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Abstract. During the SATURN experiment, which took Nucleation, usually detected as enhanced number concen-
place from 27 May to 14 June 2002, new particle forma-tration of particles in the size range below 10 nm, has been
tion in the continental boundary layer was investigated. Si-observed in Arctic areas (Wiedensohler et al., 1996; Pirjola
multaneous ground-based and tethered-balloon-borne meat al., 1998), in marine locations (e.g., Hoppel et al., 1994;
surements were performed, including meteorological paramO’Dowd et al., 1999) and in continental locations, such as
eters, particle number concentrations and size distributionshoreal forests (Mkeh et al., 1997; Nilsson et al., 2001),
gaseous precursor concentrations and SODAR and LIDARemote (e.g., Weber et al., 1997), polluted sites (e.g., Bir-
observations. mili and Wiedensohler, 2000; McMurry et al., 2000), the
Newly formed particles were observed inside the residualfree troposphere (Clarke, 1992; Sgter and Stim, 1997),
layer, before the break-up process of the nocturnal inversionand in the vicinity of evaporating clouds (Hegg et al., 1990;
and inside the mixing layer throughout the break-up of theWiedensohler et al., 1997; Keil and Wendisch, 2001).
nocturnal inversion and during the evolution of the planetary ~To date, the fundamental processes causing nucleation and
boundary layer. subsequent growth into the size-range of a few nanometers
are still not well understood. Most likely there is not only one
mechanism that controls atmospheric nucleation processes.
Weber et al. (1999) e.g., suggested that nucleation mecha-
1 Introduction nisms may vary with altitude. Other researchers noted that
favourable atmospheric conditions, such as turbulence due
Atmospheric aerosol particles influence climate (e.g., Charl4o breaking Kelvin-Helmholtz waves (Bigg, 1997) or bound-
son and Heintzenberg, 1995) and human health (e.g., Dockary layer mixing processes (Easter and Peters, 1994; Nilsson
ery and Pope, 1994). An important source of atmosphericand Kulmala, 1998; Hellmuth and Helmert, 2002; Uhrner
aerosols is new particle formation from gaseous precursorset al., 2002), and atmospheric waves in general (Nilsson et
i.e., homogeneous nucleation. If newly formed particlesal., 2000) can enhance nucleation rates by up to several or-
grow up to diameters of about 50 nm and larger they becomelers of magnitude. However, most of the measurements re-
climatically relevant as particles in this size range can actported in the literature are single point measurements and
as cloud condensation nuclei (CCN). A changing number oftherefore not suitable to gain insight into the above mecha-
CCN may affect the size of cloud droplets and consequentlynisms.
the radiative properties of clouds. This effect is called the Consequently, since the first long-term ground-based nu-
indirect aerosol effect on climate. If the newly formed parti- cleation observations reported @kek et al., 1997), the
cles grow up to sizes above 100 nm, they start to scatter lighguestion whether the observed newly formed particles nu-
efficiently and alter the radiative properties of the Earth’s at-cleated near the ground or were mixed down from above, is
mosphere directly. This effect is called the direct effect of still unanswered. To gain further insight into this problem,

aerosol particles on climate. i.e., to determine possible loactions where new particle for-
mation may take place, the SATURN ¢f&hlung, vertikaler
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est road is passing by around 1.5 km to the north. Edges of
forests are 2.5 km to the north {Pener Heide) and 1 km

to the south (Dahlener Heide). For further information see
Spindler et al. (1996) and Spindler et al. (2001).

Collm: The measurement site Collm is located on the iso-
lated hill Collm (51.3077 N, 13.0026 E, 230 m asl) approxi-
mately 40 km south-east of Leipzig. Itis surrounded by small
villages, forests, and agriculturally used areas and features a
busy national road approximately 2 km from the measure-
ment site. The hill is mainly covered with forest. The build-
ing of Collm Observatory of the Leipzig University hosted
the measurement. Instrumentation was set up on the highest
floor of the building and the aerosol inlet was mounted 1 m
above the building, corresponding to a height of 25 m above
ground.

Panitzsch: The site in the village Panitzsch (51.361N,
12.544 E, 139 m asl, approximately 10 km to the east of
Leipzig) was located at the edge of a residential area. The
measurement van was set up 5 m from a local road and ap-
proximately 20 m from a wheat field to the east. The sur-
rounding area is flat and open to the east and north. The

experiment was carrled out. In this work first results from aerosol inlet was mounted on a 10-m mast. The height of
fche SATURN expe_nment are reported. In_stead of pgrform—the nearby housing was approximately 1 m below the inlet
ing only single point measurements, vertical soundings theight

meteorological parameters such as wind, temperature, rela-
tive humidity, and particle number concentrations were car-2.2  Balloon-borne measurements of turbulence, trace gas,
ried out utilizing a unique balloon-borne measurement plat- and particle number concentration in Melpitz

form. In addition, ground-based measurements of particle

number size distributions and gaseous precursor concentrdo measure the vertical distribution of particle number
tions (SQ, NH3) were performed at the site where the bal- concentrations and turbulence (wind vector, temperature,
loon was launched. Furthermore, at two additional locationsand humidity) the tethered-balloon-borne payload ACTOS
(distance to the balloon site is about 40 km) particle number(Airship-borne Cloud Turbulence Observation System) was
size distributions were measured. To gain information aboutused. This system was originally developed to measure
the vertical structure and the development of the boundanturbulence and microphysical parameters in boundary-layer
layer, SODAR measurements were performed at the balloorlouds (Siebert et al., 2003a). For the SATURN-experiment
site and a LIDAR was operated at about 50 km apart fromACTOS was equipped with the following instruments.

the balloon site.

20 km

Fig. 1. Map of the measurement sites during SATURN.

— An ultrasonic (“sonic”) anemometer/thermometer (So-
lent HS, Gill Instruments Ltd., Lymington, United
Kingdom) was used to measure the three-dimensional
wind vector with 100-Hz resolution (Siebert and
Muschinski, 2001). To correct the measured wind vec-
tor for attitude and lateral motion a navigation unit
including GPS (Global Positioning System) and iner-

2 SATURN Experiment
2.1 Experimental sites

During the SATURN experiment, which took place from

27 May to 14 June 2002, measurements were taken at three
measurement sites (Fig. 1), i.e., Melpitz, Collm, and Pan-
itzsch. All three sites can be classified as rural, urban influ-
enced with varying distances to the city of Leipzig. Addition-
ally, LIDAR measurements were performed at the Institute
for Tropospheric Research (IfT) in Leipzig.

Melpitz: The Melpitz site (51.526 N, 12.928 E, 87 m asl),
located about 42 km north-east of Leipzig, is the permanent
research station of the IfT and is situated near the village
Melpitz in the vicinity of the city of Torgau (river Elbe val-
ley). The station is located on a flat meadow (approximately
400 mx500 m) surrounded by agricultural land. The near-

Atmos. Chem. Phys., 3, 1445-1459, 2003

tial sensors was included. The measurement height
was derived from the static pressure measured with a
barometer (PTB220, Vaisala Oy, Helsinki, Finland) and
from GPS. The humidity fluctuations were determined
with a closed Lymare absorption hygrometer which
was calibrated against a slow but more accurate capac-
itive sensor (Humicap HMP232, Vaisala Oy, Helsinki,
Finland). The temperature fluctuations were measured
with fine-wire sensors (UFT-B, see Haman et al., 2000),
additionally the virtual temperature was derived from
the speed of sound as measured with the sonic. Both
probes were calibrated with an airborne thermometer

www.atmos-chem-phys.org/acp/3/1445/
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Tail Unit

Fig. 2. The tethered-balloon borne payload ACTOS with ultrasonic anemometer (sonic), ultra-fast thermometer (UFT-B), and inlet for
particle measurements.

(PT-100, T-139, Rosemount Inc., Eagan, MN, USA). A The complete system ACTOS is about 4 m in length and
real-time data acquisition system with telemetry link for the payload is about 110 kg. The setup is illustrated in Fig. 2
ground monitoring completes the standard equipment ofwith indication of the main sensor equipment. ACTOS to-
ACTOS. gether with the tethered balloon MAPS-Y is shown in Fig. 3.
The ceiling of the system is at about 1.3 km at maximum
— Two condensation particle counters (CPCs, model 3762Wind speeds of 10-15 m$. A more detailed description of
TSI Inc., St. Paul, MN, USA) were run in parallel the turbulence sensors and a general introduction of ACTOS

for particle number concentration measurements. Bot2nd MAPS-Y is given by Siebert (2001) and Siebert et al.

CPCs were operated at a flow rate of 1.5 | rirbut (2003a).
at different temperature differencesT between sat- Table 1 gives an overview of all balloon soundings during
urator and condenser (CPCAT=18 K and CPC-Il  the SATURN experiment with an estimation of the maximum

AT=24 K). Banse et al. (2001) determined the lower values of AN observed in the mixing layer (ML) and the
cut-off sizes of the TSI-3762 at 20 K and 23 K to 8 and residual layer (RL).

5 nm. ForAT=18 and 24 K, the lower cut-off size can

be estimated to about 10 and 5 nm, respectively. Fronp.3 Measurements of meteorological parameters and trace-
the two number concentration$; and N;; measured gas concentrations at the Melpitz site

with these CPCs, the number concentratioN of par-

ticles in the diameter range 5-10 nm was determined a; the Melpitz site continuous measurements of meteorolog-
The time resolution of the concentration measurement§e| harameters and trace gas concentrations were carried out
is in the order of one second (Buzorius etal., 1998).  qyring the SATURN experiment. Global solar radiation was
measured using a pyranometer (CM11, Kipp & Zonen, Ger-

— For the detection of S gas-phase concentrations many). Dry and wet bulb temperatures (PT100) were deter-
a THERMO ENVIRONMENTAL, Model 43C Trace mined utilizing a psychrometer (Thies, Germany). In combi-
Level Instrument with a time resolution of 10 s was nation with pressure measurements (Vaisala, Germany), the
used. Since this instrument is designed for ground-relative humidity was calculated. Measurements of wind di-
based operation, it was modified with respect to weightrection and horizontal wind velocity were carried out using
reduction and power supply. Zero-point stabilization a wind vane (Siggelkow, Germany) and a cup anemometer
and span of the signal have been checked each day ifSiggelkow, Germany), respectively. The temperature was
the field by using an activated carbon filter bag and a 20measured 2.4 m above ground, wind direction and horizontal
ppb standard-gas Teflon bag, respectively. wind velocity at 12 m and 11.7 m height, respectively.

www.atmos-chem-phys.org/acp/3/1445/ Atmos. Chem. Phys., 3, 1445-1459, 2003
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Table 1. Overview of all observations with the tethered balloon sys-
tem ACTOS/MAPS-Y including date and start time of the sound-
ings. An estimation of the maximum value afV is given for the

ML and RL. A"/" denotes, that this region was not clearly observed

or could not reached with the balloon at this time.

No. Date Time [UTC] ANmaxinML  ANmaxin RL
1 02-05-29 09:46 1600 /
2 02-05-30 06:20 0 0
3 02-05-30 07:15 300 0
4 02-05-30 08:28 100 /
5  02-05-30 08:41 300 /
6  02-06-01 04:10 0 0
7  02-06-01 04:21 0 0
8  02-06-01 05:31 0 0
9  02-06-01 05:43 50 0
10 02-06-01 07:03 0 /
11  02-06-01 08:45 100 /
12 02-06-02 03:50 0 0
13 02-06-02 06:16 300 0
14 02-06-02 06:30 500 0
15 02-06-02 09:00 100 50
16  02-06-02 09:30 150 100
17  02-06-03 03:21 100 0
18  02-06-03 03:47 0 0
19 02-06-03 05:04 250 0
20 02-06-03 05:28 100 200
21  02-06-03 06:15 0 500
22 02-06-03 06:31 200 1000
23 02-06-03 07:35 2000 0
24 02-06-03 07:55 5500 0
25 02-06-03 09:31 2500 /
26  02-06-04 06:04 0 0
27  02-06-04 06:30 0 0
28 02-06-04 10:15 250 /
29 02-06-04 10:27 2000 /
30 02-06-04 11:19 3000 /
31 02-06-04 12:22 3500 /
32 02-06-10 06:03 0 0
33 02-06-10 07:24 100 0
34  02-06-10 07:51 0 /
35 02-06-10 08:49 0 /
36 02-06-11 05:55 300 0
37 02-06-11 06:45 8000 /
38  02-06-11 07:04 5000 /
39 02-06-11 07:46 10000 /
40 02-06-11 08:20 7000 /

F. Stratmann et al.: New-particle formation: SATURN

Fig. 3. The tethered-balloon MAPS-Y with the suspended payload
ACTOS.

is mainly influenced by small temperature fluctuations, the
height of the inversion layer can be estimated. The three-
dimensional wind vector is derived from the Doppler shift.
The instrument was operated on a continuous basis during
the whole SATURN experiment. A more detailed introduc-
tion about acoustic remote sensing can be found in Neff and
Coulter (1986).

Furthermore, radiosondes were launched during the whole
measurement period several times each day. Two different
types of radiosondes (Graw DFM90 and Vaisala RS80-A)
were utilized to measure profiles of temperature, pressure,

To characterize the development of the boundary layer agnd relative humidity. As the Graw types were additionally
the Melpitz site, a monostatic Doppler SODAR (MODOS, equipped with a GPS receiver, they were applied to deter-
manufactured by METEK GmbH, EImshorn, Germany) was Mine the actual wind velocity and direction.

used. It measures the backscattered signal inte§siyd
the Doppler shift of reflected sound pulses. Fr8mwhich

Atmos. Chem. Phys., 3, 1445-1459, 2003

SO, and NH; concentrations were measured at the Mel-
pitz site on a continuous basis.

www.atmos-chem-phys.org/acp/3/1445/
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Fig. 4. Surface chart of the synoptic situation on 3 June 2002.

For the S@Q measurements a pulsed fluorescence gas morber concentration (3D, <1000 nm) was additionally mea-
itor (Model 43s, Thermo Environmental Instruments Inc., sured using a UCPC (TSI-Model 3025). The inlets used at
USA) was used. For calibration, trace gas quantities ofthe three sites were commercially available low-flow PM10
SO, prepared from a test gas cylinder with audit certificate inlets (Thermo Anderson, Smyrna, GA, USA).

(Messer Griesheim, Germany) in combination with a gas
mixer (Environics 2000, USA), were used. 2.5 LIDAR

Ammonia was measured with a wet annular denuder sys;l_ ininf " bout struct d devel t of th
tem (Slanina et al., 1992; Wyers et al., 1993). The analysis in 0 gain information about structure and deveiopment of the

this system is made by membrane diffusion of J\& high planetary boundary layer (PBL), a multiwavelength aerosol

pH into a counter flow of de-ionized water, with an online R_aman I!dgr (Mattis et a]., 2002) was used at the IfT
measurement of conductivity. site. This instrument delivers the particle volume 480

backscatter coefficient at 355, 532, and 1064 nm wave-
. . ... length and the particle volume extinction coefficients at 355
2.4 t_Ground-based measurements of particle size dlstrlbuénd 532 nm wavelenght as well as temperature and water-
1ons vapor mixing ratios. The LIDAR is part of the European

. . o . Aerosol Research Lidar Network (EARLINETpBenberg et
Particle number size distributions were measured in the partiz; 2001).

cle size range 3D, <800 nm at all three measurement sites.

For that purpose, Twin Differential Mobility Particle Sizer

(TDMPS) systems were used (designed by Birmili et al.,3 Meteorological situation

1999) comprising two size spectrometers that simultaneously

measure different particle size ranges at dry conditions. NuThe SATURN experiment took place from 27 May to 14 June
cleation mode particles D, <22 nm) were measured with  2002. During this time period new-particle formation events
an Ultrafine Differential Mobility Analyzer (Hauke type) in were observed on 8 days. This paper focus on observations
conjunction with an Ultrafine Condensation Particle Counterconducted on 3 June 2002.

(UCPC, Model 3025, TSI Inc., St. Paul, MN, USA). Parti- The synoptical situation on 3 June 2002 is depicted in
cles in the range from 22D,<800 nm were measured by Fig. 4. During this day, the weather in central Europe was
means of a Differential Mobility Analyzer (Hauke type) and mainly influenced by a high-pressure system ranging from
a CPC (TSI-Model 3010). In Melpitz, the total particle num- northern Scandinavia over central Europe to the south-east

www.atmos-chem-phys.org/acp/3/1445/ Atmos. Chem. Phys., 3, 1445-1459, 2003
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Fig. 5. Backward trajectories with arrival éh) Melpitz on 3 June 2002, 09:00 UTC, afi) Collm (black), Leipzig (red), Melpitz (blue),

and Panitzsch (green) on 3 June 2002, 11:00 UTC. The arrival heights are (a) 400 (black), 600 (red), 800 (blue) , 1000 (green), and 1500 m
asl (orange) and (b) 400 m asl (right panels, time 0). The left panels present a horizontal projection of the trajectories with their positions
marked every 6 hours.

of the Mediterranean. A low-pressure system with its frontal 11:00 UTC. These three-dimensional backward trajectories
system west of Great Britain had no influence on the weathewere calculated with the flexible trajectory model FLEX-
at the experimental site. Calm winds from southeasterly di-TRA (version 3.2d) (Stohl et al., 1995). FLEXTRA was
rections and sunny weather prevailed on 3 June 2002. Onlgriven with hemispheric model-level wind fields provided by
a few convective clouds developed at noon. the European Centre for Medium-Range Weather Forecasts

Figure 5 shows a 120-h sequence of the backward trajectot! 911 L60 model, ECMWF, 1995), with a horizontal resolu-
ries for arrival heights of 400, 600, 800, 1000, and 1500 m asfion of 0.5 and a time resolution of 3 h (analyses at 0, 6, 12,
at Melpitz at 09:00 UTC and for an arrival height of 400 m 18 UTC; 3-h forecasts at 3, 9, 15, 21 UTC).
asl at the stations Collm, Leipzig, Melpitz, and Panitzsch at

Atmos. Chem. Phys., 3, 1445-1459, 2003 www.atmos-chem-phys.org/acp/3/1445/
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Fig. 6. Time series of the horizontal wind speed in 50 and 225 m as
measured with SODAR in Melpitz on 3 June 2002.
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Time [UTC]
The air was advected from the North Atlantic, crossed
Great Britain, the North Sea, and southern ScandinaviaFig. 7. Height-time contour plot of the back-scattered signal inten-
Then the flow turned south-westward over the Baltic Sea.sity S as measured with SODAR in Melpitz on 3 June 2002. Sunrise
For about 24 h the air mass traveled over continental siteds at 03:00 UTC, sunset is at 19:20 UTC, respectively.
in northern Poland before it reached the experimental area
from the East. The flow pattern in the lowest 1500 m of the ) ]
atmosphere did not change significantly, neither with time Figure 8 shows four vertical profiles of temperature
nor with height, during the entire day. Only the turning point (I&ft) and absolute humidity (right) as measured with ra-

over the Baltic Sea moved slowly eastward. This movemengliosondes (Vaisala RS80). The first two profiles (launched
caused the air masses that arrived in the late afternoon t8t 05:30 and 06:30 UTC) show the pronounced IL with posi-
spend an additional 6-12 h over land. tive temperature gradients of +2.4 K (100mhpelow 260 m.

Figure 6 shows time series of the horizontal wind speed in!" the residual layer (RL), between the inversion and about

. . 1 . -
50 and 225 m on the June 3, 2002 in Melpitz, as measure 000 m the grad|ent. _'&0'9 K (100 my®, that is, this
with the SODAR system. The horizontal wind speed in 50 m 1@Y€r is neutrally stratified. Above the RL, the atmosphere
was about 3—-4 nTg" during night and increased slightly in is slightly stably sitratlfled W_'th amean gradient 0 f abput
the morning (around 08:00 UTC) to values of 4—6mhever ~ —0-65 K (100 my=. The solid I|nes_W|th the gradients in
the day. In the first part of the day much higher values of the':'g',8 refer o the sounding from 06:30 UT.C' The next wo
wind speed were observed in 225 m. After the maximumpmf'les (07:30 and 09:30 UTC) show the situation after the
of 20 ms-! was reached between 00:00 and 01:00 UTC theinversion broke up, no inversion can be found over the com-
wind speed decreased until 07:00 UTC to values similar toplete profile. This is in gopd agrgement with the SOPAR
those measured in 50 m. This increased wind speed is du@easurem_ents. The h_umldlty profll_es show alocal maximum
to a shallow low-level jet which occurred during night in the PEIOW the inversion (first two profiles). A second jump is
stable boundary layer (SBL) close to the inversion. Foragen-seen in 1000 m, which is also an indication for the height of

eral description of the PBL the reader is referred to textbookdne RL' After the gr_ou,”P' inversion disappeared, the humi_dity
like e.g., Stull (1988). The lack of data after 19:00 UTC is proﬂles show no significant structures up to the PBL height

due to a negative signal-to-noise ratio for the level in 225 m."n 1200 m (07:30 UTC) and 1400 m (09:30 UTC), respec-

. . . tively.

Figure 7 shows a time-height contour plot of the back- ;
scattered signal intensity measured with SODAR for the 0 4'-:3I%ulﬁ C9 aizogs_s?a_rdce\éil%%Tﬁgtzggzthgs fniési?g;eva?h
same time as Fig. 6. According to Beyrich and Weill (1993) LIbAR t the IfT .'t in Leiozia. The fi ,-h iaht i
the height of the SBL (resp. the nocturnal inversion layer (IL) attne site In Lelpzig.  The ime-height contour )
depth) is indicated by the maximum of the vertical gradientplot represents a measure of relative particle back-scattering:
of the signalS. In Fig. 7 a local maximum of this gradient P(z) — P(2)
is identified around 200 m between 00:00 and 03:00 UTC.Frei(2) = Py
After 03:00 UTC (sunrise) the gradient became smaller and @)
the height of the maximum varied between 150 and 260 mHere P(z) is the actual LIDAR signal at height detected
Around 07:00 to 07:30 UTC the nocturnal IL broke up and with a resolution of 60 m and 30 s ai{z) is the average
intensive vertical mixing started. Within about one hour the signal at height for a given measurement period. The pe-
mixed layer (ML) rose from about 260 m to higher than the riods are separated by white vertical bars in Fig. 9. Relative
ceiling of the SODAR. After sunset (19:20 UTC) again a back-scatter values are shown, because measurements close
strong vertical gradient of with a maximum in about 150 m to the LIDAR (i.e., close to the ground) are usually biased
developed. by the incomplete overlap between the laser beam and the

@)
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1452 F. Stratmann et al.: New-particle formation: SATURN

2

4

— 05:30 UTC 3
1800 - 06:30 UTC :
- 07:30 UTC £
1600 > 09:30 UTC
1400 1
%\-0.65 K / (100 m)

Height AGL [m]
2

800
600
400
200
00 2 468101214161820 0 1 2 3456 7 8 510

T[°C] a[gm?

Fig. 8. Vertical profiles of temperaturé and absolute humidity as measured with radiosondes at the Melpitz site. The depicted gradients
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Fig. 9. Development of the planetary boundary layer in terms of the relative back-scatter signal at 1064 nm observed with the IfT Raman
LIDAR at Leipzig on 3 June 2002. The resolution is 60 m and 30 s.

receiver’s field of view. In the case of relative back-scatteringchanges in particle back-scattering, whereas bRg £€0)
after Eq. (1) this overlap effect is canceled out. Thus, the ob-and red colors ¥,.;>0) show strong negative and positive
servations cover the entire PBL. Note that the LIDAR is sen-deviations from the mean, respectively. A rapid change be-
sitive to optically active particles only, i.e., back-scattering is tween red and blue colors marks the atmospheric height re-
dominated by particles with diameterd00 nm. gions of strongest dynamic activity, where particle-rich air is
transported upwards and cleaner air moves downward. The

According to Eq. (1), bluish-green colors in Fig. 9 SBL is observed in 200 m height between 04:30 and about

(Pre1~0) indicate atmospheric regions with marginal

Atmos. Chem. Phys., 3, 1445-1459, 2003 www.atmos-chem-phys.org/acp/3/1445/
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[ 360N Fig. 11. Diurnal variation of number size distributions in Melpitz
L on 3 June 2002.
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[ 1808 =
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- 90E 4 Observations in Melpitz
—0
;;0 = 4.1 Ground-based observations
te 2
4z Figure 10 shows results from the ground-based measure-
.‘f4 ments of global radiatios, temperaturd’, relative humid-
o ity RH, wind speed, wind directiond, SO, and NH; con-
T ‘E centration, particle number concentratia¥ig3—10 nm and
-8 “’E 3 — 800 nm) and calculated particle volume concentration
ré = V as function of time as determined in Melpitz on 3 June
-4 2002. From Figs. 10a—c, it can be seen, that 3 June featured
24 an increase in global radiation (a radiation maximum near
Time [UTC] 1000 W n12) and temperature, and decreasing relative hu-

] ] o o midity during morning hours, i.e., a behavior attributed to
Fig. .10. Dlurqal varlatllon of global radlaFlorG., temperaturel’, typical clear-sky days. Around 10:00 UTC the global radi-
relative humidityr H, wind speed/, wind directiond, SO, NH3, - S0 jecreased and varied afterwards due to small cumulus
particle number concentration{o: 3-10 nm andVgoo:3-800 nm) clouds. The wind speed was close to zero during the night
and particle volume concentratidhin Melpitz on 3 June 2002, at di C cased t(?4 m& during the dav fo ed% on 9
ground. and increased up to £ during day forc y con-

vection. The mean wind direction during the day was from
east.
The SQ concentration (Fig. 10d) shows two peaks, the

07:00 UTC. First up-drafts developed below 400 m heightflrs'[ one at 08:00 UTC, i.e., half to one hour after the break-

A ; of the nocturnal inversion layer (up to 900 ppt) and a sec-
between 07:00 and 08:00 UTC. A rapid increase of the mixed P i )
layer from 300 to 1400 m associated with strong dynamicOrld one at 12:00 UTC (up to 1050 ppt). The ammonia con-

activity was observed between 08:00 and 09:30 UTC. Fro centration (Fig. 10d) increases fast in the early morning from

_3 . . . .
09:30 to 15:00 UTC only slight variations of the PBL height up to 9gm _3 During daytime the Ni concentration is
.~ about 4—-6ugm~>.
around 1500 m occurred. In the late afternoon, a further in- - .
As can be seen in Fig. 10e, the number concentrations

crease of the PBL height to values around 1700 m, probably "™ ; L
associated with a change in the air-mass, was found. (N1o: 3-10 nm andNgoo: 3-800 nm) show a significant

increase at 07:30 UTC. Both number concentrations fea-
At both experimental sites, Melpitz and Leipzig, a similar ture a second maximum between 10:30 and 12:00 UTC,

development of the PBL was observed. During the cloudlesd-€., shortly after the appearance of small cumulus clouds
night, a SBL developed about 200 m in depth. Above the(Fig. 10 a). The evolution al1p and Ngoo seems to be con-
inversion, the RL up to 1000 m in Melpitz and about 1400 m nected to the evolution of the $@oncentration. However,

in Leipzig was clearly identified. Extensive vertical mixing for the second maximum i1, this is less pronounced.
started after the inversion broke up at both sites. At the Mel- The volume concentration, as calculated from the number
pitz site, the first plumes reached heights of 500 m at abousize distribution shows no correlation with the first morning
08:00 UTC, while at Leipzig this height was reached aboutmaximum, it is even slightly decreasing between 08:00 and
0.5 h later. This time shift might be due to cirrus clouds 10:00 UTC.

which were observed above Leipzig but not over Melpitz. In Fig. 11 the diurnal variation of the number size distri-
These clouds may delay the warming of the lower air masse$utions as measured at the Melpitz site is shown. As to been
and, therefore, the convective mixing of the PBL. seen from this figure, the diurnal variation of the number size
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Fig. 13. Time series of temperaturg, absolute humidity:, hor-
Flg 12. Number size distributions as measured at 06:45, 08:00, anqzonta| wind Speed_]' wind directiond’ partide number concen-
08:15 UTC in Melpitz on June 3, 2002. tration N; (10<Dp, <1500 nm),N;; (5<D, <1500 nm), andA N

(5<Dp <10 nm) at constant level in 830 m (06:26-06:30 UTC).

distributions s similar to the behavior 8f10 and Ngoo. Ap- freshly nucleated particles, and c) considering a particle size
proximately at 07:30 UTC, analogue to Fig. 10e, a rapid |n—Of 5 nm as measured around 08:00 UTC, a growth rate of

crease in number concentration of particles with diameters " : : .
between 3 and 20 nm is observed. This increase takes placiépmi/h Vr\f:hl'ln rtle tflirr?ttﬂour Crin t;)enesumaiﬁd. T]hls growtrt1 d
half an hour after the break-up of the nocturnal inversion at ate Is smafler bu € same range as the one suggeste

around 07:00 UTC (see Fig. 7) and coincides with the firstby Lehtlngn gnd Kulmala (2003). Although this is a very
maximum in S concentration (Fig. 10d). In the particle crude estimation, it may be concluded that assumption a) is

size range below 20 nm, the particle size distribution at thisva‘IId and thus new part|c|e_ forme_mon maybe induced by the
break-up of the nocturnal inversion. The occurrence of the

time is bimodal featuring local maxima at approximately 5 dlocal size distributi ) 415 b
and 15 nm. With increasing time, the maximum at 5 nm secondlocalsize distrioution maximurm aroun nm maybe

shifts towards larger sizes and becomes more pronounciﬁxmamed by the mixing down of particles that were newly

while the maximum at 15 nm disappears after approximatel ormed and grew up to Iarger_ SIZeS inside the RL befOTe
he break-up of the nocturnal inversion. Performing again

1 h. Between 10:30 and 12:00 UTC (see also Fig. 10e), aacr de estimation. i.6.. assuming a) that new particle forma-
absolute maximum located around 20 nm appears. The oc: u mation, 1.e., uming a) W part

currence of this maximum coincides with the appearance Opon N the RL starts at sunrise around 03:00 UTC, p) a parti-
small cumulus clouds (see Fig. 10a) and is in some degre le diameter of 1 nm for the freshly nucleated particles, and

correlated with the second increase ing@ncentration (see ¢) considering a particle size of 15 nm as measured around
also Figs. 10d and €). To point out the significant size distri-08'OO UTC, a growth rate of approximately 3 nm/h can be

bution changes taking place in the course of the break-up oESt'mate.g' Agam this Ctr)?del¥r$8t'tmatf€ gromht;ateb hl?s o
the nocturnal inversion, Fig. 12 depicts number size distribu- € considered reasonable. IS together wi € batioon-

tions observed at 06:45. 08:00. and 08:15 UTC. i.e beforebome observations described below supports the hypothe-
and during the breal;-up') of the nocturnal inversion. BelowSiS that the second local size distribution maximum around

20 nm, the distribution measured at 06.45 features a singI&S nm maybe explained by the mixing down of particles that

local maximum around 15 nm, while the distributions taken were newly formed in the RL.
at 08:00 and 08:15 exhibit two pronounced local maxima at4
approximately 5 and 15 nm. Between 06:45 and 08:15 UTC,

the size distribution values change by two and one order of5eyerg| vertical profiles and time series at a constant level
magnitude for particle sizes of 5 and 15 nm, respectively.  \yare measured with ACTOS in Melpitz on June 3, 2002.
The ground-based observations at the Melpitz site showed, The first time series (Fig. 13) was measured at a height
that newly formed particles occur about 0.5 to 1 h after theof 830 m from 06:26 to 06:30 UTC in the RL well above
break-up of the nocturnal inversion until the mixing layer hasthe inversion at 200 m. The time series &f and a
reached the top of the PBL in around 1000 m after a fewshow strong fluctuations with standard deviations of about
hours (cf. Fig. 9 for Leipzig). Assuming a) that new particle 07=0.05 K ando,=0.08 gn13, respectively. Most of the
formation is induced by the break-up of the nocturnal inver-fluctuations of the thermodynamic variables were observed
sion after 07:00 UTC, b) a particle diameter of 1 nm for the within the first 200 s. The mean horizontal wind spdéd

2 Balloon-borne observations
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Fig. 14. Vertical profile (descent from 830 m to ground, 06:31— Fig. 15. Vertical profile (ascent from ground to 610 m, 08:43—
06:53 UTC) of temperaturd’, absolute humiditya, horizon-  08:48 UTC) of temperaturg’, absolute humiditya, horizon-
tal wind speedU, wind directiond, particle number concen- tal wind speedU, wind directiond, particle number concen-
tration Ny (10<D,<1500 nm), N;; (5<Dp<1500 nm), AN tration N; (10<D, <1500 nm), N;; (5<Dp<1500 nm), AN
(5<Dp<10 nm), and SQ. (6<Dp<10 nm), and SQ.

was 3.8:0.15 ms! from easterly directions. Particle num-  Taking AN as an indicator for the presence of newly
ber concentrations are plotted on a logarithmic scale. Foformed particles, the above profiles suggest, that between
the particles between 10 and 1500 nm the concentrafion 06:26 and 06:53 UTC, new particle formation is taking place
was around 1300100 cnt3 whereas the concentratia¥y inthe RL. Earlier measurements performed on 3 June 2002 in
which includes the smaller particles was at 1320 cnt 3. the RL (see Table 1) yieldel Nmax =0, 200, and 500 crm?
Small particles show maximum concentrationd’ of sev-  at 05:04, 05:28 and 06:15 UTC, respectively. This indicates
eral 100 cm® in the first 200 s where; ando, are higher. growth of newly formed particles into the detectable size
Results from the following descent (starting at 06:31 UTC) range at a rate larger than the one estimated above. Below the
from 830 m to ground are plotted in Fig. 14. The temperatureinversion, the presence of small particle is most likely due to
profile indicates an inversion between 150 and 200 m with adirect traffic emissions as ground-based NO and patrticle size
mean gradient of about +2.8 K (100™}) Between 200 and distribution observations (see Fig. 12) suggest.
330 m the gradient is close to zero. For higher altitudes the Figure 15 shows vertical profiles about 2 h later compared
profile shows an adiabatic lapse rate-af K (100 m) L. to the profiles depicted in Fig. 14. The profiles were mea-
The water-vapor density shows strong fluctuations insidesured during an ascent from ground to 610 m. The inversion
the ML with a slight decrease in the inversion from about 9.5in 200 m had disappeared aficshows a near-adiabatic lapse
to 7 gnt 3. In the first 100 m above ground; is close to  rate of —0.9 K (100 m) over the complete altitude range.
2 ms 1 and exhibits a local maximum around the inversion. The profile ofa features some fluctuations over the complete
In the RL, U varies between 3 and 4 msfrom easterly di-  profile but a sharp decrease in 550 m, i.e., in the same height
rections. The number concentration profiles show a clear cutvhere a small increase @f can be observed. In 350 m,
between the ML, inversion, and RL. Inside the M\, is has a local maximum which corresponds with a change of the
nearly constant with height and includes about 250 particlesvind direction from south-east to north-east and an increased
cm~3 smaller than 10 nm. In a narrow region above the in-U. The particle concentrations show high values from the
version (between 250-300 m), no small particles could beground up to 550 m. In this rangeN varies between 1000
observed. AboveAN increases up to values of 800 th  and 5000 cm® and N;; between 2000 and 12000 cr
between 400 and 600 m. In this laya&rN varies in the same respectively. Above 550 AN decreases rapidly to zero
range as in the time series shown in Fig. 13. A similar behav-andN;;~N; to about 1800 cm®. The SQ-profile is nearly
ior can be observed for the S@oncentration profile, which height independent with values around 0.3 ppb.
features a minimum around 220 m. Due to the response time After these vertical profiles were taken, the balloon was
of the S@ monitor, which is in the order of 20 to 60 s (corre- fixed at 600 m again. The corresponding time series
sponding to 30 to 80 m in barometric height) this minimum (Fig. 16), started about 10 min after the maximum height of
is shifted downwards. the profiles shown in Fig. 15 was reached. The time series
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of T anda but alsoU andd show very similar structure, pe-
riods with high fluctuations are interrupted by periods with
nearly no structure. The same intermittent behavior is seen in
the particle number concentrations. Most significanh is
which shows variations of several orders of magnitude with
maximum values of 4000 to 5000 crh The total concentra- Time [UTC]

tion N;; varies between 1300 cm, which seems to be the

background concentration (cf. also Fig. 13), and maximumgig. 17. Diurnal variation of number size distributions normalized
values of up to 12000 cri# betweery=300 and 340 s. This by the total number concentration in Melpitz, Collm, and Panitzsch
behavior can be explained with up-drafts which temporarily on 3 June 2002. Red colors indicates relative high concentrations,
penetrate into the RL. Therefore, sometimes ACTOS is in-whereas blue indicates relative low concentrations.

side of such an up-draft with highly increased turbulence and

a significant number of newly formed particles and some-

times ACTOS is inside the RL where the turbulence is muchf Consequently, on 3_Junde 2202’ tv;o fdifferer(ljt rr1]ew partic(_:jlg
weaker andA N is close to zero, i.e., no newly formed parti- formation events, one inside the RL before and the second in

cles are detected. the ML during and after the break-up of the nocturnal inver-
This all together indicates, that at this stage, the ML has &N Were observed. The second event supports the hypothe-
height of about 550 m. Taking agaiV as an indicator for 'S of Nilsson et al. (2001) who suggest a correlation between

the presence of newly formed particles, the above profileéhe onset of nucleation and the onset of turbulence. However,

suggest, that between 08:43 and 09:05 UTC, new particléhe new particle formation event observed in the RL suggests
formation is taking place in the entire ML while inside the an addition to hypothesis 3 in Nilsson et al. (2001), i.e., the

RL no newly formed particles were observed possibility that particles newly formed in the RL may grow
Summarizing the results of the ground-based and balloon!Nt© @ dectable size range inside the RL.
borne measurements it can be stated that:

— New particle formation was observed inside the RL be-5 Comparison of particle size distributions at Melpitz,
fore the break-up of the nocturnal inversion. Collm, Panitzsch sites

— The particles newly formed in the RL grew up and were Figure 17 shows the diurnal variation of the normalized num-
mixed down during the break-up process of the noctur-ber size distributions for the three ground-based measure-
nal inversion. ment sites on June 3, 2002. Each number size distribution

measured by the TDMPS-systems was divided by the total

number concentration from 3 to 800 nm to emphasize the
location, i.e., the particle diameter, of the size distribution lo-

— During and after the break-up of the nocturnal inversion cal maxima independent of the total number concentration.
new particle formation was observed in the ML. The observations at the Melpitz and Collm sites show a rapid

— No new particle formation was observed after the break-
up of the nocturnal inversion in the RL.
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increase in number concentration of particles with diameterdutions observed at the three measurement sites, it was found
between 3 and 20 nm and the patrticle size distributions feathat at two sites the evolution of the particle size distributions
ture local maxima at approximately 5 and 15 nm. At the Pan-was similar. At the third site, in the particle size range below
itzsch site, however, below 20 nm, only one local maximum20 nm, only particles supposedly formed in the RL and al-
occurs which is located around 15 nm. Compared to the Mel-most no newly formed particles were observed.
pitz and Collm sites, the occurrence of this maximum is de- Summarizing the presented results it can be stated that new
layed by approximately half an hour in accordance with theparticle formation a) may take place inside the RL before the
delayed break-up of the nocturnal inversion layer as detecte@reak-up of the nocturnal inversion, b) may be induced by
by the LIDAR-system at the Ift site about 10 km away. At the break-up of the nocturnal inversion, c) may proceed dur-
the Panitzsch site, no local maximum at 5 nm was observeding the evolution of the PBL, d) is not a local phenomena but
This suggests that at the this site, new particle formation isd) may vary locally to a significant extend. Consequently,
significantly weaker throughout the evolution process of thethere seems to be no definite answer regarding the question
PBL. whether observed newly formed particles nucleated near the
Considering the distances between the three sites, itis corground or were mixed down from above. Data collected dur-
cluded that new particle formation is not a local phenomenoring the SATURN experiment suggest that both scenarios, i.e.,
but its magnitude may vary locally to a significant extend.  a) situations where particles were formed in higher-up re-
gions such as the RL (this paper) and in the vicinity of an in-
version layer (Siebert et al., 2003b,c) and b) new particle for-
6 Summary and Outlook mation in the ML near ground (this paper), may take place.
I.e., under different PBL conditions different types of mech-
In this work, first results from the SATURN experiment have nisms as discussed in Nilsson et al. (2001) are possible.
been presented. During the experiment, vertical soundings £ rther detailed analysis of the SATURN data will be nec-

of meteorological parameters and particle number CONCeNagsary to give a deeper insight in the process and location

trations were carried out utilizing a balloon-borne measure-g¢ haw particle formation. For example, the estimation of

ment platform. In addition, ground-based measurements ofq yertical turbulent particle flux as calculated from the bal-

particle number size distributions and gaseous precursor colgon data should give an indication of the source of the newly
centrations took place at the balloon site. At two additionalormed particles.

locations (distance to the balloon site about 40 km), particle
number size distributions were measured. The vertical struc-
ture and the development of the PBL were observed utilizing‘ck"owledgementshe authors acknowledge, the german Bun-

. . deswehr for their kind provision of the tethered balloon MAPS-Y,
@ SODAR (at the ballon Slte). and a LIDAR system (dlstanceG. Sanftleben and his co-workers from the Bundeswehr Technical
about 50 km to the balloon site).
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