Atmos. Meas. Tech., 4, 146347Q 2011

www.atmos-meas-tech.net/4/1463/2011/ GG\ Atmospherlc

doi:10.5194/amt-4-1463-2011 Measurement
© Author(s) 2011. CC Attribution 3.0 License. Techniques

Sky cover from MFRSR observations

E. Kassianov, J. C. Barnard, L. K. Berg, C. Flynn, and C. N. Long
Pacific Northwest National Laboratory, Richland, Washington, 99352, USA

Received: 28 December 2010 — Published in Atmos. Meas. Tech. Discuss.: 24 January 2011
Revised: 29 June 2011 — Accepted: 8 July 2011 — Published: 20 July 2011

Abstract. The diffuse all-sky surface irradiances measured Kaufman and Koren (2006) applied data from the Aerosol
at two nearby wavelengths in the visible spectral range andRobotic Network (AERONET) for quantifying the effect
their modeled clear-sky counterparts are the main compoef pollution and smoke aerosols on the directional CF, de-
nents of a new method for estimating the fractional sky coverfined as a fraction of time that a ground-based sunphotome-
of different cloud types, including cumuli. The performance ter would detect a cloud for a given direction from the in-
of this method is illustrated using 1-min resolution data from strument to the sun. The data were collected around the
a ground-based Multi-Filter Rotating Shadowband Radiome-globe and subdivided into continental, coastal/oceanic, and
ter (MFRSR). The MFRSR data are collected at the USbhiomass burning subsets. They found an increase in the di-
Department of Energy Atmospheric Radiation Measurementectional CF of water clouds with an increase in AOD and
(ARM) Climate Research Facility (ACRF) Southern Great decrease of the aerosol absorption, and also demonstrated
Plains (SGP) site during the summer of 2007 and representhat this relationship is not a function of aerosol type and
13 days with cumuli. Good agreement is obtained betweerocation. Similarly to Kaufman and Koren (2006), Lane et
estimated values of the fractional sky cover and those proal. (2002) estimated the directional CF of small, scattered
vided by a well-established independent method based oeumuli from Multi-Filter Rotating Shadowband Radiome-
broadband observations. ter (MFRSR) observations at the US Department of Energy
Atmospheric Radiation Measurement (ARM) Climate Re-
search Facility Southern Great Plains (SGP) site and showed
_ that typical CF values do not exceed 0.3. However, the im-
1 Introduction pact of aerosol on the CF was not considered.

The majority of the climate-related studies (e.g., Zhang
Cloud fraction (CF) is a key cloud property that controls the et al., 2010) have used the fractional sky cowérwhich
amount of transmitted and reflected solar radiation, and thugs 5 hemispherical measure of cloud amount and is defined
the radiation balance at the surface (e.g., Dong et al., 200645 the fraction of hemispherical sky covered by clouds (e.g.,
Berg etal., 2011). Aerosols may substantially change the CRahn et al., 2001). The estimation®fcan be performed us-
and these changes are thought to be sensitive to the aerosgly empirical method (e.g., Long et al., 2006). This method
optical depth (AOD) and the single-scattering albedo (SSA)yses measured shortwave, broadband all-sky fluxes and their
(Perlwitz and Miller, 2010). The strength and even sign of inferred clear-sky counterparts, and provides “shortwave”
the CF-AOD relationship have been controversial for at Ieastsky coverNsw. Here we illustrate how spectrally resolved
a decade (e.g., Quaas et al., 2010, and references thereifi)ixes in the visible spectral range can be applied for esti-
and such controversy has resulted partially from samplingmating N. Since cumuli appear to be more susceptible to
issues. For example, the aerosol and cloud properties of inthe aerosol changes in comparison with other low clouds (Su
terest are obtained typically with different spatial/temporal et al., 2010), this estimation is illustrated for days with cu-
resolution by several different surface and spaceborne instrumyli and typical aerosol loading. For these selected days, the
ments. Thus, there is an essential need to have a tool th%roso] Optica| properties (e'g_, AOD and SSA) are consis-

can offer the coincident and collocated measurements angbnt with the climatological values (e.g., McComiskey et al.,
retrievals of cloud and aerosol properties. 2008; Michalsky et al., 2010).
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Originally, Min et al. (2008) suggested a technique for es- P $ g Ex 3 [ ¢ 8O
t3

timating N from the MFRSR data. This technique involves
the ratio of MFRSR-measured diffuse transmittance at two -
wavelengths (870 and 415 nm), the so-called the transmit-
tance ratio. The diffuse transmittance was defined as a dif-
fuse flux divided by the corresponding extraterrestrial spec- * 415t ]
tral irradiance inferred from Langley regression on clear-sky é al s ; 2;’2:2 |
days. The technique requires the clear- and cloudy-sky base- * ’ *
lines. To obtain them, sufficiently long periods with opti-
cally thick clouds are required. Such periods can be ob-
tained easily for clouds with large horizontal extent such
as stratus/stratocumulus clouds. On the other hand, cumuli
may be optically thin and have more limited spatial extent.
The corresponding cloudy-sky transmittance ratio has small-
scale fluctuations (Fig. 1¢), which hamper estimation of the
cloudy-sky baseline. Thus, application of this technique to
cumuli could be problematic. Moreover, the application of " W PPN
this technique is complicated by issues of diurnal changes of Iy D 1 Iy 18
aerosol properties. As an example, we consider a day with Time (CST), hour
strong diurnal AOD variations where “evening” AOD val-
ues (from 17:00 to 18:00 CST) exceed their “morning” coun- Fig. 1. Temporal realizations of optical dgpth at threg wavelengths
terparts (from 09:00 to 10:00 CST) by more than two times (415, 500, and 870 nn@), the corresponding all-sky diffuse fluxes
(Fig. 1a). As: resul the btaned moming” clear-sybase- 0, 21 1 Ase fansmicance oo an dfence of s
Ilne is not representative of the “evening” period (Fig. 1c) and (c) represent the “clear-sky” baselines for the diffuse transmittance
vice versa. ratio and diffuse flux difference, respectively.

For a given solar zenith angle, the temporal variations
of the clear-sky fluxes are mostly governed by changes of

aerosol properties, and these changes should be consideregplain the large fluctuations of the observed diffuse fluxes
We apply a three-step physically-based approach (Kassianogig. 1b). Note that these fluctuations are strongly correlated
etal., 2011) using: (i) the spectrally resolved direct and dif- 5t 415 and 500 nm wavelengths (Fig. 1b). Consequently, the
fuse irradiances for retrieval of aerosol optical properties dur|oud-induced contribution to the all-sky diffuse irradiance

ing clear sky periods (Harrison and Michalsky, 1994; Kas-js proportional at these wavelengths. As a result, the dif-
sianov et al., 2007), (i) temporal interpolation of the re- ference of irradiances (Fig. 1c) has fluctuations with much

trieved clear-sky aerosol properties for temporally “nearby” smaller amplitude relative to the corresponding all-sky spec-
cloudy intervals, and (iii) calculations the clear-sky fluxes tra| fluxes (Fig. 1b). This suggests that in comparison with

by using a radiative transfer model (Kassianov and Koganghe spectral diffuse fluxes (415 and 500 nm), this difference
2002) and the aerosol properties found by the temporal injs |ess sensitive to the cloud-induced effects. Thus, for esti-

terpolation. By “nearby” we mean cloudy periods, during matingN we apply the difference that can be written as
which we cannot find aerosol optical properties. These pe-

riods are sandwiched between clear periods, when it is pos# (500 — F (415 = (1— N) [ Fo(500 — Fp(415)]

sible to obtain aerosol optical properties. These properties + N[F1(500) — Fy (415)] (2a)
include the AOD, and vertically-integrated SSA and asym-

metry parameter. Figure 1c shows an application of this apThe right part of Eq. (2a) has two terms, which represent
proach for obtaining a “clear-sky” baseline for the difference weighted contributions of the clear-sky and cloudy-sky com-
of the measured diffuse all-sky fluxes at two wavelengthsponents to the difference of diffuse fluxes. For a given sky
(415 and 500 nm). We apply this difference to defveas  cover (V), the sign and magnitude of these contributions are

Optical Depth
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follows. o defined by spectral changes of the extraterrestrial spectral ir-
In the framework of plane-parallel approximation, all-sky radiance, solar zenith angle, cloud and aerosol properties and

diffuse fluxes can be described as surface albedo.

FO)=(1—N)Fo(\) + NFL(). 1) Typically, the spectral changes of AOD are substantial in

the visible spectral range and these changes are mostly re-
whereFp andF1 is the clear-sky and cloudy-sky diffuse flux, sponsible for considerable spectral variations of the clear-sky
respectively. Obviously, this approximation is not able to diffuse fluxes at a given time. In contrast to AOD, cloud
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Fig. 2. Two-dimensional images of ground-based micropulse attenuated lidar backscatter for the 8 days when TSI observations are available.

optical properties do not vary much with wavelength in the We note that Eq. (3) does not require additional informa-
visible region, and compared to the clear-sky diffuse fluxestion on cloud type. Thus, the proposed retrieval has poten-
at 415 and 500 nm, their cloudy-sky counterparts are compatial to be used operationally, with minimal human interven-
rable. Therefore, to a first approximation, we can neglect thetion for conditions with a wide range of cloud types. Cer-
second right term of the Eq. (2a) and obtain tainly, its application is limited to cases where the cloudy-
sky contribution to the difference of all-sky diffuse fluxes
F (500 — F (419~ (1-N) [F0o(500 — Fo(415)] (2b) (see Eqg. (2a)) is small relative to its clear-sky counterpart.
From Egs. (2b) we define the “visible” fractional sky cover Obvious exceptions include conditions when: (i) the AOD
as is almost spectrally independent (e.g., Slingo et al., 2006),
(ii) cloud optical depth (COD) is small and comparable with
Nyis ~ 1—[F (500 — F (419] / [Fo(500 — Fo(419]  (3)  AOD (e.g., Dupont et al., 2008), and (iii) different combina-
tions of the preceding two factors. Conditions (i) and (ii) rep-

Equation (3) includes a normalized difference of the all-s L )
q (3) kyresent an aerosol layer with significant fraction of large par-

diffuse fluxes. Such normalization removes the solar zenit . . .
gcles (e.g., dust), and optically thin cirrus clouds (e.g., semi-

angle effects and potential observational biases. Since thi nsparent). r tivelv. Another potential i Id ari
difference appears less sensitive to the cloud-induced effectga sparent), respectively. Another potential issue could arise

relative to the corresponding spectral diffuse fluxes, Eq. (3)With Igst'ing overcast conqlitions when aerosol retrie'vals'are
could be applicable for different cloud types, including strat- very limited for a da;_/ of mt_erest and th_erefore, est|mat|or_1
iform clouds with large horizontal extent and cumuli with O_f the clear sky |rrad|_ance |s_problemat|(i. For S,EJCh condi-
strong temporal/spatial variations of geometrical and opticalt'ons' agrosol propert|e§ obt.amed for the nearby day could
properties. be applied for such estimation. A similar approach is used
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Fig. 3a. Hemispherical total sky images for the first 4 days in Fig. 2. Fig. 3b . Hemispherical total sky images for the last 4 days in Fig. 2.
The local time is included.

tion) may not be representative of those obtained for a region
surrounding these instruments. In our analysis, we use the
ASRCL-based cloud fraction for low clouds (cloud base is
(I]ess than 3 km) and for all clouds. In addition to the ARSCL
measurements, we apply collocated and coincident observa-
tions of the total sky imager (TSI). The TSI has a hemispher-
ical FOV and routinely provides time series of hemispheri-
cal sky images for a large area neighboring the ACRF site
3 Observations (Fig. 3). The difference betweelisy and Nyis can be at-
tributed by several factors, including the vertical stratification
We select 13 days with cumuli observed during summer 2007f clouds and their horizontal distribution over a given area.
at the ARM SGP site following the method described by Here the ARSCL-based cloud fraction (as function of cloud
Berg and Kassianov (2008). To illustrate the flexibility of base) and the TSI images are applied primarily to examine
our approach, we include one day (16 July 2007) with athe sensitivity of this difference to these factors.
transition from an almost completely overcast mid-latitude The MFRSRs measure the total all-sky surface down-
cloud layer in the morning to low-latitude cumuli in the af- welling irradiance and its diffuse and direct components at
ternoon. The site is equipped with numerous instrumentsvavelengths of 415, 500, 615, 673, 870, and 940 nm (visible
for sampling cloud, aerosol and radiative properties. Inand near-IR spectral regions) with 20-sec temporal resolu-
particular, the ARM Active Remotely Sensed Clouds Lo- tion (Harrison and Michalsky, 1994). We averaged the 20-sec
cations (ARSCL) value-added product combines measureMFRSR data over 1-min interval and used 1-min averages in
ments of the cloud radar, laser ceilometers, microwave raour analysis. The high-temporal resolution MFRSR observa-
diometer and micropulse lidar, and provides the best estitions at the ACRF site allow one to capture the small-scale
mates of cloud boundaries. These instruments have a nacloud-induced fluctuations of optical depth (Fig. 1a): in-
row field of view (FOV) and detect clouds observed directly stances with “spikes” in the optical depth define events when
above them (for example, Fig. 2 shows lidar observations)a cloud blocks the direct solar beam and the total optical
Thus, the ASRCL-based cloud properties (e.g., cloud frac-depth is a sum of AOD and COD. The observed large sharp

by the well-established retrieval of Long et al. (2006). Sec-
tion 4 illustrates an application of the retrieval and contains
the comparison oiVyjs with independent data. Before we
embark on this application and comparison, instruments an
data for comparison will be described.
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Fig. 5. Temporal realizations of the visible (red) and shortwave

Fig. 4. Difference of diffuse fluxes at two wavelengths (415 and (black) fractional sky cover for 28 July 2007. Purple and cyan solid
500 nm) as function of time for 16 July 2007. The completely over- circles represent the hourly-averaged ARSCL nadir-view cloud
cast cloudy (from 11:30 to 12:05 CST) and clear-sky (from 12:65 to fraction for all and low clouds, respectively.
13:25 CST) are shown. The corresponding values of the fractional
sky cover are 0.0 and 1.0. The difference is positive and negative
for the overcast and clear-sky periods, respectively. On the average) 01). Thus, this value~0.01) is less than those obtained
the absolute values of the clear-sky difference are almost three timeg,, clear-sky conditions~0.1) by a factor of 10. This con-
larger than their overcast counterparts. firms that the cloudy-sky fluxes have weak spectral changes
(Sect. 2). Thus, Eq. (3) can be used for estimating fractional
sky cover. We emphasize that Eq. (3) should be applied for
ime periods where the difference of observed diffuse fluxes

(500 — F (415 is negative. If this difference is positive,
Nyis IS assumed to be 1.

changes of the diffuse irradiance (Fig. 1b) from smooth to
rough are due to clouds, and changes of their geometrica
and optical properties.

Analysis of time series of the TSI images and the MFRSR-
measured diffuse irradiances reveals that the observed dif-
ferenceF (500 — F (415 has positive and negative values 4 Results
for the completely overcast cloudy(= 1) and clear-sky
(N = 0) conditions, respectively (Fig. 4). Thus, the corre- To evaluate our technique, we apply independent data ob-
sponding sign change in this difference can be considered asined by the well-established empirical method (Long et
a simple indicator of switching from a partly-cloudy sky to al., 2006) that uses all-sky shortwave fluxes measured by
overcast sky. Also, this analysis reveals that the largest posia ground-based pyranometer. Typically, observations made
tive values occur for optically thin clouds (cloud images areon a cloud-free day in close temporal proximity of a given
bright) while the smallest positive values observed for opti- cloudy day are applied for obtaining the corresponding
cally thick clouds (cloud images are dark). Figure 4 shows“clear-sky” fluxes for estimation of the shortwave fractional
the difference obtained for a day when the sky was almossky coverNsy. These “clear-sky” fluxes are those that would
completely overcast with optically thin clouds around noon. be measured by the pyranometer if clouds were not present
The corresponding average value of the overcast differenceuring observations. At the ACRF site, the pyranometer is
F1(500 — F1(415) is about 0.03. The well-known weak located near the MFRSR and their separation is about 20 m.
spectral dependence of cloud optical properties in the visi-SinceNsy values are obtained by a well-established method,
ble spectral range is mainly responsible for the small valueghey can be used to check the MFRSR-baagd for con-
of the overcast difference. In contrast, a strong spectral desistency. To smooth out short-term fluctuations of the frac-
pendence of the aerosol optical properties (e.g., AOD) in thetional sky cover, we apply a moving average approach (21-
visible spectral range is mainly responsible for the relatively point window). Also, we add time series of the ARSCL-
large values of the clear-sky differenég(500) — Fp(415). based nadir-view cloud fraction. In particular, 1-h averaged
From Fig. 4 one can conclude that the overcast value (0.03) iARSCL-based cloud fractions NARSCL for low (cloud base
about four times smaller than the absolute value of its clearis less than 3km) and for all clouds are incorporated.. Re-
sky counterpart (0.13). Note that the latter demonstratesall thatNsyw andNyis represent hemispherical observations,
small day-to-day variations. For time periods with optically while NarscL characterizes the zenith pointing measure-
thick clouds, the overcast difference is even smaller (aboutments. We use the ARSCL-based properties (cloud fraction

www.atmos-meas-tech.net/4/1463/2011/ Atmos. Meas. Tech., 4, 14832011
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Fig. 6. Same as Fig. 5 but for 8 days.

versus cloud base) and the TSI images to illustrate how th@yranometer—based method overestimates slightly the frac-
vertical stratification of clouds and their horizontal distribu- tional sky cover for this time period. However, both the
tion over a large area neighboring the ACRF site could con-MFRSR- and pyranometer—based methods are able to pro-
tribute to the differences betwedfsyw and Nyis. vide a reasonable estimation of the fractional sky cover for

31 August at 11:30 CST (Fig. 6) where a few optically thin
We start with comparison oNsw and Nyis for a day  clouds are observed (Fig. 3b).

with low clouds only (Fig. 5). A reasonable agreement be-

tween Nsw and Ny;s is obtained for most of the day (from . . -
09:00 to 16:00 Cél'sl'). However, a relatively large difference cated below 3km (Fig. 2). To illustrate the sensitivity of the
' differences betweeWsy and Nyjs to the vertical stratifica-

betweenNsw and Nyjs occurs in the evening (from 16:00 . . . .

to 18:00 CST). Are these differences associated with a relalion of clouds and their horizontal extent, we include in our
tive position of clouds in the sky (hemispherical FOV) and analysis data optamed f_or 16 July when mid-latitude (cloud
their type/abundance? Unfortunately, the TSI images are not ase;4.kr‘?r)] optlcallly thin ddOUdS ?Imos(;[gc.:ggi)leigl.ys g(évse_lr_
available for this day. To address this question, we provide e sky in the morning and noon (from 09:00 to 12: )

similar comparison for other 8 days with lidar data (Fig. 2) and IOV}"I?;”Ude Cl:.m ul occulrl |r;.theSaﬁergot(:]ntr(]FlgMééslg
and TSI (Fig. 3) images. For example, a similar large differ- general, the cumuli are small (Fig. 3a). Bo € i

ence betweesy andNyis is observed in the evening (from and pyranometer—based methods capture the corresponding
16 to 18) for 17 July (Fig. 6), wherdigy ~0.2 andNyis is large diurnal changes of the fractional sky cover of mid- and
. s . Vis

zero. The corresponding TSI image includes a few opticallylo"\"l""t'tUde clouds, and time series Bisw and Nuis cor-
thin clouds near the edge (Fig. 3b). Thus, the MFRSR—base{jQIate reasonably well (Fig. 6). However, sqbstqntlal differ-
method underestimates slightly the fractional sky cover forences ?eltyggféss"l’rang ]}7 vis OCCUT ftcl).r somf tlTeI mstance?
this time period. Let us consider another example with clear{ﬁ'g" ab ’ d d'ff). clow, we outiine potential reasons for
sky conditions observed in 28 August at 17:00 CST, where ese observed differences.
Nsw~0.1 andNys is zero (Fig. 6). The corresponding TSI Both Nyis and Nsy represent a hemispherical measure of

image does not include any clouds (Fig. 3b). Therefore, thecloud amount, and this measure is quite sensitive to a cloud

For the majority of cases considered here, clouds are lo-
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location within hemispherical FOV. This sensitivity is more 10 ————

pronounced for clouds with small horizontal extent, such as Ng,, =0.04+0.82"N,, ff I A 73000
cumuli (Kassianov et al., 2005a). For example, cloud chord
length (CCL) is applied typically to characterize a represen-
tative horizontal scale of the broken clouds. We define the
CCL as the length of time that an individual cloud is over

a ground-based zenith-pointing instrument multiplied by the _3
wind speed at cloud base, and found that clouds with small-
est CCL (less than or equal to 0.1 km) are the most fre-
quent (Berg and Kassianov, 2008). Similar results are ob-
tained for marine cumuli (e.g., Koren et al., 2008). A rel-
atively small cloud, which partially covers the FOV, can be v
viewed very differently by two separated instruments (Kas- O 5 0s os o5 1040 95 oo 05 29
sianov et al., 2005a, b). For example, the same cloud could o le- S N
be located in a center of MFRSR-related FOV and near to °

edge of pyranometer-related FOV, and vice versa. Cases with. - .
9 by It—llg. 7. The visible versus shortwave fractional sky cover (left) and

center’- and “edge™type cloudllocatlon are character!zedthe corresponding difference (right) for the selected 13 cloudy days.
by large and small values of fractional sky cover, respectively

(Kassianov et al., 2005a). For such instances, the MFRSR-
and pyranometer-based estimations of fractional sky cover , . )
are expected to be different. (ARM) thate Research Facility Southern Great Plains
In addition to the issues associated with instrument sep—(SGP) site. )
aration and the small-scale variability of cumuli, other fac- The MFRSR provides the total all-sky surface down-
tors can contribute to the observed differences between th@elling irradiance and its diffuse and direct components at
visible Nyis and shortwaveVsw values (Figs. 5, 6). These six wavelengths of 415, 500, 615, 673, 870, and 940 nm.
factors include the differences in inputs for the two methodsFOr Nvis €stimation, we consider MFRSR data at two wave-
considered here (spectrally resolved fluxes versus broadbarl@ngths (415 and 500 nm) only. The MFRSR observations
fluxes) and the diurnal variations of atmospheric aerosols ob@'e accompanied by shortwave measurements from a nearby
served during a cloudy day. These variations are r,eg|ectegroadband pyranometer. These shortwave measurements to-
by the empirical methodNsw) and are incorporated in the 9ether with a well-established method (Long et al., 2006)
physically-based approad¥iis described here. Despite ef- give us an independent estimation of fractional sky cover
fects associated with these factors, the temporal variationd/sw- We compareVyis with Nsw and find a strong linear
of Nyis are Nsw are in a good agreement (Fig. 5, 6). As a relationship betweetvyjs and Nsy with a large correlation
result, a strong linear relationship betwesps and Nsw is coefficient (0.9). Also, we demonstrate that the difference
obtained (Fig. 7a). For the majority of cases, points cluste?etweenNis and Nsw is less than 0.1 for the majority of

tightly around the slope (Fig. 7a), and the difference betweerfases{-80 %). The favorable agreememtys vs. Nsw) sug-
Nvis andNsw is less than 0.1 (Fig. 7b). gests that our method based on the spectrally resolved irra-

diances can be applied for estimation of the fractional sky
cover for different cloud types, including cumuli. We plan to

5 Summary repeat this study for additional cases representing the natural
variability of atmospheric conditions (clouds, aerosol) over a

We describe a new method for estimating the fractionalWide range of geographic locations.

sky cover Nyjs by using the diffuse all-sky surface irra-  The MFRSR data have been used successfully to exam-
diances measured at two close wavelengths in the visiine changes of water vapor (Alexandrov et al., 2009), aerosol
ble spectral range and their clear-sky counterparts provideaptical, and microphysical properties (Harrison and Michal-
by a physically-based approach (Kassianov et al., 2011)sky, 1994; Alexandrov et al., 2002; Kassianov et al., 2007;
The aerosol optical properties (aerosol optical depth, singleMichalsky et al., 2010), cloud optical depth and droplet ef-
scattering albedo and asymmetry parameter) obtained fofective radius (Min and Harrison, 1996), and the fractional
cloud-free time periods and their temporal interpolation form sky cover of optically thick clouds with large horizontal
the basis of this approach. To illustrate the performance ofize (Min et al., 2008). The method described here extends
this method, we apply high-temporal resolution data from athe capabilities of the MFRSR observations by offering an
ground-based Multi-Filter Rotating Shadowband Radiome-opportunity to sample the fractional sky cover of optically
ter (MFRSR) collected during identified 13 days identified thin clouds with small horizontal size, such as shallow cu-
with cumuli observed in the summer of 2007 at the US muli. Thus, the worldwide deployed MFRSRs can supply
Department of Energy Atmospheric Radiation Measurementn integrated dataset of the water vapor, aerosol and cloud

g

welboIsiH

g

i

.

SW Nvis
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properties, and unigue MFRSR-based datasets could be d&assianov, E., Flynn, C. J., Ackerman, T. P., and Barnard, J. C.:
veloped for different locations. Such datasets together with Aerosol single-scattering albedo and asymmetry parameter from
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