied Climatology, 97(3-4), pp. 
391-401. 

[5] Demuzere, M., et al. 2008: The impact of weather and atmospheric circulation on O3 and 
PM10 levels at a mid-latitude site, ACP (www.atmos-chem-phys-discuss.net/8/21037/2008) 

[6] Kalnay et al., 1996: The NCEP/NCAR 40-year reanalysis project, Bull. Amer. Meteor. Soc., 
77, 437-470. 

[7] Morris C.J.G., Simmonds I., 2000: Association between varying magnitudes of the urban 
heat island and the synoptic climatology in Melbourne, Australia, Int.J.Climatol. 20, 1931-
1954 

[8] Philipp, A., et al., 2010:  Cost733cat – A database of weather and circulation type 
classifications. J. Phys. Chem. Earth, doi:10.1016/j.pce.2009.12.010 

[9] *** http://www.calitateaer.ro/parametri.php 
[10] *** www.eea.europa.eu/themes/urban 

  



Optoelectronic Techniques for Environmental Monitoring - OTEM 2011 Proceedings 

 

140 Meteo-climatic factors influence upon Cacica salt-mines, Suceava county-natural 
climatic areal for medical rehabilitation treatment 

 

Meteo-climatic factors influence upon Cacica salt-mines, 
Suceava county-natural climatic areal for medical 
rehabilitation treatment 

Ioan-Sorin Stratulat(1, 2), Marius-Mihai Cazacu(3), Adrian Timofte(3, 4), Dan-Gheorghe Dimitriu(3), Silviu 
Gurlui(3) 

(1) “Gr. T. Popa” University of Medicine and Pharmacy, 16 Universitatii Str., 700115, Iasi Romania 
(2) C.F. Clinic Hospital Iasi, Clinic for Rehabilitation medicine, Fiz. Medicine,Balneoclimatology, Chief of 
the Clinic. 
(3) “Al. I. Cuza” University of Iasi, Faculty of Physics, 11 Carol I Blvd., 700506 Iasi, Romania 
(4) National Meteorological Administration, Regional Forecast Center Bacau, 1 Cuza Voda Str., 600274 
Bacau, Romania 
 
 
Abstract: In this paper, particulate matter data analysis (PM10, PM2.5, PM1- using a monitoring device, 
DustTrak Aerosol Monitor 8520) and comparison of acquired data with the MAP3D model data in the 
Cacica area (Suceava county) have been performed. In addition, meteorological data from the Radauti 
and Suceava meteorological station, satellite (EUMETSAT) data and model data from ECMWF have 
been used, too. A great importance of MAP3D model is that it can be used as a useful tool for the 
forecasting of the particulate matter increases above the allowed limit. 
The investigated area was chosen at approximately 300 m north-northeaster of the local salt mine, 
which is a destination for both tourists and patients that are coming for treatment of respiratory diseases 
and rehabilitation therapy.  
Knowledge of the climatic factors, in this case the air quality study, allows us to complete the quality 
approach to the modern medical analysis of a natural area so that the indications of medical cure to be 
achieved with certainty and scientific evidences. 

Keywords: Map3D, modeling, aerosol, health, salt mine 

 

1 Introduction 

The access to the medical rehabilitation is a fundamental right of man, supported by the United Nations 
Organization by the standards elaborated in 1993, promotion of rights for the people with disabilities 
(2003 – European Year of People with Disabilities) and the Resolution 58.23 of the International Health 
Meeting (2005) [1]. 
Increasing the quality and efficiency of R&D activity carried out in universities and public R&D institutes, 
in order to ensure high educational standards and high-performance services for research centers, 
research institutes and companies by endowing them with state-of-the-art equipment, instruments, and 
software realize the concordance with the needs of sick people. 
This ensures an increase of performance in the medical scientific research fields corresponding to the 
challenges of the 21st century [2]. From this point, the scientific activities to analyze the climate of the 
zone which are known for the effects on the human body are a necessity for the field of rehabilitation 
medicine. 
Correlating medical scientific research with the challenges of specific scientific and technical 
developments (genomic medicine, nanotechnologies and bio-nanotechnologies with clinical medical 
applicability) through the standardization of functional medical recovery protocols from the level of 
nanostructures to the level of the whole body and the correlations between the climate naturals factors 
with influence of climate changing are one priorities in the field [1, 3]. 
Carrying out medical research on civilization ailments (blood pressure, strokes, traumatisms, obesity, 
diabetes), as well as on population ageing, in order to achieve the performance of a good state of health 
in answer to the expectations of the population, equidistance from the financing sources of the health 
system, and the creation of excellence centers in the field of functional recovery medical research on 
specific natural area are very important [2]. 
Quantifying the actions of environmental factors (climate change) and artificial factors (changes in food 
through genetic modifications, the action of low-energy electromagnetic radiation, etc.) and the 
elaboration of standardized programs for preventing the action of such factors are taken into account. 
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At European level, the researches in the field of medical recovery have evaluated by setting up centers 
of excellence whose research activity permitted to establish scientifically substantiated methods of 
medical recovery, whose finality had results with socio-economical impact (reintegration of the individual 
in the productive circuit, diminution of the employer costs for medical leaves, social costs generated by 
early retirement, costs for patient hospitalization/ treatment/monitoring, etc.). 
Thus, it is imperiously necessary to line up the recovery methodologies and the specific equipment by 
developing a high performance research activity [3]. 
The importance of lining up the recovery methodologies and specific equipment is also mentioned in the 
“International Classification of Functioning, Disabilities and Health” (CIF) elaborated by the World Health 
Organization and approved by the World Health Meeting in May 2001. This program identifies the basic 
medical pathology, the problems at the level of organ function and recovery/optimization of personal 
functioning, by analyzing the ability to participate within the society, which depends not only on the 
personal functioning, but also on the contextual factors which affect the individual life and the 
environment [5, 6]. 
Air pollution has both direct and indirect effects on human health. Thus: 

• direct effects are the changes occurring in the health of the population due to exposure to air 
pollutants; 

• indirect effects are due to the air pollution effects on the environment, which are indirectly reflected 
in the health of the population, such as climate change, global warming, the depreciation of the 
stratospheric ozone layer. 

Air pollution produce negative effects mainly on the respiratory system, but it can also lead to diseases 
of the digestive system, bones, muscles, nervous system, infectious and parasitic diseases. 
Prolonged exposure to particulate matter (TSP, PM10, PM2.5) in relatively high concentrations, has the 
largest impact on the health of the population, generally favoring these various diseases, especially the 
respiratory ones [7, 8]. 
The effect of the dust in suspension on the human health depends both on the composition and the 
dimension of the component particles. Function of their chemical composition, the dust powders can be 
toxic (determining pathologic manifestation specific to the toxic component) or non-toxic. The non-toxic 
dust powders are mainly irritant pollutants, having an irritant effect on the respiratory system and ocular 
membrane. However, function of their nature, they can also determine cancerous, allergic, photo-
dynamic, infectious and fibrous effects. The thin dust powders in suspension leads to the modifications 
at the respiratory ways level, reducing the protection capacity of the respiratory system. Thus, they favor 
obstructive chronic bronho-penumopaties (chronic bronchitis, bronchitis asthma and pulmonary 
emphysema). They are also incriminated as worsen agents of the microbial and virosis acute respiratory 
infections, by decreasing the organism resistance to the infections [9, 10]. 
 

2 Methodology 

MAP 3D is a complementary power tool software-instrument used in order to obtain both local forecast 
meteorological data and various 3D atmospheric time-trace constituents as well as their local 
concentration [10]. This software is based on the well known MM5/CHIMERE model having a resolution 
of 15x15 km for the investigated Iasi region [11, 12].  
Our case study aims to compare the forecasted data by MAP 3D, meteo climatic factors and 
experimental data recorded at the Cacica salt mine (lat: 47.6308, lon: 25.8995). The area in which 
determinations were made was chosen at approximately 300 m north-northeaster of the local salt mine, 
which is a destination for both tourists and patients that are coming for treatment of respiratory diseases 
and rehabilitation therapy [13 - 15].  
We studied, compared and correlated data concerning the dust particles and the meteorological data. 
The two observatory stations are situated into the frame region validated by the Map 3D software 
(15x15 km). The measured data were obtained using a Dust Trak Aerosol Monitor – model 8520 [16]. 
Particle sizer principle is based on the scattering of the light upon the different particles [17]. Thus, the 
aerosol is drawn into the sensing chamber in a continuous stream by using a diaphragm pump. Part of 
the aerosol stream is split ahead of the sensing chamber, passed through a HEPA filter and injected 
back into the chamber around the inlet nozzle as sheath flow. The remaining flow, called the sample 
flow, passes through the inlet entering the sensing chamber where is irradiated by a laser diode. The 
laser radiation passes through a collimating lens and then through a cylindrical lens to create a thin 
sheet of light. A gold coated spherical mirror captures a significant fraction of the light scattered by the 
particles and focuses it onto a photodetector [16]. The electrical signal response of the photodetector is 
proportional to the mass concentration of the aerosols. The electrical signal is multiplied by a calibration 
constant, which is determined from the ratio of a known mass concentration of the test aerosol to the 



Optoelectronic Techniques for Environmental Monitoring - OTEM 2011 Proceedings 

 

142 Meteo-climatic factors influence upon Cacica salt-mines, Suceava county-natural 
climatic areal for medical rehabilitation treatment 

 

voltage response of the same photometers that respond linearly to mass concentration. The scattered 
light depends on the size distribution of the aerosol, refractive index, shape factor and density of the 
aerosol.  
By using experimental tools, weather data and model MAP3D, it wants their coherence, both the 
characterization of the area studied climate and development of an instrument of warning value is 
exceeded particulate matter based on both measurements at ground level and the models forecast [18, 
19]. 

3 Results and Discussions 

During the period chosen for this case study (11-18.06.2011), most of the continent remained under the 
influence of a low pressure field, the nuclei depression, which went from the North Atlantic to northern 
Europe, making his way to the north-west of Britain. Exception made southwest of the continent, where 
atmospheric pressure gradually increased and the ridge of Azores High gradually has been infiltrated. 
During this period, Romania has remained under the influence of a low pressure field, with small 
variations, the pressure being between 1005 and 1010 hPa. Starting from 15.06.2011, the atmospheric 
pressure rise slightly, reaching a value of 1015 hPa, so that by the end, Romania has remained under 
the influence of a relatively uniform field and high pressure (slightly above 1015 hPa) – Figs.1 and 2. 
Rainfall play an important role in our study, because rain can "wash" the atmosphere and thus the 
monitored location is cleaner than usual. During the monitoring period (nine days), precipitations were 
recorded for four successive days (Table 1). 

 
DAY/ LOCATION 11.06 12.06 13.06 14.06 15.06 16.06 17.06 18.06 19.06 

Gura Humorului 13.2 0.5 - 2.1 - - - 0.6 - 
Dragosa 15.2 0.1 0.2 0.8 - - - - - 

 

Table 1 - Precipitation recorded at gauging stations Gura Humorului and Dragoşa,  Suceava County 
during 11-19.06.2011 (l/m2) 

 
As a reference point for precipitation, we chose two gauging stations, located near our area of interest, 
namely: Gura Humorului (hydrometric-station), located at a distance of 9 km in a straight line, 
respectively Dragoşa hydrometric station, located at a distance 20 km from Cacica, Fig. 3 (According to 
the World Meteorological, measurements from a monitoring station are valid within a radius of 
approximately 30 km). 
Another key role is occupied by the wind, both direction and intensity. Representative data about the 
wind were taken from the Meteorological Stations Radauti and Suceava. For nine days, hourly values 
were recorded for wind speed and direction. From the analyzed data, there was a prevailing wind from 
the northern sector (Figs. 4 and 5). Besides the actual data about wind, we studied the information 
provided by ECMWF model [16]. We found a good agreement with reality on the ground. 
In the plateau region, the dominant wind direction is NW-SE, with some deviations due to the orientation 
of the valleys. As can be seen, during the monitoring took place, prevailing wind direction was really, 
NW-SE. Wind speed was between 0 – 8 m/s for the Meteorological Station Radauti and 0 – 9 m/s for the 
Meteorological Station Suceava. For our area of interest, the airflow in the eastern sector, especially the 
southeast sector, can influence, more than usual, the concentration of PM10 due to location. As can be 
seen from Figure 6, the area where monitoring took place, has a mild form of trough, bordered by a 
"horseshoe" of hills, which leaves uncovered the east and southeast to the infiltration of pollutants and 
sewerage wind. 
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Fig. 1 Synoptic situation at the ground level on the 15.06.2011, h 06 UTC (DWD) 

 

 
Fig. 2 ECMWF model ground pressure field; temperature field at 850 hPa [20] 

Fig. 3 Hydrometric stations to monitor rainfall Gura Humorului and  Dragoşa, respectively [21] 
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Fig. 4. Compass Rose from the Meteorological Station Radauti 11-19.06.2011. 

 
Fig. 5. Compass Rose from the Meteorological Station Suceava  11-19.06.2011. 

 

 
Fig. 6 The investigated area – region Cacica, Suceava County. 
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DATA MAX 
(µg/m3) 

MIN 
(µg/m3) 

AVERAGE 
(µg/m3) 

11.06.2011 37 8 20 
12.06.2011 67 7 18 
13.06.2011 30 5 15 
14.06.2011 69 13 20 
15.06.2011 48 22 33 
16.06.2011 68 19 33 
17.06.2011 80 32 42 

 
Table 2  Extreme and average values for PM10 as measured by DUST-TRAK in Cacica region. 

 
The above data (Table 2) shows that the indicators PM10 daily limit value for human health protection 
has not been exceeded (according to the Order 592/2002, 50 μg/m3, not to exceed more than 35 times 
in a calendar year).  
Figure 7 shows the profiles of PM10 and PM2.5 concentrations. We can observe that the two profiles 
are very close each one, so the fines dust particles are dominant in the atmosphere.  
Figure 8 shows the comparison of the PM10 concentration profiles experimentally measured by DUST 
TRAK and predicted by MAP3D model, respectively. An increasing of the experimentally measured 
PM10 concentration in the last days can be observed, due to the absence of the rain, the atmosphere 
being not anymore washed in these days. However, this increasing of the PM10 concentration was not 
predicted by the MAP3D model, which has some errors in estimating the relative humidity and its effects 
on the particulate matter concentrations [16], especially due to a low spatial resolution over Romanian 
territory [11]. 
However, the model is a useful tool for possible warnings of the population, in case of exceeding the 
values limits, along with weather data from monitoring sites in the area investigated. 

 
Fig. 7 Profiles of the PM10 (black) and PM2.5 (magenta) concentrations, experimentally measured 

by DUST TRAK 
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Fig. 8 Profiles representing the comparison of PM10 concentrations measured by DUST 

TRAK (black) and predicted by MAP3D model (red), respectively 

 

4 Conclusions 

Because of their importance upon the influences of toxic dusts, irritating pollutants, irritating the lining of 
the respiratory system and eyes, studies concerning the particularly region and climate changes, 
pollution and therapeutic treatment involve a complex panel of measurements and research studies for 
scientists (physics, chemistry, biology, medical infrastructure, etc).  
Our case study aims to compare the forecasted data by MAP 3D, meteo climatic factors and 
experimental data recorded at the Cacica salt mine. The area in which determinations were made was 
chosen at approximately 300 m north-northeaster of the local salt mine, which is a destination for both 
tourists and patients that are coming for treatment of respiratory diseases and rehabilitation therapy.  
In the high medical health potential plateau region, we found that the dominant wind direction is NW-SE, 
with some deviations due to the orientation of the valleys. For our area of interest, the airflow in the 
eastern sector, especially the southeast sector, can influence, more than usual, the concentration of 
PM10 due to location. The area where monitoring took place, has a mild form of trough, bordered by a 
"horseshoe" of hills, which leaves uncovered the east and southeast to the infiltration of pollutants and 
sewerage wind.  
In order to investigate the effect of particulate matter on human health that vary according to both 
composition and particle size, depending on their chemical composition complementary studies will be 
take into account in the future (LIDAR measurements, etc). The action of the agents of acute respiratory 
infections and viral microorganisms by lowering resistance to infection will be deeply analyzed, too.  
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Abstract: In order to make a complete characterization of a special region of medical treatment, the 
complex analysis of physical, chemical, geological and meteorological factors is described in this paper. 
The Cacica saline area is well-known as a balneary-climatic region but it is not yet complete analyzed. 
The Cacica treatment area is located between coordinates: 47o34’ – 47o41’ north latitude and 25o47’ – 
25o56’ east longitude, respectively. The hilly topography of the Cacica area is guarded to the north-west 
by the height of 973 m- the peack of Custura and to the south-east by the Ciungi massive- height of 629 
m. The lowest point of Cacica depression in the area of interest is in the south-east of the village, having 
a value of 380 m.  

Keywords: modeling, aerosol, health, salt mine 

 

1 Introduction 

From administrative point of view, Cacica is located in the center of Suceava county, aproximatively 40 
km from Suceava, at the intersection of county roads Păltinoasa DJ209 - Solca with Cacica DJ1781 - 
Todireşti - Suceava. In terms of geographic coordinates, area Cacica is located between: 47o34 '- 
47041' north latitude, respectively  25047'- 25056' east longitude. In terms of morphology, the topography 
area belongs to Moldovian Sub-Carpathians, respectively to the depression of the same name (Cacica), 
located at the contact of the Oriental Carpathians and the plateau area of the above mentioned 
Subcarpathians [1, 2]. 
Here in the northern Plateau Volovat - Roman, this interfluves was divided by cross valleys, whose 
activities have led to erosion of a series of spurs with the broad crest and flat (structural), which 
continues to the east without obvious level differences, the accumulation piemont at the bottom of the 
last Carpathian Crest (High Crest of Bucovina), interrupted by Sub-Carpathian depressions- Marginea, 
Cacica and Solca [2]. 
Thus, the hilly terrain of Cacica area's has resulted, guarded to the north - west by the Custura Crest- 
height of 973m and south - east by the Ciungi massive- height of 629 m. The lowest point of the Cacica 
depression, in our area of interest, south-east of the village, has a value of 380 m [1, 2]. 
The climate of Cacica area belongs to temperate-continental regime, with fairly pronounced variations 
depending on the levels of relief. 
Because the area of Cacica depression is at the contact between the mountains and the plateau, the 
annual average temperature values are between 6 and 8° C, with long and chilly winters, crispy and 
short springs. 
Air circulation denominated by winds regime depends on the orientation of ridges and corridors 
landscape created by valleys in the direction of prevailing winds in the area of Cacica, NW - SE. 
Rainfall annual average is between 600-800 mm. 
The hydrographic network is represented by the Solonet river with its affluents Cacica, Neagra, Saca, 
Racova and most importantly, Blîndeţu (right affluent), basin code XII - 1-25. 
Solonet is the right affluent of the Suceava River, their confluence beeing in the area of Părhăuţi village. 
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2 Methodology 

In this study, we focused mainly on the geological and stratigraphical research on Cacica habitat region, 
characterizated both in terms of local climatology and population, respectively. 
The geological map of the area at a scale of 1:200000 and meteorological data, especially those related 
to the wind have been used. The  Cacica region presents an ideal area for medical treatment due to air 
quality, water and soil salty.  
As can be seen from Figure 1, the area where monitoring took place, has a mild form of trough, 
bordered by a "horseshoe" of hills, which leaves uncovered the east and southeast to the infiltration of 
pollutants and sewerage wind. 
Numerous air pollutants, variable concentration, size and composition, etc, depend of the space and 
time. Moreover, the study of physical compositions, chemical transformations of the polluted 
atmosphere play an important action to reduces greenhouse emissions and greenhouse gas intensity 
that affects people, plants, and animals. The atmospheric pollution of certainly regional place is 
influenced by weather (winds, clouds, precipitation, temperature, and relative humidity).  
These atmospheric particles affect also the Earth’s climate both directly by scattering incoming solar 
radiation that escaping from our planet, and indirectly by influence on the properties and occurrence of 
clouds. Particles whose diameter is equal to the wavelength of visible light, namely, 0.4 ÷ 0.8 μm, may 
interfere with the transmission of light in air, reducing visual clarity, visibility and the amount of light 
which is reaching at the ground level. In order to investigated the areal potential upon the human health, 
meteorological aspects and some physical properties of the aerosols have been taken into account. 
Thus, in Figures 2-3 we present some experimental devices used in our preliminary investigations (Dust 
Trak Aerosol Monitor – model 8520 and LSI meteorological station) [3] 
 

 
Fig. 1 The investigated area – region Cacica, Suceava County [4] 
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Fig. 2 Meteorological station: region Cacica, Suceava County 

 

 

Fig. 3  Experimental device:  DustTrak Aerosol Monitor – model 8520 

 

3 Results and Discussions 

From geological point of view, as shown in the attached map, in the Cacica area predominate deposits 
belonging to that age of the upper Miocene, respectively Helvetian (he) and Badenian (to). The 
geological evolution of these deposits were born within the Area of Molasa, Carpathian structural 
component, defined as the most external unit for alpine crumping from Oriental Carpathians, between 
the external limit of flysch and pericarpathian line identified from the country's northern border, up to the 
Dimbovita valley (Figure 4). 
In the northern part-our area of interest, Molasa area is mighty narrow until Moldovian valley, having the 
breadth between 300 and 3000 m. 
The Miocene area of sandstone form the marginal basin filling represented by mighty heterogeneous 
deposits and marls respectively, clays, evaporates, carbonated, sandstone, conglomerates etc. 
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In the middle Miocene, Helvetian deposits are formed consisting of sandstones/limestone, marl and gray 
clay with thicknesses reaching over 1300 m. 
At the upper Miocene in the Badenian, after the beginning of the marine phase, movements of stiric 
phase, causes slight elevation molasse zone and thus install a lagoon system.  
These led deposits were very heterogeneous, with lateral facies changes, consisting of marl, clay gray, 
soft sandstone and salt series in the literature known as the upper saline party of miocene. 
 

 

Fig. 4  Geological map of Solca AREA - Cacica, 1:200000 [5] 

3.1 Meteorological data 

        

Fig. 5. a) The amount of precipitation (l/m) in the interval 11.06.2011 h06-14.06.2011 h06 b) The amount 
of precipitation (l/m) in the interval 14.06.2011 h06-17.06.2011 h06  

(National Meteorological Administration) 

As we can see from Fig. 5 (a) in the first interval were reported rains that have influenced the 
concentration of PM10 analyzed. In the second interval, showers of rain have stripped Fig. 5 (b) and so 
the atmosphere was not "washed". This can be seen if we analyze the concentrations of PM10. 
 
 
 



Optoelectronic Techniques for Environmental Monitoring - OTEM 2011 Proceedings 

 

152 Cacica salt-mines, Suceava county: meteorological factors and balneary-climatic 
potential studies 

 

3.2 Particle size measurement distributions 

 

 

Fig. 6 Profiles of the PM10, PM2.5 ,PM1, Respirable and Total  concentrations, experimentally 
measured by DUST TRAK, from 13.06.2011 (up) and 17.06.2011 (down) 

By correlating the relative humidity and rainfall in the period of 13 - 17/06/2011, from the graphs in 
Figure 6, we can see a slight increase in values recorded in 13.06.2011 compared with 17.06.2011, 
because for the end of week, the showers  were not present and thus a slightly increase is normal. The 
data measured during this period, for example, values for PM10 reveal an average of 25.85 μg/m3. 
Indicators PM10 daily limit value for human health protection has not been exceeded (according to the 
Order 592/2002, 50 μg/m3 
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4 Conclusions 

In this paper, an interesting region area with high potential in human health rehabilitation has been 
investigated and preliminary studies are given. The area is a destination for both tourists and patients 
that are coming for treatment of respiratory diseases and rehabilitation therapy. Moreover, systematic 
studies of medical treatment influences versus physico-chemical properties of daily atmospheric Cacica 
region and corresponding meteorological data have been taking into account. 
Both particulate matter analysis data (PM10, PM2.5, PM1- using a monitoring device, DustTrak Aerosol 
Monitor 8520) and meteorological data have been used, too.  
Knowledge of climatic factors, in this case the air quality study, allows us to complete the quality 
approach to the modern medical analysis of a natural area so that the indications of medical cure to be 
achieved with certainty and scientific evidences. 
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Abstract: Weather radars use a reflectivity-rainfall rate relation to estimate the precipitation field within 
the radar coverage area. It is useful to calculate a Z-R relationship valid for different precipitation types 
in order to improve the accuracy of calculating the rainfall rate in case of their coexistence. Raindrop 
size distribution data obtained from an optical laser disdrometer located at Mangalia were analyzed to 
obtain appropriate Z-R relationships for use in radar applications. The data set comprises the 2009 and 
2010 convective seasons (April-September) measurements. In order to improve the radar rainfall 
estimates, the precipitations were classified into convective and stratiform type, and the corresponding 
Z-R relations were derived. Based on the results, a classification algorithm was developed, and the 
operational implementation of this algorithm was proposed.  

Keywords: drop size distribution, weather radar, Z-R, disdrometer, rainfall 

 

1 Introduction 

Atmospheric precipitations vary both in time and space, and in order to describe the precipitation 
conditions over a certain area accurate rainfall information is required. Romanian National 
Meteorological Administration (RNMA) uses a network of rain gauges to measure the accumulated 
rainfall at the ground. Although the network is dense, the measurements have limited area 
representativeness, especially in the case of convective weather systems which are characterized by 
small areal extent. The gauge-based precipitation amounts are not always accurate and the 
underestimation of the true rainfall depends on the influencing factors (Legates, 1987; Adam and 
Lettenmaier, 2003).  

Another method of estimating the rainfall is based on the use of measurements provided by weather 
radars. RNMA operates a Doppler weather radar network composed from 5 S-band (λ=10 cm) Weather 
Surveillance Radar-98 Doppler (WSR–98D) systems and 3 C-band (λ=5 cm) units that covers all the 
national territory (Ioana et al., 2004). A great advantage of using weather radars is that they provide 
detection of weather features with high temporal and spatial resolutions. Radar measurements are also 
influenced by various factors (e.g., topography, atmospheric conditions) that induce errors in data quality 
(Burcea et al., 2010), and consequently in rainfall estimations. An excellent review of different sources of 
uncertainty in radar measurements and rainfall estimates was published by Villarini and Krajewski 
(2010). 

Weather systems developing over southeastern part of Romania are monitored with the WSR–98D 
radar system located at Medgidia (Fig. 1). This particular area is prone to the initiation and development 
of severe weather events (Lemon et al., 2003; Stan-Sion and Antonescu, 2006). Many of these events 
are associated with heavy rainfall that can cause flash-floods or damages of the transportation 
infrastructure. Consequently, it is recommended to have accurate rainfall information and based on this 
information a proper response can be given by the civil defense, road transportation, airport operations 
or water resources management in case of severe weather events. RNMA forecasters use the radars as 
a primary tool in the nowcasting and in the decision making process and severe weather warnings, 
therefore supporting the related civil activities. 

Radar estimations of rainfall intensity and accumulations are still based on empirical relations 
between rainfall rate R (mm h-1) and radar reflectivity factor Z (mm6 m-3). Combining the rainfall 
measurements by ground sensors and the radar estimations one can expect more reliable precipitation 
information. In many cases these Z-R relations are derived from drop size distributions (DSDs) 
measured by raindrop disdrometers (Marshall and Palmer, 1948; Rosenfeld, 1993; Hagen and Yuter, 
2003; Martner et al., 2008, to name a few). The default Z-R relation used during the convective season 
(April–September) for radar rainfall estimations at RNMA is Z=300R1.4, relation that is a compromise 
between the estimates for stratiform and thunderstorm rain (Hunter, 1996). This relation is known in 
literature as the NEXRAD Z-R relationship (Fulton et al., 1998). 

The main objective of this paper is to develop a new mean Z-R relation for use during the convective 
season, and to derive specific relationships for the stratiform and convective rain events. The 
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classification is further used to feed a rainfall rate computing algorithm, whose results would aid in a 
better representation of the rainfall field.    

The following section presents the dataset and the methodology used in processing the data. 
Section 3 contains the results and discussions, and conclusions are presented in the last section. 

2 Data and methodology 

Two types of data have been used in this study: volume scan radar-reflectivity and raindrop size 
distribution provided by a laser disdrometer. Radar data are organized into volume scans that contain 
the reflectivity measurements sampled at 9 different elevations of the antenna during a 6-minute 
interval. The first four elevation angles used by the Medgidia radar (Fig. 1) are nominally at 0.5°, 1.5°, 
2.4°, and 3.4°. The nominal azimuthal resolution of the data is 0.99°, and range resolution is 1 km. 
Details on the operation and scanning modes used by the NEXRAD systems can be found in Klazura 
and Imy (1993) and Brown et al. (2002). 
Raindrop size distribution data provided by an OTT PARSIVEL located at Mangalia (Fig. 1), southeast of 
Medgidia, are used to obtain appropriate Z-R relationships. The PARSIVEL (Particle Size and Velocity) 
is an optical sensor with a laser diode producing a horizontal sheet of laser that serves as a sampling 
area (approx. 54 cm2) for the precipitation particles (Loffler-Mang and Blahak, 2000). The disdrometer is 
capable of distinguish between different types of precipitation particles (e.g., drizzle, rain, freezing rain, 
hail, snow). When particles fall through the light sheet, the transmitted signal is attenuated and particle 
size and velocity information are retrieved. The measuring range for diameter and velocity is between 
0.2–20 mm, and 0.2–20 ms-1 respectively. The sampling interval is 1 minute. In this study, the 
disdrometer-based dropsize distribution data were used to compute the rainfall rate (R) and radar 
reflectivity factor (Z), and to calculate the Z-R relationships. DSD dataset was collected during the 2009-
2010 convective seasons. 

 

Fig. 1 Medgidia WSR-98D weather radar and the maximum coverage area (230 km). The figure also 
depicts the location of OTT Parsivel related to radar position. Range rings shown are 50 km apart, and 

radials are every 30°   

 
Radar rainfall estimates are based on relations between rainfall rate R (mm h-1) and reflectivity factor 

Z (mm6 m-3). These Z-R relations are derived from drop size distributions (DSD) measured by 
disdrometers, and regressions are fit to the scatter of (Z, R) points to determine the relationship, which 
is almost always stated as Z = aRb. Various studies documents the dependence of the coefficients a, 
and b on the DSD (Atlas et al. 1999; Tokay et al. 1999, 2001). To assess the representativeness of 
current relation (Z=300R1.4) for the rainfall regime within radar coverage area, DSD data were used.  

While some studies use DSD data averaged by different time intervals (e.g., 10 minutes) to reduce 
the statistical uncertainties and bias by increasing the number of detected drops in each bin (Smith et al. 
1993; Hagen and Yuter, 2003), in this study, measurements with 1-minute temporal resolution were 
used in order to reduce the errors associated with mixing samples representing distinct precipitation 
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processes. Similar DSD’s were used by other authors (Nzeukou et al., 2003; Martner et al., 2005) in 
their studies, and results showed that the individual effects of most of the DSD data refinements on the 
Z-R relation were relatively small. A minimum rain-rate threshold of 0.2 mm h-1 and a minimum 
reflectivity threshold of 10 dBZ were applied for removing the measurements prone to sampling errors. 

The following relations are used to compute the radar reflectivity (Z) and rain rate (R) based on DSD 
measurements (Loffler-Mang and Blahak, 2000) 
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For each of the 20 size categories, ni is the number of drops in class i measured during the time t, Di 
is the mean diameter of the size category, A is the disdrometer sampling area, and vi is the mean 
velocity of drops in class i; the units for Z are mm6 m-3. The denominator in (1) tAvi is necessary 
because the drops are counted by area and time and have to be transferred to a volume distribution;  
time t is 1 minute. 

In this study, the methodology for constructing the Z-R relation is based on computing the 
multiplicative (a) and exponential (b) coefficients using measured DSD data for different rainfall events. 
Average Z-R relation was computed using simple linear least-squares-fit regression to the scatter of log-
R and log-Z data points. Rainfall rate was chosen as the dependent variable, because radar 
observations of Z are available and their conversion to values of R is desired. Stratiform and convective 
reflectivity-rainfall rate relationships were constructed using a simple criterion, used also by other 
authors (e.g., Tokay and Short, 1996; Nzeukou et al., 2004; Caracciolo et al., 2006), based on applying 
thresholds to DSD-based Z and R values. Therefore, stratiform rains were classified using the criterion 
R < 10 mm h-1 and Z < 38 dBZ, and the convective ones were classified using R > 10 mm h-1 and Z > 38 
dBZ. 
 

3 Results and Discussions 

As described in previous section, derivation of the Z-R relations was done using raw 1-minute DSD data 
provided by the laser disdrometer. The resulting relationship can be sensitive not only to the input data 
but also to the method by which it was calculated (Martner et al., 2005; Campos and Zawadzki, 2000). 
In the present work, linear regression (least squares fit) of the log-R versus log-Z data was computed. 
We excluded all points below specific cutoff thresholds. Using R > 0.2 mmh-1, for example, limits the 
data included in a regression fit approximately to drizzle and stronger rain. Using a Z threshold, such as 
Z > 10 dBZ, has the advantage of being directly applicable to a field of observed radar reflectivity. Also, 
R and Z values corresponding to drops identified as hail were eliminated from the dataset.  

After applying these thresholds, 6873 points of 1-minute samples were available for regression (Fig. 
2). Table 1 presents the total and monthly numbers of valid (after applying thresholds) DSD 
measurements. Rain events were considered as separate if their duration was longer than 20 minutes 
(approx. 3 radar scans), and the separation time between each event was at least 15 minutes. 
Processing the dataset presented in Table 1, we obtained the average Z-R relationship characteristic for 
the investigated period as Z=316R1.47.  The linear regression is illustrated in Fig. 2, and the correlation 
coefficient is 0.93. 
 

Months Number of 1-
minute DSD’s 

Number of 
events 

a b r 

April 2009 694 13 446.6 1.56 0.95 

May 2009 761 19 295.1 1.46 0.93 

June 2009 169 6 489.7 1.37 0.90 

July 2009 283 5 338.8 1.29 0.91 

August 2009 95 2 204.1 1.35 0.94 

September 2009 1095 9 213.7 1.51 0.94 
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April 2010 870 7 288.4 1.47 0.91 

May 2010 302 5 288.4 1.33 0.87 

June 2010 1161 12 288.4 1.59 0.96 

July 2010 722 12 371.5 1.51 0.93 

August 2010 42 4 315.2 1.58 0.94 

September 2010 679 2 398.1 1.42 0.95 

Total 6873 96    

Table 1 Monthly and total number of DSD measurements during April-September 2009-2010. The table 
also presents the monthly multiplicative and exponential coefficients of the Z-R relation, and the monthly 

correlation coefficients 

 

Fig. 2 Linear regression for the whole DSD dataset composed of 6873 samplings equivalent with 114.55 
hours of rainfall recording   

Observing different values of the coefficients for each month of the investigated period, one cannot 
make a general assumption regarding the type of precipitations. Consequently, we approached another 
method to classify the precipitation into stratiform and convective types. As mentioned in the previous 
section, the classification was done using R < 10 mm h-1 and Z < 38 dBZ as thresholds for stratiform 
rain, and R > 10 mm h-1 and Z > 38 dBZ as criterion for convective rain. Thus, 86% of the events were 
classified as stratiform rain, and 14% of the events as convective. Results of the regression for the 
stratiform and convective rain events are presented in Fig. 3 and Fig 4. Correlation coefficients are 
greater than 0.8, and the Z-R relationships resulted are Z=295R1.37 for the stratiform rain and 
Z=1071R1.00 for the convective rain events. We note that for this study aconvectiv > astratiform, results that are 
consistent with findings from other studies (Joss and Waldvogel, 1969; Caracciolo et al., 2006). Using a 
3 years DSD dataset collected in Ferrara (northern Italy), Caracciolo et al. (2006) found Z=280R1.35 for 
the stratiform rain and Z=780R1.29 for the convective events. 
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Fig. 3 Linear regression for the stratiform DSD dataset composed of 5925 samplings equivalent with 
98.75 hours of rainfall recording 

 
Fig. 4 Linear regression for the stratiform DSD dataset composed of 5925 samplings equivalent with 

15.8 hours of rainfall recording 

 

Using Geografical Information System (GIS) technique, the classification algorithm can be applied to 
data available within operational forecasting environment. The procedure is simple and it is based on 
the conversion of live radar data into files that can be processed through geospatial scripts. After 
conversion, radar reflectivity data are processed in order to obtain the rainfall rate and rain 
accumulations over a certain time interval. Results of the algorithm are available in very short time after 
the radar data are available for processing. An example of the output of the algorithm is given below, in 
Fig. 5, where 18 hours (0600-2400 UTC, 10 July 2009) of accumulated rain is presented.  
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Fig. 5 Distribution of accumulated rainfall within Medgidia weather radar coverage area over 18 hours, 
0600-2400 UTC, 10 July 2009, (a) by mixed relationship (stratiform and convective) and (b) by NEXRAD 

relationship 

 

 

Fig. 6 Time sequence of the radar reflectivity factor in dBZ during the 2 May 2011 rain event, 1503–1630 
UTC, comparison of measured (S-band radar, dashed line) and computed from DSD data (solid line) 

Visual inspection of Fig. 5 reveals the differences between the amounts of precipitation accumulated 
over the 18 hours. Using the NEXRAD relationship the radar estimated a maximum precipitation 
accumulation of 188.58 mm, while the maximum amount of rain estimated using the classification 
algorithm relationships is 122.03 mm. 

To assess the radar measurements, we compared the weather radar reflectivity with the reflectivity 
computed based on ground measurements of drop size distribution. Reflectivity data in dBZ are 
presented in Fig. 6 for the 1503-1630 UTC interval, from 2 May 2011, derived from drop size 
distributions obtained by the optical disdrometer and from radar data. A radar volume scan was 
performed every 6 minutes; from the drop size distribution measured with disdrometer, reflectivity was 
calculated every 1-minute with (1) and then averaged over 6 minutes. During the one and a half hours of 
measurements, reflectivity measured with the WSR-98D system from Medgidia attained values between 
10.5 and 41 dBZ, while the DSD-based reflectivity attained values between 13.79 and 40.12 dBZ. The 
rain event was the convective type, and was associated with a cell embedded in a frontal cloud system 
moving from west to east. The compared data agree well, since the differences do not exceed 4.5 dBZ 
and taking into account that point measurements are compared with volume data. 
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4 Conclusions 

Raindrop size distribution data provided by the optical laser disdrometer operational at Mangalia were 
analyzed to obtain appropriate Z-R relationships for use with the WSR-98D weather radar located at 
Medgidia. Data sets covered two convective seasons, April-September 2009-2010.  

To improve the radar rainfall estimates, the precipitations were classified into convective and 
stratiform type, and the corresponding Z-R relations were derived. The whole dataset was used to 
compute a general average Z-R relation (Z=295R1.37). Based on these results and on the use of GIS 
technique, the operational implementation of the classification algorithm was proposed. 

Comparison of weather radar reflectivity with the reflectivity computed based on ground 
measurements of drop size distribution revealed a fairly well agreement between these quantities. This 
shows that the radar estimations are close to the real rainfall amounts measured at the ground. Real 
time measurements of ground based precipitation intensity and the relationship between Z and R aids to 
improve rain rate significantly. Therefore, the corrected rain rate derived from the adjusted weather 
radar measurements represents useful input data to flash-flood and discharge models. 

Besides the aproach in this study, detailed studies on raindrop size distribution can be carried out to 
assess its variability. Rain gauge-radar and rain gauge-disdrometer correlations can also lead to 
improved radar rainfall estimates. 
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Abstract: Doppler radar measures the reflectivity of clouds, the radial velocities of the rain-drops and 
the spectral width of the radial velocities. While the reflectivity field is largely used by forecasters and 
researchers for rainfall estimation, the radial velocities and its associated spectral width need additional 
processing and statistical analysis. The present paper presents the use of these Doppler radar fields to 
assess the wind shear and its role in convective structures.  The development and evolution of 
mesoscale convective systems and isolated supercell initiation is based on the horizontal vorticity that 
develops due to vertical wind shear. The horizontal vorticity distribution is correlated with shear 
instability. We show that the supercell evolution into split cells and the development of the rotation 
updraft can be enhanced and sustained by the shear instability. This instability appears mainly due to 
low and middle level jet. This study analyzes several cases of severe convection in SE Romania where 
we could identify the supercell split, where shear instability had an important role. 

Keywords: wind shear, instability, convection, Doppler velocity 

 

1 Introduction 

Particular vertical profiles in mesoscale horizontal velocity field (shear horizontal velocity component vs. 
z) are associated with shear instability. Shear instability in the presence of stable stratifications is known 
as Kelvin-Helmholtz instability. This instability derives its energy from basic flow. Usually this involves 
transforming a field of  maximum vorticity (supposed existence of a maximum in vertical shear profile) in 
regular packages of  vorticity. An important observation involves the difference between areas where the 
vorticity is focused and existence of a coherent vortex in the same area (velocity field characterized by 
shear vorticity and by the curvature vorticity) in the space domain. The two sizes are not equivalent 
(Lugt 1979, Dahl 2006). However shear instability can be seen as a dynamic process in which a linear 
flow vortices can be born in certain conditions. Thus instability associated with shear redistribute vorticity 
contained in a flow through the advection process. Since the shear instability is equivalent to present of  
inflection point in the vertical wind profiles it is called ‘’Inflection-point instability’’; (Brown 1972, Achatz 
and Schmitz, 2006, Markowski 2010). Vortex presence or  tendency to form vortices at different scales 
is related to the atmospheric shear instability. The state of the mesoscale flow depends only on the part 
of z. Strong wind shear in the velocity field assume the existence of low-level tropospheric jets LLJ (Low 
Level Jet), middle level jets or high level ULJ (Uper Level Jet) (Rasmussen and Straka 2000, Coniglio et 
all 2006). The presence of these jets, especially the middle and bottom, provides mesoscale state in 
with the perturbations induced by mesoscale diabatic heating of the soil, the presence of certain internal 
gravitational waves, creating  convection in various configurations (single cells, supercells, convective 
systems). Of great importance in understanding the dynamics supercelle has split (separation of 
convective cells in two cells), a process that takes place during the evolution of convective 
developments and is closely linked to vertical wind shear. In the literature this process (Davies 2002, 
Davies 2003, Weisman and Rotunno 2003, Dahl 2006) is described by the interaction between 
buoyancy and vertical wind shear. To understand the process was use the term vorticity tube, that 
defines vorticity field in a certain area. The vorticity tube is defined by vertical shear on a certain verical 
distance. The notion of vorticity tube not imply a vortex in the same spatial area, because the same 
configuration of vorticity we can meet in a wave, in a strong shearing flows, or in a vortex. Split process 
is especially when we have a strong vertical shear. This strong vertical shear profiles contains intrinsic 
shear instability as the wind speed does not vary linearly vertically. Thus the wind profile have inflection 
points that define a maximum in vorticity. This maximum has a non-negligible role in the formation or 
accelerating formation of vortex providing cellular split. To obtain the equation describing the mesoscale 
part of the dynamic vertical pressure disturbance in a convective development (Rotunno and Klemp 
1982, Dahl 2006, Markowski 2010), vertical momentum equation is written in the Eulerian form, apply 
the divergence operator, it uses Boussinesque approximation, neglect the Coriolis term, using the 
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average levels of the troposphere (700mb-400mb) for a harmonic development of perturbations in the 
pressure field and apply the method of small perturbations obtaining equation: 

    (1) 

Where with ’ was noted  vertical vorticity generated by updraft  (upward current) in interaction with 
environmental horizontal vorticity. Equation (1) describes the vertical perturbation pressure gradient with 
is given by the variation of vorticity module in relation to the vertical z component. This gradient can be 
greatly influenced by shear instability. In the split and in the early stages of evolution of convective 
phenomenon occurring nonlinear terms. During the initial convective developments, slope of horizontal 
shear due to interactions with the upward trend generates two opposite vorticity areas in the current 
upward flanks, Fig. 1 (left).  

 
Fig. 1 The tilt effect of horizontal shear due to upward current (left).Separation of convective cell intro 

two cells with opposite vorticity (right). 

 
Nonlinear terms associated with vertical vorticitties in the updraft flanks (dynamic pressure 
perturbations) lead to the generation of new ascending currents which eventually identify new 
convective cell, Fig.1 (right). Split is perpendicular to the mean shear vector (the velocity vector 
difference between the 6000m and 500m). Supercelulls dynamics behavior was analyzed numerical by 
considering a vertical profile of horizontal wind (Weisman and Klemp 1982, Lin 2007). Have used 
different wind profiles, the speed difference between the upper and lower layers ranging from 0 m / s 
and 45 m / s. If the value of shear between the upper and lower achive 35 m/s split is the main process. 
In all simulations shearing has not a linear profile but was concentrated in the lower layers (0-3km from 
the ground). 

2 Data and methods  

To analyze the mesoscale dynamics  and the split were used radar products of S-band Doppler radar (5 
cm) WRS-98D of Medgidia. Chosen for the study were three cases of severe weather from 28.05.2008,  
25.05.2009 and 11.08.2003. Their choice present during conditioning the evolution of convection in the 
process split fields radar. Evolution of convective cells was observed in the reflectivity field at elevations 
of 0.5 and 1.5 degrees, in the base Doppler velocity field and relative Doppler velocity to the storm at 
elevations of 0.5, 1.5, 2 .4 and 3.4 degrees. VAD Velocity Azimuth product algorithm was used to track 
the time evolution of vertical wind shear layers near the radar area. The VAD Wind Profile Products 
(VWP) is a vertical profile of winds at various level above the radar. Wind are ploted on a grid with the X-
axis as time and Z-axis as heigt. As many as 11 profiles (11 volume scans) are ploted with the most 
recent profile at the far right side of the grid, Fig. 3 (left). For each convective cell characterized by the 
split in the radar reflectivity field was traced its evolution in time and space. The identification of split was 
done both  by tracking reflectivity and relative Doppler velocity of cyclone or anticyclone rotations 
identify Fig. 2. 
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Fig. 2  Radar reflectivity field at 1.5 degrees elevation (left), and relative velocity at 1.5 degrees elevation 

(right). White circles represent cyclone and anticyclone cell rotation 

Vectors were constructed with polar coordinates (relative to radar position) of convective cells before the 
and after the split occurred. The result was a map (diagram), Fig. 4, showing the evolution of convective 
developments. Graphical representation was made taking into account the stage of convective cell 
before split and after split stage associated with cyclone and anticyclone rotation. Vertical shear field 
variation was observed with VAD algorithm Azimut Display and vertical profiles were built only for wind 
shear within a representative range of the evolution  for vertical shear during the life of convective cells. 
Z coordonate field was divided intro a field with directional shear (boundary layer) and a field with shear 
mode  (toposferic layer), Fig. 3. This division was possible because the dynamic configuration involves a 
cell split occurs in strong shear associated with tropospheric jets. In each case was analyzed vertical 
wind profile and its temporal variation. Temporal evolution is represented in a temporary period when 
the split cell was observed in a radar fields. Extension of validity of the configuration of the vertical wind 
in an area around the Medgidia Doppler weather radar we can make viewing field of the base Doppler 
velocity of 3.4 degrees in elevation, Fig. 3. Dynamic field viewed in the base Doppler velocities was 
maintained during the time associated with convective phenomena that have split. Doppler velocity field 
was compatible with the vertical shear obtained from VAD algoritm. 

 
Fig. 3 Horizontal wind associated vertical profile in the range 12:06 UTC-15: 06 UTC for the S-band 

Doppler radar from Medgidia (left). Doppler speed field at elevation of 3.4 degrees at 13:40 UTC. Vector 
S is shearing vector in 1800m-6000m layer. Flow in the direction NW. Jet is evident around 5000m-

6000m altitude (right). 

 

3 Results and Discussions 

Of the cases studied can see the presence of directional shear in lower layers and presence 
tropospheric jet in altitude (shear mode). Convective cells trajectories that had split during evolution 
presents symmetry in relation to the shear vector in 1800m-6000m average layer with left cells 
characterized by cyclonic rotation and right cells with the anticyclonic rotation. Following the evolution of 
cell intensity, cell with cyclonic rotation is more intense from the cells with anticyclone rotation. This 
difference is due to layer between 300m-1800m where we have directional shear and is favored 
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advection of vorticity parallel with relative wind storm. Also notice that the split works several times on 
the same cell nucleus or to those resulting from a previous split Fig. 4. Variation in how vertical wind 
over 1800m at different times is represented in Fig 5 for the case analyzed. Note the presence of 
tropospheric jet on the 1800m-9000m layer with values of approximately 40 m/s at an altitude of 9000m. 
Besides this average distribution observe inflection points at different levels in all cases studied Fig. 5. 
Vertical shear profile associated is given in Fig. 6. Vorticitya was built on the range of 305 m on the axis 
z. We can see different values of vorticity maximum values, Fig. 6, associated with inflection points 
contained in the wind profile. 

 
Fig. 4 The evolution of convective cells in space of Medgidia radar for a) 28.05.2008, b) 25.5.2009 c) 
11/08/2003. Center coordinates is the center of the radar. Vector S is shearing vector in 1800m-6000m 
layer. Cyclonic rotation in red and blue revolutions anticyclone. In black convective cells with both 
rotations. Distance in kilometers from the center (0-250km). 
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Fig. 5 Vertical wind profiles at 1800m-9000m layer for the three cases studied. Split occureed in this 

range. 

 

 

 
Fig. 6 Vertical shear profiles 1800m-9000m layer for the three cases studied. Shear layer is calculated 

on 305m. Split occureed in this range. 
 

4 Conclusions  

In this study three cases of storm splitting were analyzes, and the conclusions reveals the following: 
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• The need to present an intense jet (30m/s-40m/s) in medium and high tropospher. 
• Horizontal shear (horizontal vorticity) is generally not uniformly vertical distributed, with different local 
maximum associated with shear instability. 
• Instability of shear may speed up split by vertical vorticity concentration resulting from the tilting. 
• In general, are favored (in terms of rainfall) cells with propagation to the right of tropospher average 
shear if there is directional shear in the boundary layer.  
• Large amounts of precipitation are favored by cellular trajectories associated with the split intersection. 
• The split may lead to the formation of mesoscale convective system if the split is done several times or 
if the split is accelerated. 
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Abstract: An unmanned aerial vehicle (UAV), also known as a remotely piloted aircraft (RPA) or 
unmanned aircraft system (UAS), is a machine which functions either by the remote control of a 
navigator or pilot. This paper presents preliminary results obtained with Romanian developed and  built 
UAV’s  in the cadastral domain. The achieved performances are  comparable or superior to those 
obtained with conventional systems. 

Keywords: UAV, environment monitoring, aerial observation 

 

1 Introduction  

In the current world it is deemed necessary to accurately monitor the material resources and the 
environment. Nevertheless, it is also obvious that the existing large population and a growing demand 
for resources also enforce a strong demand this strategy. 
From this point of view, the requirements for exploration and resource monitoring is expanding rapidly. 
Hence, applications and technical solutions in the field of surveillance and monitoring of the 
environmental factors [1, 2], the state of vegetation in protected areas [3, 4], etc. are needed. 
The main aspect which should be underlined is given by the steady increase in use of aerial observation 
methods. Even though the use of optical and spectroscopic methods is not new, in recent years an 
intensive application of these methods of analysis and investigation can be observed. One can invoke 
the high impact factor journals for this field as an evidence for the above statement. 
The use of aerial observation systems has several advantages, especially due to the speed with which 
the observation points are reached and due to the possibility to observe and monitor relatively large 
areas. 
Standard airplanes (e.g.: AN-2) have been used as conventional air research system. However these 
systems have some distinct disadvantages. A major disadvantage lies in the relatively high price 
involved in such observations. In this respect, an estimate on the cost can be involved in such an 
application [1-7].    
 

Component Medium price (Euro) 

Classic air transportation device 10000 

Photo System 1000 

Software component 1200 

Hradware component 2000 

Table 1 Estimated medium costs 

In the last 3-4 years a strong tendency to use the Unmanned Aerial devices (UAV) could be observed. 
UAVs have been used for civilian applications just for the past few years. Initially they were developed 
and used for military applications. Distinct advantages of these UAVs determine the large extent of their 
use both in scientific and industrial related research.  
In principle, a UAV system consists of an active element (the vehicle itself) and a ground-station.  
Control can be achieved either by using a manual piloting or by using the flight controls in auto-pilot 
mode, integrating GPS and flight routes. 
Due to their low-risk, low-cost, high turn-over of operation these devices present certain benefits and 
advantages that are unrivaled. 
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As the main advantages of UAVs, we can list: 
• Use in high risk situations and inaccessible areas 
• Data acquisition with high temporal and spatial resolution 
• Autonomous and stabilized: real-time capability of high quality, precision controlled photographs and 
other data points (chemical and nuclear measurements etc.) 
• Low-cost of operation (a fraction of the cost of operation of a traditional plane with human pilot 
onboard) 

Unfortunately, there are a series of limitations in the use of UAV’s which could hang tough in 
choosing a suitable means:   
• Limitations of the payload 
• Regulations and insurance 
• Use of Low-cost Sensors (this becomes less and less important since the technology advances and 
what was yesterday high cost sensor might become today low-cost) 
• No generic workflow for UAVs is existing in photogrammetry  

In the last period, it could be surveyed a great development for the UAV’s application domain 
and there are a series of new research and advance paths: 
• Civilian applications  
• Testing of UAVs under extreme environmental conditions 
• Flight planning 
• Evaluation of manual, assisted and autonomous flights 
• Improvement of autonomous flight with respect to photogrammetric processing of acquired data 
• Image orientation and DSM generation 
• Cadastral applications 
Only for the aerial surveillance research domain, it could be itemized a series of research goals: 
• Use of UAVs under extreme environmental conditions 
• Data acquisition with high temporal and spatial resolution 
• Generic workflow 
o Development of tools for UAV flight planning 
o Influence of flight performance on data processing 
o First data available during field work 
o High accuracy of the generated data 
A classification of UAVs can be done on the flight altitude and range: 
  

UAV type Maximal altitude [m] Maximal range [km] 

Micro UAV 100 1 

Mini UAV 1000 10 

Close range UAV 1500 20 

Short range UAV 3000 30 

Low altitude endurance 5000 100 

Medium range endurance 7000 1000 

High range long endurance 22000 20000 

Table 2 Classification of UAVs can be done on the flight altitude and range 

 
Considering a classification by propulsion unit, one may obtain the following: 
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UAV type Category Example 

Unpowered 

baloon - 

Flexible wing Hang glider 

Fixed wing Gliders 

Rotary wing Rotor kite 

Powered 

Airship  

Flexible wing paragliders 

Fixed wing Standard airframe, flying-wings 

Rotary wing Single rotor, cuadri-rotor, etc. 

Table 3 Classification by propulsion unit 

This paper presents the preliminary results, obtained from development efforts and implementation of 
unmanned aerial vehicles (UAV) as means for monitoring and observation. As a first application, the 
system was successfully used in the protected area of Gârboavele Forest of Galati. In the last section of 
this paper the preliminary achieved performance is presented, compared to conventional systems, now 
in use. 
 

2 Methodology  

2.1 Devices in use 

The developed, built and optimized UAVs in a joint effort with Reev River Aerospace, has wingspans of 
1.4m (Fig. 1) and 1.7 m respectively (Fig. 2) with a useful mass transportation (payload) - up to 1.2 kg. 
(Fig. 2). These are just 2 UAV models built by Reev River Aerospace. The company is specialized in 
aerospace products and has a wide family of UAVs designed and built both for civilian and military 
applications. 
The 1.4 m wingspan UAV has electric propulsion while the 1.7 m wingspan UAV has an internal 
combustion engine used as propulsion unit.  

 
 

Fig. 1 – Mini UAV with 1.4 m wing span Fig. 2 – Mini UAV with 1.7 m wing span  

These UAVs can be operated both in manual mode and in autonomous mode. In manual mode the UAV 
is remotely piloted using real-time onboard video received at the ground station (Fig. 3). 
In autonomous mode the UAV can take-off, fly certain flight path preprogrammed before the flight and 
land without human pilot intervention. All the human operator has to do is to seat back and enjoy the 
flight through the real time onboard video.  
The range of operation in both modes exceeds 30 km depending on the terrain and weather conditions. 
This range can be extended according to operation needs and it is not a technical limitation of the 
system but rather a design constraint. 
The autopilot is an inertial solution capable of operation in any weather with a flight following precision of 
less than 10 meters. 
One of the main advantages this type of UAV which is due to its special flying-wing airframe used, is the 
high maneuverability and hence, the capability to operating in difficult weather conditions (winds up to 
25 m/s). Special high lift airfoils have been designed specifically for this flying wing UAV. These airfoils 
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produce the needed stability in the absence of a tail (a flying wing does not have a tail to stabilize it in 
pitch) while maintaining a high aerodynamic efficiency. Compared to a traditional UAV airframe (usual 
airplane) the flying wing UAVs developed by Reev River Aerospace needs 30% less energy to fly an 
identical payload. This is due to less drag encountered by a flying wing due to absence of tail.  
The airfoils used for these wings were also researched and optimized numerically  in the University 
research center Numerical Simulations Laboratory (Fig. 4). 

 
 

Fig. 3 – The grund radio control station                      Fig. 4 – The grid for numerical simulation wing    
                                                                           span study 

The system used in monitoring missions conducted in May, in the protected area of Gârboavele Forest 
(Fig. 4, Fig. 5), includes digital compact cameras: Panasonic DZC-10, Fuji SX200, and Canon 1100D. 

 

Fig. 5 – The Garboavele Wood protected area      Fig. 6 – The Garboavele Wood orto-photo plan 

 
 The digital cameras were chosen by taking into account several considerations: Panasonic and Fuji 
SX200 digital cameras were used for the first flight tests because of their low mass and because, 
initially, a test UAV in order to calibrate the parameters of flight was used - altitude, speed , time for 
taking photos. Once identified these calibration factors, the flight tests started to achieve high turn-over: 
over 450 photos that required further processing were taken. 
Regarding the process of taking pictures, some specific conditions are imposed. Thus, according to 
requirements that are used in cadastral and monitoring applications, further processing of the images in 
the aero-triangulation operations is needed. 
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The purpose of aero-triangulation processing is to provide the necessary support points for absolute 
orientation of the photogrammetric models to ensure thickening. In this way the support points’ network 
is obtained, in order to reduce the amount of field measurements. For this, the connection used points 
are measured manually. These points should be the most visible points on the frames. 
As a necessity, according to current technical requirements, the camera must be installed on a platform 
that provides vibration cushioning and gyros-stabilization of the camera body on the three axes (φ, ω, κ) 
ensuring acquisition nadir of photograms. According to specific norms - the inclination (φ, ω) will not 
normally exceed 2 degrees and 4 degrees for isolated exposures. 
For verification of these specifications and for image processing stage, a software program was 
developed based on the MATLAB platform. This script is built in order to assess these parameters - φ, ω 
necessary for the image processing step. The main calculation algorithm’s parts are presented in the 
next section. 
 

2.2 Mathematical rectification of aerial images   

For an elementary approach, is considered a triangular surface element. We denote by A, B, C solid 
peaks determined by points on the ground, and we denote by A ', B', C 'peaks of the same element of 
surface images taken by the device (Fig. 7). 
Given the relative positions of points A, B 'C' (for points on the photo) and that points A, B, C (for points 
on the ground) the  relative orientation parameters of the UAV's, during the flight, can be determined. 
Noting with m - scale factor, we can write. 

m
L

cos
1

1
1

l
=β

     
  (1) 

 

Fig. 7 – The elementary geometrical configuration         Fig. 8– The grid for numerical simulation 

 
Similarly, in the triangle ACC ', we can write 

m
L2

2
2cos l

=β
  

 (2) 

For geometrical purposes, in the triangle ABB' we can write 

( )
1
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11 cos1sin

L
h

=−= ββ  (3) 

What determines the relation 
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And similarly, we obtain the expression 
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Or, equivalently 
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Equation (7) allows us to determine the inclination angles and then, and correction searched angles (φ, 
ω, κ). By considering the link between the circumscribed circle of the A ', B', C triangle and the 
corresponding circumscribed ellipse of the ABC triangle (Fig. 8). The (φ, ω, κ), rotation angles are 
neccesary for correct positioning on ortho-photomap reference [8]. 
 

3 Results and Discussions  

Next, we present a particular case study. A camera with the focal distance of 130 mm was used. The 
obtained resolution was very good, around 8 cm/pixel, or better. Two digital cameras were used – a Fuji 
SX200 SJ 200, at ISO 250 standard, and a slightly better Panasonic DZ3, at ISO 500 standard. The 
obtained resolutions are in the 10 – 8 cm/pixel category. 
 

 

Fig. 9 – The case study area from the Garboavele Wood protected zone 

 

Digital camera Focal length (mm) Shutter (s) Performance 

Fuji SX 200 5 1/125  10 cm/pixel 
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Panasonic DZC 10 23 1/30 10 cm/pixel 

Classical aerial camera 25 1/100 20 cm/pixel 

Classical satelitar camera 35 - 35 cm/pixel 

Table 5 Comparative performance with classical systems 

 

 

Fig.10 – The case study area from the Garboavele Wood protected zone 

 
 

4 Conclusions  

The use of UAVs for aerial monitoring and environment surveillance is possible and excellent results 
can be obtained. The additional processing required is not very different in essence from the additional 
processing required to process the data gathered with traditional human piloted airplanes. 
Compared to satellite pictures the UAV have the advantage of lower cost and high resolution. A satellite 
can be used to get a broader picture of the area while the UAVs can bring the extra information on 
specific points, routes at a significant lower cost. At the same time the UAV can be technically operated 
anywhere, anytime while the satellites are limited in their coverage time by the orbital mechanics.  
UAV flight formation can give the capability of multi-data coverage of a certain area. Different UAVs from 
the same formation can accomplish different tasks: one might take high resolution pictures while another 
one can take chemical/nuclear readings, etc. 
At the same time, the autonomous capability gives to the measurements taken by a UAV, high time-
related repeatability and accuracy. The UAV can fly the same route over and over again taking the 
measurements at predicted time stamps and hence offering a time-history of the measurements which is 
very useful in the environment monitoring and aerial surveillance that has as a main research the time 
variation of certain parameters.  
We envision a nationwide system, with integrated ground-stations and with multi-data coverage 
capability continuous throughout the year.  
Data fusion from such a system gives the capability to look basically at the same things through a multi-
layer data approach which can potentially produce an early warning system for weather and 
environment patterns as well as monitoring capability and intervention decision point before and after 
natural disasters occur (floods, earthquakes etc.). 
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Abstract: This paper presents the dispersion of SO2 emissions from Rovinari large combustion power 
plant using ISC AERMOD software, specialized in modeling of gas dispersion. Also the paper compares 
the results of the modeling with the real time measurements made with ground based point monitors 
during RADO field campaign in September 2010, at Rovinari, Gorj County in South-West of Romania. In 
this part of Romania, the sulfur dioxide emissions have a high rate compared with other parts of the 
country, mainly because of the major combustion power plants from Rovinari and Turceni which use low 
quality coal in their processes. 
Air quality models use mathematical and numerical techniques to simulate the physical and chemical 
processes that affect air pollutants as they react and disperse in the atmosphere.  Based on inputs of 
meteorological data and source information like rate emissions and stack height, the models 
characterize pollutants emitted directly in the atmosphere. ISC AERMOD is a complete and powerful air 
dispersion modeling package. 
 

Key words: air quality modeling, large combustion power plant, SO2 emissions, ISCST3 model 
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Abstract: Disaster risk reduction includes policies, strategies and practices for reducing vulnerabilities 
and risks in the human society, through prevention, mitigation and preparedness, in order to avoid or 
reduce negative consequences of hazards, in the wider context of sustainable development. This paper 
includes a detailed assessment of the disaster risk reduction implementation framework in several 
countries in South East Europe. It emphasizes the need to permanently monitor and review the 
implementation strategies and steps, in order to be informed about the progress made and challenges 
faced by these countries in disaster risk reduction. Furthermore, this paper identifies gaps in 
programmes and initiatives at regional or national level. It also stresses the importance of 
communication and collaboration between the stakeholders involved, in order to learn from previous 
lessons, from other countries with similar background.  

Keywords: disaster, risk, reduction, HFA  

1 Introduction  

In the last decades, several disasters affected different countries, large or small, developed or under-
developed, industrial or agrarian. The types of natural hazards varied from earthquakes, to more 
predictable hazards, such as floods or periodical storms. The Centre for Research on the Epidemiology 
of Disasters (CRED), which is one of the most highly involved organizations in the fields of international 
disaster and conflict health studies, indicated that in 2010 373 natural disasters killed over 296,800 
people, affected nearly 208 million others and cost nearly US$110 billion (Guha-Sapir et al., 2010).  
Many recent studies demonstrated that the number of natural hazards as well as the number of affected 
people increased dramatically in the past thirty years (Fig. 1). However, even if the number of disasters 
tripled starting from the ‘70s, the number of reported deaths halved. Thousands of peopled died due to 
natural disaster in 2000, compared to 70,000 in the previous year or 50,000 in the previous decade 
(UNSDR, 2004). 

 
Fig. 1  Affected population and economic losses in the period 1975 – 2010 (EM-DAT, 2011) 

In 2010, according to CRED, the top two most lethal disasters were the 12 January earthquake in Haiti, 
which killed over 222,500 people and the Russian heat wave in summer, which caused about 56,000 
fatalities. 
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Fig. 2  Natural disasters by number of deaths, 2010 (UNISDR, 2011a) 

As it can be observed from the above chart, the American was the world’s worst affected continents, 
where 75 per cent of total deaths were caused by the Haiti earthquake, followed by Europe, with a fifth 
of the year’s total deaths from disasters brought on by the Russian heat wave. Asia experienced fewer 
disaster deaths that the Americas and Europe in 2010, but remains the highest affected continent. Some 
89 per cent of all people affected by disasters in 2010 lived in Asia (UNISDR, 2011a). 

2 Disaster Risk Reduction – general overview  

As already mentioned above, natural hazards affected and will always affect local communities. 
Furthermore, current disasters are often amplified by the increasing number of the population and the 
wide range of human activities which intervene in the natural balance of the Earth. The negative 
consequences are amplifying, because there are more people living in large urban areas and there are 
more industrial facilities and more infrastructure which can be affected in case of a disaster (Ozunu et 
al., 2011). Therefore, the attention of governments, the international community, science, environment, 
and emergency management agencies is increasingly focused on climate change, adaptation, and 
disaster risk reduction, as management options for responding to the actual and potential consequences 
of environmental change and natural hazards (Birkmann et al., 2008). 
There has been a continuous evolution in the common understanding and practice of what may be 
called generically “international disaster management (Jeggle, 2001). This concept, of “disaster 
management” was used in different modes, even if it is based on the same principles, of reducing the 
consequences of major events.  
Disaster risk reduction represents the conceptual framework of elements considered with the 
possibilities to minimize vulnerabilities and disaster risks throughout a society, to avoid (prevention) or to 
limit (mitigation and preparedness) the adverse impacts of hazards, within the broad context of 
sustainable development (UN-ISDR, 2004). 
The disaster risk reduction framework is composed of the following fields of action: 

• Risk awareness and assessment including hazard analysis and vulnerability/capacity analysis; 

• Knowledge development including education, training, research and information;  
• Public commitment and institutional frameworks, including organisational, policy, legislation 

and community action; 
• Application of measures including environmental management, land-use and urban planning, 

protection of critical facilities, application of science and technology, partnership and 
networking, and financial instruments; 

• Early warning systems including forecasting, dissemination of warnings, preparedness 
measures and reaction capacities. (UN-ISDR, 2004) 

The concept of risk reduction is based on the previous practices used in the field of civil protection and 
of disaster management. Thus, disaster risk reduction comprises concepts and theories from disaster 
management, mitigation and preparedness. Disaster preparedness is an ongoing process of 
assessment, planning, and training to prepare for a well-coordinated plan of action (Brumbaugh Keeney, 
2004).  
As this concept is a very complex one, there are many institutions, organizations and groups involved in 
its implementation. Very often, there is a lack of interaction and communication between groups and 
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stakeholders involved in disaster management. But, in order to increase the efficiency of DRR, it is 
extremely important to create connections and to share knowledge between researchers and the 
practitioners. This two-way communication represents an important step in the decision-making process 
and policy development and implementation. Therefore, enhancing communication and networking at all 
levels, between the key actors, is one of the first steps in developing a DRR culture. 
In January 2005, at the World Conference on Disaster Reduction, 168 countries adopted the Hyogo 
Framework for Action (HFA) 2005-2015: Building the Resilience of Nations and Communities to 
Disasters as an ambitious program of action to significantly reduce disaster risk. Monitoring and 
reporting on progress is an essential feature of the HFA (UN-ISDR, 2005). Responsibility for monitoring 
and reporting is assigned mainly to governments, with specific requirements including the preparation of 
national baseline assessments, periodic summaries and reviews of progress, and reports on risk 
reduction progress. 
The Hyogo Framework for Action comprises five priorities for action, in order to support states, 
organizations and other stakeholders in elaboration their own disaster risk reduction strategy: 

- Priority Action 1: Ensure that disaster risk reduction is a national and a local priority with a 
strong institutional basis for implementation. 

-  Priority Action 2: Identify, assess and monitor disaster risks and enhance early warning. 
- Priority Action 3: Use knowledge, innovation and education to build a culture of safety and 

resilience at all levels.  
- Priority Action 4: Reduce the underlying risk factors. 
-  Priority Action 5: Strengthen disaster preparedness for effective response at all levels. 

The implementation of these priorities for action in practice is supported by states or governments, 
regional organizations and international organizations, coordinated by ISDR (International Strategy for 
Disaster Reduction). Achieving the goals proposed by HFA require prioritizing high risk areas in which to 
implement measures to reduce exposure and vulnerability to natural hazards (Mosquera-Machado and 
Dilley, 2008). 
 

3 Regional assessment of Disaster Risk Reduction in South-East Europe  

South Eastern Europe Region (SEE) is a region prone to a variety of natural hazards, including storms, 
droughts, floods, earthquakes and landslides, which were assessed by UNISDR, in a desk study review 
(UN-ISDR, 2007). 
 

Fig. 3 Country hazards maps (UN-ISDR, 2007) 
 

The assessment takes into consideration natural and technological hazards. The findings of the report 
demonstrate an increasing number of disasters, especially due to hydrometeorological hazards and to 
technological hazards. It must be noted that the report shows a growing level of economic losses rather 
than growing mortality.  
The study concluded that the SEE region is highly vulnerable to flood, earthquake, landslide, forest fire 
and technological hazards. This vulnerability is enhanced by a lack of land-use planning codes, river 
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basin management practices, poor land-use management and a lack of early warning systems. The lack 
of both building codes and building code enforcement, along with high population densities in urban 
areas, causes high earthquake vulnerability in the region. (UN-ISDR, 2007) 
South-Eastern Europe is a region prone to disasters that have caused economic and human losses: 
earthquakes, floods, landslides, drought and extreme temperature. The negative consequences often 
transcend borders and exceed the response capacity of a single country. Due to the small size of the 
countries in this region, it is more efficient to strengthen cooperation in the field of disaster risk reduction 
and prevention. One of the initiatives in this context is the Stability Pact's Disaster Preparedness and 
Prevention Initiative (DPPI). It was launched in 2000 and it is aimed at improving the efficiency of 
national disaster management systems, in order to develop a cohesive regional strategy for disaster 
preparedness and prevention.  
In 2007, eight countries (Albania, Bulgaria, Montenegro, FYR of Macedonia, Moldova, Romania, 
Slovenia and Croatia) signed the Memorandum of Understanding on the institutional framework of the 
DPPI, which defines the rights and obligations of the signatory states. Currently, there are 11 signatories 
countries, after Bosnia and Herzegovina, Serbia, as well as Turkey signed the Memorandum.  
The main goal of DPPI SEE is to strengthen regional cooperation in South-East Europe, without creating 
new structures or layers of bureaucracy, as well as moving towards: 

•  Strengthened good neighborly relations and improvement through the exchange of 
information, lessons learnt and best practices in the field of disaster management. 

• Enhanced cooperation between DPPI partners in view of EU enlargement and the process of 
Euro-Atlantic integration for SEE countries. 

• Support and encourage countries in the region to develop, adopt and/or enforce state-of-the-art 
disaster emergency legislation, environmental regulations and codes designed to prevent and 
mitigate disasters in line with guidelines and common practices accepted in the international 
community. 

• Assist and encourage countries in the region to implement the Hyogo Framework for Action 
2005 – 2015. (UN-ISDR, 2011b) 

Since its formation, DPPI SEE and its partners have initiated, developed and implemented various 
project proposals: Disaster Management Programme; Joint Flood Emergency Response Units; and the 
Harmonization of Seismic Hazard Risk Reduction Projects and Maps in Albania, Bosnia and 
Herzegovina, Bulgaria, Croatia, Moldova, Romania and Turkey, supported by experts from Slovenia and 
Turkey. 
Due to its significance in preventing risks, DRR should be one of the most important priorities of the 
political agenda. However, when a DRR office is included in the office of a head of state, it becomes 
isolated from the process of planning and decision-making. In other cases, DRR responsibles are 
included in the ministry of environment or in an emergency management agency, are not directly 
connected to decision-making and planning policies. Furthermore, ministries of defense or other 
institutions involved in disaster management focus on disaster response and not on disaster prevention 
and preparedness.  
At European level, many countries have recognized the need of disaster risk reduction and developed 
HFA Focal Points National Platforms for DRR: the following 36 European countries have nominated 
HFA Focal Points for disaster risk reduction: Albania, Armenia, Austria, Azerbaijan, Bosnia and 
Herzegovina, Bulgaria, Croatia, Cyprus, Czech Republic, Denmark, Finland, France, Georgia, Germany, 
Greece, Hungary, Iceland, Italy, the former Yugoslav Republic of Macedonia, Malta, Moldova, Monaco, 
Montenegro, Norway, Poland, Portugal, Romania, Russian Federation, Serbia, Slovenia, Spain, 
Sweden, Switzerland, Turkey, Ukraine and United Kingdom.  
The implementation and coordination of DRR strategies at local level is supported by National 
Platforms, promoted by the HFA. There are two ways a national platform can be developed: in case it is 
included n a political structure, it can directly influence the decision-making process. On the other hand, 
when it is included in a civil structure, it is based mainly on advocacy and lobbying activities in order to 
influence decisions. National Platforms for disaster risk reduction have been established in 18 countries, 
of which 12 are EU member states. Multi-sectoral National Platforms for disaster risk reduction are 
functioning in the following 12 EU Member States to date: Bulgaria, Czech Republic, Finland, France, 
Germany, Hungary, Italy, Poland, Portugal, Spain, Sweden and the United Kingdom. They are also 
functioning in Armenia, Croatia, the former Yugoslav Republic of Macedonia, Monaco, Russian 
Federation and Switzerland. The following countries are in the process of forming National Platforms: 
Norway, Montenegro, Serbia and Turkey. 
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Fig. 4 The Hyogo Framework for Action in Europe (UN-ISDR, 2011b) 

 

In South Eastern Europe there is a lack of information regarding risks and vulnerabilities. There are no 
clear and specific data on human communities and installations exposed to risks, on landslide maps or 
patterns for the average return periods of flooding. Furthermore, the existing data are in different 
formats, which make them very difficult to use. A centralized database containing reliable data is crucial 
for a correct vulnerability and risk assessment, in order to formulate land-use planning strategies and 
disaster prevention policies.  
For most of the countries in the region, monitoring and early-warning systems require urgent update or 
even reconstruction. However, in some countries, such as Bulgaria, Romania and Turkey they are in 
place and operating.  
Also, there is a lack of cooperation between national and local authorities in disaster management 
activities. Furthermore, there are no mechanisms or strategies to disseminate disaster risk reduction 
information to all sector, levels and stakeholders. SEE countries need to prioritize public information, in 
order to create a DRR culture at national level.  
From the political point of view, national policy frameworks for the civil protection development are 
present in all SEE countries, even if they differently addressed. Such countries are Albania, Bosnia and 
Herzegovina and Moldova, which focus on the development of DRR at central level and not at local 
level, compared to other countries in the region. Furthermore, even if at policy level the need to improve 
prevention, preparedness and response is often incorporated, at the operational level, this commitment 
often does not translate into concrete action (UN-ISDR, 2009). 
Another problem faced by different countries in implementing DRR is the fact that this new policy is 
blocked by the old policies and concept, already in place. The result is the passing on of DRR to local 
levels, where its implementation is very difficult. The solution would be a central planning body, which 
would already have the adequate procedure and infrastructure for a economical and practical 
implementation of DRR.  
Al local or national level, the structure responsible for DRR implementation is dependent on the local 
features, technical capacities or local vulnerability. The social, environmental, physical and political 
aspects must be included in disaster planning policies. Also, DRR activities should be based on local 
knowledge (vegetation, building structure etc.) and should be adapted accordingly.   
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4 Conclusions  

Throughout the SEE region, there are efforts to disseminate preparedness plans to all levels and 
stakeholders, to allocate the necessary resources for disaster recovery and to learn from previous 
lessons, in order to implement disaster risk reduction strategies. There is a urgent need to continue and 
strengthen cooperation, knowledge sharing, national platform building, as well as risk mapping and 
assessment. The continuous integration of disaster risk reduction strategies into national and local 
policies is crucial for a sustainable development.  
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Abstract: This paper presents an assessment of the air quality in a research center and residential area 
(44.348N, 26.029E), located nearby two major pollutant sources: waste and construction zones. Three 
years of data (2006, 2007 and 2008) were analyzed in order to characterize the changes of the ambient 
air in a typical suburban area facing rapid development. Sequential gravimetric systems were used to 
sample PM (PM—particulate matter) at Magurele and a reference point, 11 km away (BEPA Bucharest 
Environment Protection Agency- urban background station). Differences in PM between the study area 
and the reference were evaluated and analyzed in conjunction with meteorological situation and 
seasonal sources contribution.   Experimental results indicate that monthly average concentrations of 
PM10 vary from 11.5 up to 81.5 μgm-3 in Magurele, slightly increasing over the years. For both 
locations, minima were identified during April-May period and maximum on January, corresponding to 
sources variability. The study has shown that approximate 30% of measurements for both stations are 
above the standard limit   50 µg/m³.  

Keywords: air quality, particulate matter, aerosol sources 

 

1 Introduction 

The aerosols (aerosol particles) or particulate matter (PM) refer to the particles suspended in air, 
including dust, dirt, soot and liquid droplets. PM10 represents particles with diameter lower than 10μm 
[1]. Aerosol particles in the atmosphere arise from natural sources such as wind-borne dust, sea spray 
and emission of biogenic volatile organic compounds. They also arise from a range of anthropogenic 
activities, in particular the combustion of fossil fuels. Emitted directly as particles (primary aerosol) or 
formed in the atmosphere by (often photochemical) conversion of gaseous precursors (secondary 
aerosol), atmospheric particles range in size from a few nanometers (nm) to tens of micrometers (μm) 
[2].  
Today, the interest in aerosols is high mainly because of their effect on human health and their role in 
climate change. They have also a determining effect on visibility and contribute to the soiling of 
monuments [3]. 
Air quality limit values for PM10 were set at the European wide level by the first Daughter Directive 
(99/30/EC) under the air quality framework directive (96/62/EC).[4] The Daughter Directive stipulates 
that by the start of 2005 the daily mean PM10 concentration should not exceed 50 μgm-3 on more than 35 
occasions per year and that the annual mean should not exceed 40 μgm-3. Additionally an indicative 
limit value was set for 2010 when the daily mean PM10 concentration should not exceed 50 μgm-3 on 
more than seven occasions per year, and the annual mean should be less than 20 μgm-3. 
The aim of this paper is to assess the air quality in a research center and residential area located nearby 
two major pollutant sources: waste and construction zones. A reference urban background station Lacul 
Morii  was considered for comparison. These stations were presented in Section 2. In the same Section 
the sampling method was discussed. The results of the study were discussed in Section 3 and 
conclusions finalized the paper. 

2 Data and methodology 

2.1 Study area and pollution sources 

Magurele is located in the southern part of Bucharest at about 90 m altitude. The climate is temperate 
continental with warm summers and cold winters and the average yearly rainfall ranges around 500mm.  
The first study area, Magurele (44.348N, 26.029E) station is located at aproximatively 15 km away from 
Bucharest town centre, being a suburban area. In the last years the city has known an important 
economic development that influenced the air quality. 
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The reference area, Lacul Morii (44.44 N; 26.06E) background urban station is located in Bucharest 
close to Dambovita river and to a lake in vicinity[5]. 
Both the reference and study areas were in opposite part (Fig.1) and the traffic density was higher in the 
reference area than in the study area. 
During last years Magurele has known an important development mainly related to the expansion of 
industrial and construction building sectors. Beside this there are many other emission sources that has 
been influenced the air quality like: residential heating with solid fuel, economic agents heating, road 
passenger transport, road heavy transport, power plant influence, agricultural activities.  
 The common and main emission source of the both stations is the road traffic. An important emission 
source for Magurele is the agricultural activities which determine slightly increases over some periods of 
the year. The measurements from Magurele were also influenced by the concrete factory and waste 
zone that are located 2 km away from the measurement station (Fig.2). 
A study was conducted to analyze the concentration of Particulate Matter (PM) for a period of three 
years (2006, 2007, 2008) in order to determine the trend for the airborne particles (aerosols). For a clear 
analysis were compared the data from the Magurele station with those from the "Lacul Morii" station . 

 

Fig. 1 Location of Magurele and Lacul Morii Station  

         
Fig. 2 Concrete factory (left) and waste zone (right) - 2 km away from the Magurele station 

2.2 Air samples collection 

The first Daughter Directive (99/30/EC) requires PM10 to be measured gravimetrically. 
Magurele station samples were collected using the gravimetric system Low Volume Sampler, SVEN 
LECKEL LVS3 . Pre-conditioning and post-conditioning of filters was undertaken in accordance with the 
standard procedure.  
Filters were first weighed after an approximate 48 hour drying period. The post sampling period consists 
of another approximative 24 hour conditioning after which the filters are weighed again.All the weighing 
(before and  after sampling) were repeated  ten times. An analytical balance - Kern ALT Analytical 
Balance, ALT 220 - 4NM, 220g, and 0.1 mg was used to weight the glass filters. 

Lacul Morii 

Magurele 
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The concentration of particulate matter is calculated using the relationship: 

V
mm

C 21 −
=   [µg/m3]                          (1) 

where m1 - filter mass after exposure(μg);m2 - filter mass before exposure(μg); V  - air volume(m3). 
Atmospheric aerosols which are passing through particles impactors  with at least one dimension 10μm 
or less, are then stopped in the fiberglass filters, type GF 10 - 47 mm diameter. The pump flow rate was 
2.3 Nm3 /h (N-comes from Normal).[6] 
The dataset for Lacul Morii was obtained from an automatic sampling system that uses the gravimetric 
method. The dataset was provided by the Bucharest Protection Agency. 

3 Results and discussions 

3.1 PM10 concentration analysis 

The monthly average of PM10 mass concentration ranged from 11.5 to 81.5 μgm-3 in the study area, 
while the average for the Lacul Morii ranged from 21 to 85 μgm-3 (Fig. 3-5). The monthly average of 
PM10 mass concentration was  44.09 μgm-3.The highest concentrations of PM10 occurred in December 
and January in the three years for the both stations. So, at the two sites PM10 are significantly higher 
during winter. This is at least partially due to meteorology: the dispersion of pollutants is least in winter, 
when the mixed boundary layer height is reduced. 
Sulfate and organic matter are the two main contributors to the annual average PM10 mass 
concentrations, except at Lacul Morii site where NOx from traffic is a main contributor to PM10. 

It can be see that the minimum concentration was measured during May 2008  - 11.5 μgm-3 and the 
maximum on January 2008  - 81.5 μgm-3. 
January maximum concentration is due mainly to residential heating with solid fuel, this being the main 
way of heating homes from Magurele. The maximum is also reached because of the thermal plant 
power which are operating at full capacity during the cold periods of the year. Besides these two factors 
that rise concentrations to levels that exceed normal limits are also the factors that influence the level of 
PM10 the entire year like road traffic for passenger and goods. 
 

 

Fig. 3 Variation of PM 10 - Magurele and Lacul Morii 2006 
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Fig. 4 Variation of PM 10 - Magurele and Lacul Morii 2007 

 

 

Fig. 5 Variation of PM 10 - Magurele and Lacul Morii 2008 

 
The figure shows that from January to May is a descending slope for the both stations. During this 
period in  Magurele the concrete factory and the waste zone does not generate a significant amount of 
mineral dust.  
Following the two stations over this three years, can be noticed that the highest values recorded are in 
Magurele and also can be observed the value of PM10 concentration increased from one year to 
another. This could be because of rapid development mainly related to the expansion of economic and 
industrial sectors, but also for the bulding construction area. 
The best meteorological predictors for the elevated concentrations of PM10 are temporal evolutions of 
temperature inversions and atmospheric stability and in many cases the wind speed [7]. These 
predictors are found especially in winter, when the high pressure patterns (anticyclone) dominate. Such 
conditions  were in winters of 2006, 2007 and 2008  over Romania[8].                                                        
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4 Conclusions 

PM10 concentrations have the large values in winter at the two stations but the highest PM10 recorded 
values are in Magurele.  
The study area has higher pollution than reference station owing to the waste zone and concrete station 
located just 1 and 2 km away. This study demonstrated that these two sources pollute air for nearby 
residents.  
This was happening because of the rapid economic and industrial development. An important factor that 
had an important contribution to this highest PM 10 concentration values is the building construction 
sector. 
Altough Magurele is considered a suburban monitoring station the PM10 concentrations have almost the 
same monthly values as Lacul Morii urban station, although the causes of pollution are different.  
Another result of this study show that approx. 30% of measurement for both stations are above the limit 
-  50 µg/m³. 
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Abstract:In the context of the development of more realistic forecast tools of regional air pollution and 
for analysis of various impact scenarios, this paper is presenting the photochemical modeling tool 
MAP3D and its results vs measurements in Switzerland during the summer 2010 based on a statistical 
approach 
Mainly O3, NOx and PM are considered both from modelling and the Swiss national air quality 
measurements network i.e.NABEL. The model outputs were calculated for 15 x15 km spatial resolution. 
The O3 and Ox (O3+NO2) were chosen as being representative as criteria of comparisons which are 
presented for different types of measurements stations: rural low and high altitudes, rural-high way and 
urban. The statistical approaches for model validation are described and the correlation factors are 
discussed taking into consideration the specificity of the simulation and the measurements stations 
situations. 

Keywords: Air quality forecast, Switzerland, Map3D, photochemistry, ozone, aerosols and indicators. 

 

1 Introduction 
 

The Map3D Air Quality forecast system the offer a 3D solution for the daily forecast of meteorological 
fields and pollutant concentrations (gases and aerosols) at regional and urban scales including the 
photochemistry processes. It was developed at the Swiss Federal Institute of Technology (EPFL) and 
received an INNOGRANTS awards in summer 2007 to move from a research phase to a commercial 
product. Map3D is today successfully developed and operational since August 2008.  
This paper presents the statistical evaluation of the MAP3D forecast and more classical comparison 
during summer 2010 with the Nabel network air quality measurements in Switzerland. 

 

2 Map3D Air Quality forecast system 

2.1 Structure 

The modeling chain [1] is described in Figure 1 and technical details and specifications are also 
presented. In fact CHIMERE model is used at boundaries of the  MetPhoMod model [2]. Since 
CHIMERE has never been validated in very complex terrain the model  application is limited to 2 
regional scales (Europe and Alps). Thus  it is used at the continental scale for calculate background 
concentration in the Alps, and then at regional scale to account for main cities in the area (Lyon, 
Geneva, Marseille, Torino) contributing to regional ozone and secondary aerosols. And the end of the 
modelling chain, the use of CHIMERE and MM5 are used to constraint our fine scale model 
MetPhoMod. 



Proceedings Optoelectronic Techniques for Environmental Monitoring - OTEM 2011 

 

Olivier Couach(1)*, Frank Kirchner(1), Patrick Porche(1,2) t and Ioan Balin (3) 189 

 

 
 

Fig. 1 Map3D Air Quality forecast system: modeling chain, computer architecture,                      
maximum ozone concentration  

Data for three days forecast is computed every night on the Map3D server. At present, the server is 
located at the IUCN, in the server room. In a first time, a 3 days air quality forecasting over Europe is 
computed with MM5/CHIMERE with a resolution of 50x50 km. In a second step 3 days air quality 
forecasting over the Alps is computed always with MM5/CHIMERE with a resolution of 15x15 km). The 
Map3D user interface is a web-based application with a PostgreSQL database. It is written in object-
oriented PHP5 on  MVC (Model-View-Controller) architecture. The hardware used is a Dell PowerEdge 
2950 server with Intel Quad-Core Xeon 2,33GHz/2x4MB with the OS Linux (Ubuntu 8.04 Server) while 
the HTTP server is the Apache HTTP Server 2.2. The database is the PostgreSQL 8.3. The language 
used is PHP 5.2 and the framework used CakePHP 1.1 
 

2.2 Applications 

Data for three days forecast is computed every night at the IUCN. In a first time, a 3 days air quality 
forecasting over Europe is computed with MM5/CHIMERE with a resolution of 50x50 km. In a second 
step 3 days air quality forecasting over the Alps is computed always with MM5/CHIMERE with a 
resolution of 15x15 km). In the following statistical analysis and comparison we use the results and 
forecast of the Alps domain over the Switzerland. 

 

3 Comparison between air quality forecast and measurements 

The MAP3D prediction system is operational since August 2008 [4] and gives a free access to the 
Europe and Alps calculations for O3, NO2, PM10 and PM2.5. The  3 years results confirm that the Map3D 
system is operational. The computer architecture and database is stable in time and give 3 days air 
quality forecast each day at 2:30 pm.   
For the period of July to September 2010, the model outputs for Switzerland were evaluated against 
data from the fixed network measurement Nabel for O3 and Ox = (O3+NO2) with statistical and 
comparison approach. 

3.1 Statistical analysis approach 

The model results for Switzerland was evaluated against data from the fixed network measurement 
Nabel for O3 and Ox = (O3+NO2) concentrations for summer 2010.  
For each prediction (J+0 to J +2), the agreement between model calculations and measurements is 
evaluated using statistical indicators that are cumulative updated daily. We distinguish the summer 
period (from 1 April to 30 September) and winter (from October 1 to March 31). 
The table below shows the cumulative statistical indicators for the period from July 29 to September 30 
for six rural stations of low and medium altitudes NABEL network. 



Optoelectronic Techniques for Environmental Monitoring - OTEM 2011 Proceedings 

 

190 Daily air quality simulation during the summer 2010 in Switzerland - Statistical analysis 
of modeling results vs measurements. 

 

 

Tab. 1: Statistical evaluation of the correspondence between the ozone forecasts and measurements at 
the rural NABEL stations (low altitude : Magadino-Cadenazzo, Payerne, Tänikon, Lägeren ; high 
altitude : Chaumont, Rigi-Seebodenalp) for the period 29th July to 30th September 2010. 

The urban stations located near to a large source of emissions as a highway or an industrial model of 
the current resolution of Switzerland is not relevant  to be considered for the validation of the 
calculations. 

 

Tab. 2: Statistical evaluation of the correspondence between the Ox forecasts and measurements at the 
urban NABEL stations (Lausanne, Bern, Basel, Dübendorf, Zürich, Lugano) and at the rural-highway 
NABEL stations (Sion, Härkingen) for the period 29th July to 30th September 2010. 

 

3.2 Correlation and comparison plot 

We compared our model results from the 15x15 km grid to the results from the NABEL measurement 
stations. Model results from such are large grid cannot be compared meaningfully to measurements if 
these are affected by local emissions. Therefore we compared the ozone results to the rural stations. 
Closer to emissions ozone is titrated by NO forming NO2. Therefore for urban stations x we decide to 
compare the Ox which is the sum of O3  and NO2. 
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Fig. 2  Comparison of the measured and of the calculated (J+0, J+1, J+2) daily ozone maxima for the 
period 29th July to 30th September 2010 at the rural measurement stations Chaumont and Lägeren. 

 
Fig. 3 Correlation for the daily ozone maxima between the model results for the three forecasts J+0, J+1 
et J+2 and the measurements of all rural NABEL stations (low and high altitudes) during the period 29th 
July to 30th September 2010. The bold line represents no deviation between forecast and 
measurements, the straight lines represent 20% deviation and the broken lines represent 50% deviation. 
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Fig. 4 Comparison of the measured and of the calculated (J+0, J+1, J+2) daily Ox (the sum of ozone 
and NO2) maxima for the period 29th July to 30th September 2010 at the urban measurement stations 

Dübendorf and Lugano. 

 
Fig. 5  Correlation for the daily Ox (the sum of ozone and NO2) maxima between the model results for 
the three forecasts J+0, J+1 et J+2 and the measurements of all urban NABEL stations during the 
period 29th July to 30th September 2010. The bold line represents no deviation between forecast and 
measurements, the straight lines represent 20% deviation and the broken lines represent 50% deviation. 
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4 Conclusions for forecast using a 15x15 km grid and perspectives 

We observe a good correlation for O3 and for OX (O3 + NO2) between the model results and the Nabel 
data for rural stations. Close to emissions (in urban areas and close to highways) O3 is titrated by NO 
and therefore cannot be compared using a large grid. OX (O3 + NO2) shows a better agreement in 
more homogeneously polluted areas (urban) than in less homogeneously polluted areas (highways in 
rural area). 
 
In order to improve the model results for urban areas and areas with high emissions we plan to reduce 
the resolution to a scale of 2 km for summer 2011. Therefore we need emission inventories with fine 
resolutions and we need to collaborate with responsible authorities. Besides the forecasts MAP3D offers 
the possibility to investigate the influence of different emission scenarios on the air quality and thereby 
supporting the authorities developing short term and long term assessment measures for improving the 
regional air quality. 
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Abstract: This article raises the problem of dangerous substances release during traffic accidents. 
Approximately 15% of the total goods transported during the year are represented by dangerous 
substances and are made on roads (50%), railroads (30%) and waterways (20%). Considering the 
frequency and damage it may cause, transport on roads is very important to be studied and thoroughly 
understood. As roads often pass through populated areas, accidents involving dangerous substances 
can be hazardous to people and environment due to the type of substance transported and the cause of 
the accident. There were taken into account different types of hazmat releases such as: instantaneous 
or continuous, vapor or liquid and meteorological parameters.  For a better understanding of the 
damage caused by these accidents, a pilot study case was made, using input data for three types of 
scenarios: 

1 worst case scenarios: 
 instantaneous release 
 BLEVE (boiling liquid expanding vapor explosion) 

2 transient release scenario 

Keywords: accidents, dangerous substances, hazards, modeling, transport  

 

1 Introduction  

Approximately 15% of the total goods transported during the year are represented by dangerous 
substances and are made on roads (50%), railroads (30%) and waterways (20%). Thus, this study aims 
to make an assessment of dangerous substances releases during traffic accidents in Romania. 
Considering the frequency damage it may cause, transport on roads is very important to be studied and 
understood. As roads often pass through populated areas, accidents involving dangerous substances 
can be hazardous to people and environment due to the type of substance transported and the cause of 
the accident.  
According the EUROSTAT studies and the European Commission for Energy and Transportation’s 
reports it seems that Romania is among countries with the highest rate of fatal traffic accidents in the 
European Union. Road safety statistics indicate the fatality risk is 11 fatalities/100,000 inhabitants. 
(Casapu, Tomescu, 2009) 
Every year, the volume of road traffic is increasing, so are the occurrences of accidents. Between 2000 
and 2007 there were up to 6600-8000 serious accidents annually, with many casualties and damages, 
some of them including vehicles transporting dangerous substances. Most of them occur between 12 
pm and 18 pm, on weekends and in the summer time. (Casapu, Tomescu, 2009) 
There are different routs chosen for the transportation of dangerous goods. They depend on the road 
segment-defining parameters: location related parameters (residential area, industrial area, other 
function), infrastructure related parameters (type of road, speed limit, presence of junctions) and road 
tunnels. (Reniers et al., 2010) 
A vehicle that transports dangerous substances is considered a moving source point of risk. A loss of 
containment can occur if an accident happens due to a collision or non-collision incident, for example an 
overturning, and can lead to severe consequences like: injuries, fatalities, environmental degradation, 
evacuations or property damage. (Chakrabarti, Patrikh, 2011) 
For the transport of hazardous substances or materials, there are used many types of vehicles: vans 
(without special improvements), specialized vehicles (dumpers, tanks, insulated tank truck), tractors or 
tugs.  For example, liquid goods are transported by tank trucks, tanker lorries or special tank containers. 
Public roads are ranked according to their importance and traffic in: motorways, European roads, 
national roads, country roads and local roads. The transporting of hazardous substances takes place on 
all, but mostly on the European roads and the national ones.  Public roads in Romania are not in a very 
good shape.  The infrastructure is degraded in many parts and rehabilitation processes are carried out, 
that can slow down the time of transportation or endanger its normal flow.  To avoid these roads, there 
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had been made some detours, still many of them don’t help as much as expected. Many roads are 
narrow, or have big holes and so they become very dangerous if drivers aren’t careful enough.  
Dangerous substances transported on Romanian roads  
According to the European Agreement concerning the international transport of dangerous substances 
on roads (A.D.R.) there are the following classes of hazardous substances: 
Class 1: dangerous substances and objects; 
Class 2: gases; 
Class 3: flammable liquids; 
Class 4.1.: flammable solids, self-reactive substances and explosives; 
Class 4.2.: substances that spontaneously ignite; 
Class 4.3.:  substances that, in contact with water, discharge flammable gases; 
Class 5.1.: substances supporting combustion; 
Class 5.2.: organic peroxides; 
Class 6.1.: toxic substances; 
Class 6.2.: infectious substances; 
Class 7: radioactive substances 
Class 8: corrosive substances; 
Class 9: various substances and dangerous objects. 
Classification of the effects of dangerous substances to the human health: 
Depending on where the effect occurs: local (appears at the contact with the chemical agent) or 
systematic (appears in other places of the body than the contact area); 
Depending on the time of exposure: acute (appears after a short exposure, and generally manifests 
immediately) or chronic (appears after a long/repeated exposure, and manifests after a longer period of 
time); 
Depending on the evolution of the effects in time: reversible effects (they stop after the exposure on 
natural ways or after treatment) or irreversible effects (they persist even after the exposure stops with or 
without treatment). (Economic Commission for Europe Committee on Inland Transport, 2010) 
Besides the negative effects on the human health, these substances can be harmful for the environment 
too. The substances characteristics that can be important for the environmental pollution are: the 
mobility, persistence, degradability, bioaccumulation potential, toxicity etc. 
On the Romanian roads, the main types of dangerous substances transported in 2007 were: 43% 
petroleum products, 20% liquefied gases, 13% fertilizers, 8% chlorine, 7% ammonia, 5% explosives and 
4% pesticides. (GIES, 2007-2010) 
The vehicles that transport dangerous substances must be specifically marked with hazard signaling 
panels and hazard labels. The hazard panels are orange, rectangle forms that usually have two 
numbers, one above the other. These numbers represent the identification of the risk (above) and the 
substance (bellow).  The risk identification number (KEMLER number) is made out of two or three digits 
which indicate the primary risk and the secondary ones. The numbers and risks are as follows in the 
next table: 

The first 
identification 
number 

The risk Class of 
substance 

2 Gas leaks from a container under pressure or a chemical 
reaction 

2 

3 Inflammability of a liquid/gas or auto ignition  of a liquid 3, 4.2, 4.3 

4 Flammability or auto ignition of a solid 4.1, 4.2, 4.3 

5 Substances supporting combustion 5.1, 5.2 

6 Toxic or infectious risk 6.1 

7 Radioactivity  7 

8 Corrosively  8 
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9 Spontaneous violent reaction  9 

        Table 1 KEMLER number  

When the identification number is followed by an “X”, it means that the substance is highly reactive with 
water. When the number is followed by “0”, there is no secondary risk. Doubling the primary or 
secondary number means that the risk is very high. (Economic Commission for Europe Committee on 
Inland Transport, 2010) 
Another source of information regarding the chemical’s characteristics can be found on the hazard 
labels. The information given on these specific labels are the minimum necessary for a fast recognition 
of the risks and safety measures like: potential risks (fire/explosion, health risks), public security (general 
measurements, protection equipments), safety measurements (in case of substance loss/leakage, fire), 
first aid measurements. (Economic Commission for Europe Committee on Inland Transport, 2010) 
For more detailed information about the risks, one can use the so called Data Sheets. This is a two 
paged document, identified by a two digit number. The “P” letter that follows the number of the Sheet 
identifies all substances that in some situations can present polymerization risks. This contains 
information like: physical and chemical characteristics, quantity, risks for human health and 
environment, storage and packaging methods, detection possibilities, individual protection for the 
emergency intervention staff, extinguisher agents, decontamination neutralizers, antidotes, removing 
possibilities, first aid methods and other data important for the rick analysis.  The Data Sheet can’t be 
used in an accident that involves two or more hazardous substances that have different risk classes. In 
such cases, the information given by the specialists (producers) must be followed. If one of the 
substances involved are seem to be harmless, it shouldn’t be ignored the fact that by combining it with 
other substances or by fire, it can endanger the human health or may trigger an explosion. (Economic 
Commission for Europe Committee on Inland Transport, 2010) 
If an accident occurs, there are some fundamental protection measurements that must be taken: if there 
is a minor leakage (drop by drop or a thin stream) the intervention team must operate from a distance of 
50 meters. If the leakage has a bigger flow, there is a breakage in the container or the discharged 
amount is bigger than 150 liters, the safe distance is 100 m. In case there is no information about the 
accident or the substances involved, the recommended distance is also 100m. The intervention team 
should approach from the wind direction and must isolate the affected area. (Economic Commission for 
Europe Committee on Inland Transport, 2010). 
Hazards associated to the transport of dangerous substances on roads 
The main hazards that can appear in the transportation of dangerous substances on public roads are 
classified in: 

1 Risk of accidents (including fires and explosions); 
2 Exposure to dangerous substances (especially when loading and unloading the substances); 

(European Agency for Health and Security at work place, 2011) 
 

1 The  risk  of accidents  
The biggest problem that the Romanian transportation system is facing is represented by the low quality 
of the infrastructure compared with European Strategy for Sustainable Development’s objectives. There 
is a lack of territory coverage with expressways and highways that could facilitate the transport of goods. 
Although, the transport infrastructure is in a continuous modernization, yet it failed to achieve 
competitive parameters with other state members. Another issue is the quality of the roads. In some 
parts, they can be narrow, often without marked lanes or poorly repaired. In the rural areas, roads are 
also used by pedestrians, animals, people with bicycles, or horse drawn carts that sometimes can be 
very difficult to see, especially at night. Mountain roads can be very dangerous when covered in snow or 
ice. (Romanian Government, Ministry of Transport, 2008) 
According to the statistics from the Police Report in 2007, 29% of the accidents are due to irregular and 
non-adapted speed to road conditions, 25% are due to pedestrians crossing the street irregularly, 4% to 
unsafe lane changes.  There are also behavioral factors that can trigger serious accidents, and are 
divided into: those that reduce capability on a long term (inexperience, aging, disease, alcoholism, and 
drug abuse), those that reduce capability on a short term (drowsiness, fatigue, alcohol or drug 
intoxication, temporary distraction, stress), those that promote risk taking behavior with long term impact 
(overestimation of capabilities, habitual speeding, disregard of traffic regulations) and those that 
promote risk taking behavior with short-term impact (moderate ethanol intake, suicidal behavior, 
compulsive acts). (Casapu, Tomescu, 2009) 
The severity of an accident is related to the damage associated with the physical and chemical 
characteristics of the pollutant substance being transported, the type of the accident, and vulnerability 
factors associated with the environment and humans. (Matias et al., 2007) 
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2 Case study 

There is a high rate of accidents in Romania, thus the possibility of a vehicle transporting dangerous 
substances to be involved is significant.  Because of their rate of transport (7% of the dangerous 
substances) and the hazardous properties of the substance, ammonia can cause serious damages in 
case of an accident. Ammonia is a colorless gas with at boils at -33.34 °C at a pressure of 1 
atmosphere; the liquid must be stored under high pressure or at low temperature. Most of the time, it is 
used for chemical fertilizers. Liquid ammonia is used for refrigerants, in the textile industry or a special 
wood treatment. In solution, it is used in dry cleaners and after disinfection to neutralize chlorine or 
formaldehyde. (GIES, 2007-2010) 
The transportation of ammonia is made in tanker trucks, in liquid stage at high pressure, with different 
sizes. These tanker trucks generally carry gases liquefied by pressure. They are circular in cross-
sections, with blunt ends. The surface is smooth, usually painted in white or silver to reduce heating by 
sunlight. The tankers carrying ammonia also have a high BLEVE potential (boiling liquid expanding 
vapor explosion) (NOAA, 2011). 
There are two general scenarios of transport accident: derailments and traffic collision. Derailments 
shouldn’t have a high level of risk as the tanker trucks have special security equipments. In case of a 
collision, the difference is made by the other vehicle. If it is a car, normally it shouldn’t raise serious 
problems. On the other hand, if there is a collision between two trucks, the consequences could be very 
dangerous to humans and environment. There will be air pollution or even worse, an explosion if there is 
an ignition source present.  
In case of an accidental anhydrous ammonia release, when the substance is in a compressed state in 
the tank, it spills into the atmosphere and the temperature drops from 370C to -330C. At this temperature 
it can cause serious damage in contact with skin. A sudden rupture can shoot ammonia up to 3 - 6 
meters from the point of release, forming an ammonia gas cloud. If there is an ignition source present, 
explosion of the gas cloud can occur.  To minimize the gas cloud, water should be sprayed on the point 
of discharge, not just on the tank.  
In this study, simulations of the effects and consequences were made, using the ALOHA software, 
developed by EPA from the US. Three release scenarios were chosen: an instantaneous release, a 
BLEVE (boiling liquid expanding vapor explosion) as worst case scenarios and a semi-continuous 
release as a probable accidental scenario. In all cases it was considered a road tanker with the following 
dimensions: length 6m, diameter 2,48m, volume 29 m3, with 17000 kg ammonia at 80% filling degree. 
The atmospheric parameters are as follow: wind speed 2m/s, measured at 10 m, ambient temperature 
at 250C and a relative humidity of 70%.  
a) Instantaneous release as a worst case scenario: 
After a collision, the result is a hole of 30 cm at the bottom of the tank. There is a total of 13,971 kg of 
ammonia released within 1 minute, with a maximum average sustained release rate of 233 kg/sec. The 
chemical escaped is a mixture of gas and aerosol (two phase flow).  The threat zone reaches up to 3 km 
from the source of release. The toxic cloud, with a concentration of 2000 ppm, representing the LC50 
(lethal concentration where 50% die) extends to 1.5 km, and with a concentration of 300 ppm (IDLH - 
Immediately Dangerous to Life or Health) reaching for an additional 1.5 km as seen in Figure 1. The 
flammable area from this toxic cloud is about 400 m, divided into: the first area, closest to the source 
that reaches the lower explosion limit (LEL) of 160000 ppm and reaches 300 m form the source and the 
second area of 400 m form the source, with a concentration of 80000 ppm, representing LEL ½ (Figure 
2).  
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Fig. 1 Toxic cloud dispersion                      

 

Fig.  2 Flammable area of the cloud 

b) BLEVE (worst case scenario) 
The BLEVE scenario is possible in case of an external fire near the tank, when the ammonia is heated 
to its boiling point, the expansion of the resulting vapors increases the pressure inside the tank above its 
rupture pressure, and the tank ruptures. The external fire can cause the weakening of the steel and this 
way the rupture pressure can be lower than the projected maximum pressure for normal temperature 
conditions. In this case, the result will be a fireball of 140 m that will last up to 10 sec. There are 3 
different consequence areas of interest for the human health around the source. The first one is the area 
of 100% mortality represented by the fireball radius (140 m), the next one is the area with potentially 
lethal effect within 60s (200 m). The area in which 2nd degree burns can occur within 60 sec extends to 
270 m (Figure 3).  

 

Fig. 3  BLEVE scenario  

c)semi-continuous release as a probable accidental scenario 
A probable accident is represented by a semi-continuous release from a hole of 3 cm long and 1 cm 
width.  The opening is at 1.24 m from the bottom of the tank. The software limited the duration of the 
release to one hour. The maximum average sustained release rate is of 362 kg/min (averaged over a 
minute or more).  The total amount released is of 5,952 kg. The chemical escaped as a mixture of gas 
and aerosol (two phase flow). This time, the threat zone reaches approximately 1.2 km from the source, 
from which 200 m have a concentration of 2000 ppm (LC 50) and 1 km has 300 ppm (IDLH) (Figure 4). 
The flammable area in the toxic cloud is 75 m from the source with LEL ½ (lower explosion limit) of 
80,000 ppm (Figure 5).  
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Fig. 4 Toxic cloud dispersion 

 

Fig. 5 Flammable area of the cloud 

2. Exposure to dangerous substances 
In normal transporting conditions, there shouldn’t be any leakages from the tank, as it is especially 
sealed and has safety valves. When loading and unloading the ammonia, people who perform these 
operations might be subjected to occupational exposure to the substance. 

3 Results and discussions  

Ammonia poses a significant hazard to the human health, due to its caustic nature, high storage 
pressure and very low temperature created when released. It can cause severe chemical burns and 
permanent frostbite injuries. Exposures to the eyes and the respiratory system produce the most 
important damages and are more difficult to treat.  (Primeland of cooperatives, 2007) 
If an accident with a tanker containing anhydrous ammonia occurs, due to the results obtained from the 
simulations above, consequences are as follow: a toxic cloud of 1.5 km with a flammable area of 400 m, 
a fireball of 140 m that will last up to 10 sec. In case of the transient release scenario, the threat zone is 
for about 1.2 km with a flammable area of 75 m.   
It is very important to know that ammonia easily dissolves in water. If an accident occurs, water should 
be sprayed on the point of discharge and tank. When ammonia gets into the eyes or on the skin, it 
should be rinsed immediately with abundant water. An efficient method of protecting the respiratory 
system is by covering the nose with a wet towel. The victims must always be taken to professional help 
as soon as possible. 
To reduce gas emissions when a great amount of ammonia escapes, a soil or sand dam or a dig pit 
should be made around the discharge.  Heat absorption from the air can be further reduced by spraying 
foam on the liquid ammonia, or simply covering it with a plastic sheet. (FAO, 2011) 
To prevent the toxic cloud to move, a sprayed water curtain should be made in the front of it an on its 
moving direction.  If the water isn’t properly sprayed or the pressure is too high, the water curtain could 
change its direction instead of dissolving the substance. The ammonia can be neutralized with 
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hydrochloric acid or acetic acid, with the right quantities adapted to the event. When neutralizing the 
substance, the action of diminishing the release and the prevention of spreading the toxic cloud should 
be made simultaneously (Achim, Flucuş, 2005). 

4 Conclusions  

When transporting dangerous substances on public roads, there are two types of hazards: the possibility 
of an accident to occur and the exposure to the substance. During a traffic accident, the substance can 
be released, causing adverse effects to humans and the environment. The impact depends on the 
nature of the substance, characteristics, effects on the human health and environment, release quantity, 
meteorological and demographical parameters, rapidity and performance of the emergency response 
team. One of the main reasons of the high accident frequency in Romania is represented by the low 
quality of public roads. The expressways and highways do not provide sufficient coverage of the 
national territory; the existing roads are often narrow, without marked lanes or in poor repair. In the rural 
areas, roads are also used by pedestrians, animals, people with bicycles, or horse drawn carts that 
sometimes can be very difficult to see, especially at night. Besides these, behavioral factors have a 
great importance in triggering an accident.  
To analyze the damages caused by a road accident involving dangerous substances, there three 
accident simulations have been made with ammonia releases: a continuous release that causes a toxic 
cloud, a BLEVE (boiling liquid expanding vapor explosion) scenario, both representing worst case 
scenarios and a semi-continuous release representing a probable accidental scenario. The results were 
as follows: a toxic cloud of 1.5 km with a flammable area of 400 m, a fireball of 140 m that will last up to 
10 sec. In case of the transient release scenario, the threat zone is for about 1.2 km with a flammable 
area of 75 m.  
Ammonia poses a significant hazard to the human health, due to its caustic nature, high pressure and 
very low temperature created when released. It can cause severe chemical burns and permanent 
frostbite injuries. To reduce the adverse effects of events such as the ones described above, a water 
sprayed curtain can prevent the toxic cloud to spread. It can be neutralized with hydrochloric acid or 
acetic acid, with the right quantities adapted to the event.  
The results obtained from the simulations provide important information for emergency planning of such 
situations. Knowing the approximate extent of the substance plume and the approximate concentrations 
that can occur in the air, emergency teams can react without endangering themselves and can evacuate 
people (if necessary) in a safe way. Depending on the released quantity, the emergency response 
teams should approach the truck from the wind direction, avoiding the toxic gas cloud, especially its 
flammable area. 
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Abstract: Radiative transfer models have to take into account as many and as diverse atmosphere 
constituents as possible in order for them to be accurate. Gases are less difficult to model than aerosols 
because of their consistency in time and space. Because of this and other mathematical difficulties, 
aerosols are taken into account at best through simplified physical objects having very well known 
properties. This leads inevitably to inaccuracy in the models. As an example the wavelength dependent 
refractive index of ammonium sulfate is used to model organic carbon because of its well known 
properties [1]. But in order to maintain a small degree of uncertainty, we need a better understating of 
the microphysical and optical properties of diverse atmosphere compounds. This paper will present an 
analysis made on two PM10 aerosol filters used on a LVS3 (Small Filter Sampling) system, one in 
March 2011 and the other in July 2011. The filters were analyzed using SEM (Scanning Electron 
Microscope) so that distribution and asphericity parameters could be inferred, EDX (Energy-dispersive 
X-ray) in order to have a chemical point of veiew. All this was needed in order to give accurate input 
parameters to the T-matrix FORTRAN simulation code. 

Keywords: aerosol, filter, gravimetric, simulation, model, light, scatter, microphysical 

 

1 Introduction 

Nowadays computer technology gives humanity the computational power to solve very complex 
mathematical expressions. With this increasing capability we are on the verge of understanding even 
the most hidden physical phenomena described by the mod computational intensive algorithms, but in 
order to do just that, an exploration needs to be undertaken at a theoretical and experimental level first. 
This paper is about finding out the optical properties of aerosols by using a FORTRAN light scattering 
software developed at NASA by Mishchenko. The microphysical properties are inferred from 2D SEM 
images with the help of vector graphics. In this paper, aerosols are assumed to be elliptical objects in 
order to calculate the asphericity parameter. These microphysical properties are used as input data for 
the T-matrix FORTRAN code so that the scattering simulation is performed on a case as close to reality 
as possible. 
The purpose of these simulations is to show that not only the refractive index is a decisive parameter, 
but one needs to take into consideration the microphysical properties as well. It is worth mentioning here 
that material at nanoscale level interacts differently with light than bulk material. 

1.1 Measurements and analysis overview 

A LVS3 (Small Filter Sampling) system was used for retrieval of aerosols by using the gravimetric 
method. This device is a reference sampler for PM10 measurements according to Certificate CEN EN 
12341. Thus,  this paper presents the analysis on two PM10 filters that have been used in two 
measurements taken at different dates (one in March 2011, and the other in June 2011) in order to have 
an idea about the chemical composition’s variability with time. Of course, a more in depth analysis has 
to be done in order to have a good understanding of the chemical composition and a better idea in a 
more general case. This is an attempt to see if the shown methods are reliable in determining the 
properties of aerosols. 
SEM images were taken on the two filters to retrieve a dimensional distribution and to have an idea 
about the asphericity parameter. For this to work, manually constructed Bezier curves were used for the 
most visible aerosols on the SEM images (Fig. 17). The next step involved in the analysis was to find 
the chemical elements within the filters with the help of EDX method. This analysis method is an 
integrated part of SEM apparatus. The chemical analysis in the Scanning Electron Microscope is 
performed by measuring the energy and intensity distribution of the x-ray signal generated by the 
focused electron beam [2]. With the help of this analysis technique chemical compounds can be inferred 
by taking the most likely combinations to be formed from the chemical elements that are given by the 
apparatus. 
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Fig. 17 Example SEM image in which aerosols’ border are selected using Bezier curves. This image 
(showing volcanic ash) was taken from the internet (http://expertvoices.nsdl.org/middle-school-math-
science/2009/04/01/teaching-about-volcanic-hazards/) and is used in this figure because of its clarity. 
Because of this high contrast between the particles and the background, an automatic process (Trace 

Bitmap) was used for fitting the Bezier curves onto the borders. 

 

1.2 T-matrix FORTRAN code 

The T-matrix FORTRAN code is a powerful exact technique for computing light scattering by non-
spherical particles based on numerically solved Maxwell’s equations [3]. It can be downloaded freely 
from NASA’s web page (http://www.giss.nasa.gov/staff/mmishchenko/t_matrix.html) and can be found in 
two forms: with double precision and with extended precision. The main difference is that the extended-
precision code can model light scattering on larger particles (a factor of 2-3 larger than double-
precision). This code takes as input information the following code parameters [3]: 
ICHOICE:  

Specify the type of to compute the inverse matrix Q-1 (one of the Stokes parameters). This 
paper uses the choice of calculating the inverse matrix by means of LU-factorization which 
allows computations for significantly larger particles in the case of weak or no absorption [3] 

RAT: 
Specify if the particle input size is given in equal-volume sphere radius, or in terms of the 
surface-equivalent-sphere radius. Because of its ease of calculation, we have used the equal-
volume sphere radius. 

NDISTR, AXI, B, GAM, NPNAX, AXMAX: 
NDISTR is used for specifying the particle size distribution. The following distributions are 
available: modified gamma distribution (AXI = α, B = rc and GAM = γ), log normal distribution 
(AXI = rg, B = ln2σg and GAM is ignored), power-law distribution (AXI = reff, B = veff and GAM is 
ignored; in this case the parameters R1 and R2 are calculated for given reff and veff [see 
below]), gamma distribution (AXI = a, B = b and GAM is ignored); all of these variables can be 
found in the equations from [3]. Here we have used the power-law distribution because of the 
nature of our asphericity parameter and size calculations from the SEM images. Furthermore, 
we set NPNMAX = 1 and AXMAX equal to AXI because only one size distribution is used in the 
simulation. 

R1 and R2: 
 These are the minimal and maximal radii of the size distribution 
NKMAX: 
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It is an integer such that NKMAX + 2 is the number of Gaussian quadrature point used in 
integrating over particle sizes for particles with AXI = AXMAX For particles with AXI = AXMAX – 
AXMAX / NPNMAX, AXMAX – 2 * AXMAX / NPNMAX etc. the number of Gaussian points 
linearly decrease 

LAM: 
 It is the wavelength of the incident light 
MRR and MRI: 

They are the real and imaginary parts of the particle refractive index. MRI must be zero for non-
absorbing and positive for absorbing particles 

EPS and NP: 
These parameters specify the shape of the particles. We used these values: NP = -1 and EPS 
= a / b, which are specific to spheroids (NP = -1) and EPS is the ratio of the horizontal to 
rotational axes 

DDELT: 
 This is to specify the desired absolute accuracy of computing the expansion coefficients 
NPNA: 

Is an integer and specifies the number of equidistant scattering angles from 0 to 180o at which 
the scattering matrix is calculated. The corresponding scattering angles in degrees are given 
by (I – 1) * 180 / (NPNA – 1), where I numbers the scattering angles 

NDGS: 
This integer parameter controls the initial value of the number NG of division points in 
computing integrals over the particle surface. A value of 2 was used here because this is the 
recommended value in [3] for compact particles. 

 
The output code parameters are as follows: 
REFF and VEFF: 
 They are the effective radius and effective variance of the size distribution 
CEXT and CSCA: 
 They are the extinction and respectively scattering cross sections per particle 
W: 
 is the single scattering albedo 
<cos>: 
 <cos> = g is the asymmetry parameter of the phase function 
F11 … F44: 
 F11 = a1(Θ) … F44 = b2(Θ) are the elements of the scattering matrix 
LMAX1: 
 LMAX1 = Imax + 1 is the total number of numerical significant expansion coefficients 
ALPH1 … BET2: 
 These arrays contain the respective expansion coefficients α1

1 … β2
1 

  

2 Methodology 

This section describes the methods used in obtaining the polluted filters and gives a more in depth 
explanation of the analysis used on the filters. First, a sample of aerosol is taken from the air using fiber 
glass filters mounted in a LVS3 device. This device uses a pump to capture air and pass it through the 
filter which in turn captures the aerosols. But even before the mounting of the filter, it’s weight has to be 
measured, and after the filter fills with aerosols, alternate measurements are done in order to retrieve 
the concentration. 

2.1 Filter analysis 

In order to have an idea about the chemical species suspended in air at the time of the LVS3 retrievals, 
the EDX method was employed. The EDX method is an intrinsic property of some SEM devices. Not all 
are capable of EDX analysis, but the ones that are give information about atom concentrations by 
chemistry and by mass. This method uses the electron beam of the SEM to produce atom ionization. 
The ionized atom then moves on a lower-state energy, but in the process emits X-rays (Fig. 18) 
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Fig. 18 Simplified diagram of electron shells, following from the Bohr model of the atom. Some 
transitions leading to observed X-ray emission are indicated [4]. This in turn leads to retrieving the 

chemical species that gave the detected X-rays. 

 
By analyzing the clean filter first, the atoms were noted so that we could infer the chemical composition 
of the filters with aerosols on them. In order to be convinced that the clean filter is indeed clean, SEM 
images were taken before EDX analysis (Fig. 19). 
 

 

Fig. 19 SEM images of the clean fiber glass filters 
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Fig. 20  EDX analysis image for the clean filter in Fig. 19. Now we have an idea about the chemical 
composition of the clean filter and what to rule out from the analysis of the polluted filters 

The EDX analysis on the two presented filters (from 14.03.2011 and 18.06.2011) is presented below in 
Fig. 21. We can only guess what the chemical composition may be, but for the purpose of this rather 
rudimentary analysis we chose to compare black carbon (for the filter from 14.03.2011) as this is 
compound has a rather drastic increase and MgO (for the second filter from 18.06.2011). After choosing 
the chemical compounds, we then had input the parameters for these species, which consisted in giving 
as input to the code the complex refractive index relative to the two chosen species. The value of 1.49 + 
i*0.67 was used for soot for the 550 nm wavelength input [6] (which is the closest to a LIDAR 
wavelength that was found), as for the MgO the real part of the refractive index for 550 nm wavelength 
incident light is 1.74 (filmetrics.com refractive index database). It was shown that for this crystal 
structure, the complex part of the refractive index is less than 10-4 for the wavelength range 0.17 – 7.3 
µm of the incident light [7]. 
So, as a review, the following values were used for input: 

- incident light wavelength = 550 nm 
- carbon (C): refractive index = 1.49 + i*0.67 
- magnesium oxide (MgO): refractive index = 1.74 + i*0 

  
 

Fig. 21  EDX analysis of the two filters. Left: 14.03.2011 (more polluted) and Right: 18.06.2011 (less 
polluted) 
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2.2 Analysis of the SEM images 

In order to retrieve the asphericity parameter and the size parameter for the aerosols captured on the 
filters, the SEM images were analyzed by first tracing the borders of the more visible aerosols in a 

vector graphics program (like Inkscape). These vector figures are made up of a bunch of mathematical 
Bezier curves and because they are analytically described, no information is lost. The next step was to 

calculate the extreme points of each Bezier curve group. Because these points are the outer most 
relative to each figure, they are perfect for building a minimal volume enclosing ellipsoid in order to 

calculate the asphericity parameter. This process is depicted in Fig. 17, 

 
Fig. 22 and Fig. 23. 
The process for calculating the minimal volume enclosing ellipsoid is presented in detail and in an 
arbitrary number of coordinates in [5]. 
These parameters are used as input parameters for the T-matrix simulation code as described in the 
introduction (1.2 T-matrix FORTRAN code). 
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Fig. 22 SEM images used to retrieve the asphericity parameter and the equal-volume-sphere radius 
(14.03.2011 filter – very polluted). 
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Fig. 23  Analyzed SEM image of the 18.06.2011 filter (much less polluted than the 14.03.2011 filter) 

3 Results and Discussions 

Computations for the two species, namely C and MgO where done with the T-matrix FORTRAN code for 
the 550 nm wavelength incident light. As a result the extinction and scattering cross sections as well as 
the albedo and the asymmetry parameter of the phase function will be compared in the two cases. 

Specie Extinction 
Cross 
Section 
(µm2) 

Scattering 
Cross 
Section 
(µm2) 

Albedo Asymmetry 
of the Phase 
Function 

Refractive 
Index 

Incident 
Light 
Wavelength 
(nm) 

C 5.94887 3.13988 0.527811 0.880369 1.49 + i*0.67 550 

MgO 5.42489 5.42389 0.999817 0.574151 1.74 + i*0 550 

Table 1. Output parameters of the T-matrix FORTRAN code simulation 

It can be seen in Table 1  that although the extinction cross section is almost the same for the two 
cases, the other parameters, namely the scattering cross section, albedo and asymmetry of the phase 
function are totally different with extensive consequences in any radiative transfer model. Of course, this 
idea is just a beginning and needs to be further evaluated and investigated. The complexity arises from 
the fact that aerosols are composed of different chemical species and no radiative transfer model is 
capable of implementing complex chemical dynamics that are needed in order to have an accurate 
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result. One of the cases in which this problem stands out is when it comes to organic carbon 
constituents, which, in this codes are taken to be ammonium sulfate when it comes to the refractive 
index. 

4 Conclusions 

Although, this is a very limited simulation, because there was no chemical compound analysis done, 
some compounds have been guessed and worked on to point out the differences from the optical 
properties point of view. It is clear that mixed compounds behave differently and this is where the 
radiative transfer models have to focus on. 
In this work we have presumed that the filters are filled with one chemical compound at a time, which 
gave us the possibility to calculate the asphericity parameter and equal-volume-sphere radius from the 
SEM images. This is clearly a wrong way to analyze the aerosol impact on the radiative transfer, but it is 
a place to start off. 
Future work will involve analysis of organic compounds found in the air and compared to ammonium 
sulfate in terms of optical properties, in order to have a better understanding of the influence on radiative 
transfer calculations. 
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Abstract: Air quality and climate change represent today global problems of mankind. Remote sensing 
measurement of pollution plume from a distance is a new and challenge technique for air pollution 
monitoring. The paper is focused on real results accomplished in parallel at a Romania power plant, by 
using an UV camera for SO2 emission and the comparison with results obtained with a standard method 
applying the amperometry technique, by means of a TESTO instrument. The UV camera is a novel 
developed device for the remote sensing of power plant emissions and generally other stationary 
sources. The technique uses solar radiation scattered in the atmosphere as a light source for the 
measurements. SO2 emissions are monitored as this particular pollutant is causing very dangerous 
effects such as acid rain, destructions of several goods, constructions, and not at least causing 
irreversible affection on human health. The conclusion of the paper is that, based on the evaluation 
program developed SO2 concentration data delivered by remote sending using UV cameras are 
appropriate to be used for stack emission measurements, even it is not, for the moment, accomplished a 
best correlation between emissions measured with standard methods, in stack, and remote sensing by 
UV cameras. Their advantage is not only the fact that they are achieved from distance, not having any 
interference with the stack geometry or generating disturbances, but also that they may be 
accomplished by any independent laboratory, for controlling and also, used as signal for overlapping 
maximum admitted values. 

Keywords: ultraviolet (UV) camera, remote sensing, air quality, pollution  

1 Introduction  

Presently, air quality is an important and global issue for all nations. The choice of a measuring process 
for air pollutants depends on the substance to be measured, the properties it has, and the information to 
be gained from the measured values. Measurements must be carried out both at the location of 
formation of the air pollutants to determine emissions and at the location of effect to determine air qual-
ity. Sulfur dioxide (SO2) is one of the most important gases for the air pollution monitoring [2].  Sulfur 
oxides represent a major air pollutant and have significant impacts upon human health. They are 
responsible for a lot of respiratory and cardiovascular problems. Also sulfur oxides are precursor to acid 
rain and other atmospheric effects, with toxicity towards soil and vegetation. The concentration of sulfur 
dioxide in the atmosphere can influence the habitat suitability for plant communities as well as animal 
life, not at last upon human healthiness. Anthropogenic SO2 is almost exclusively formed during the 
combustion of fossil fuels with relevant sulfur content and most important is coal because the sulfur 
content of liquid and gaseous fossil fuels can be easily removed before combustion [7].  Sulphur Dioxide 
is an important gas for geologists and environmentalists. Volcanic SO2 flux has been correlated with 
eruptions, and SO2 is a prominent greenhouse gas that contributes to global warming. 
Some fossil fuels contain sulfur, most of which is released as sulfur dioxide trough combustion. Different 
fuels are characterized by a wide range of sulfur contents:  
• Oil and its by-products contain between 0.1 % by mass sulfur (paraffin) and 3-4 % by mass (heavy 

fuel oil) in the form of sulfides and thiols. Presently there are special commercial techniques to 
extract the sulfur and reduce thus the chance to generate SO2 (ex. diesel). 

• Coal contains 0.1–4% sulfur by mass, mainly as flakes of iron pyrites (FeS2). The average sulfur 
content of European coal reservoirs is 1.7 % by mass. 

• Natural gas (mainly methane CH4) is normally sulfur free, but some gaseous fuels, according to 
their special origin, may contain also, up to 40 % by volume, also hydrogen sulfide H2S, that is 
generating SO2 through combustion . 

If the sulfur content of the fuel is totally combusted, SO2 is formed through the reaction: 

OHCOSOOSHCH 22223 23 ++→+−  (1) 

During the incomplete combustion, with lack of oxygen, elementary sulfur and hydrogen sulfide (H2S) 
can be formed, at high temperatures. 
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HCHOSHOSHCH +→+− 223 50.  (2) 

SOHOSH 222 222 +→+   (3) 

Hydrogen sulfide (H2S) occurs during the combustion process of low quality coals like lignite or in the 
exhaust pipes of the piston engines exhaust gases, after their catalytic reduction, if the engine works at 
high load and low air-fuel ratio. During the combustion and in the exhaust channels, the SO2 can be 
oxidized to SO3 which will form, with the water from the flue gases sulfuric, the acid H2SO4. The SO2 
conversion to SO3 is increased in the presence of vanadium of iron oxides at temperatures over 800 ºC. 
Evacuated into the atmosphere, SO2 reacts in proportion of (1 – 2) ‰/hour with oxygen, under the 
presence of ultraviolet radiation (uvr) and will form SO3. 

322 22 SOuvrOSO →++  (4) 

Afterwards, the SO3 will react with water vapors from the atmosphere to form sulfuric acid H2SO4. In 
periods of fog or days with high humidity the transformation rate of SO3 to H2SO4 can be up to 15 %. 

4223 SOHOHSO →+  (5) 

Figure 1 [7] is presented an illustrated view of main atmospheric reactions for SO2 and the historical 
evolutions of the pollutant emissions into the air. 

 

Fig. 1  SO2 atmospheric reaction and historical emissions [7] 

 
For all mentioned reasons it is very important to monitor the concentration of SO2 in the atmosphere, 
and especially control the sources (the larger ones), according maximum admitted values in exhaust 
and for air quality. Volcanoes are responsible for a large amount of SO2 natural degassing in the 
atmosphere.  
Remote sensing measurement for SO2 was used successfully in the past for volcanoes activities and 
monitoring the exhaust emissions. Now this technique is proposed for power plants too. The technology 
is based on charge-coupled device (CCD) sensor capable to get information in the UV portion of the 
spectrum [3] and the camera is directed into the main central stack flue gas.  
This paper exposes the results obtained from monitoring in comparison a power plant located in 
Halanga, using simultaneous stack point measurement and remote sensing with UV cameras. The 
comparative measurements are necessary as one of the main purposes of the research is to develop a 
method of a correct evaluating the level of emissions from stacks, by using only remote control. The 
method is also necessary for an overview or prevention of accidents or exhaust of higher level of 
pollutants that might be signalized and detected from distance. 



Proceedings Optoelectronic Techniques for Environmental Monitoring - OTEM 2011 

 

Catalin Nisulescu(1)* ,Ioana Ionel(1), Francisc Popescu(1) 213 

 

2 Methodology  
2.1 Measurement location 

Ambient air pollutants also have fluctuating concentration profiles, as pollutant emissions change 
constantly along with atmospheric dispersion conditions. Here the measuring method to be applied is 
essentially determined by the possible effect of the air pollutants. For long-term effects it is sufficient to 
determine mean values which can be fixed quite well by a series of individual discontinuous 
measurements [5]. To determine peak values, however, one must employ continuously operating 
measuring instruments, reflecting the temporal course of the concentrations as completely. One 
selected for the demonstration a power plant running on lignite with oil support located in a village 
Halanga.  
The Electric power plant Halanga (Fig. 2)  is a Romanian Nuclear Activities Authority (RAAN) subsidiary 
company, located at 5 km North-East away from Drobeta Turnu Severin town, on 67 DN national route 
connecting Drobeta Turnu Severin and Tg. Jiu cities. According to its actual profile, ROMAG-TERMO 
Power Plant provides the process steam for ROMAG-PROD Heavy Water Plant (280 t/h and 31 MW) 
and also urban heating for Drobeta Turnu Severin Municipality (100 Gcal). In the same time, an electric 
power of over 160 MW is delivered to National Grid System [6]. The used Lignite is S rich, meaning that 
the SO2 amount developed through combustion is significant. All is leaving the furnaces through the 
stacks and reaches the free atmosphere, as no cleaning technologies for the flue gases are available. 
 

 

Fig. 2 Measurement location 

 
2.2 Instrumentation 

The literature [8], [9] describes a novel instrumentation called Vulcamera that is designed to operate 
with two cameras, simultaneously, with band pass filters centred on 310 nm and 330 nm. It is imperative 
to use two filters in these observations, to compensate for aerosol attenuation/backscattering, and this 
approach minimizes temporal mismatches associated with filter changes on a single camera [8]. 
[10] presents the tendency of doubling the results offered by cameras. Thus the authors propose a 
comparison of UV camera-derived SO2 emission rates with a mini-DOAS instrument. 
Comparative measurements have been organized, both for the stack emission control by means of a 
point measurement system (TESTO instrument working in amperometry) and the UV cameras (Fig. 3), 
that are remoting data from distance. Scope of using in parallel the two methods is: 

1. Comparison of the values resulted 
2. Identifying of the program that is calculating according to the UV measurements offer 
satisfactory relevance. 
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Fig. 3 UV camera placed for the stack monitoring of the Halanga power plant 

 
The remote sensing instrument UV camera uses UV portion of the spectrum from 280-340 nm. It has a 
high quantum efficiency detector and operates from a laptop. SO2 camera is solely composed of a 
UV sensitive camera and a single spectral band-pass filter, allowing only radiation in a narrow 
wavelength interval encompassing significant SO2 absorption structures to enter the camera 
optics [4]. 

 
2.3 Measurement technique for the UV camera 

The preparing of measurement consists in some steps which have to be followed. The first step is to 
connect camera to power supply, next step is to connect it via USB interface to a laptop and give the 
command to cool down which will cool CCD down - 20ºC. Thus the electronic noise is reduced at its 
minimum. The user has multiple options for exposure time, how many measurements to take, what 
filters to use, etc. Camera can be set to make measurements in automated mode using filter wheel. All 
the commands are given using PC interface [3]. 
Kantzas et al. [8] propose a constructive solution with two Apogee cameras which offer more spatial 
resolution for observation. 
The measurement technique is based on a range of consecutive sequences. Firstly, the dark frame 
measurement is achieved and then calibration operation is made, using two or more SO2 cells with 
known concentrations on a portion with clear sky. Afterwards a clear sky measurement without SO2 cells 
mounted was taken, in order to eliminate background noise. 
In spectroscopy, the absorbance A is defined as: 
 

)/(log 010 IIA =λ ,                                                                             (6) 

 
where: I is the intensity of light at a specified wavelength λ that has passed through a sample 
(transmitted light intensity) and I0 is the intensity of the light before it enters the sample or incident light 
intensity.  
The apparent absorbance of SO2 in the images of the plume is computed in this way [1]: 
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where AA(I,j) is the apparent absorbance at i-th row and j-th column pixel of the CCD. PA and PB 
represent the intensity of image with filter A, respectively intensity of image with filter B. The subscripts 
s, b, d represent in order: sample, background and dark images. Filter A corresponds to UV radiation 
absorbed by sampled plume, and filter B corresponds UV radiation unaffected by SO2 molecules.  An 
offset is removed if apparent absorbance of the clear sky is zero. Offset can be considered constant if 
the measurements are made in the midday when sunlight is relative constant. Conversion from apparent 
absorbance in ppm is made with SO2 cells with known concentration. 
Having as model a stand-alone, user-friendly code for measuring volcanic SO2 fluxes using UV cameras 
was already applied, that consists of two elements: Vulcamera_aq and Vulcamera_post, which manage 
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the image acquisition and all of the elements of post-processing, respectively, [9] one has developed an 
application for the SO2 concentration collected from UV cameras. In particular, the functions of the code 
include: characterization of vignetting via the collection of clear sky images to compensate for this 
angular dependency on pixel illumination; determination of the calibration relationships between 
absorbance and SO2 cell concentrations, to enable conversion of the measured field images into ppm m 
concentration maps [9]. 
The SO2 concentration program is built accordingly with theory described above. Firstly apparent 
absorbance is computed and one obtains a matrix AA(I,j). After that, the concentration of SO2 is 
computed by comparing intensities measured through two filters. Finally the program displays the SO2 
concentration according to the number of pixels (Fig. 4). 

 

Fig. 4 Logic scheme for the calculation of the concentration of SO2 estimated with US cameras 

 

3 Results and Discussions  
According to the developed program of processing the data measured with the UV camera during a 
representative episode concerning the SO2 emission from the stack of the power plant, following results 
were obtained. 
In figure 5 the variation of SO2 concentration using a filter A (310 nm) and a filter B (330 nm) accordingly 
with the number of pixels are represented. It can be observed that the maximum concentration appears 
in the middle of the plume. The central line (red line) from the image represent the j column analyzed for 
SO2 concentration. The number of pixels are represented at right and in bottom side of the image. 
 

          

Fig.5 Concentration of SO2 estimated with the filters A and B 

 

Figure 6 represents the variation of SO2 concentration, using a filter C (315 nm) and a filter B (330 nm), 
accordingly with the number of pixels. It can be observed that for different plumes the concentration of 
SO2 is different when the filter is changed. Maximum concentration of SO2 is 163 ppm. 
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Fig. 6 Concentration of SO2 estimated with filter B and C 

 
By comparing the case from Figure 5 with that from Figure 6, it results that the shape of the plume is 
important (depend of wind) and the filters used for measurements.  

 

Fig. 7 SO2 concentration measured in stack by classic standard method 

Figure 7 represents the variation of SO2 concentration emission, measured with TESTO 350 XL, in the 
stack (using amperometry). The mean value is 649.9 ppm. The time interval between the measurements 
is of 30 minute. 
In Table 1 comparative value between Testo classic method and UV camera data are presented, as 
resulted from the application of the computing program. 

 

Measured data [ppm] 1 2 3 4 5 6 7 8 9 10 

Testo 650 650 649 648 653 650 650 651 648 650 

Camera with filter A  & B 115 120 137 135 122 154 148 128 126 130 

Camera with filter C  & B 117 112 130 150 155 142 144 135 131 126 
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Table 1. Comparison of measured data for the SO2 concentration 

 

Fig 8  SO2 concentration generated in comparison by both techniques and different filters for the UV 
cameras 

In Figure 8 are represented comparative measured data obtained with the Testo 350XL instrument and 
the UV camera. It can be observed that values got with Testo are four times higher than those 
generated by the camera. By using different filter combinations fro the cameras, no very different results 
have been determined. The SO2 concentration variation in this graph is quite different for the case study 
selected, especially between the cameras’ results and the stack monitoring technique. One considers 
that for getting correct camera data, a coefficient of multiplication, in the used computational formula 
must be developed, so that the values generated by both techniques, in comparative simultaneous 
measurements should, at least, have the same, comparative level of ppm, meaning the same range with 
data measured with both Testo and camera. In order to verify the proposal, one appreciates that more 
measurements and comparative analysis should be accomplished. In the present case the coefficient 
should be around 4. 

 

4 Conclusions  
Remote sensing technique is more and more becoming a future option for pollution measurement, not 
only for volcanoes, but also for man made emissions generated by power plants. 
Up to now, UV cameras provided numerous benefits, such as high time resolution, which enables the 
capture of transient explosive events (such as volcanoes), the possibility to spatially resolve 
heterogeneous operations, e.g., fumaroles field sources and single-point operations. Furthermore, the 
camera images can be used to directly measure the plume transport velocity, potentially a major source 
of uncertainty in these measurements.  
The paper focuses on results obtained with UV camera by remote sensing and the comparison with 
results obtained with stack continuous emission measurements. The conclusion is that both are offering 
data, but remote sensing is an option that is much more simple to be used, not being connected to the 
stack and offering thus a mobility and much more accessibility for external monitoring, as well.  
As preliminary results, one indicates that one has to introduce a correction factor for the data generated 
by the camera, in order to meet the expectations and range of the emission generated by standard 
methods (in stack). This has as possible cause, probable also the reduced amount of ppm exhausted, 
but also the dispersion of the plume, that does not always enable a correct centered remote for the 
camera, directly in the middle of the flue gas effluent, and also varies in diffusion, depending on the wind 
direction, turbulence and climate conditions. 
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Abstract: This paper presents the comparative results of monitoring campaigns of the border region 
between Romania and Serbia. Air quality measurement of NOx, SO2, CO, O3 and VOCs concentrations 
has been done between Timisoara (Romania) and Zrenjanin (Serbia). 
Measurement campaign was carried out inside the frame of “Sustainable Development for Banat Region 
By Means Of Academic Education and Scientific Research & Development in Transboundary Air Quality 
Monitoring Issues” project. 

Keywords: air quality monitoring, air pollution 

 

1 Introduction 

Through this project a National Institute for Renewable Energies started to be created at the University 
Politehnica from Timisoara. The Institute comprises several new dedicated laboratories for studies and 
research in environmental field with an emphasis on renewable energy sources and will meet high 
standards. New laboratory buildings will be constructed and state of the art scientific equipment will be 
acquired. The institute is intended to assist the scientists and students from our University to better 
understand the impact of energy related activities on environment and to assist them in the development 
of new renewable energy sources and environmental friendly technologies to produce energy. 
The project objectives are respecting the spirit of the priority axis I, measure 1.4 objectives. The project 
main purposes are to improve the physical infrastructure in the border area, to improve de capacity and 
cross-border contacts in the R&D area, to involve young scientists from Banat region in joint training 
activities in order to improve their knowledge and qualification and to increase the importance of R&D in 
the border area for a better chance in the future development of the Banat area. Through this project 
two state of the art equipments will be acquired, one to improve the physical infrastructure for the 
Romanian partner and one complete air quality monitoring station to create the R&D infrastructure for 
the Serbian partner, in accordance to the international requirements. The highly experienced Romanian 
partners (www.mediu.ro) will train and transfer their knowledge to Serbian scientist in direct meetings 
and joint participation to experimental measurements of air quality in the area. The Technical Faculty 
“Mihajlo Pupin” Zrenjanin will then become and R&D center in Serbian Banat area capable to act as a 
promoter and scientific regional pole in the air quality field, able to train, qualify and to offer consultancy 
to regional SMEs or authorities. 19 scientists will be directly involved in the project, 8 Romanians and 9 
Serbians. Monitoring campaigns wil be conducted (for the first time for Serbia) in Panceva, Bor, Kikinda, 
Zrenjanin and Vrsac (Serbia) and in Timis and Caras-Severin counties. 2 workshops will be organized, 
one dedicated to knowledge transfer and one to promote the project results to the public, SMEs and 
regional authorities.  
We consider that the project will have an important contribution not only to the R&D field but also to the 
economic and social development of the Banat area. 
The research has also applicability for the development of the universities, their visibility in international 
actions, and their restructure of the offer towards social needs. 
One of the project objectives is to further develop the cross-border cooperation between University 
“Politehnica” from Timisoara and University NoviSad trough its Technical Faculty “Mihajlo Pupin” from 
Zrenjanin. We believe that the quality of life, at all levels, can only be improved trough regional 
cooperation and our universities are leading poles of social, economic and scientific sustainable 
development in entire Banat region. 
The quality of life is not only related only to economic and social development, it is strongly dependent 
on the quality of the environment, especially air and water quality. By this project we intend to identify 
together the common air quality related problems by direct measurements in most sensible areas from 
Banat region. 
For the moment air quality parameters in Banat region are almost unknown. In the Timis county have 
been recently deployed some monitoring stations but their location is fixed and not always wisely 
chosen. For the Serbian Banat these stations simply do not exists, or are equipped with obsolete low 
resolution equipments. How could the quality of air be improved if there are no representative scientific 
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data’s? Trough this project air quality measurements will be conducted in known problematic areas in 
the urban or industria areas of Pancevo, Bor, Kikinda, Zrehjanin, Vrsat, Timisoara, Resita  and other 
locations. 
Investing in physical structure a regional research network for cross-border air quality monitoring will be 
indirectly created, our universities are already in good collaboration and trough this project the 
equipment necessary for current and further collaborations will be acquired. 
Timisoara is one of the most developed cities from Romania, famous for its history and rapid progress 
into a modern but traditional location of human development [1]. Air pollution in a modern city has 
become a serious environmental problem, because of the combined effects of various pollutants upon 
the physical and mental health of citizens and the quality of urban life in general [2], [3], [4]. 
Zrenjanin is the biggest city of the Serbian part of Banat and it is its political, economic, cultural, and 
sports center. According to the square area of the territory that administratively belongs to it (1,326 km2), 
Zrenjanin is the biggest city in the Autonomous Province (AP) of Vojvodina and the second one in the 
Republic of Serbia, with around 140 thousand inhabitants and over 20 nations living in it.  
The Romania - Serbia border is 546 km long, with the River Danube forming a natural frontier for 
approximately 230 km of this length (Figure 1).  

 

Fig. 1  Romania – Serbia border [5] 

Air pollution is a major concern for all nations, with a higher or lower development level (Figure 2). The 
rapid increase of the industry sector and urban development had generated substantial quantities of 
substances and poisonous materials, witch are, mostly evacuated in the atmosphere. The human 
society was not willing to recognize that the environment has only a limited capacity to process all this 
waste, without major changes. As a consequence we are able to observe disfunctionalities in the health 
degree, deterioration of flora and fauna, materials, buildings, in parallel with the lost of natural 
resources. Each of us is a polluter, but also a victim of pollution. 

 
Fig. 2  The diagram NTOT pollution 

2 Equipment used in the monitoring campaigns 

In table 1 the measurement techniques involved, equipments and the measurement uncertainty is 
presented. 
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Pollutant Methods Standard Equipment Measurement 
uncertainty 

CO NDIR EN 14626:2005 Environnement 
CO12M 4 % 

NO (NO2, NOx) Chemiluminescence EN 14211:2005 
Environnement 

AC31M 
2.06 % 

O3 UV photometry EN 14625:2005 
Environnement 

O341M 
6.98 % 

CH4, NMHC, 
THC 

FID (flame 
ionization detection) 

EN 12619:2002 
EN 13526:2002 

Horiba APHA 370 0.9 % 

SO2 UV fluorescence EN 14212:2005 
Environnement 

AF21M 
1.76 % 

PM10 Gravimetric / Light 
scattering EN12341 TSI Dusttrack 5 % 

Wind speed and 
direction, air 

pressure, 
temperature and 

humidity 

Professional mobile 
wetter station - KRONEIS - 

Table 1  Equipments used and relevant informations 

The equipments are part of the air quality monitoring mobile laboratory and procedures used are in full 
compliance with ISO/CEN 17025:2005 standard for quality assurance in analytic laboratories. The 
laboratory is the property of “Politehnica” University of Timisoara and more details and information’s 
(including certifications) can be found on www.mediu.ro. Linde and DKD (Deutsche Kalibrierdienst) 
calibrations gases (NO, SO2, CO, CH4 in N2) were used. Figure 3 shows the view of the measurement 
sites.  

 

Fig. 3 View of the measurement sites in Timisoara (left) and Zrenjanin (right) 
 

The mobile laboratory is equipped with reference point instruments for major pollutants (SO2, 
O3, NOx, CO, CH4, NMHC, THC and PM10). Meteorological sensors (wind speed and 
direction, air temperature, pressure and humidity) are mounted around the mobile 
laboratories. The following pollutants have been continuously measured, with 10 second 
resolution, over the entire measuring episode with high precision equipment: 
• SO2 measured with Environnement AF21M instrument, measurement principle is UV 

fluorescence, reference method: EN 14212:2005. The combined measurement 
uncertainty is U = 1.76 % for recorded values; 

• NO, NO2 and NOx measured with Environnement AC31M instrument, measurement 
principle is chemiluminescences, reference method: EN 14211:2005. The combined 
measurement uncertainty is U = 2.06 % for recorded values; 
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• O3 measured with Environnement O341M instrument, measurement principle is UV 
photometry, reference method: EN 14625:2005. The combined measurement uncertainty 
is U = 6.98 % for recorded values; 

• CO and CO2 measured with Environnement CO12M instrument, measurement principle is 
NDIR (Non Dispersive Infrared), reference method EN 14626:2005. The combined 
measurement uncertainty is U = 4 % for recorded values; 

• CH4, NMHC and THC measured with Horiba APHA370 instrument, measurement 
principle is FID (flame ionization detection), reference method EN 12619:2002. The 
combined measurement uncertainty is U = 0.9 % for recorded values; 

• PM10 (suspended particles, fraction PM10), TSI DUSTTRACK, measurement principle is 
light scattering / laser. 

3 Monitoring results  

In table 2 the resulted values for daily mean values for all pollutants are presented. 

Day 
 

O3 SO2 NO NO2 NOx CH4 
NMH

C THC CO CO2 PM10 

µg/m
3 

µg 
/m3 µg /m3 µg /m3 µg /m3 mg/m3 mg/m3 mg/m3 mg/m3 ppm µg /m3 

06/28/11 22.36 4.64 11.71 27.20 38.91 3.96 0.32 4.28 0.66 400.20 48.995 

06/29/11 16.10 4.88 9.45 26.30 35.75 4.17 0.22 4.39 0.78 400.16 39.066 

06/30/11 18.48 5.39 9.55 26.22 35.77 4.27 0.28 4.55 0.70 400.03 48.554 

07/01/11 16.93 5.32 11.23 28.72 39.95 4.30 0.25 4.55 0.59 400.62 44.630 

07/02/11 17.78 5.15 10.24 28.81 39.05 3.99 0.22 4.22 0.77 389.89 48.407 

07/03/11 21.95 4.75 10.24 30.44 40.69 4.06 0.45 4.50 0.68 389.61 50.058 

Table 2  Daily mean values for relevant pollutant concentration in ambient air in Timisoara 
Figure 4 shows the hourly mean values recorded for CO2, CH4, NMHC, THC and CO in Timisoara, in 
period 28.06 – 03.07. 2011. In this figure 6 it can be underline the daily variation, with the maximum 
value CH4 and THC. 

 

Fig. 4 Hourly mean values recorded for CO2, CH4, NMHC, THC and CO in Timisoara east industrial 
area 

Figure 5 presents the hourly mean values recorded for O3, SO2, NO, NO2 and NOx in Timisoara east 
industrial area. The concentration of SO2 remains constant during the measurement period, regarding 
O3, NO and NO2 varies whole the day, reaching maximum value in the around noon. The recorded 
values for NOx, O3, SO2 and CO are under the limit value regulated by European legislation. 
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Fig.  5 Hourly mean values recorded for O3, SO2, NO, NO2 and NOx in Timisoara east industrial area 

 

 

Fig. 6 Daily mean values recorded for O3, SO2, NO, NO2 and NOx in Timisoara east industrial area 

 
Fig. 7  Daily mean values recorded for CH4, NMHC, THC and CO in Timisoara east industrial area 
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Day 
 

O3 SO2 NO NO2 NOx CH4 NMHC THC CO CO2 

µg/m3 µg/m3 µg/m3 µg/m3 µg/m3 mg/m3 mg/m3 mg/m3 mg/m3 ppm 

30/04/11 63.57 11.65 10.08 30.94 41.02 3.84 0.44 4.28 0.59 388.07 

01/05/11 42.67 11.56 5.20 23.73 28.93 4.00 0.42 4.42 0.64 391.82 

02/05/11 56.37 8.90 7.08 25.39 32.47 3.92 0.41 4.33 0.74 391.26 

03/05/11 62.61 8.99 9.20 26.14 35.34 3.92 0.37 4.29 0.76 401.47 

04/05/11 44.52 8.99 6.68 26.94 33.63 4.06 0.45 4.51 0.73 390.77 

05/05/11 36.09 9.15 6.93 26.95 33.88 3.94 0.47 4.41 0.75 386.76 

06/05/11 46.98 10.65 7.05 28.73 35.78 3.91 0.48 4.39 0.73 390.38 

07/05/11 36.99 10.94 5.34 25.70 31.04 3.86 0.50 4.36 0.72 395.45 

Table 3 presents the daily mean values for relevant pollutant concentration in ambient air in Zrenjanin. 

 

Fig. 8 Hourly mean values recorded for CO2, CH4, NMHC, THC and CO in Zrenjanin/Ecka location 

 

Fig. 9  Hourly mean values recorded for O3, SO2, NO, NO2 and NOx in Zrenjanin/Ecka location 
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Fig. 10  Daily mean values recorded for O3, SO2, NO, NO2 and NOx in Zrenjanin/Ecka location 

 

Fig. 11  Hourly mean values recorded for CH4, NMHC, THC and CO in Zrenjanin/Ecka location 

 

Fig. 12  Instantaneous PM10 recorded values in Zrenjanin/Ecka location 
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Fig. 13 Instantaneous PM10 recorded values in Zrenjanin/Ecka location 

Some topics are of particular concern to many European citizens. One of these is air quality. This is also 
one of the areas in which Europe has been most active in recent years. The European Commission has 
aimed to develop an overall strategy. Member States are required to transpose and implement new 
directives on air quality which set long-term quality objectives. But it is also our direct responsibility to 
cope with this problem, changing our day by day behavior.  
Like the availability of capital, manpower, or transport infrastructure, the quality of air is likely to become 
a determining factor in the location of investment and therefore economic growth of a region. The way in 
which not only cities, but also companies, organize their transport systems will become, without any 
doubt, one of the major priorities of years to come. 
 

Pollutant Concentration Averaging period Permitted exceedences 
each year 

Sulphur dioxide (SO2) 350 µg/m3 1 hour 24 
125 µg/m3 24 hours 3 

Nitrogen dioxide (NO2) 200 µg/m3 1 hour 18 
40 µg/m3 1 year n/a 

PM10 50 µg/m3 24 hours 35 

Carbon monoxide (CO) 10 mg/m3 Maximum daily 8 hour 
mean n/a 

Ozone (O3) 120 µg/m3 Maximum daily 8 hour 
mean 

25 days averaged over 3 
years 

Table 4  EU air quality standards 

 

4 Conclusions 

From the data presented in this paper can be observed that, the concentrations of all relevant pollutants 
are lower than values found in EU air quality standards. 
Following main conclusions are driven: 

• the NOx concentrations are low, under 40 µg/m3 for one hour mean values; 
• the SO2 concentrations are low, under 10 µg/m3 ;   
• the PM10 concentration are under 50 µg/m3 for daily mean values; 
• the VOC concentrations around 0.2 – 0.5 mg/m3 are low for Zrenjanin; 
• the NO/NOx and CO recorded concentrations shows the influence of road traffic and vehicle 

emissions; 
• SO2 and VOC concentrations also follows the trend of NO/NOx and CO so we can believe that 

they are caused by vehicles and the sulphur content of the fuels used; 
Urban air pollutants arise from a wide variety of sources although they are mainly a result of combustion 
processes. Today, the largest source of pollution in urban areas is the fleet of transportation (motor 
vehicles), and to a lesser extent industry and household. Traffic-generated pollutants include nitrogen 
oxides, carbon monoxide, volatile organic compounds and particulates. 
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