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Abstract. The current study analyses the cloud radiative effect duieytime depending on cloud fraction and cloud type at
two stations in Switzerland over a time period of three toyiears. Information about fractional cloud coverage andatype

is retrieved from images taken by visible all-sky camerdeu@ base height (CBH) data are retrieved from a ceilometdr a
integrated water vapour (IWV) data from GPS measurementsldrigwave cloud radiative effect (LCE) for low-level claud
and a cloud coverage of 8 oktas has a median value betweend5B2aim —2. For mid- and high-level clouds the LCE is
significantly lower. It is shown that the fractional cloudveoage, the CBH and IWV all have an influence on the magnitude of
the LCE. These observed dependences have also been madigigde radiative transfer model MODTRANS. The relative
values of the shortwave cloud radiative effect (S9Eor low-level clouds and a cloud coverage of 8 oktas are betw90 to

-62 %. Also here the higher the cloud is, the less negativ&@ig, values are. In cases where the measured direct radiation
value is below the threshold of 128m~2 (occulted sun) the SGE decreases substantially, while cases where the measured
direct radiation value is larger than 1X0m 2 (visible sun) lead to a SG& of around 0 %. In 14 % and 10 % of the cases
in Davos and Payerne respectively a cloud enhancement basobserved with a maximum in the cloud class cirrocumulus-
altocumulus at both stations. The calculated median ttdabcradiative effect (TCE) values are negative for almdstlaud
classes and cloud coverages.

1 Introduction

The influence of clouds on the radiation budget and radiataugsfer of energy in the atmosphere persist the greateste®

of uncertainty in the simulation of climate chandg®o(icher et al. 2013). Small changes in cloudiness and radiation can
have large impacts on the Earth’s climate. There are two etimgp influences of clouds on the surface radiation budget
(Sohn and Bennart2008): On one hand, clouds reflect incoming shortwave tiadiand thus diminish the incoming energy
on the Earth’s surface. On the other hand, they prevent laagwadiation from the surface and lower atmosphere from es-
caping the atmosphere. Radiation is the energy source whiclifies the atmospheric thermodynamic structure, thehisart
general circulation and the climate systeSolin and Bennart2008). The effect of clouds is not only of importance in the
long-term temporal and spatial averages but also on shiimiescales (seconds to minutes). Furthermore, the exehaing
energy due to the formation of clouds and precipitation isnaportant component of the global water cycle and in turn of
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climate changeTrenberth 2011). Thus the influence of clouds has to be measured ahgadan more detail.

Not only the cloud amount but also other cloud parameterk asce.g. cloud type and cloud optical thickness are of impor-
tance. The physical parameters defining the various clquestynay have distinct effects on radiation of different iewgths.

For example optically thin and high-level clouds have athetty small effect on the downward shortwave radiationgvéas
low-level and thick clouds scatter and absorb a large patieolar radiation and re-emit it as thermal radiation iiaéc-
tions. Thus cloud type variations can alter both shortwanelangwave radiation fluxes due to changes in cloud levedsem
content and cloud temperaturédhen et al. 2000;Allan, 2011). However, not only different cloud types, but alsauds of

the same type may have a distinct influence on the surfacatiadibudget due to their macrophysical (cloud coverage and
geometry) and microphysical properties (e.g. opticalkigss and particle size distributiofister et al, 2003). The distri-
bution, frequency and length of occurrence of differentiditypes, and the cloud amount in general, may cause a change i
climate variations and climate feedbad&ofiy et al, 2006;Norris et al, 2016). In order to assess the cloud climate feedback,
also cloud independent parameters such as time of year erdfirday are of importancé\(lan, 2011). Knowledge about the
cloud type also allows conclusions to be drawn regardingtineent atmospheric motion€len et al, 2000). Thus additional
information about the cloud type is crucial to categorizedloud radiative effectHutyan et al, 2005).

In detailed numerical weather and climate prediction m&delloud properties (cloud base height, cloud cover anddclou
thickness) and the physical processes responsible footheation and dissipation of clouds are often approximatiand
parametrisations (e.@ony et al, 2006;Allan et al, 2007;Zelinka et al, 2014;Sherwood et a].2015). In order to contribute

to the accuracy of the representation of clouds in atmogppegdiction models, there is need for satellite and grebased

in situ measurement$ohn 1999;Jensen et al.2008;Su et al, 2010;Roesch et a].2011). Satellite measurements have the
advantage of covering a wider area. Mainly over the oceaa®limost the only data source to obtain information abouta!
coverage and cloud typ©fring et al, 2005). However, the temporal resolution of satellite picid is limited. From the Me-
teosat Second Generation (MSG) geostationary satefiitesstance, data about clouds are taken with a time resolof 15
minutes (Werkmeister et al2015). Therefore and for the validation of cloud produotef satellites, ground-based observing
systems such as all-sky cameras are necessary.

For several years, all-sky cloud cameras have been in udd-wate in order to collect continuous information aboutudls
from the surface. Many studies already determined clou@re@e based on all-sky camera images (eamg et al, 2006;
Kazantzidis et a).2012;Alonso et al. 2014).Heinle et al.(2010) presented a method for using all-sky camera imageage

sify cloud typesWacker et al(2015) applied, with slight modifications, this algorithexdetermine six cloud classes automat-
ically with a mean success rate of 50 to 70 %. The current aiigdg the cloud type detection and the cloud fraction alyorit
presented iWacker et al(2015).

The current study presents a study of cloud radiative effetiie surface depending on cloud fraction and cloud typesat
stations in Switzerland over a time period of 3-5 years. Tat énd methods (including the description of the algorithm
and the models) are described in section 2. The cloud raediaffect in the longwave and shortwave ranges at the two sta-
tions Davos and Payerne and sensitivity analyses are peesamd discussed in section 3. Conclusions are outlineztiios 4.



10

15

20

25

30

2 Dataand Methods
2.1 Data

Data are available from two stations in Switzerland. Théista are located at two altitude levels, Payerne, locatetthe
Midlands (46.49N, 6.56 E, 490 m asl) and Davos, located in the Swiss Alps (48\BB.84E, 1,594 m asl). At both of these
stations a visible all-sky camera has been installed. Theeca type in Payerne is a VIS-J1006, manufactured by Schrede
GmbH (www.schreder-cms.com). This camera system corafisteommercial digital camera (Canon Power Shot A60) with
a fisheye lens and a glass dome on top to protect the cameradiomnd dust. This camera is sensitive in the red-greea-blu
(RGB) region of the spectrum and takes two images every fiveit@s with a resolution af200 x 1600 pixels each. The two
images taken, one just after the other one, have differgrasexe times (1/500 s and 1/1600 s, respectively) but the §iaed
aperture of /8.

The camera system in Davos is a Q24M from Mobotix (www.mobotim). It is a commercial surveillance camera with a
fisheye lens sensitive in the RGB as well. The resolution @fttteges is the same as that for the camera in Payerne. In Davos
one image is taken every minute with an exposure time of 16§50he Mobotix camera is ventilated and installed on a solar
tracker with a shading disk.

The radiation data are retrieved from Kipp and Zonen CMP22mymeters (shortwave; 0.3 +3n) and from Kipp and Zo-
nen CG4 pyrgeometers (longwave; 3 - 10@) at both stations. All the instruments are daily cleaned @aceable to the
respective standard groups of the World Radiation Center@)VRhe temperature data used in the current study are neshsur
at 2 m height at both stations. The integrated water vapMiKfldata are based on GPS measuremeBé&vi et al. 1992;
Hagemann et a).2003) and retrieved from the STARTWAVE (STudies in Atmosph Radiative Transfer and Water Vapour
Effects) databaseMorland et al, 2006). Aerosol optical depth (AOD) data, used for the shkave cloud-free model, are re-
trieved from precision filter radiometers (PFR, manufaatiiny PMOD/WRC). Ceilometer data for the retrieval of the dlou
base height (CBH) are only available in Payerne. At thisatasa CHM15k ceilometer from Jenoptik (now Lufft Mess- und
Regeltechnik GmbH) is installed\fjegner and Geif2012).

For the Davos station the cloud radiative effect (CRE) hanlmalculated from August 7, 2013 to April 30, 2017 with a time
resolution of one minute. Data have only been taken intowtdor daytime measurements when the sun is located minimum
five degrees above the horizon and the mountains. For Paybestudy of CRE includes data from January 1, 2013 to April
30, 2017 with a time resolution of five minutes. Data considaare during daytime with a solar zenith angle (SZA) of maxi-
mum 78 . Cloud camera data availability in these periods is aroh#nd 86 % for Davos and Payerne respectively which
mainly results from occasional data gaps of 1 to 3 consexdtys. The lower data availability in Payerne can be expthiny

two longer time periods of more than 20 consecutive daysifowinter and one in summer) when no camera data are available
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2.2 Cloud Radiative Effect

In the current study, the cloud radiative effect (CRE) isedi as a radiation measurement value minus a modelled cloud-
free value. The total cloud radiative effect (TCE) is divddato shortwave cloud radiative effect (SCE) and longwaoeid
radiative effect (LCE)

TCE=SCE+LCE =DSRos — DSRcfm+ DLRoyps — DLR (1)

which are both calculated by comparing an observed downvealidtion measurement (shortwave (SW)5 R, longwave
(LW): DLR,s) with a modelled downward radiation value (SWSR.y,, and LW: DLR.y,,). For our calculations, only
measurements from downward radiation during daytime &entinto account. The atmospheric conditions (namely tempe
ature and IWV) in the models are assumed to be the same undelycmd cloud-free conditions. In the following, the SCE

values are given as relative valuég(F,.;) and calculated using Eq. 2.
SCE,c; =SCE/DSR_ s +100% 2

whereDSR,;,, is the modelled cloud-free irradiance value for the comesing date and timeSCE,.; is used due to the
fact that different solar zenith angles lead to large défferes in the absolute SCE values. Clouds increase the radddir
radiation at the surface as they emit LW radiation. Shorewadiation measured at the surface is usually reduced byslas
they reflect SW radiation back to space.

2.3 Cloud-free Models

For the calculation of the cloud radiative effects two cldtee models, one for the shortwave and the other one for the
longwave range, are needed. The cloud-free model for tigmlave is an empirical model with input of measured surfage te
perature and integrated water vapour (IWV) values and a thilogy of the atmospheric temperature profiacker et al.
2014). Comparing the LW radiation measurements of the efceglcases, detected in the aforementioned time peridi tie
LW radiation values of the cloud-free model gives a mearediffice of- 0.9 +3.9 Wm~2 and— 0.5 8.1 Wm~2 for Davos
and Payerne respectively. Thus this difference lies with@asurement uncertainty as it has also been showhidzker et al.
(2014).

The shortwave cloud-free model (used in Eq. 2) is a lookuletédBJT) based on radiative transfer model calculationsigsi
LibRadtran Mayer and Kylling 2005). The input of the model is a standard atmospheredirgjuseveral measured atmo-
spheric parameters: solar zenith angle (SZA), aerosolitons (Angstrom coefficient and aerosol optical depth (AQbth
interpolated over one day) and IWV. The airmass is calculatiéid the formula presented bgasten and Youn(1989). The
LUT is different for the two stations Davos and Payerne, wering a different range of values that might occur. Meadur
values of IWV, SZA and aerosol content are then interpolatid the LUT and downward shortwave cloud-free irradiance
values are available for all the single time steps and theesponding atmospheric conditions. The difference betvi&&/
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measurement and the cloud-free model depends on the SZAigdeer the SZA, the higher the mean difference. In Davos, the
mean difference changes fran2 +20.7 Wm~2 (0.9 +2.6 %) for data with SZA <50t05.7 £14.7 Wm~2 (1.1 £3.8 %)

for data with SZA > 50. In Payerne, the mean difference7i§ +41.7 Wm~2 (1.0 £5.2 %) for data with SZA < 50. The
mean difference is witB.3 4-34.1 Wm~2 (0.6 +8.9 %) slightly larger for data with SZA from 50 to 78

2.4 Cloud Fraction and Cloud Type Retrievals

The calculation of the fractional cloud coverage is basetherall-sky cloud camera images from the aforementioned sys
tems. Before calculating the cloud amount the images muptédygrocessed. The distortion of the images is removed with a
polynomial function. Additionally a horizon mask must bdided since Davos is located between two mountain ridges. For
both stations the horizon mask has been defined on the baais ioflividual cloud-free image. After the preprocessing of
the images a colour ratio (the sum of the blue to green ratie fhile blue to red ratio) is calculated per piXélacker et al.
2015). This calculated colour ratio is compared with a efiee ratio value which is defined empirically in order to de th
cloud classification per pixel. The reference value for Bagd.2 and the one for Payerne 2.5. These values are diffduien

to the differences in camera systems and settings. Aftepadnyg the calculated ratio with the reference value a d@tisan

be made per pixel on a classification of cloud or cloud-frdee fractional cloud coverage is then calculated as the suati of
cloudy pixels divided by the total number of sky pixels. F@tbrical reasons the fractional cloud coverage is giveokitas
(CIMO, 2014). The classification of oktas is taken frovMacker et al(2015). Thus zero okta cloud coverage or cloud-free is
defined as 0 - 5 % fractional cloud coverage. Thus cloud-foess shot necessarily mean no clouds at all. On the other end of
the scale, eight oktas is defined as a fractional cloud cgees&95 % and more, which implies that it is not necessarilyllg
covered sky. Okta 1 - 7 are defined in between with steps o61% Tractional cloud coverage. For 65 - 85 % of the cases
(in comparison to different cloud fraction retrieval instrents), the success rate of the fractional cloud coveulzlon is

+1 okta (Wacker et al.2015).

The algorithm ofHeinle et al.(2010) allows the classification of clouds based on statisfeatures retrieved from the all-sky
cloud images. This algorithm has been slightly adaptetiVlgker et al(2015) and is the one used for the current analysis.
The classification is done by first calculating twelve sp@ctextural and radiative features. The features undesideration

are the mean of the red and the mean of the blue channel, stiaofelaation and the skewness both of the blue channel, @nd th
differences between the red and green, red and blue, anad gneleblue channels. The textural features are the enenglyasb
and homogeneity of the blue channel and the total cloud egerThe radiative feature longwave cloud radiative effiast
been added bWacker et al(2015) after testing its (positive) influence on the mearcess rate of the cloud type recognition.
The classifier used is the k-nearest-neighbour (knn) methbith is a supervised method. The training set to apply tire k
method has been determined with visual analysis of the imdde training set is only available for the Payerne stafibis,

for both stations, Davos and Payerne, the same trainingasdiden used. The training set contains only images withlond ¢
type present. However, the training images display a widietyein the shape and position of the clouds, but not necgdsa
cloud fractions. In the classification procedure differelotd types per image might be detected, however as a resiytthe
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one with the most hits is chosen. Thus only one cloud typerpage is determined, although several might be present. The
seven classes studied are cloud-free (Cf), cirrus-chatast (Ci-Cs), cirrocumulus-altocumulus (Cc-Ac), stcatimulus (Sc),
stratus-altostratus (St-As), cumulus (Cu) and cumulonsatimbostratus (Cb-Ns). In the following, low-level ctisiconsist

Cu, Sc, St-As and Cb-Ns. The cloud class Cc-Ac is a mid-ldeeiccclass and Ci-Cs is a high-level cloud class.

According toWacker et al(2015), for a random data set of Davos, the situation Cf wactly classified in more than 85 %

of cases followed by Ci-Cs (65 %) and Cu (more than 50 % of tkesja For Payerne, around 80 % of the manually classified
Sc clouds are also classified as such with the automaticitdgoand a random data set. The second most correctly détecte
cloud class is Cf (more than 70 % of the cases) and Cb-Ns (68ttteafases). In the average, the success rates are 57 % and
55 % for Davos and Payerne respectiveélyacker et al.2015).

3 Resultsand Discussion
3.1 Occurrence of Cloud Fraction and Cloud Types

The data sets for the calculation of the cloud radiativec¢ff€RE) consist of 595,806 and 117,763 images for Davos and
Payerne respectively. In Davos, the cloud coverage is @ilgtas for 35 % of the data set. In 17 % of the cases the cloud
coverage is zero okta, which means a fractional cloud cgeeshmaximum 5 %. Seven oktas cloud coverage occurs in 11 %
of the cases followed by one okta (10 %). Two to six oktas cloakrage are all equally distributed in 5 to 6 % of the cases.
Also in Payerne, a cloud coverage of eight oktas is detemimenost of the cases (41 %), followed by zero okta in 25 % of
the cases. In 10 % of the cases a cloud coverage of 1 okta isnile¢el followed by seven oktas (6 % of the cases) and two
oktas (5 %). A cloud coverage of three to six oktas is detesghin 3 - 4 % of the cases.

The distribution of the cloud coverage over the months isvshfor Davos and Payerne separately in Figure 1. The colours
indicate okta cloud coverages. In the winter half year (withaximum in March and December) the sky is more often cloud-
free than in the summer half year in Davos. In contrast, in kfi@ysky is covered with eight oktas in almost half of the cases
Cloud coverages of 1 to 7 oktas are quite equally distribotest the months. In Payerne the situation is opposite fard:lo
free days with more frequent eight oktas cloud coverage imtesime whereas cloud-free situations are more commanglur
summertime. Also in Payerne, cloud coverages of 1 to 7 ok&ataaly equally distributed.

The difference in cloud-free and overcast situations caexptained by the location and the topography of the twotati

In the Midlands, where Payerne is located, in autumn andawvimbnths a common meteorological condition is an inversion
which leads to fog and thus to an overcast sky. Whereas in Déveated in the Alps, the weather is rather dominated by
thermal lift, which occurs more often in summer than in winte

Regarding the distribution of the cloud coverages in okasughout the day, no real pattern can be observed in Danos. |
Payerne there are more cloud-free conditions in the eariywimg than later in the day. The other okta cloud coveragesiao
equally distributed throughout the day.

In Davos, of the 595,806 cases, St-As, with 37 % of the clowstgais the cloud type that is most detected in the studied
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Figure 1. Relative frequencies of cloud coverages in 1 to 8 okta divisions (alldctgpes together) for the two stations Davos (left) and
Payerne (right).

time period. The second and third most detected sky comditio Davos are Cf and Cc-Ac with 17 % and 14 % respectively,
followed by Sc (13 %), Cu (12 %), Ci-Cs (5 %) and Cb-Ns (2 %).

In Payerne, of the 117,763 sky images, in 31 % of the caseddhd type Sc is detected. This is followed by Cf in around
25 % of cases, Cb-Ns, Cc-Ac and Ci-Cs (each 11 %), St-As (7 @YXan(4 %).

Figure 2 shows the relative frequencies of the cloud classesonth for the two stations Davos and Payerne separatdly a
all cloud coverages together. In Davos, as determined bglgarithm, from October to May St-As is present in at leas%40

of the cases per month. This fraction of St-As is rather tgt lind might be due to a limitation of the cloud type algorithm
The limitation is, that the algorithm applied for Davos iaitred with images from Payerne. Therefore it might be maire di
ficult to distinguish between low-level cloud classes (&gAs and Sc) in Davos. This limitation might also be resflaas

for the rather infrequent determination of Cu in Davos. Theid class Cc-Ac is more often present in summertime than in
wintertime. Ci-Cs is almost absent in the months August tmBer. This absence of the cloud class Ci-Cs in the late summe
months does not match with the visual analysis of images aghitribe explained by the fact that the cloud detection atgori

is not sensitive enough to detect thin high-level clouds TEngest fraction of cloud type in Payerne is Sc for all menifrhe
cloud classes Cb-Ns and St-As are both more often observatduintertime than during summertime. The larger frequyen

of these two cloud types agree with the fact that there is roftem fully covered sky in wintertime than summertime.
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Figure 2. Relative frequencies of all cloud classes per month (all cloud coesramgether) for the two stations Davos (left) and Payerne
(right). Sc: stratocumulus, Cu: cumulus, St-As: stratus-altostratu$y<loumulonimbus-nimbostratus, Cc-Ac: cirrocumulus-altocumulus,
Ci-Cs: cirrus-cirrostratus, Cf: cloud-free.

Regarding the distribution of the cloud classes througlioeitday, there are no large differences in the occurrencéoatic
types per time of day. The distribution is quite flat for botéti®ns.

3.2 Cloud Radiative Effect
3.21 Longwave Cloud Effect

Applying Equation 1, the longwave cloud radiative effecC&) is calculated for Davos and Payerne and the six cloudetas
separately. The dependence of LCE on fractional cloud davehe above mentioned time period for all six cloud clagses
shown for Davos in Figure 3. The boxplots in the figure showntigelian (red line), the interquartile range (blue box) ared th
values that are within 1.5 times the interquartile rangdeftiox edges (black line) per okta cloud coverage.

Figure 3 shows a non-linear increase in the LCE with increpfiactional cloud coverage for some cloud classes. This no
linear increase is clearly observed for the cumulus typedsoCu, Sc and Cc-Ac, as well as for St-As. Clouds at different
zenith angles in the sky have a stronger or weaker impact @udlwnward longwave radiation measured at the surface. In
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Table 1. Median and interquartile range of longwave cloud radiative effect ggqi&m 2] per okta for the two stations Davos (DAV) and

Payerne (PAY) and six cloud classes stratocumulus (Sc), cumulys gtCatus-altostratus (St-As), cumulonimbus-nimbostratus (Cb-Ns),

cirrocumulus-altocumulus (Cc-Ac) and cirrus-cirrostratus (Ci-Cs).

cc [okta] | station| Sc[Wm™?] | Cu[Wm 2] | St-As[Wm 2] | Cb-Ns Wm 2] | Cc-Ac [Wm 2] | Ci-Cs [Wm?]
. DAV 8(2,14) 0(-2,3) -9 ) 0(:3,3) 1(33)
PAY 8(2,13) 4(-2,9) (1) () 4(-1,9) 3(-2,8)
, DAV 9 (5,15) 3(0,6) 10 (5,14) . 4(0,8) 3(15)
PAY | 14(822) | 13(6,21) 20 (14,30) (=) 13 (5,20) 7(2,13)
5 DAV | 15(9,21) 8(3,13) 18 (8,24) () 5(1,11) 4(2,7)
PAY | 39(22,53) | 21(14,29) | 30(23,36) (=) 18 (10,27) 10 (5,16)
A DAV | 21(1529) | 14(9,20) 23 (17,28) ) 9 (4,15) 7 (3.11)
PAY | 36(2547) | 26(19,32) | 38(31,46) 66 (51,75) 23 (15,33) 12 (8,18)
] DAV | 27(18,35) | 22(18,28) | 23(15,32) 54 (46,64) 15 (9,21) 9 (5,13)
PAY | 37(27,47) | 29(22,34) | 37(32,49) 57 (50,68) 27 (18,37) 15 (10,20)
5 DAV | 35(26,44) | 34(2647) | 32 (22,44) 51 (42,60) 22 (16,29) 9 (5,14)
PAY | 41(31,52) | 36(28,44) | 41 (32,64) 58 (50,66) 32 (22,42) 18 (11,24)
; DAV | 48(39,56) | 57(50,63) | 47 (33,56) 56 (48,64) 32 (24,41) 13(8,16)
PAY | 47(36,56) | 54(33,65) | 65 (50,73) 57 (49,64) 36 (28,46) 20 (14,27)
. DAV | 61(54,67) | 63(58,68) | 65 (56,71) 67 (61,73) 49 (40,57) T
PAY | 59(49,67) | 62(58,72) | 72 (67,76) 63 (54,70) 37 (26,51) 22 (17,28)

case the zenith angles of the clouds are not equally distdbn our analysed time period, this might be a reason ferrtbin-
linearity in LCE. However, we have not analysed it in moreadlgtet and is subject of a future study. The cloud classe&ssSt-
and Ch-Ns are mainly present with a cloud coverage of 5 oktdsrere. The median LCE value for Ci-Cs in Davos and eight
oktas cloud coverage at 38m 2 is clearly too high. Manually checked images indicate a hagsification of numerous cases
as Ci-Cs instead of a cloud type with a lower cloud base. Aiptesseason for the misclassification could be that the aigior

is trained with a data set from Payerne. In general, the gréla¢ fractional cloud coverage, the more difficult it beesno
distinguish among cloud types. For the cloud type Cc-Acetfeee several LCE values of around Wan~2 and small cloud
coverages. These high values are obtained in early mormihga the cloud is located in the vicinity of the horizon.

Table 1 gives an overview of the median values and theirgntatile range of the LCE per okta cloud coverage for the six
cloud classes for Davos and Payerne separately. The nurhbas@s per cloud class and cloud fraction can be found in the
appendix (Table A1 and A2).

In Davos, the highest median LCE for a cloud coverage of 8sktabserved for the low-level cloud classes Cb-Ns, St-Ass, C
and Sc with a maximum influence on the downward longwave tiadiat the surface for Cb-Ns (6®Wm~2). The mid-level
and thinner cloud class Cc-Ac has a lower median LCE of¥@ 2 for a cloud coverage of 8 oktas. Clearly lower is the
median LCE value for the high-level cloud class Ci-Cs andta®kloud coverage (I%m~?2). Also for other cloud coverages
median LCE values of the three low-level cloud types Sc, GUStrAS stay in the same range.

Although the numbers differ between the two stations, theespattern holds also for Payerne, namely that the lower the
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cloud, the higher the LCE value. Thus for Payerne, the fowrlvel cloud types (Sc, Cu, St-As and Cb-Ns) and eight oktas
cloud coverages have median LCE values of 59 Wa2 ~2 (with interquartile ranges of maximus10 Wm~2). The median
LCE value for the mid-level cloud class Cc-Ac and eight oktlasid coverage is at 3Wm 2 clearly lower than the values
for the low-level clouds and also in comparison with the samige in Davos. The median LCE value for the high-level cloud
class Ci-Cs and 8 oktas is around®2n 2. This value is only slightly lower for smaller cloud coveesg

The difference of the median LCE values between the twooststincreases with decreasing cloud coverage. Except Sc and
Cb-Ns, the LCE values are generally larger for the statiogreRee in comparison with Davos. The difference might belpart
due to a higher underestimation of the calculated LW claeé-frradiances at Payerne. Another explanation for tfffisrdnce
might be that Payerne is located at a lower altitude levelthns the cloud base temperature is higher, which leads tgerla
emission of LW radiation. Some of the differences might alsour due to a limited number of cases in the specific groups
(see Table Al and A2). Thus, some of the numbers have to be veike caution.

3.2.2 Shortwave Cloud Effect

Table 2 summarizes the median of the SE&Nd the corresponding interquartile range for cloud cayesaf one to eight
oktas and for the cloud classes for the two stations Davofagdrne separately. The relative shortwave cloud radiaffect
(SCEy) is calculated using Eq. 2. The number of occurrence pedaitass and cloud fraction are shown in Table A1 and A2.
In Davos, the cloud type Cb-Ns, with -90 %, is the cloud typthvle largest attenuation for eight oktas cloud coverage. T
second lowest SGE value for eight oktas cloud coverage is observed for thecctgpe Cu (-78 %), followed by Cc-Ac (-
67 %). The cloud classes St-As and Sc (both -62 %) are almts¢ isame range. The uncertainty ranges given as interiguarti
range are for a fully covered sky up46l4 %. Also here no statistical values have been calculatedh&inigh-level cloud class
Ci-Cs and a cloud coverage of 8 oktas due to the same exmaraigiven in Section 3.2.1. However the median SCG&r
Ci-Cs and 1 to 7 oktas cloud coverage is in comparison to thddwel cloud classes clearly less negative with valueéeh

1 and -9 %. In general, the median SgEalues become higher the smaller the cloud coverage is.bEfiaviour is obtained
for all cloud classes.

In Payerne, a different order is observed in the lowest thittjeest SCE, values for a cloud coverage of eight oktas. The cloud
class with the lowest values, and thus the largest effeckdmegliation, is again Cb-Ns with -82 %, followed by St-As (963,

Cu (-66 %) and Sc (-63 %). The interquartile ranges are in daimange as the ones for Davos. All these four cloud classes
are low-level cloud types and also thicker clouds than thesat a higher level. Therefore it is reasonable to infertthede
are the four cloud classes with the greatest effect on thendawnd shortwave radiation. For Payerne, a clearly lesstivega
median SCE, is observed for the mid-level cloud class Cc-Ac and a clouctage of eight oktas (-47 %) in comparison to
low-level clouds. The highest median Sgizalue for 8 oktas cloud coverage is observed for the highteloud class Ci-Cs
(-29 %).

The differences in SCE values between Davos and Payerne are for several cloudayplesoud coverages rather high (e.g.
33 % for Cc-Ac and 3 oktas). An explanation for these larg#edinces, mainly for smaller cloud coverages, is the dieda
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Table 2. Median and interquartile range of relative shortwave cloud radiatiezetfalues [%] per okta for the two stations Davos (DAV)
and Payerne (PAY) and six cloud classes stratocumulus (Sc), cuf@uysstratus-altostratus (St-As), cumulonimbus-nimbostratus (Gh-Ns

cirrocumulus-altocumulus (Cc-Ac) and cirrus-cirrostratus (Ci-Cs).

cc [okta] | station Sc [%] Cu [%] St-As [%] Cb-Ns [%)] Cc-Ac [%] Ci-Cs [%]
L DAV 4 (-1,5) 1(-1,4) - () -(-) 1(-1,3) 1(-2,4)
PAY -6 (-28,5) 1(-29,9) -(--) -(--) 3(-15,9) -1 (-9,4)
) DAV 2 (-22,11) 3(-5,7) 10 (6,15) -(--) 3(-4,7) 1(-3,5)
PAY -7(-37,7) | -13(-52,12) | -37 (-42,-15) -(-) -19(-50,10) | -5 (-18,5)
3 DAV -4 (-49,13) | 5(-23,10) 15 (11,27) -(-) 3(-15,10) -1(-6,5)
PAY | -55(-68,-39)| -28(-56,12) | -32 (-44,-17) - () -30 (-51,6) -9 (-23,4)
A DAV | -14(-51,14) | -5(-51,12) | 19 (-18,32) -(-) 0 (-41,11) -4 (-17,5)
PAY | -60(-66,-51)| -43(-59,2) | -42(-52,-27)| -57 (-72,-37)| -29 (-48,-1) | -10(-25,3)
: DAV | -25(-53,13) | -44 (-64,-4) | -26(-50,2) | -60 (-72,-43)| -16 (-51,11) | -6 (-18,4)
PAY | -54 (-63,-44)| -49 (-61,-23) | -31(-53,-21) | -54 (-77,-29)| -28 (-44,-1) | -12 (-26,-1)
6 DAV -38 (-55,-6) | -60(-70,-48) | -39 (-54,-11) | -63 (-72,-45)| -16(-48,11) | -6 (-16,3)
PAY | -50(-60,-39)| -42(-59,-8) | -39 (-62,-20) | -63 (-76,-39)| -25(-41,1) | -21(-35,-9)
; DAV | -45(-58,-26) | -71 (-78,-61) | -45 (-57,-26) | -66 (-78,-52)| -34 (-54,-5) | -9 (-17,0)
PAY | -48(-58,-35)| -59 (-68,-30) | -61 (-71,-46) | -64 (-77,-43)| -25(-39,0) | -21(-34,-8)
o DAV | -62(-72,-49) | -78(-85,-70) | -62 (-75,-48) | -90 (-95,-82)| -67 (-78,-55) -(--)
PAY | -63(-76,-51)| -66 (-79,-57)| -73 (-79,-65) | -82 (-89,-71) | -47 (-63,-31) | -29 (-41,-16)

cloud enhancement phenomenon, since the positivgspeiies might increase the median of SGEA cloud enhancement
phenomenon describes an event where more downward shertadiation is measured at the surface under cloudy conditio
than expected under cloud-free conditions. Scatteringpaticedges lead to a focusing effect producing a local erdrapat

of the SW radiation.

For the calculation of the values in Table 2 different nursh@frcases have been taken into account (see appendix Table Al
and A2). Analysing e.g. the images that belong to the groefasSind 2 oktas in more detail, leads to the result that ahall t
14 images for this specific group in Payerne the sun is cousyedcloud, whereas in Davos, of the 58 images only in around
20 % of the cases the sun is occulted and in the remaining 8@&%uith is visible. As further discussed in Section 3.3.2, this
fact of visible or occulted sun can lead to a large differanc®CEg values. These larger differences in S¢alues between
the two stations mainly occur when only a limited number cdges is available. Therefore, some of the gCRlues have to

be taken with caution.

Figure 4 shows a density plot of the dependence of §OE fractional cloud coverage in Davos for the mid-level dalass
Cc-Ac. Mainly at larger cloud coverages there is a range giidri densities of data points of SEvalues between -80 to -
60 %. However, there is another stronger local maximum irdévesity distribution which shows positive SiEvalues of up

to 20 % at smaller cloud coverages. There are also some chsgs the SCF values reach up to 40 %. This enhancement
of the downward shortwave radiation measured at the sunfeite presence of clouds can also be detected in the low-leve

cloud classes.
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Figure 4. Density distribution of the dependence of SEEn cloud coverage for Davos for mid-level clouds (Cc-Ac). Thesitgrcolour
distribution represents the number of data points.

If we define a cloud radiative enhancement with a SG# minimum +5 %, in Davos 69,941 cases of the 495,473 cloudsas
are detected as cloud enhancement, thus in 14 % of the adalgses. The largest contribution stems from the cloud class
Cc-Ac at 32 % of the cases, followed by Cu at 27 %, Sc (21 %), $(A %) and Ci-Cs (10 %). The cases of observed cloud
enhancement due to the presence of Cb-Ns is negligibly sth@lR %. Thus the mid-level cloud class Cc-Ac leads to most of
the cases of cloud enhancement. However, checking for thel d¢i/pes that produce SCE values of more than 40 % leads to
another order of contribution of different cloud classes.

In Davos, 2,238 cases (0.5 % of the cloud data) are obsentedS@iE, values of 40 % and above. Here the contribution of
the two low-level cloud classes St-As (43 %) and Sc (40 %)estr than the contribution of the mid-level cloud classAcc-

(13 %). These are also the cloud types that mainly contritugaich high positive SCE values. The contributions of Ci-Cs
(2 %), Cu (1 %) and Cb-Ns (0.2 %) are negligibly small.

In Payerne, in 10 % of the 88,155 cloud cases a cloud enhamterhenore than 5 % SCE is observed. Also here, most

of the cloud enhancement cases are Cc-Ac at 42 % of the cafiesjefd by Ci-Cs with 30 % contribution. Cu only makes a
contribution of 19 % to the total 8,793 cases of cloud enhanere: greater than 5 % SGE In 8 % of the cloud enhancement
cases in Payerne a Sc cloud is responsible. The number af elthancement cases for the cloud classes Cb-Ns (1 %) and
St-As (0.2 %) is negligibly small.

A cloud enhancement of at least 40 % S&HB Payerne is detected only for 281 cases in total in the stltitne period. More
than half of these 281 cases are Cc-Ac (62 %), followed by S&4Land Cu (9 %). Only a few cases are Cbh-Ns (6 %) and
Ci-Cs (4 %). For St-As clouds there is no case observed withumlenhancement of more than 40 % SGE

Schade et al(2007) also showed that altocumulus is the cloud type thadymres most of the downward solar cloud enhance-
ment. They demonstrated that altocumulus clouds can bemsipe for temporary enhancements of up to 50t —2. In our
data, in Davos the maximum in cloud enhancement with Cc-AcSEE value of 47FWm~2 and in Payerne of 44Wm 2
under Ci-Cs conditionsSchade et al(2007) showed that the largest cloud enhancements can iséered at almost overcast
situations. However, our data show a maximum in cloud erdraeat cases for a fractional cloud coverage of 3 to 4 oktas in
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Table 3. The median and interquartile range of the total cloud radiative efiéat[ ] per okta for the two stations Davos (DAV) and

Payerne (PAY) and the six cloud classes stratocumulus (Sc), cun@uyisstratus-altostratus (St-As), cumulonimbus-nimbostratus (Cph-Ns)

cirrocumulus-altocumulus (Cc-Ac) and cirrus-cirrostratus (Ci-Cs).

cc [okta] | station| Sc[Wm™?] Cu[Wm™?] St-As [Wm 2] | Cb-Ns[Wm 2] | Cc-Ac[Wm 2] | Ci-Cs [Wm?]

. DAV 26 (-2,39) 7 (-7,23) =) -9 5 (-4,16) 7 (:9,24)
PAY -14 (-78,24) 9 (-88,52) (-9 (1) 17 (-55,55) -3(-33,27)

, DAV 20 (-80,66) 17 (-22,45) 71 (30,84) . 20 (-16,46) 7 (-14,31)
PAY | -21(-156,59) | -42(-217,87) | -69 (-98,16) (=) -49 (-136,59) | -18(-72,36)

5 DAV 5 (-197,88) 35 (-106,73) 99 (51,129) Y 23 (-65,66) 0(-28,27)
PAY | -130(-215,-78) | -113(-289,95) | -61(-88,18) (=) 72 (-148,34) | -38(-102,40)

. DAV | -42(-216,97) | -17(-239,99) | 87 (-64,137) -9 5 (-182,85) -15 (-67,31)
PAY | -146(-244,-91) | -198(-360,51) | -92 (-214,-41) | -74(-92,-33) | -76(-169,20) | -46 (-127,29)

] DAV | -82(247,94) | -166(-360,-6) | -74(-14527) | 235 (-281,-130)] -79 (-258,95) | -24(-82,32)
PAY | -154(-270,-87) | -282 (-419,-122)| -97(-189,-36) | -82(-128,-7) | -84(-186,18) | -62(-149,11)

] DAV | -139 (-308,4) | -283 (-421,-143)| -105 (-186,-20) | -153 (-272,-81) | -87 (-257,95) | -30 (-88,26)
PAY | -149 (-255,-80) | -269 (-368,-29) | -135 (-193,-67) | -104 (-237,-44) | -82 (-177,32) | -121 (-211,-40)

, DAV | -218(-352,-86) | -343 (-507,-194)| -145 (-258,-63) | -205 (-328,-116)| -175 (-316,-11) | -49 (-106,7)
PAY | -155(-262,-86) | -292 (-398,-76) | -157 (-240,-110)| -121(-219,-59) | -76(-198,32) | -122 (-217,-38)

o DAV | -335 (-462,-210)| -376 (-543,-247)| 247 (-394,-145)| -301 (-443,-189)| -315 (-462,-192) 0
PAY | -240 (-372,-141)| -466 (-572,-322)| -250 (-387,-159)| -187 (-313,-115)| -223 (-354,-95) | -183 (-275,-93)

Davos and 1 to 3 oktas in Payerne.

The manual analysis of the cloud camera images with cloudrezgment leads to the result that in most of the cases there is
a low solar zenith angle. Additionally, it has been obsertbed in cloud enhancement cases the sun is either in thatyioi

the cloud or covered with a thin cloud layer.

Several studies (e.gRobinson 1966;Schade et al.2007;Thuillier et al, 2013;Calbo et al, 2017) show the influence of the
magnitude of cloud enhancement events and its durationofare our results with these analyses about the duration of
cloud enhancement events the resolution of 1 min imagessrteduk increased to the seconds range and will be subject of a

subsequent study.
3.23 Total Cloud Effect

The total cloud radiative effect (TCE) is calculated as i &f the LCE and SCE (Eq. 1). The calculated median TCE values
and the corresponding interquartile range for cloud caesaf one to eight oktas and the cloud classes for the twiorssat
Davos and Payerne are summarised in Table 3 separatelfjd-calculation of TCE, the absolute values of SCE are taken in
account and Eg. 2 is not applied. The TCE values are maingndiv get an idea whether the SCE or the LCE is the prevailing
contributor to the TCE during daytime.

During daytime, the SCE values are the main contributioholtCE for all cloud classes and cloud coverages of 6 to 8 oktas
and the two stations Davos and Payerne. For the low-levatdigpe Cb-Ns, the TCE values are negative for all oktas cloud
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Figure 5. Dependence of LCE on integrated water vapour (IWV) for Davos dmadccoverage of 8 oktas for low-level clouds (Sc, Cu,

St-As, Cb-Ns) shown as a density plot.

coverages. Thus during daytime the SCE is the main contiibaifT CE for this cloud class. The smaller the cloud coverage
the less negative the TCE values are. This behaviour carebdaeall cloud types and both stations. Among other regsore
reason for these positive values with smaller cloud covesagight be the cloud enhancement events as described ionsect
3.2.2. Another reason might be the uncertainty in the clgpe tdetection algorithm as well as a larger uncertainty i SC

values the larger the SZA is.
3.3 Sensitivity Analysis
3.3.1 Longwave Cloud Effect

As described in Section 3.2.1, the spread of the data withénokta cloud coverage is large. This large spread can beieggl

for example by the misclassification of the cloud type as agly the uncertainty of the detection of cloud fractior-afokta
(Wacker et al.2015). Additionally, other parameters are responsihleHis uncertainty. Thus in a sensitivity analysis the in-
fluence of integrated water vapour (IWV) and cloud base h¢i@BH) is analysed.

Figure 5 shows the dependence of LCE on changes of IWV foralldwel clouds (Sc, Cu, St-As and Cb-Ns) and a cloud
coverage of eight oktas for Davos. The low-level clouds Hasen taken together since on the one hand the LCE values for
all the four low-level cloud classes are in a similar rangeé an the other hand there is considerable uncertainty inigtmd
guishing of the different cloud classes with increasingidlcoverage using the sky camera images. Figure 5 showshdyslig
negative trend between the LCE and IWV. The higher the watgowacontent in the atmosphere, the lower are the values of
the LCE. Although the trend is statistically not significathis negative trend is detected for different cloud clasgactional
cloud coverages and for the two stations Davos and Payerne.

The observed relationship between LCE and IWV was analyseddulelling a standard situation with the moderate resatutio
atmospheric transmission model MODTRANBg(k et al, 2005). We assume a standard atmosphere profile for middati
summer and winter separately with 50 altitude levels. We alssume no aerosol extinction throughout the atmospheee, d
to its negligible influence on the longwave radiatid®a(manathan et gl2001;di Sarra et al, 2011). The default cloud pa-
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Figure 6. Dependence of LCE on integrated water vapour (IWV) modelled forutusn(blue) and stratocumulus (red) clouds. Solid line:
summer standard atmosphere (SSA) and cloud base height (CBHyrof Dotted line: SSA, CBH = 5 km. Dashed line: winter standard
atmosphere (WSA), CBH = 1 km. Dash-dotted line: WSA, CBH =5 km.

rameters that have been taken for the model are for cumukileud thickness of 2.34 km (stratocumulus: 1.34 km), a cloud
extinction coefficient at 0.56m of 92.6 knt! (38.7 knt!) and a cloud liquid water vertical column density of 1.6640k 2
(0.2165 kg nT?) respectively. The input IWV values have been changed betwesnd 25 mm. The output of the model is
shown in Figure 6 for cumulus (blue) and stratocumulus (red)

The mean values of the observed dependence of LCE on IWV @guagree well with the mean values of the modelled
dependence of the two aforementioned parameters LCE and Fiurg 6). Also the model shows that more water vapour
in the atmosphere results in lower LCE values for the two alypes. The influence is smaller because in cases where there
is more water vapour in the atmosphere, the cloud is shicddedthe longwave radiation measured at the Earth’s surface i
partially coming from the water vapour and partially fronetbloud itself. In the case of less IWV in the atmosphere, the
influence of the cloud is greater and consequently also the isthigher. Cu and Sc show a similar behaviour in the model
which might be explained by similar microphysical charéstes of the two cloud types.

Another parameter which might explain the large spread énllBE within one cloud cover range is the cloud base height
(CBH). This analysis has only been performed for the daténseayerne, because it is only at this location that we measur
the CBH with a ceilometer. The observed mean dependence Bf&tCCBH and IWV is shown in Figure 7. The colours
represent different ranges of IWV.

Figure 7 shows that the lower the CBH, the higher is the LCEs Pphattern can be explained by the fact that a lower CBH
is a proxy for a higher cloud base temperature which in tuaddeto higher thermal emission. The modelling of these cases
with the radiative transfer model MODTRANS with the samenstard conditions as explained in Section 3.3.1 confirms this
assumption. The influence of CBH on downward longwave ramtidtas been analysed in more detail iudez-Mora et al.
2015). Figure 7 shows also that the more water vapour in thesghere, the lower the LCE.

Another important parameter in the LCE discussion for thauds is the optical depth of cloudsigdez-Mora et a|.2015).

However, since no data of this parameter are availableniigliscussed in the current study.
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Figure 7. Dependence of LCE on cloud base height for Payerne and lineasggn lines of the following measured IWV ranges: red:

<5 mm, green: 10 - 15 mm, blue: 20 - 25 mm and black: > 30 mm.

3.3.2 Shortwave Cloud Effect

In Section 3.2.2 it has been shown that mainly for small clooderages the majority of the cases show a gG&lue of
around 0 %. In order to understand these values and theadtifferin the situation when the Sifvalue is in a strong negative
range we analysed the images to determine whether the suadfylcovered by a cloud or not. Whether the sun is occulted o
visible is decided on the basis of measured data of direat goadiance. In cases where the value of the direct sokadtiaince
measurement of 120/m 2 per time step is exceeded, it is assumed that the sun is netemblsy a cloud. This reference value
of 1220Wm~2 is defined by the World Meteorological Organizati@iNO, 2014).

Figure 8 shows the distribution of SEEvalues of all data points in Davos for low-level clouds (Sa, St-As and Cbh-Ns).
This distribution shows two peaks, one at around gGElues of 0 % and the other one at Sg¢RFalues of -65 %. If the
cases are now divided into cases where the measured didétioa value is below 128Vm~?2 (red) and above this threshold
(blue), the result is two separate histograms as shown ur&ig. The red histogram shows the situations in which thedclo
has a substantial effect on decreasing the measured shientadiation at the surface which results in a more negafgp
value. The peak from the blue histogram is around zero thttjigpositive values. There the sun is uncovered and thus the

cloud is not diminishing the direct radiation but ratheressing the diffuse radiation measured at the surface.

4 Conclusions and Outlook

The current study analyses the cloud radiative effect d#ipgron cloud type and cloud fraction at two stations in Seriand

over a time period of three to five years.

17



10

15

20

15000

I occulted sun
Bl visible sun

10000} el DUVIUROTIDRIIVIURITE  TUTRRTRIRRTRI: ...................

Number of Data Points

5000_ ............................ ...................

0 N
-100 -50 0 50 100
SCE_, [%]

Figure 8. Distribution of SCE values for Davos for low-level clouds (Sc, Cu, St-As, Ch-Ns). Thleasured direct SW radiation is below
(red) or above (blue) a threshold of 190m 2.

We have shown that low-level cloud types like cumulus, strainulus, stratus-altostratus and cumulonimbus-ninninsst
have with median values of 59 - A«m~?2 greater longwave cloud radiative effect values than fongla mid-level clouds
cirrocumulus-altocumulus (37 - 48/'m~2). Our measurements show that most low-level cloud types hdengwave cloud
effect at the surface in a similar range. The differencefiénldongwave cloud radiative effect between the two statideasos

and Payerne is for a cloud coverage of 8 oktas up t&Vk2 2 and is becoming even larger (up to around®m2) the
smaller the fractional cloud coverage is. Some of thesemdiffces might be affected by misclassifications of the ctdgd-
rithm.

Our study confirmed, that the cloud base height and the fraalticloud coverage have an influence on the range of the LCE.
The higher the cloud coverage, the greater the LCE and therlthe cloud base height, the larger the LCE.

We also showed that there is a negative dependence of the h@iEegrated water vapour. A similar trend was observedgusin
radiative transfer modelling studies, as well asftsgcker et al(2011).

Low-level clouds have a greater effect on the SCE (up to - 9®P4b-Ns) than mid- (up to - 66 %) or high-level clouds
(- 28 %). However, not only cloud parameters have an influgmeealso whether the sun is visible or occulted. There ace tw
different distributions depending on whether the measdneztt SW radiation exceeds a threshold of ¥2éh—2 or not: one

has its maximum at around - 65 % (occulted sun) and the otheearyund 0 % (visible sun).

Our data show that in 14 % and 10 % of the cases in Davos andriRasespectively a shortwave cloud radiative enhancement
of atleast 5 % is observed. We show that Cc-Ac is the cloud tiygeis responsible for at least one third of the cloud enbanc
ment cases in Davos and Payerne.

In the current analysis, only one cloud type per cloud canmeage is defined. A step forward would be to distinguish betwe
different cloud types per image. This detection of différeloud types per image is already an intermediate step iralgar
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Table A1l. Number of cases per okta for Davos and six cloud classes stratocur{®d), cumulus (Cu), stratus-altostratus (St-As),
cumulonimbus-nimbostratus (Ch-Ns), cirrocumulus-altocumulusA€©cnd cirrus-cirrostratus (Ci-Cs).

cc [okta] Sc Cu St-As | Cb-Ns | Cc-Ac | Ci-Cs
1 43 31,875 - - 23,330 | 1,687
2 1,449 | 19,027 58 - 10,295 | 3,277
3 4,617 | 7,820 84 - 10,888 | 7,379
4 8,492 | 2,613 455 - 11,016 | 7,747
5 12,834 | 1,431 3,743 50 9,165 | 5,331
6 13,708 614 11,735 424 8,165 | 1,991
7 17,311| 909 37,899 | 1,819 | 6,272 | 608
8 21,305| 5,072 | 165,187 | 11,492 | 6,180 -

Table A2. Number of cases per okta for Payerne and six cloud classes stratiosu(sc), cumulus (Cu), stratus-altostratus (St-As),

cumulonimbus-nimbostratus (Ch-Ns), cirrocumulus-altocumulusA€cnd cirrus-cirrostratus (Ci-Cs).

cc [okta] Sc Cu St-As | Cb-Ns | Cc-Ac | Ci-Cs
1 731 1,660 - - 3,382 | 5,838
2 177 1,468 14 - 1,559 | 2,562
3 32 1,023 54 - 1,624 | 1,450
4 235 576 76 25 1,875 786
5 792 217 73 75 2,005 459
6 1,939 53 76 159 1,542 470
7 5,293 14 75 518 729 719
8 27,091 29 7,539 | 12,530 | 142 469

rithm. At the current state the cloud type with most of thes fistdetermined. A further advance would be to not only get the
most probable cloud type per image but also to obtain therifft cloud types per image as output. Thereafter a moreatecu
analysis considering the influence of the cloud type on tbecttadiative effect would be possible.

To further minimise the number of misclassifications, foutufe study it might be enough to distinguish between lowe-m
and high-level clouds instead of cloud types. This woul® &€rease the number of cases per cloud type and clouddracti
and might decrease the uncertainty of the cloud type deteatigorithm. However, it would also decrease the varietthan
cloud information.

Another step foreward might be to combine different cloutkdion instruments. A new observing system (thermal nefila
cloud camera) has been developed in order to collect alcklyd information from day- and nighttime measurementss Th

increase of the data set to nighttime information is necggsaclimate-monitoring applications.
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