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Abstract. Ultraviolet radiation is the key factor driving diation field and its effect on photochemistry is thus only
tropospheric photochemistry. It is strongly modulated by possible with a detailed knowledge of the interaction be-
clouds and aerosols. A quantitative understanding of the ratween clouds and radiation. The overall objective of the
project INSPECTRO was the characterization of the three-
dimensional actinic radiation field under cloudy conditions.

@ @ Correspondence tcS. Thiel This was achieved_ during two measurement campaigns in
~ (stephan.thiel@imk.fzk.de) Norfolk (East Anglia, UK) and Lower Bavaria (Germany)
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combining space-based, aircraft and ground-based measureich at present, due to lack of better knowledge, rely on
ments as well as simulations with the one-dimensional ravery simple parameterizations of clouds.
diation transfer model UVSPEC and the three-dimensional While much effort has been expended on the measurement
radiation transfer model MYSTIC. of UV irradiance in ground based networks, on quality assur-
During both campaigns the spectral actinic flux density ance issues, and on the improvement of instruments, the in-
was measured at several locations at ground level and in thigraction of radiation with clouds has not been a main focus,
air by up to four different aircraft. This allows the compari- mainly due to a lack of tools to address this important ques-
son of measured and simulated actinic radiation profiles. Intion. The instrumentation and theoretical methods developed
addition satellite data were used to complete the informatiorduring the last decade, however, form the ideal basis for start-
of the three dimensional input data set for the simulation. Aing research on the effect of clouds on photochemically ac-
three-dimensional simulation of actinic flux density data un-tive radiation. Considerable effort has been spent upon the
der cloudy sky conditions requires a realistic simulation of quality control and to retrieval methodologies for the ac-
the cloud field to be used as an input for the 3-D radiationtinic flux density measurements at the ground (Bais et al.,
transfer model calculations. Two different approaches were2003; Webb et al., 2002). The International Photolysis Fre-
applied, to derive high- and low-resolution data sets, with aquency Measurement and Model Intercomparison (IPMMI)
grid resolution of about 100 m and 1 km, respectively. and the ADMIRA project which investigated the relationship
The results of the measured and simulated radiation probetween spectral actinic flux density and spectral irradiance
files as well as the results of the ground based measuremen¥ere an important step towards a higher level of accuracy of
are presented in terms of photolysis rate profiles for ozonegPhotolysis frequency and spectral downwelling actinic flux
and nitrogen dioxide. During both campaigns all Spectro_density measurements (e.g. Crawford et al., 2003; Webb et
radiometer systems agreed withirl0% if mandatory cor- al., 2004 ). In addition to the ground based measurement of
rections e.g. stray light correction were applied. Stability actinic flux density also several airborne spectroradiometer
changes of the systems were below 5% over the 4 week canfystems were developed (Hofzumahaus et al., 1999; Shet-
paign periods and negligible over a few days. Thellyp ter and Miller, 1999; akel et al., 2005) and used for first
data of the single monochromator systems can be evaluate@leasurements mainly under cloudless conditions. Measured
for zenith angles less than Z@vhich was satisfied by nearly ~actinic flux density and photolysis frequency profiles exhibit
all airborne measurements during both campaigns. The conrdeviations to the 1-D radiation transfer models in UVB at
parison of the airborne measurements with correspondindower altitudes and high aerosol loads even under clear sky
simulations is presented for the total, downward and upwardeonditions (Balis et al., 2002; Hofzumahaus et al., 2002).
flux during selected clear sky periods of both campaigns. Thel hese deviations are most likely caused by uncertainties in
compliance between the measured (from three aircraft) andhe vertical distribution of aerosols and surface characteris-

simulated downward and total flux profiles lies in the rangetics (Hofzumahaus et al., 2002), however experimental un-
of +15%. certainties may also have an impact, especially at low alti-

tudes.
The most challenging and important task is the characteri-

zation of the radiation field under cloudy conditions so as to
1 Introduction be representative of larger areas oD kn?. This corre-

sponds to the size of a typical grid cell of a Chemical Trans-
Ultraviolet radiation is the main driving force of tropospheric port Model (CTM) and allows thus the investigation of the
photochemistry (Madronich, 1987; Thompson and Stewartjmpact of the variability of the actinic flux density due to
1991). Tropospheric chemistry is controlled by the pho- clouds on photochemistry on a statistical basis. Clouds are
tolysis of nitrogen dioxide, ozone, and various other traceusually variable in all three spatial dimensions, thus requir-
gases, and thus by the amount of ultraviolet radiation availing three-dimensional rather than one-dimensional radiative
able throughout the atmosphere and its spectral distributiontransfer simulations. Secondly, the experimental characteri-
The radiation field itself is strongly modulated by clouds and zation of a three-dimensional cloud field is a demanding task,
aerosols (Nack and Green, 1974; Mims and Frederick, 1994requiring at least the instantaneous determination of extinc-
Seckmeyer, 1996). Therefore, the interaction of clouds withtion coefficient throughout the cloud field. Single aircraft in-
the radiation field plays a major role in tropospheric chem-strumentation can only provide cross sections at the time and
istry (Madronich, 1987; Lelieveld and Crutzen, 1991; Los et location of the measurement and thus needs to be comple-
al., 1997; Trautmann et al., 1999). Considering that approxi-mented by further aircraft and ground-based measurements
mately 60% of the globe is covered by clouds at any one timeas well as satellite data.
a quantitative understanding of the radiation field and its ef- The main task of the INSPECTRO-project was the in-
fect on photochemistry is thus only possible with a detailedvestigation of the influence of clouds on the spectral ac-
knowledge of the interaction of clouds with radiation. This tinic flux density in the lower troposphere. This project
is particularly true for regional and global chemistry models brought together state of the art measurement and modelling
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capabilities and combined them in an innovative approach teites as well as the topography of the area is shown in Fig. 1.
study the three-dimensional radiation field. Each site was equipped with a cabin housing the personnel
nd control computers. The instruments were mounted ei-
her on the ground close to the cabins, or on a cabin roof.
The Weybourne site (WE, 20m a.s.l.) is a field station of
the University of East Anglia with routine chemical measure-
— airborne instrumentation to characterize the vertical dis-ments so this was used as the core site with both chemistry
tribution of the spectral actinic flux density as well as and radiation data available. The site is on the coast, with
cloud parameters and the optical properties of the cloudthe permanent Weybourne buildings closest to the sea, then
free areas. a gently sloping concrete area, finally grass closest to inland
. . . (to the south). The other sites were at Beeston Regis (BE,
— Satellite based information of cloud cover and total 20m a.s.l.) on top of the cliff, to the east of Weybourne; at
ozone column over the measurement area. a school in Briston (BR, 70m a.s.l.), inland to the south and
This paper provides an overview and summary of the IN-slightly west of Weybourne; and at Aylsham (AY, 30 ma.s.l.),
SPECTRO field campaigns in 2002 in East Anglia, UK andinland to the south of Beeston Regis. Norwich airport (NO,
2004 in Bavaria, Germany and describes the measuremef@®3 m a.s.l.), where the aircraft were based, is to the South
sites and conditions as well as the spectral actinic flux density=ast of this grid.
measurement systems. We present results of the intercom- .
parison of the participating spectroradiometers, the comparBavaria
ison of airborne measurements from different platforms and ) ] ]
ground based measurements as well as the validation of sinf-C the Bavarian campaign the ground based instruments

ulated cloud fields (Scheirer and Schmidt, 2005; Schmidt etVere deployed at six sites shown in Fig. 1 (Bavarir?‘,z Ger-
al., 2007) as input for 3-D radiation transfer models. TheMany) and covering an area of approximatelys5 knr.

paper is part of a special issue within ACP and forms a refer-1 N€ topography of the Bavarian campaign area is much more

ence for other publications utilising data from the INSPEC- Pronounced than in East Anglia and ranges from 320 m a.s.l.

TRO campaigns as it contains detailed description of thet Straubing airport (ST) up to 1030m a.s.l. on top of the

campaign site, prevailing conditions, instrumentations, daterotiacklriegel mountain (BJ). The site at Buchhofen (BU,
collection and simulations. 338m a.s.l.) was centred in the measurement area and was

In numerous publications a clear distinction betweenUS€d as the core site. Spiegelau (SP) is a site with an al-
“flux” and “flux density” is not consequently made. Since titude o_f 830m a.s._l. in the mountain area. On top of the
more than 2 decades it is rather common to use the term ginountain Brotjacklriegel the Federal Environmental Agency
“flux” (the unit of the radiant flux is Jst or W) in cases (UBA. Dessau, Germany) has operated a recording point for
where clearly a “flux density” (unit W r?) is described. We ~ &ir guality. It was used as a "high elevation” site for spec-
have decided to choose the correct term “actinic flux densitytral actinic flux density measurements. However, this site
throughout the entire manuscript, instead of the shorter and'@S adversely affected by obstructions of the horizon. In

unfortunately more widespread (though incorrect) term ugc-2ddtition the three airports atiFstenzell (FU,_410 m a.s.l.), _
tinic flux”. Eggenfelden (EG, 411 m a.s.l.) and Straubing were used in

the corners of the measurement grid. The airfield of Straub-
ing in the North East of the grid was used as an operational
2 Experimental base for the aircraft. The surroundings for most sites con-
sisted of a mixture of grass-, farm- and woodland. As in East
The first campaign was performed in East Anglia (Norfolk, Anglia, each site was equipped with a cabin housing the per-

UK) from 1 September until 1 October 2002. The sec- sonnel and control computers for the instrumentation at the
ond campaign was performed in the South East of Bavariajte.

(Straubing, Germany) between 3 and 28 May 2004. While

the area of East Anglia is strongly influenced by a maritime2.2 Measurement platforms and airborne instrumentation

climate, the Bavarian area represents a continental climate

site in Europe. The following airborne platforms were used during both
campaigns:

— ground-based instrumentation for measurements o
spectrally resolved actinic flux density and irradiance
as well as some properties of aerosols and clouds.

2.1 Measurement sites
— A Cessna (C) for measuring ground albedo (East An-
East Anglia glia and Bavaria) and spectral actinic flux density below

] ) clouds (Bavaria)
Ground based instruments were deployed at four sites, mark-

ing the corners of the experimental box with an area of ap- — Two Partenavia P68 (PG and PL) for measuring albedo
proximately 1220kn?. The geographical position of the (ground and clouds, only PL), spectral actinic flux
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Fig. 1. The topography of both field campaign areas in East Anglia and Bavaria. The measurement grid in East Anglia ofxeibkird 2
lies at the seaside north-east of the aircraft operation basis at Norwich airport. At the second campaign in Bavaria the measurement grid of
about 55¢55 kn? includes the aircraft operation basis at Straubing airport.

density within and above clouds, microphysical param-280 nm and 700 nm by the actinic flux density meter (AFDM;
eters of clouds and aerosol parameters DFD/DFU) described byédkel et al. (2005). The optical in-
lets of the Albedometer and the AFDM mounted at the top

Additionally an ultralight aircraft (Junkermann, 2005) was and the bottom of the aircraft were actively stabilized in a
used during the first campaign in East Anglia for measur-porizontal position with respect to the Earth-fixed coordinate
ing ozone, aerosol properties and spectral actinic flux densit)éystem during the flight within a range #%6° pitch and roll
around clouds (small scale variability of the actinic flux den- angle. The time resolution of both instruments was less than
sity). Further a hot air balloon (Cameron Viva 77) was 0p-1s. During the second INSPECTRO campaign the Photo
erated for specific measurements of the effective albedo anghjgde Array (PDA) was replaced by a Charge Coupled De-
actinic flux density vertical profiles in East Anglia (Webb et jice (CCD). This new development of ZEISS (Oberkochen,
al., 2004). Each aircraft also contributed to cloud geome-Germany) enabled a higher sensitivity in the UV-B resulting
try data e.g. altitude of cloud base and cloud top. In addi-in an extension of the reliable spectral range between 290 and
tion each aircraft logged basic data such as position, altitudegs0 nm, as well as a higher time resolution. In addition, the

speed and direction during flight. sampling time was decreased to 100 ms which corresponds to
) ' 6 m spatial resolution for an aircraft flight velocity of 60 m/s
Partenavia PL: (Jakel et al., 2007).

On board of the Partenavia P68B aircraft, operated by the All spectrometers have been calibrated in absolute ir-
Leibniz-Institute for Tropospheric Research (IFT), radia- radiance units (Wm?nm~1) using a 1000W tungsten
tion, microphysical and standard meteorological measurehalogen Lamp (Manufactured by OMTec GmbH, Teltow,
ments were performed. Up- and downwelling irradiancesGermany, lamp no. 28), which is traceable to an abso-
were measured by the Albedometer (Wendisch et al., 2001lute level (PTB-SL 144) maintained at PTB (Physikalisch-
Wendisch and Mayer, 2003) in the wavelength range be-Technische Bundesanstalt, Braunschweig, Germany) with
tween 350 and 1000 nm. Up- and downwelling actinic flux an absolute accuracy af3% in the wavelength range be-
density data were collected in a wavelength range betweetween 400 nm and 770 nm areb% in the spectral regions

Atmos. Chem. Phys., 8, 1789812 2008 www.atmos-chem-phys.net/8/1789/2008/



S. Thiel et al.: Influence of clouds on the spectral actinic flux density 1793

below 400nm and above 770nm. The wavelength avertercomparison period of the campaigns. A self constructed
aged FWHM values of all the spectrometers were deterbroadband instrument measuring downward flux of photoly-
mined: FWHMabedometer3.0 nm, FWHNArpMm_pPDA=2.5 sis frequencies of N®was used for reasons of quality con-
and 2.6 nm, respectively, FWHMpm_ccp=1.5nm. An trol of the spectroradiometer data.
overall uncertainty for the spectral irradiance measurements The cloud droplet size distribution was measured with a
with the Albedometer of+4% for wavelengthsh\=400—  forward scattering probe (FSSP-100; Knollenberg, Boulder,
700 nm and oft6% for <400 nm andv>770nm was esti-  Colorado) in the size range of 0.5-4m diameter in 20
mated (Wendisch and Mayer, 2003). An overall uncertaintysize bins. The time resolution of the measurements was ap-
of £8% in the UV range and:5% in the visible spectral proximately 10s. The calibration of the FSSP is performed
range were given for the AFDM byaBel et al. (2005). several times during the campaign using glass beads of dif-
Aerosol particle size distributions for particle diameters ferent sizes. Up to 100 glass beads of well defined sizes
between 0.1 and Am were sampled with a commercial Pas- were passed through the FSSP by a vacuum cleaner mounted
sive Cavity Aerosol Spectrometer Probe (PCASP-X, manu-at the rear of the FSSP. The airborne measurement of the
factured by Particle Measuring Systems, Inc., Boulder, CO backscattering coefficient of the aerosols was performed with
USA). From these distributions the effective particle radiusa nephelometer (TSI inc., St. Paul, MN, USA) measuring
and particle number concentration were derived. Details ofat the three wavelengths (45@0) nm, (55@40) nm and
the calibration and data processing can be found in Keil ef700+40) nm. The time resolution was 6 s.
al. (2001). A Particle Volume Monitor (PVM) was used to
measure the liquid water content (LWC) for droplets with di- Cessna (C):
ameters below 30m and with a measurement uncertainty of
about 10%. The droplet size distribution measurements wer®n board the Cessna 182 light aircraft an Optronic
performed for droplet diameters below Afh with the Fast 742 wavelength-scanning spectroradiometer (GBR) was in-
Forward Scattering Spectrometer Probe (Fast-FSSP). The astalled. The spectroradiometer was mounted in a temper-
curacy of the effective radius derived from the FSSP mea-ature stabilised box. The instrument deployment has been
surements was within 5%. In addition a constant temperadescribed by Webb et al. (2000). A bifurcated fibre is used
ture hot wire Nevzorov probe manufactured by SkyTech Re-+0 sample the irradiance from upward and downward point-
search Inc. (Toronto, Canada) was used for LWC and to4ng cosine response input optics. The signal from up and
tal water content (TWC) measurements in the range betweedown pointing fibres was alternated at the entrance slit to the

0.003gnT3 and 3gnt3. double monochromator so that the sampling sequence dur-
ing a scan was alternated between up and down at a certain
Partenavia PG: wavelength. The monochromator has a spectral slit function

with a FWHM of 1.5nm. The Optronic 742 was calibrated
The main task of the Garmisch-Partenavia during the IN-using a 200 W transfer standard traceable to the National
SPECTRO campaigns was to measure spectral actinic fluinstitute for Standards and Technology (NIST). The 200 W
density within, between and above the clouds. The correlamps were used during the campaigns to check the abso-
sponding spectroradiometer system (METCON, Glasim,  lute calibration and allow for correction before the data were
Germany) is based upon two photo diode array spectrosubmitted. The wavelength alignment of the monochromator
graphs (ZEISS, Oberkochen, Germany) with a FWHM of was also frequently checked using a mercury lamp and was
approx. 2.1nm and a 0.83 nm pixel distance in the range ofvithin 0.1 nm. During this project the scans were in 10 nm
250 to 700 nm. Both spectrographs were temperature stabisteps from 300 nm to 500 nm. The time required for one scan
lized in one box at (281)°C. The entrance slits were con- (up and down) was less than 2 min, during which time the air-
nected to the actinic heads using a quartz fibre. Both headseraft travelled approximately 7 km. The monochromator was
were mounted in a fixed position on top of the aircraft be- set from time to time to a single wavelength and alternated
tween the wings (PGD, downward flux) and at the bottomcontinuously between the upward and downward inputs at
of the aircraft (PGU, upward flux), respectively. The time to the designated wavelength.
measure one spectrum was in the range of 3s. This has led Also mounted on the Cessna during the campaign in
to a horizontal resolution of the radiation measurements ofStraubing was a two-channel Photodiode array spectrome-
approximately 170 m assuming a ground speed of approxiter (GBE/GBS) with a pair of 2 actinic heads (METCON
mately 55m/s. The spectroradiometer was calibrated in thénc., Glashitten, Germany). Unlike the cosine head which
laboratory with a 1000 W FEL lamp which was traceable to weights the incoming radiation with the cosine of the an-
a secondary standard of the Physikalisch-Technische Bungle of incidence, an actinic head provides un-weighted data
desanstalt (PTB, Braunschweig, Germany). The installatiorfrom the upper hemispheres{2. The head is attached via
into the aircraft was possible without dismounting the fibrestwo 5m long quartz fibres to a pair of solid state single
or other parts of the system. However, the calibration wasmonochromators mounted in a standard fi&ck sized box.
checked against the other spectroradiometers during the inFhe spectrometer scans both channels from 290 to 700 nm
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simultaneously with both heads having slit functions with ment of global irradiance and actinic flux density were con-
a FWHM of (2.2£0.1) nm. The two 2 sensor heads were nected to the spectroradiometer via a Y-shaped fibre. More-
mounted with one facing upwards (GBS) and the other down-over both input optics were equipped with a shutter that
wards (GBE) on the aircraft to measure the totalactinic  opens and closes the entrance of the fibre inside the heads.
flux density. To prevent an overlap of the fields of view, With this setup it was possible to measure global irradiance
shadow bands were fitted to both heads. The spectrometand actinic flux density at each wavelength step within sec-
was operated in simultaneous mode during the flights pro-onds, so the measurements were almost simultaneous. This
ducing 3 pairs of spectra every 10 s with three different inte-minimizes differences in both radiation quantities that are
gration times (300, 600 and 800 ms). The spectroradiometerdue to changing conditions. Global irradiance was detected
were calibrated using a 200 W transfer standard traceable twith a specially shaped teflon diffuser to minimize the co-
NIST. In addition the spectrometer calibration was checkedsine error (ittp://www.photobiology.com/UVR98/schreder/

at the beginning and end of the campaign and no significanindex.htn). The usual wavelength range of the measure-
changes were observed. The wavelength alignment was meaients was between 280 and 600 nm. The signal was de-

sured during the absolute calibration checks. tected with a photomultiplier operated at 600 V, which gives
a lower limit for irradiance of about T Wm=2nm~1. The
2.3 Ground based instrumentation absolute calibration of the spectroradiometer was based on

a 1000 W halogen lamp, traceable to the Physikalisch Tech-
The ground-based instrumentation mainly consisted of specnische Bundesanstalt (PTB, Braunschweig, Germany). The
troradiometer systems for the measurement of spectrally reBentham instrument also measured the direct irradiance with
solved actinic flux density and irradiance. From the technicala custom optic with a field of view about 2.5For an ab-
point of view the spectroradiometers can be divided into twosolute calibration of the direct spectral irradiance a 1000 W
groups: scanning systems and diode array systems. The adalibrated lamp source was positioned at a distance of about
vantage of the diode array systems beside robustness and Ia8m. To obtain the irradiance of the lamp at this distance, the
costs is a time resolution within a few seconds per spectrumrradiances from the calibration certificate were scaled by the
(e.g. 290-600 nm) compared to scan times of approximatelynverse square law. During the first campaign the spectrora-
6 min for the scanning systems. Especially during periodsdiometer system was placed at Weybourne and at Buchhofen
of rapidly changing weather conditions and particularly for during the Bavarian campaign.
airborne measurements this advantage is very important. GRT: The Brewer spectroradiometer was operated by

Additionally meteorological parameters like cloud type the University of Thessaloniki (LAP-AUTH) at Spiegelau
and cloud cover have been obtained from sky images as welBavaria), respectively. The heart of the system is a dou-
as aerosol properties in the cloud free regimes by lidar meable monochromator consisting of two identical spectrom-
surements. During the first campaign direct measurement oéters equipped with holographic diffraction gratings (3600
free radicals and other chemical parameters at the surfacknes/mm) operating in the first order. The operational spec-
were performed to allow a comparison of measured and caltral range of the instrument for the global irradiance mea-
culated radical concentrations. surements is 287.5—-366 nm, and its spectral resolution was
For reasons of quality control of the measured spectral ac0.55nm at full width at half maximum (FWHM). Details

tinic flux density data spectral irradiance was measured abn the operation, the calibration for the global irradiance
each site simultaneously to detect short term changes of thand total column ozone measurements are given in Bais et
actinic flux density instrument. Additionally a quality con- al. (1996).
trol measure was provided by mobile reference systems trav- DEG: This spectroradiometer system bases on a double
elling from site to site to check the long-term stability of the monochromator DTM300 from Bentham instruments (Ben-

spectroradiometer systems. tham inc., Reading, UK ) with a focal length of 300 mm,
a turret for the use of up to three gratings (2400 lines/mm,
2.3.1 Spectroradiometer systems 1200 lines/mm and 600 lines/mm) as well as two exit slits

after the second monochromator. The use of a photomulti-

This section provides a detailed description of all spectrora-plier, type 9205QB from EMI and a Si-photodiode in combi-
diometer systems deployed for ground based measurementmtion with the choice of the different gratings enables cov-
during the campaigns and introduces the abbreviations usedrage of the spectral range between 200 and 1100 nm for the
further on in the paper. measurements. The measured full width at half maximum

ATI: The DTM 300 of Bentham (Bentham inc., Reading, (FWHM) of the slit function was 0.96 nm. The entrance op-
UK) consists of a double monochromator with 300 mm focal tics for the measurement of global irradiance consisted of a
length and two sets of holographic gratings with 1200 andself constructed head in combination with a commercially
2400 rules/mm respectively. With the 1200 rules/mm gratingavailable diffuser (Bernhard and Seckmeyer, 1997). In or-
the slitwidth (FWHM) is 0.96 nm and the wavelength uncer- der to measure the spectral actinic flux densityraa2tinic
tainty is less than 0.1 nm. The input optics for the measurehead manufactured by METCON was used (METCON inc.,
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Glashutten, Germany). Both of the former entrance optics data were used. The optical input used for global irradiance
were coupled to the 2Way-SAM (switching mirror; Bentham, was provided by CMS-Schreder (Diffuser UV-J1002) with a
Reading, UK) to allow rapid switching between both val- teflon diffuser and cosine error less than 3% for incidence
ues. Each entrance optic was coupled by a quartz fiber to thangles between°Can 70. The optical head is installed in a
monochromator. The third entrance of the monochromatoiheater system. Calibration of the spectroradiometer was per-
was used for the measurement of direct irradiance in combiformed with a 1000 W FEL standard lamp (Optronic Lab-
nation with a self constructed entrance optic and a 2AP sooratories Inc., Orlando, FL, USA). Wavelength calibration
lar tracker (Kipp&Zonen, Delft, Netherlands) to follow the was performed using two strong lines from a mercury lamp.
sun. The spectroradiometer system was temperature stabihe spectroradiometer slit function was measured with a He-
lized at (20£0.5FC. The calibration was performed with a Cd laser (325nm), and applied in the data analyses. The
100 W working standard within a lamp house specially de-wavelength accuracies of the solar spectra were checked with
signed for field calibrations. The working standard was cal-respect to Fraunhofer lines using the software SHICrivm
ibrated with a collective standard based on three calibrateqSlaper et al. 1995). The global irradiance measurements
1000 W FEL lamps provided by the German Physikalischwere performed from 290 nm to 500 nm in steps of 0.5 nm.
Technische Bundesanstalt (PTB, Braunschweig, Germany)The second quartz fibre connected to the monochromator was
The expanded uncertainty (comp. to the [Bvel) for mea-  equipped with a direct sun optic from Bentham consisting of
surements of global spectral irradiance varies between 6.3% 20 cm tube with a diameter of 4 cm and baffles every 5cm.
in the UVA and 12.7% at 300 nm and 68olar zenith an- The entrance optic was mounted to the quartz fibre and is at-
gle (Bernhard and Seckmeyer, 1999). The spectroradiometdached to a tracking system with two microstepping motors
system was set up at Briston during the first campaign andor azimuth and zenith direction.
during the second campaign dirStenzell. DED/DEM: Each spectrometer was based on a single
GBM: The Manchester Bentham DTM300 (Bentham inc., monochromator with no moving parts (ZEISS, Oberkochen,
Reading, UK) was used during both INSPECTRO campaigngsermany). Made from ceramics/glass, the monochromator
at Beeston Regis (UK) and at Straubing airport (Germany).had negligible sensitivity to temperature changes. This re-
The double monochromator was fitted with two input op- sulted in very stable wavelength settings. The spectrometer
tics via fibre optic light guides: a METCON2actinic head also had an extremely fast response time. It used a 512 pixel
(METCON inc., Glasktten, Germany) and a Schreder J1002 diode array detector with a spatial resolution of ca 0.85nm
global head (CMS, Kirchbichl, Austria). Each head could be (pixel-distance) and an FWHM of ca. 2.1nm. The spec-
chosen under software control to perform an actinic flux den-trometer system allowed to determine ozone photolysis rates
sity or global irradiance measurement. The instrument wasithin 2 s, depending on the solar elevation. A 1000 W FEL-
mounted in a temperature stabilised box kept at a constariamp, which is traceable to the Physikalisch Technische Bun-
(25.0+0.3yC. For the campaigns the Manchester instrumentdesanstalt (PTB) was used for the calibration.
was calibrated from 290 to 500 nm at 0.5 nm steps for both RJB: The RJB spectroradiometer system was described
heads. The FWHM of the slit functions for the actinic and in detail by Hofzumahaus et al. (1999). During the sec-
the global head were both 0.7 nm. The calibration of the Ben-ond INSPECTRO campaign the system was used at Spiege-
tham was performed in the laboratory in Manchester using dau to measure the spectral actinic flux density. The main
1000 W traceable to the National Institute of Standards andcomponents are an actinic flux density quartz receptor optic,
Technology (NIST, Gaithersburg, MD, USA). Then a 200W a 10 m quartz fiber, a double-monochromator DTM300 of
lamp was used as a transfer standard. This was measurd&entham (Bentham inc., Reading, UK), and a UV sensitive
after instrument set-up to check calibration at the start, therphotomultiplier tube connected to a dc amplifier (Bentham
every two days until the end of campaigns. Changes in the67). Absolute calibration is made with a PTB traceable
calibration of more than 3% were post corrected and the cal1000 W Tungsten Lamp Osram Sylvania (Gigahertz Optik,
ibration file corrected for the next day measurements. AfterPuchheim, Germany) prior to and after the campaign. Field
the first few days the instrument was always found to be stacalibration was made with four 45W secondary standards
ble. A mercury lamp was used to check initial wavelength (Optronics), typically every 3-5 days with at least two lamps
alignment, which needed no further adjustment during theat a time. Wavelength positions were checked with a low
campaigns. pressure Hg-lamp using 4-5 lines in the range 295-550 nm.
NTN: This spectroradiometer system used by the NTNU The FWHM was 0.95 nm. With a step size of 0.5nm, scan-
(Norwegian University of Science and Technology) group ning times of about 4 min resulted for the 290-500 nm scan-
measured the global and the direct irradiance at Aylshamning range.
East Anglia, and at Eggenfelden, Bavaria. The system con- RJD: The RJD system consists of a diode array spectro-
sists of a Bentham DM 150 double monochromator (Ben-radiometer (Meteorologie Consult GmbH, Glagken, Ger-
tham inc., Reading, UK) and two optical fibres of 4.0 m, one many) and using a quartz entrance optic to measure the spec-
measuring direct irradiance and the other global irradiancetral actinic flux density. The collected light is dispersed using
During the INSPECTRO campaigns only global irradinace a monolithic single monochromator (ZEISS, Oberkochen,
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Germany) and detected by a 512 pixel diode array (Hama©Os. All this information was needed for data analysis and
matsu Photonics, Japan). A 280—-700 nm wavelength range iguality assurance.
covered at a pixel width of 0.83 nm and a nominal resolution
of 2.1 nm. In a wavelength range below about 315 nm strayRadiation (broadband instruments and filterradiometers)
light limits the precision of measurements under atmospheric
conditions. During the Bavarian campaign the system wadWVhile the spectral information and the accuracy of broad-
operated on top of the Brotjacklriegel mountain. band radiometer systems are limited, their fast time re-
QASUME:The QASUME spectroradiometer was used asSponse makes them ideal supplements to the more accurate
a mobile reference system for spectral irradiance measurddut mostly slower spectral instruments. Three Pyranome-
ments during the first campaign in UK. The system con-ters (CM11 and CM21, Kipp & Zonen, Delft, Netherlands)
sists of a commercially available Bentham DM-150 double were used to measure the total global irradiance on a plane
monochromator with an effective focal length c£250mm  surface in the wavelength range from 0.3 to 3 micrometers.
and a 2400 lines/mm grating. The wavelength range is 250The response time of the instruments was 5s while data are
to 500 nm and the entrance and exit slit width was choserfecorded as averages of 1 min intervals. The UVB-1 Pyra-
to yield a near triangular slit function with a full width at nometer of Yankee Environmental Systems (YES, Turners
half maximum resolution of about 0.8nm. The smallest Falls, MA, USA) has measured the radiation received by a
wavelength increment is 0.0025nm. The spectroradiomehorizontal surface from the entire hemisphere of the sky from
ter has two entrance ports which can be selected by a re280 to 320 nm. The instrument produced a 0-4 VDC output
motely controlled internal mirror. The solar irradiance is signal and was thermally stabilized for long term reference-
sampled through a specially designed entrance optic (Modegrade measurements. The UV Biometer (v. 501, Solar Light
UV-J1002, CMS-Schreder, Kirchbichl, Austria) which is inc., PA, Philadelphia, USA) was used to measure erythe-
connected to one port of the spectroradiometer through dnally weighted irradiance with a time resolution of 1 min.
quartz fiber. The second entrance port holds a pencil ray During the second campaign the multichannel radiometer
Mercury lamp (Model 6035, Oriel, Darmstadt, Germany) GUV- 541 from Biospherical Inc. (San Diego, CA, USA)
which is used to check the wavelength setting of the specwas used as a mobile reference instrument for spectral irra-
troradiometer. Up to September 2003 a side-window typediance measurements (GUV). The filterradiometer has five
photomultiplier (PMT) was used as detector, and then it waschannels at 305 nm (7 nm bandwidth), 313 nm (11 nm band-
replaced with an end-window type bi-alkali PMT (Electron width), 320 nm, 340nm and 380 nm (all with 10 nm band-
tubes 9250QB). The photocurrent is measured with a sixwidth). The instrument logged the global irradiance every
decade current amplifier, integrated for a 100 ms time win-1s. The detector was temperature stabilized &C4The in-
dow, digitised and transferred to a computer for further datastrument was calibrated against the NTN spectroradiometer
treatment and storage. The irradiance scale of the QASUMBYstem (simultaneous measurement).
spectroradiometer is based on a number of 1000 W FEL type Further filter radiometers were used to measure 3(NO
tungsten halogen lamps traceable to the primary radiatiorand J(GD) directly. The radiometers were manufactured by
standard held at the Physikalisch-Technische BundesanstallETCON (METCON inc., Glastitten, Germany) and uti-
(PTB) in Braunschweig, Germany. Since the instrument islize similar entrance optics as the scanning spectroradiometer
designed for outdoor solar measurements, the whole spectrdrJB. The filter instruments measured integrated spectral ac-
radiometer system including the data acquisition electronicdinic flux density in a selected wavelength range. The relative
are contained in a temperature controlled box which is staspectral sensitivity was selected to reproduce the wavelength
bilised to a predetermined temperature with a precision ofdependencies of the products of absorption cross sections and
0.5K. A more detailed description of the reference spectro-quantum yields of the photolysis processes. The devices thus
radiometer system and the results of its performance fronproduced signals proportional to the photolysis frequencies.
2002 to 2004 is given by @bner et al. (2005) and @Gbner  Laboratory characterisations and field or laboratory calibra-

et al. (2006), respectively. tions allow a calculation of photolysis frequencies. More de-
tails on the technique can be found elsewhere (Junkermann et
2.3.2 Ancillary instruments al., 1989; Volz-Thomas et al., 1996; Bohn et al., 2004). Fil-

terradiometer signals were recorded every 5 s providing high
Ancillary measurements were performed to characterize theesolution complementary information on rapid changes of
atmospheric conditions during the campaigns regarding thexternal conditions.
meteorological conditions, the vertical distribution and the
optical depth of the aerosols, air chemical parameters as welerosols and clouds
as cloud parameters. In addition the spectral measurements
were complemented by fast sampling broadband instrumentd mobile lidar VELIS (VEhicle-mounted Lidar System)
such as pyranometer, Biometer or other photoelectric detecand two LD-40 lidar-ceilometer (VAISALA, Vantaa, Fin-
tors that measured e.g. the photolysis frequencies of 8O  land) were employed to provide range and time-resolved

Atmos. Chem. Phys., 8, 1789812 2008 www.atmos-chem-phys.net/8/1789/2008/



S. Thiel et al.: Influence of clouds on the spectral actinic flux density 1797

information on aerosol and cloud properties during the IN-  Several MICROTOPS Il sunphotometers (Solar Lightinc.,
SPECTRO campaigns. During the first campaign in EastPhiladelphia, PA, USA) were used to measure aerosol optical
Anglia only VELIS was used. The instrument was located atdepth (AOD) at 440, 500, 670 and 1020 nm as well as pre-
the core site of Weybourne. In 2004 the VELIS was installedcipitable water column and total ozone column, depending
at the core site of Buchhofen. The VAISALA LD-40 lidar- on the type of instrument.
ceilometers were installed at the mountain site of Spiegelau, Cloud cover and cloud type were determined from the
and at Eirstenzell. analysis of sky camera pictures and eye observations. In ad-
The VELIS lidar was developed at ISAC to retrieve cal- dition eye observations of cloud cover in octas, cloud type
ibrated profiles of aerosol backscatter and extinction coeffi-and cloud altitude in m were made routinely every hour at
cients, plus depolarization ratio, at 532 nm between 200 nthe German Weather Service (DWD) statiofisdtenzell and
and 20km above ground level (a.g.l.). Each VELIS profile Straubing. In addition eye observation was performed at the
was obtained after averaging the returns of 6000 laser shotgore sites of each campaign (Weybourne and Buchhofen).
corresponding to 6.6 min. Calibrations were performed
against climatological molecular density profiles from radio- Meteorological and chemical parameters

sounding records of nearby airports. One profile every . )
15min was retrieved during the campaign flights. A thor- Puring the first campaign ground-based measurements of

ough description of the VELIS inversion procedure and er-Chemical parameters were made at Weybourne alongside the

rors of the retrieved backscatter and extinction coefficientsMeasurement of standard meteorological data. These in-
can be found in Gobbi et al. (2003). A series of aerosol mod-cluded measurements of peroxy radicals gHind RQ),

els (Barnaba and Gobbi, 2001 and 2004) has been imple2ZONe; carbon monoxide, nitrogen oxides and peroxides. An

mented to invert the lidar signal and retrieve aerosol properPVerview of the instruments and methods is given in Pen-

ties as extinction coefficient, surface area and volume. Othekett et al. (1999) and Green et al. (2006). Observations of
parameters retrieved by the lidar analysis are the backscattd¥ind direction and speed as well as temperature obtained
ratio and the linear depolarization ratio. The backscatter ratidro™ the ground based systems were used for interpretation

relates the amount of aerosol/cloud backscatter to the mole@f the trace gas measurements and in combination with pyra-
ular one. The depolarization ratio was used to discriminatg’oMeter data for deriving cloud geometrical parameters like

non-spherical (i.e. solid) particles as dust or cirrus cloudstloud base size, whilst the other chemical data was used

(typical depolarization-40-60%) from spherical ones as lig- to cor_lstrain chemical_box model cglculations whi_ch will be
uid aerosols or cloud droplets (typical depolarization-dt- described elsewhere in a forthcoming paper (Claire Reeves,

5%) (Gobbi et al., 2003). Information on planetary bound- personal communication). During the second campaign only

ary layer (PBL) height plus cloud base and top heights Wasmeteorologmal parameters (wind, temperature apd humid-
also retrieved from the VELIS observations by visual analy-ty) Were measured at Buchhofen, and also obtained from
sis of single profiles. In particular, the PBL height was de- N Gérman Weather Service (DWD) stations Straubing and
termined as the level of the first change in slope (minimumFurstenzell.
in signal derivative) of the backscatter signal (Menut et al.,
;999). Cloud bottqm is defined'atlthe level of §harp increasey Campaigns
in backscatter, while cloud top is inferred looking at the up-
permost level of increased backscatter in regions of reduce¢hstrument intercomparison
cloud optical thickness (usually near cloud gaps). In fact, de-
termining cloud height in optically thick, unbroken clouds is During the first week of the first campaign (Norfolk, UK) all
not possible for this system. the spectroradiometers used at the ground stations, plus the
The LD-40 ceilometer was developed by VAISALA to re- University of Manchester (UMIST) aircraft instrument, were
trieve cloud layers height up to 13km. This system oper-located at the Weybourne site for an instrument intercompar-
ated at 855nm. Cloud base and top, as well as PBL altiison. This intercomparison lasted 5 days, 4 to 8 September
tude were retrieved with an approach similar to the one de{day numbers 247-251 of the year), during which a range of
scribed for the VELIS lidar. A code for the analysis of the sky conditions were encountered, including some clear skies.
LD40 record implemented at ISAC, provides contour plots The weather was predominantly dry but cloud cover could
of range-corrected signal and the PBL height. Converselychange rapidly in the often windy conditions. To minimize
tropospheric aerosol profiling is not possible with this instru- the influence of changing conditions all scans were synchro-
ment due to its much lower signal to noise ratio with respectnized, with the instruments scanning 290-500 nm in 0.5nm
to VELIS. Eggenfelden and Straubing have regular airfieldssteps with 3s per step. Several of the instruments could
and thus have their own standard deployment of ceilometerameasure two or more radiation parameters by changing in-
Therefore, with the exception of Brotjacklriegel, each site put optics, thus measurements on the full hour were global
was equipped with a ceilometer or a lidar system measuringrradiance, and those on the half hour were actinic flux den-
the cloud base altitude. sity. Generally the intercomparison started at 07:00 UTC and
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continued until 18:00 UTC each day. Only the first day be- covered the location of the ground stations. During the first
gan with a few blind scans (each instrument independent oEampaign the single engine aircrafts (Cessna and Ultralight)
any knowledge of the others). After the first day direct beamflew close to the coast from the edge of Weybourne to Bee-
scans were added to the schedule if the sun was not occludeston rather than going out to sea, truncating the tip of the
by clouds for sufficient time to enable the measurement.  flight triangle. Not all flights were flown to this pattern, the
There was also one day of intercomparison at the airportUltralight in particular had its own flight missions, and the
(19 September, day 262) when the QASUME instrument wadPartenavias sometimes made almost vertical profiles to mea-
installed at one side of the apron and the aircraft irradiancesure the spectral actinic flux density as a function of altitude.
instruments mounted alongside, either still installed in the
aircraft or removed and placed on the apron. This inter-
comparison was made during high cloud cover and occa-
sional light rain. The airborne radiation instruments were

.Data homogenization
thus cross-referenced to each other, and the ground based in- 9

struments through the QASUME instrument. Homogenization procedures are important to ensure that
During the first week of the second campaign in Germanymeasurements from all instruments are intercomparable, in-
(GER) all the ground-based and airborne spectroradiometergependent of the instrument type or resolution. This mainly
were located on the airfield of Straubing for an instrumentyesyits in correction procedures e.g. for an instrumental
intercomparison. The instruments were mounted on the ﬂa{/vavelength shift, a cosine response error or stray-light er-
surface of concrete surrounded by grassland or on the roofgyrs. pifferences in the slit-function between the instruments
of the cabins housing the personnel and control computers, oing inaccuracies in wavelength settings (calibration, instru-
in their respective aircraft. The intercomparison lasted 5 andnent characteristics) were corrected using the ShicRIVM al-
half days between 6 and 11 May (days 127-132 of the year)gorithm (Slaper et al., 1995). A correction of the wavelength
During this time period mainly broken cloud and overcast ghift and deconvolution of the measured spectra to standard-

Data products and simulations

conditions with occasional rain occurred. ized 1nm FWHM spectra was performed. The major post
) ) correction procedures used for the spectral instruments GBE
Main campaign and GBS were on the J¢D) photolysis rates derived from

the Cessna airborne actinic flux density data. Due to the lack

After intercomparison, equilibration and calibration checks sensitivity of the PDA below 305 nm and additional stray-

of the instruments the measurement program began for thgy i influence the parametric correction method developed
first campaign on 12 September (day 255 in 2002) and Orby Jakel et al. (2005) was used. For similar reasons a cor-

14 May (day 135 in 2004) for the second campaign, reSPECraction procedure was applied for the spectral actinic flux

tively. All ground based measurements were performed be'density measurements of the instruments DED, DEM and
tween 08:00 to 18:00 local time throughout the campaign.DFD/DFU_

Each instrument was allowed to scan at its own best speed.
Since conditions were expected to differ at the various sitesphotolysis frequencies, aerosol optical depth and total ozone
there was no advantage to synchronization and it was bettefojumn
to make the measurement as frequently as possible to cap-
ture a particular sky condition. Scan speeds ranged from apThe photolysis frequency in s~1 of a substance was cal-
proximately one step per second to one step per 3s depermrulated on the basis of the measured or simulated spectral
dent on instrument. The standard scans were 290-500 nractinic flux density in photons ¥ s~ as described e.g. in
at 0.5nm steps (290-550 nm during the second campaignMadronich (1987). Our work set the focus on the photoly-
though some instruments were limited to shorter wavelengthsis of ozone and nitrogen dioxide. The photolysis rates of
and others had the ability to extend further into the visible. Inthe corresponding photo-dissociation processes were calcu-
order to check the long term stability of all instruments inter- lated using the quantum yields from Matsumi et al. (2002)
comparisons were conducted at each measurement site onaad Troe (2000) as well as the absorption cross sections from
the full campaign was in progress. Therefore, two instru-Daumont et al. (1992) and Merienne et al. (1995), respec-
ments were chosen as traveling standards for quality controkively.
one instrument for actinic flux density (DED, second cam- For the direct spectral irradiance and the aerosol opti-
paign) and one instrument for irradiance (QASUME, first cal depth retrieval following the methodology described in
campaign and GUV, second campaign). Marenco et al. (1997), the absolute calibrated direct irradi-
Two Partenavias, a Cessna and during the first campaigance spectral measurements (BREWER instrument) in the
an Ultralight formed the main airborne platforms available range 290-365nm and in steps of 0.5nm was used. The
for simultaneous flights. For each campaign area a basispectral aerosol optical depth was determined by compar-
flight path was defined around the experimental box showring the measured cloud-free spectral direct irradiance at the
in Fig. 1 for use in synchronized flights. The flight paths surface to the direct irradiance which was calculated from
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the transfer of the high resolution extraterrestrial spectrumbRadtran software package version 1.0 (Mayer and Kylling,
ATLAS 3 (VanHoosier, 1996) through the atmosphere us-2005). For all simulations a cloudless US standard atmo-
ing Beer's law and accounting only for molecular absorp- sphere (Anderson et al., 1986) was assumed. Spectral sur-
tion (mainly G; and SQ) and Rayleigh scattering. The face albedos were measured from a low-flying aircraft at each
method that was used to calibrate the direct irradiance speazampaign site. The ozone layer thicknesses were derived
tra for the GRT spectroradiometer is described in Kazadzidrom direct irradiance measurements. The aerosol optical
et al. (2005). The Rayleigh optical depth was calculateddepth is given by = B x1~* whereg denotes thdngstiom
according to Hansen and Travis (1974) or Bodhaine etturbidity coefficient and. the wavelengths in micrometers.
al. (1999) and the ozone cross sections were taken from Bas'§1e,&ngstr'0m exponentr was set to 1.3. A spring/summer

and Paur (1985). aerosol profile (Shettle, 1989) was used containing rural tro-
pospheric aerosol from MODTRAN 3 (Abreu and Anderson,
Ground albedo and Satellite information 1996). Only background conditions of stratospheric aerosols

were assumed (from MODTRAN 3). Photolysis rates gf O

The airborne instruments measured the spectrally resolveend NG were computed at a fixed temperature of 298 K us-
effective albedo at a certain altitude above ground which wasng the absorption cross sections described above. The Solar
defined as the ratio of the irradiance incident at the down-Ultraviolet Spectral Irradiance Monitor (SUSIM) extraterres-
ward looking entrance optics to the irradiance incident ontrial solar spectrum measured on board the Space Shuttle dur-
the upward looking entrance optics. Since there is a layer ofng the ATLAS 3 mission in November 1994 (Van Hoosier,
atmosphere between the surface and the actual place of aif-996) was applied. All actinic flux density simulations ac-
craft this effective albedo is a combination of the inhomoge-counted for the instrumental spectral response functions.
neous albedo of the surface and reflection by the intervening
atmospheric layer at a certain altitude above ground. In or3-D radiation transfer model
der to derive the spectral ground albedo the measured data
were linearly extrapolated to the surface (Webb et al., 2004)For the 3-D radiative transfer calculations during the project
This method has proved valid in clean air conditions. An-the MYSTIC (Monte Carlo code for the physically correct
other method uses the radiation transfer model UVSPEC tdracing of photons in cloudy atmospheres) model was used
remove the effect of the atmospheric layer between the surMayer, 2000; Mayer and Kylling, 2005). For calculations in
face and the measurement altitude. Details of this method arthe spectral range of interest the following components are
described by Wendisch et al. (2003). required: (1) a description of the background atmosphere in-

Space-borne composite pictures (METEOSAT, MODIS) cluding the profiles of pressure, temperature, and ozone con-
were used to prepare the flight plans and to define the aircentration (which are basically available from routine obser-
borne measurement schedule. AVHRR data were used twations); (2) three-dimensional cloud data sets and (3), the
derive the cloud cover in a spatial resolution of approx.surface albedo or the Bidirectional Reflectance Distribution
1x1km. Function (BRDF) which was be parameterized via the three-

Total cloud cover was provided by the European Cloudparameter formula of Rahman et al. (1993). Homogenized
Climatology (ECC) data base. The cloud products radiation data sets have been prepared for all campaign days
base on NOAA/AVHRR data and were derived by the where sufficient aircraft observations were available, in total
AVHRR Processing schen@ver d_ouds,Land, anddcean 6 days for the first campaign in Norwich, UK and 3 days for
(APOLLO) including a careful quality control (Meeiker et the second campaign in Straubing, Germany.
al., 2004). An important characteristic of the ECC is its high  The model precision was determined only by the num-
spatial resolution of approximately x1.1kn? in latitude  ber of photons. As the Monte Carlo method is a statisti-
and longitude, respectively. This high resolution allowed thecal technique, the uncertainty (standard deviation) of the re-
direct comparison with surface observations. sult is proportional to the inverse square root of the num-

In addition to ground based measurements of the totaPer of photons traced. Comparisons for one-dimensional
ozone column, particularly under overcast conditions, whergeometries using £Ophotons have shown an agreement
groundbased instruments such as the Brewer could not detepetween MYSTIC and the one-dimensional DISORT code
mine the O3 column from direct irradiance measurements{Stamnes et al., 1988) of better than 0.01% (which was less
the data from the EP-TOMS instrument was uséattp than the MYSTIC statistical uncertainty for this photon num-

/ftoms.gsfc.nasa.gov/indasB.htm)). ber). In the Intercomparison of 3-D radiation codes (I3RC,
http://climate.gsfc.nasa.gov/I3RCa core group of about 6
1-D radiation transfer model models including MYSTIC agreed within typically 0.1-1%

for several inhomogeneous cloud cases.
The actinic flux density profiles were simulated using the The calculation of irradiances in a Monte Carlo code is
multi-stream discrete ordinates radiative transfer equatiorstraightforward, by counting photons passing through a given
solver DISORT?2 based on Stamnes et al. (1988) within the li-area, normalising the sum of photon weights to the number
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of photons incident at the top of the atmosphere, and multi-distributed over the vertical coordinate using the averaged
plying with the extraterrestrial irradiance. The calculation of aircraft profile, starting from the lowest cloudy level iden-
actinic flux density, however, requires weighting each pho-tified by the aircraft. For each cloud layer the extinction
ton with a factor 1/cas whereé is the polar angle of the coefficient was determined from the observed liquid water
photon passing through the plane. Within the framework ofcontent and effective droplet size and integrated over altitude
INSPECTRO, Scheirer and Mayer introduced a new methoduntil the satellite-derived optical thickness is reached. With
to calculate the actinic flux density, using the fact that the en-that procedure, a variable cloud top was constructed. If the
ergy absorbed per unit time is simply the product of the ac-vertical extension of the aircraft profile was not sufficient to
tinic flux density and the absorption coefficient (Madronich, reproduce the satellite-derived optical thickness, the profiles
1987; Mayer and Madronich, 2004). Hence, an alternativewere extrapolated using the linear fit to the profile. That way,
method to calculate the actinic flux density is to count the data sets of about 100 kkri 00 km domain size were created,
absorbed photons in each grid cell and to divide it by thewith a horizontal resolution of 1 km.

absorption coefficient. The new method was implemented,

tested, and found to perform considerably better than the ] » ) )
original algorithm. 5 Meteorological conditions during both campaigns

As a result of the different geographical location and time

of the year, the cloud base altitude, aerosol optical depth and

Clouds vary significantly in space and time. A 3-D re- the total ozone column at EastAngllawerg much Iqwercom—
pared to the corresponding mean values in Bavaria. The to-

trieval of clouds from aircraft observations is a great chal- | | db 245 and 310 DU at E
lenge. Until now measurements could not provide the com-2! 0Zone column ranged between an at East

plete three-dimensional cloud structure but only point ob—;fl‘nglia anfd lbet(\;veends’io and _400 Dq i_n fclaerr(rj]any_. The 'r?
servations along the aircraft path. If the latter is carefully lrJ]enceho clou sfan the vargmgl af:t'g'c u_)é ((jar_13|ty on the
chosen, and if the cloud stays reasonably constant durin otochemistry of peroxy radicals is described in Green et

the flight, the derivation of the cloud field is possible, or at 1. (2006) and Fleming et al. (2006).
least the derivation of a cloud field with statistical properties
identical to those observed along the flight path. During IN-
SPECTRO we were able to follow both methods, (1) to gen-completely cloudless days did not occur during either cam-
erate a cloud field which reproduces the observations alo”ﬁbaign. The most suitable clear sky reference days were 12
the flight path and is statistically similar otherwise; and (2) September for the first campaign and 20 May of the second
a cloud field which closely resembles the actual geometri—campaign_ On both days cloudless conditions were observed
cgl distributipn, by cqmbining the airpraft observations with 4¢ |east during the flying activities with only some cloud in
high-resolution satellite remote sensing. the mountain area during the second campaign which was
An automated algorithm CLABAUTAIR Gloud liquid  dominated by convective cloud formation. During the early
water content and effective radius retriew anautomated morning hours the Sky was Very often cloudless and the for-
use ofaircraft measurements) (Scheirer and Schmidt, 200S)nation of cumulus clouds typically started around 09:00 h
was used to generate a 3-D-cloud field which exhibits the(yTc) above the mountain area. The horizontal and vertical
statistical properties of the microphysical aircraft measure-extension of the clouds increased until early afternoon. On
ments. As input parameters for the algorithm, liquid water21 and 22 May thunderstorms occurred and this resulted in
content as well as effective droplet radius were used. On th@ery Comp|ex cloud conditions with several cloud |ayers ocC-
basis of the airborne data the autocorrelation functions weryrring on the following days. Such complex situations were
determined along the flight tracks for every layer, defined bynot analyzed in detail with respect to the limited opportuni-
the user. The resulting patterns of the autocorrelation functies of the simulations and for safety reasons of the flights.
tions were used to extrapolate the data from the initial fieldThe maximum flight altitude was below the typical altitude
(aircraft observations) to the whole 3-D-domain. Finally, the of high clouds. Therefore, when high clouds were present no
resulting field was forced to fit the measured probability den-getailed analysis of data during such conditions was made.
sity functions, including cloud-free parts to allow broken or Nearly ideal conditions with a single cloud layer occurred
even scattered cloud fields (Scheirer and Schmidt, 2005). on September 13th (broken cumulus), 14th (overcast stra-
In addition to the high-resolution data sets a method to de‘tus) and 15th (overcast Stratocumu|us) in 2002 in East An-
termine low-resolution data based on 1 km resolution satelglia (Fig. 2). During the second campaign such single cloud

lite images combined with averaged vertical profiles of cloud|ayers were observed on 19 May (broken cumulus) and 25th
microphysics was developed. For this purpose, cloud covebroken cumulus).

and optical thickness of each satellite pixel was derived from
NOAA/AVHRR using the APOLLO algorithm by Kriebel et
al. (2003). The optical thickness thus determined was then

Generation of a 3-D cloud field

Clouds
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Fig. 2. Sky conditions in East Anglia (from the left to the right) of the 12 September (nearly cloudless), 13th (cumulus hum), 14th (stratus)
and 15th (stratocumulus) shown from ground (1st row), from an aircraft (2nd row) and from the MODIS instrument on the TERRA satellite
(3rd row). The red square on the 3rd row pictures denotes roughly the campaign area.

Aerosols bourne this layer was centred at 800m a.g.l., while it is at
1500m a.g.l. at Buchhofen (Fig. 3). In addition, the very
The temperature profile during 12 September with partlylow depolarization ratio and integral AGED.12 observed at
cloudless conditions exhibited an inversion at an altitude ofiweybourne P <2%) revealed the liquid, unpolluted nature
approximately 1200 m. Below this inversion the temperatureof this likely maritime aerosol. At Buchhofen, increasing de-
decreased with 0.8 K per 100 m altitude. Above the inver-polarization D¥5% in the lower PBL indicated the mixing
sion the temperature remained practically constant. Duringf solid particles with liquid ones. Conversely, liquid parti-
the cloudless day of the second campaign (20 May) the temeles dominated in the cloud formation region (1300-2300 m
perature decreased with 0.7 K per 100 m up to an altitude okbove sea level) while some residual dust increased depo-
approx. 2000 m where a small inversion was observed. Théarization between 2300 and 5000 m a.s.|. Both backscatter
aerosol optical depth at 532 nm, the planetary boundary layeratio and integral AOD were much larger than at Weybourne.
(PBL) and the region for cloud generation were much lower|t is worth noticing the similar contributions from the PBL
during the first campaign at East Anglia compared to the secand the cloud formation region to the AOD.
ond campaign in Bavaria. This relationship is illustrated in
Fig. 3 showing two typical lidar samples measured on theGround albedo
days of 12 September 2002 at East Anglia and on 20 May
2004 in Bavaria. The first change in slope of the descendindgrigure 4 shows the spectral ground albedo derived from
backscatter ratio profiles of Fig. 3 indicated a PBL height of spectroradiometer measurements on board the Cessna air-
400 m above ground level (a.g.l.) at Weybourne (early after-craft (red line, Webb et al., 2004) and on board the Leipzig
noon marine PBL) and of 700 m a.g.l. at Buchhofen (morn-Partenavia during the first campaign in East Anglia (green
ing continental PBL). Cloud formation regions were revealedline) and the second campaign in Bavaria (black line). The
by a platform or an increase in backscatter ratio. At Wey-Cessna spectrum was obtained by linear interpolation of the
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Fig. 4. Spectral ground albedo of both campaign sites. The albedo

Fig. 3. VELIS lidar profiles retrieved at Weybourne (left plot) and at is derived from airborne spectral irradiance measurements (upward

Buchhofen (right plot). Altitude is plotted with respect to sea level. @nd downward) in combination with a radiation transfer model to
The black line denotes the backscatter ratio, the blue line indicate§!iminate the influence of the underlying atmospheric layer. The

the depolarization ratio, and the red line represents the integrate§T0r Pars denote the uncertainty of the spectral albedo. For the
(from ground) aerosol optical depth (AOD) at 532 nm. determination of the uncertainty please see Webb et al. (2004) and

Wendisch et al. (2005).

measured effective albedo at different altitudes to the sur-
face. The Partenavia spectra were obtained using the radi- |n a first step towards the determination of a measurement
ation transfer model UVSPEC to eliminate the influence of uncertainty systematic error sources were detected and elimi-
the underlying atmospheric layer. Both albedo spectra agre@ated during the instrument intercomparison which naturally
within the Uncertainty limit at Wavelengths where they over- includes the reference Systems_ In a second Step the |0ng
lap. It can be seen that the spectral albedo of the groungerm stability was examined by running the traveling refer-
surface generally increases with wavelength through the UVence system for up to three days at each site over the whole
and into the visible. These results are specific to the farmlangeriod of the campaign. The resulting ratio of the measure-
with some timbered areas. ments of each spectroradiometer system to the corresponding
reference system should be the same as during the intercom-
. . parison period. Hence, the time series of this ratio stands for
6 Spectral actinic flux density measurements the stability and a constant ratio indicates a long term stabil-
ity of the investigated instrument. As an example the time
series of the irradiance ratio (spectral irradiance ratio of the

The acquisition of a 3-D radiation field requires simultaneousréférence system to all other systems) versus the day of the

measurements at distinct positions of the investigated grigy®a' Of the first campaign is shown in Fig. 5. With the ex-
An important prerequisite for the interpretation of the mea- ¢ePtion of the GBR instrument and the NTN instrument the
sured radiation data set is the knowledge of systematic anftios remained very stable. The NTN instrument exhibited
statistical deviations between the different measurement sy<2 ratio of 1.15 at 310 nm. This behavior was detected during
tems and the knowledge of the stability of the systems duringh€ intercomparison (step 1) and based on the use of a wrong
the campaign. This was achieved by the instrument interCalibration file for the NTN instrument. After using the cor-

comparison which was performed before the main campaigri€Ct calibration the measured spectral irradiance during the
in combination with a reference system traveling to each in-days 254 and 255 agree much better with the reference in-

strument (one after the other) during the main campaign pestrument. The GBR instrument has an absolute calibration

riods. At East Anglia the QASUME instrument was used as/ower than the other instruments, but it was used for albedo
a mobile reference instrument (traveling standard) for specneasurements which are an internal ratio, therefore the ab-
tral global irradiance measurements and the DED system foﬁolut_e calibration match to the ground based instruments is
spectral actinic flux density measurements. During the secl€SS important.

ond campaign the QASUME traveling instrument was substi- The time series of the spectral actinic flux density ratio of
tuted by the GUV instrument measuring spectral irradianceeach instrument during the second campaign and the corre-
in several narrow band channels. sponding reference system is shown in Fig. 6. e

I band ch I ponding ref yst DED h Fig. 6. Th

Instrument intercomparison
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day of the year Fig. 6. Check of the long term stability of the spectroradiometer
systems used for the ground based measurements of spectral actinic
Fig. 5. Check of the long term stability of the spectroradiometer flux density during the second campaign in Bavaria in 2004. For
systems used for the ground based measurements of spectral irrad@lentifying the ID’s of the systems please refer the Sects. 2.2 and
ance during the first campaign in East Anglia in 2002. For identi- 2.3.1. The stability is illustrated as the ratio of the photolysis fre-
fying the ID’s of the systems please refer the Sects. 2.2 and 2.3.1quency for NG (upper plot) and ozone (lower plot) of each system
The stability is illustrated as the ratio of the spectral irradiance at(NNN) to the reference system (DED).
310nm (upper plot) and 400 nm (lower plot) of the reference sys-
tem (QASUME) to other systems (NNN).
procedure is of course the limitation to }{@) data. In case
that no correction procedure was used a systematic deviation
ratios vary around 1.05 for the J(NDbut remain flat with  up to 40% of the J(éD) value occurs (PGD, GBS, and GBE
time. The ratios of the J#D) values were also stable with instruments).
time but revealed in a first view a systematic deviation of
20-40% for the instruments PGD, GBS and GBE and a solaActinic flux density profiles
zenith angle dependence of nearly all instruments. This fact
leads to the conclusion that the solar zenith angle dependendauring the clear sky conditions of both campaigns the up-
can be attributed to the reference instrument, which operateward and downward spectral actinic flux density were mea-
on the basis of a single monochromator with a diode arraysured on board of three aircraft which allows comparison
detector. Such a single monochromator system overestimatesf the measured profiles of the different aircraft with sim-
the measurements at shorter wavelength810 nm) due to  ulations. The results are shown as photolysis rate profiles
stray light contamination (Bais et al., 2003). Therefore, thefor ozone and nitrogen dioxide in Figs. 7 and 8 for the to-
reference instrument DED used a stray light correction pro-tal, downward and upward flux during the clear sky periods
cedure. The disadvantage of the procedure is here an oveof both campaigns (day 255 in 2002 and day 141 in 2004).
valuation of the spectral actinic flux density values for solar The measured aerosol optical depth of each day varied be-
zenith angles above 70 degrees. This leads to the day courseeen 0.05-0.15 (day 255) and 0.5-0.8 (day 141). This al-
in the actinic flux density ratio shown in Fig. 6. The DFD in- lowed comparison between a “low AOD” case on day 255
strument corrected the JtD) values instead of the spectral and a “high AOD” case on day 141. All photolysis rates of
actinic flux density values with respect to solar zenith angleFigs. 7 and 8 were derived from spectral actinic flux den-
and other atmospheric parameters. The disadvantage of thity measurements. While the points of each graph denote
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Fig. 7. Comparison of total, downward and upward J@yQand J(@D)-profiles derived from airborne measurements of two aircraft (PG,

PL) and 1-D-radiation transfer calculations along the flight track on 12 September 2002 (day 255). The measured aerosol optical depth of this
day lies in the range of 0.05-0.15 which represents a low aerosol load of the atmosphere. All photolysis rates are derived from the spectral
actinic flux density data. While the filled symbols of each graph denote the measurements, the corresponding simulations are representec
by open symbols and solid lines. The results of the two aircraft measurements are marked by different colours: red and ruby represent
measured or simulated PG data; black and dark grey the PL data and its simulation. The lower three plots represent the corresponding ratio
of measured and simulated profiles versus altitude.

the measurements, the corresponding simulations are repre@ounced for J(N@) values (red, green and black) than for
sented by solid lines at a vertical resolution of 250 m. A hor- J(O'D) values (wine, olive and dark grey).

izontal course of the curves in the plots is a result of flying a  The ratios of measured and simulated profiles are shown in
long period at one altitude and therefore, of a changing zenithhe lowest row of the plots. The agreement between the mea-
angle which in turn changes the photolysis rate. A secondsured and simulated downward profiles lies generally in the
effect which produced horizontal spikes is the angle of pitchrange of+15%. The systematically lower JtD) values of

(roll angle of the lateral axis of the wings) and roll (roll an- the GBS instrument on board of C seems to be a result from
gle of the longitudinal axis) of the aircraft. The second effectthe stray-light correction procedure applied. Before the cor-
occurred particularly for measurements on board of aircraftrection the measured J¥D) was approximately 10% higher
without a pitch and roll angle stabilization (PG and C). The than the simulated values. The agreement between measured
results of the three aircraft were marked by different colours:and simulated upward flux density profiles is much worse.
green and olive represents measured or simulated C data, rédere the ratio reaches from 0.5 up to factors of 5-10 depend-
and wine PG data and black and dark grey PL data, respedng on the aircraft and altitude. In the case of very small
tively. The most noticeable difference between both aerosoground albedo values the measurement of the upward flux is
cases lies in the shape of the profile which is much more rovery sensitive to changes in the pitch and roll angle during
tund for all three types of fluxes (downward, upward, total) the flight. Such changes occur especially at low altitudes af-
in the case of higher aerosol content. This shape is more praer the take off or generally during flight manoeuvres with
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Fig. 8. Comparison of total, downward and upward J@yCand J(GD)-profiles derived from airborne measurements of three aircraft (PG,

PL and C) and 1-D-radiation transfer calculations along the flight trackon 20 May 2004 (day number 141). The measured aerosol optical
depth varies between 0.5-0.8 which represents a “moderate AOD” case. All photolysis rates are derived from spectral actinic flux density
data. While the filled symbols of each graph denote the measurements, the corresponding simulations are represented by open symbols ar
solid lines. The results of the three aircraft are marked by different colours: green and olive represents measured or simulated Cessna date
red and ruby PG data and dark grey and black PL data, respectively. The plots of the lowest line represent the deviation between measure:
and simulated profiles versus the altitude.

large changes in the altitude over a small area (flying nar{fer calculations. This comparison is illustrated in Fig. 9 for
row circles). Also, the effective albedo changes the mostthe photolysis rates of NO(upper plot) and ozone (lower
near the ground. Therefore, a careful interpretation of theplot). It shows actinic flux density profiles on six selected
upward flux data is needed. The contribution of the upwarddays and the corresponding mean value of the ground based
flux density to the total flux density normally ranges under measurements at the sites of the campaign area (symbols).
clear sky conditions between 10 and 25% depending on th&he error bar represents the variability of the actinic flux
albedo of the underlying atmospheric layer and the grounddensity (standard deviation) during the time of measurement
The largest deviation of the measured upward flux densityof the profile. The extrapolation of each profile towards the
from the simulated results occurred if the portion of the up-ground meets the mean value of the ground based measure-
ward flux density is small (approx. 10%). Hence the total ments within the uncertainty limits. In addition the vari-
flux density exhibited only a small dependency on changingability at the ground (the collective of all sites) reflects the
pitch and roll angles during the flight. variability of the profile caused by clouds. On the selected

The measured profiles of the downward actinic flux den- clear sky” day 141 of the second campaign (20 May 2004)

sity can also be compared with the corresponding groun c}he airborne profile (turquoise) was compared with a profile

based measurements instead of the results of radiation trangf ground based measurements (turquoise symbols) resulted
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1100

with the largest increase for the optically thickest cloud. The

] below-cloud actinic flux density is decreased by about 55—

] 65%. Just below the cloud top the downwelling actinic flux

] density has a maximum which is seen in both the measure-
ments and the model results. For broken clouds the tradi-
tional cloud fraction approximation is not able to simultane-
ously reproduce the measured above-cloud enhancement and
below-cloud reduction in the actinic flux density (Kylling et
al., 2005).
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An example of a 3-D cloud field resulting from the
] CLABAUTAIR-method (see Sect. 4 — Generation of a 3-D
] cloud field) and its validation by observations is shown in
] Fig. 10 for the day 146 during the second campaign (25 May,
09:50 UTC) in Bavaria. The corresponding sky camera pic-
tures at several measurement sites and a picture taken from
the aircraft demonstrate that the simulated cloud field overall
mirrors the cloudy conditions over the campaign area. This
impression was supported by comparison of the mean alti-
tude of cloud top and cloud base as well as the mean cloud
amount of the simulated cloud field with observations at the
ground. Figure 11 shows a generally good agreement be-
tween the simulated and the mean of the time averaged cloud
altitudes observed at the measurement sitestEnzell and
Straubing. For most days of the campaign where it was pos-
Fig. 9. Comparison of ground based and airborne measurement§iPle to simulate the cloud situation the simulated cloud base
of downward actinic flux density. The selected days of the cam-lies within the variance limits of the ground based observa-
paigns (sky condition) are marked in different colours: black — 12tions. The observed results represent an average over the
September 2002 (clear sky), red — 13 September 2002 (scattereime window of +0.5h around 09:30UTC. For the cloud
clouds), green — 14 September 2002 (overcast), blue — 15 Septemop altitude it seems that the observations at the ground were
ber 2002 (overcast), turqoise — 20 May 2004 (clear sky), magentaystematically lower than the results of the simulated cloud
— 26 May 2004 (partly cloudy). The groundbased measurementsje|q. This can be explained by an underestimation of the
are represented by symt_x_)ls with an error bar (stan_dard dev'aF'Onéloud top altitude by the observer. The agreement between
\('jv:r';g rtf]féeflci;shih;e;/iizab'l'ty of the actinic flux density at the site the CLABAUTAIR simulations and observations of the real
' cloud field was much better during the second campaign than
during the first campaign. The main reason for this was
a changed flight pattern which was used during the second
from the different altitudes of the sites. Both profiles show campaign. The tracks of that flight pattern were randomly
good agreement within the uncertainty limits of the measure-jstributed over the measurement area instead of a fixed track
ment. But the measurements of the Brotjacklriedel site tendyround the investigated area during the first campaign. Ta-
to be lower than the corresponding values of the airborne progje 1 shows the mean cloud cover of the measurement area
file which can be explained by horizontal degradations at the;a|culated from the simulated cloud field and results obtained
site. by ground based and spaceborne observations. During the
The comparison of measured and simulated actinic fluxfirst four days of the first campaign the cloud amount of the
density (profiles and ground-based data) under cloudy consimulated cloud field agrees with the observations made at
ditions is described in more detail in Monks et al. (2004) andWeybourne but shows a deviation to the European Cloud Cli-
Kylling et al. (2005). Kylling et al. showed that for overcast matology data set on day 258. On day 265 the calculated
days 1-D-radiative transfer calculations reproduce the overalmean cloud amount was clearly lower than the observed val-
behaviour of the actinic flux density measured by the aircraft.ues and on day 271 to high compared to the observations. On
Furthermore the actinic flux density is increased by betweerday 271 the cloud cover from the ECC data set was too low.
60—-100% above the cloud layer compared to a cloudless skihis can be explained by the fact that the satellite overpass
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Fig. 10. Comparison of the structure of the simulated cloud field with observations made by eye at different sites on 25 May 2004, at
09:30 UTC. Considering the high dynamical process of convective cloud development the simulated cloud field shows a good agreement
with observed conditions may with the exception daf$tenzell (upper line, last picture).

time is in most cases out of the time window of the aircraft Fig. 12 shows the resulting normalised fluxes of all five sta-
measurements of liquid water content and effective radius orions and the simulated area-mean, standard deviations, and
which the mean cloud cover of the simulated cloud field baseextreme values.

and, therefore, a change in cloud cover out of this window The difference between the observations at the individual
was not considered. sites illustrates the variability within the domain. While the

Figure 12 shows results from three-dimensional radiationactinic flux density at the Buchhofen station is very close to
transfer calculations using the MYSTIC model and groundthe cloudless sky simulation, the sky at Spiegelau was over-
based measurements during the flight on 25 May 2004 of th&ast after 09:00 UTC, probably caused by orographic clouds
second campaign in Bavaria. Considering the experienceforming at the mountain. Nevertheless, the range of sim-
gained during the first campaign, the regular triangular flightulated values matches nicely the observations. In partic-
pattern had been replaced by a more random one which aular the lowest values of the simulation agree almost per-
lowed better retrieval of the actual cloud structure. For such dectly with the lowest observed data. On the other hand,
large domain, the time-dependent cloud amount needs to bée enhancement predicted by the model is somewhat larger
taken into account: During the flights the cloud-fraction in- than the enhancement observed at Spiegelau, Buchhofen, and
creased remarkably. The retrieved cloud-field is thus a cros§99enfelden.
section along the increasing cloudiness. The comparison of
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Table 1. Cloud amount data (fractional area coverage) of the measurement area obtained from a simulated cloud field compared to ground
based and satellite based observations of the corresponding real cloud field. The simulated cloud field is created with CLABAUTAIR and
bases on airborne measurements of microphysical parameters of the real cloud field (liquid water content, effective radius). The satellite
data is obtained from the European Cloud Climatology (ECC) data set (btsrlet al., 2004). The ground based observation by eye is
represented by the mean cloud amount and its variability within the time window of the aircraft measurements for the cloud field simulation.

Dayof Time Simulated Ground based ECCdata ECC - Satellite
the year window Cloud Field observation overpass time

First campaign, East Anglia, 2002

256 09:00-10:00 0.47 0.40.19 0.64 11:29
257 09:55-12:39 1 40 1.00 11:18
258 09:30-11:30 1 40 0.71 12:47
263 12:32-14:17 0.99 40 0.97 11:52
265 12:33-14:47 0.21 0.59.11 0.49 11:30
271 09:24-11:21 0.71 0.39.16 0.09 12:04

Second campaign, Bavaria, 2004

140 09:09-11:56 0.78 0.310.08 0.17 14:31
145 10:45-12:01 0.63 0.63.21 0.56:0.07 10:15/14:09
146a 08:16-11:00 0.14 0.29.21 - -
146b 11:40-14:25 0.43 0.56.16 0.66 13:45
T oo 7 ot T respect to abgolu_te n_umbers as well as statistical variability.
3500-_ Bavaria, 2004 East Angiia, 2002 ] For a real validation in the sense that input (clpuds and at-
v mosphere) as well as output (actinic flux density) were de-
3000 - v . ) L o .
17 Y ~ v ] termined with high enough accuracy to decide if the simu-
_ 25004 I E i J lations are “correct” within certain error limits, the observa-
@ 1 ‘é tions were not sufficient. This is a general problem in cloud-
E 2000'% A 2 M 7 radiation research, due to the high variability of clouds in
2 15004 v v space and time of which we were well aware when the IN-
2 ] & cb-simulation v i T SPECTRO proposal was prepared. A real “closure study”
< 1000 4 cb-ceilometer v & would require the most sophisticated equipment available,
{4 co-DWD, observ. Te 4 possibly a combination of scanning radar and lidar. Nev-
A ch-IPP, observ.
5001y ctsimulation 24 ] ertheless, we conclude that the aim, to provide consistent
ol” Icf"f’?'?bf‘e{"; e .- cloud/radiation data sets for further analyses on the accu-
140 141 142 143 144 145 146  256258260262264266268270272 racy of various radiative transfer approximations and on at-
day of the year mospheric chemistry, was fully reached.

Fig. 11. Comparison of cloud base and cloud top altitudes of the. The Intercomparlson of.aII spectroradiometer systems dur-
simulated cloud field with observations made of the correspond-m_g bOth campaigns conf_lrmed an agreemen_t of all systems
ing real cloud field. The simulated cloud field is created by the Within the range of-10% if necessary corrections e.g. stray
CLABAUTAIR algorithm which uses airborne liquid water content light correction were applied. The changes in the stability
measurements. The observations are based on measurements Wgre lower than 5% throughout the campaign period and
lidar, ceilometer and eye observation. DWD: German Weather Sereven negligible during a few days. The 3@ data of the
vice, IPP: INSPECTRO project partner, cb: cloud base, ct: cloudsingle monochromator systems should not be used for zenith
top. angles above 70

For cloudless conditions we can conclude that it is possi-
ble to reproduce the measurements of the actinic flux den-
sity profiles by a 1-D- radiative transfer model within the
measurement and model uncertainties of akbl®%. The
The method developed in the INSPECTRO project, to derivesame order of deviation can be observed if the measurements
three-dimensional cloud structures from aircraft and satellitebetween different spectroradiometer systems at the different
observations has been shown to provide realistic data, witlaircraft are compared.

8 Conclusions
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Fig. 12. Comparison of ground based measurements and 3-D-calculations from the radiation transfer model MYSTIC on 25 May 2004 in
Bavaria (second campaign). The radiative transfer calculations were done for 09:30 UTC (yellow star). The calculated mean actinic flux
density is averaged over the measurement area (black line) and represents the simulation during the complete flying period. The simulation:s
agree well with the ground based observations during the flying period with respect to the calculated mean and its variability within the
measurement area.
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