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Abstract. Airborne measurements of spectral actinic flux angle is shown in figure 1. F@<90° deviations from the
densities (280-650 nm) were performed using two ideal response are small. A>90° there is a small,
spectroradiometers each covering 7a fizld-of-view. A _ inevitable cross-talk to the opposite hemispheresed by
method was developed to compensate for the nom-ideaine yertical extension of the ovoid receiver. Foound-
combined angular response of the optical receiEased o4 measurements of down-welling radiation thiss
on spectral radiance distributions from radiativensfer L . . :
talk is insignificant because of typically littlepwelling

calculations. Correction factors on the order & % were diati h be furth d by hotit
derived dependent on atmospheric conditions. Famtlts ~ adiation that can be further suppressed by hotaon
of aircraft campaigns with a Zeppelin and the resea shadow rings. However, for aircraft operationsdibgation

aircraft HALO are presented. is different. Because the combined vesponse shown in
figure 2 exhibits a distinct peak towards the homiza

Introduction condition dependent correction is required to camspée
this non-ideal response.

Ultraviolet solar radiation is driving atmospheric
chemistry because the photolysis of trace gasesisyie
highly reactive atoms or radicals. Photolysis fieagies j-
values) are first-order rate coefficients quantifyi
photolysis processes in the atmosphere:

j = I} o(DPAF;(D)dA. (1)

In this equatiorf, is the solar spectral actinic flux density,
c is the absorption cross section of the absorbialpcule
and ¢ is the quantum yield of the photo-fragments. C
Spectroradiometry is the most versatile method ¢asure 1) SR I I EAT: T I e
F.. Airborne measurements require high flexibilityghn 0 20 40 60 80 100 120
time resolution, and an4ield-of-view. We used two single- polar angle 9 / deg
monochromator-based CCD array spectroradio-metigis w
identical receiver optics, each coveringmafild-of-view
above and below the aircraft.
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Figure 1. Relative angular responsg @f a receiver for
hemispheric measurements of actinic flux densitidse
error bars indicate variations caused by differimuth
angles. The dashed line shows the ideal responsm of

Calibration and stray light correction actinic flux receiver. Wavelength is 320 nm.

Spectral sensitivity calibrations were made in the Zenith
laboratory using irradiance standards taking irtooant 1
the characteristics of actinic radiation receivers
(Hofzumahaus et al., 199Bohn et al., 2008). In addition,
secondary standards were used during the aircraft
campaigns.  Since  measurements  with  single-
monochromators can be affected by stray light, ofut-
filters were used to remove the influence on catibn
factors. Stray light typically showed a linear bebar in
the cut-off range that was extrapolated and sutetdaat all
wavelengths. The same method was applied for ‘
atmospheric measurements where stratospheric Gaise Nadir
as a natural cut-off filter.

= Horizon

Figure 2. Relative angular response of a combination of
two hemispheric receivers for airborne measurem@ais
dashed and dashed-dotted lines are the sensgidfi¢he

Goniometric measurements were made in the labgrator nadir- and zenith-viewing receivers, the solid dnthe
or sensitivity of the combined system. The black eircl

to obtain the angular response functiaé.,9,¢) of the indicates ideal behaviour.
actinic receiver optics. A typical dependenc&obn polar

Receiver angular response
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Correction factors
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Dimensionless correction facto®; were derived for r . down-well.
various atmospheric conditions, flight heights aeckiver 4T +  up-well.

combinations. TheZy are based on calculations of

atmospheric spectral radiance distributioris,(9,¢) ”2 3 -
performed with the libRadtran radiative transfer delo = ]
(Mayer and Kylling, 2005) and the measudfor each o o ]
receiver: e
2m o . a

Z, = I Jy @)L p)sin@)avdy @ 1 E

I [T Lo@)sin@)dode

Zy > 1 indicates an overestimation of actinic fluxsiges, 20 30 40 50 60 70 80 90
Zu < 1 an underestimatio#y factors can also be defined SZA / deg

separately for the wupper and lower hemispheric Figyre 4. Overview of j(O'D) values obtained during

measurements. The model was run under variatidtheof  pEGASOS (June-July 2012). Typical flight altitudesw
following input quantities: aerosol optical dep#urface 400 m above ground.

albedo and flight height. Figure 3 shows examplethe

dependence dfy on solar zenith angle for different flight 10 e ey
heights and surface albedos. In all cases theiadtirx r . total 1
density is slightly overestimated by the measuremdrhe sl . Sg‘f’\;‘lg}’l"e“' N
implementation of clouds is in progress. B r "]
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S2A/deg Sz /deg Figure 5. Overview of thg(O'D) values during NARVAL

Figure 3. Dependence oZy on solar zenith angle for ~(December 2013). Typical flight altitude was 14.Kxote
different flight heights (left) and surface albedpight).  the different scale compared to figure 4.

Wavelength is 320 nnMgsonm= 0.2; 0zone column = 300

DU; albedo=0.07 (left); height=0 km (right).
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