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1 Irradiance (E® measurements

Intercomparison
(filterradiometer participation, and data analysis)
[WMO TD No. 1454, Johnsen et al. JGR 2008]

g ©

Remarks to cosine response
(spectral irradiance intercomparison data)
[Meinander et al. Applied Optics 2006]

Rapid temporal changes in irradiance
(Investigating spectral data)
[Meinander et al. Optical Engineering 2003]




2 MEASURING SNOW ALBEDO (_ EM @B

EXxperiences on

A Broadband

A Multiband, and

A Spectral instruments

A Operational and experimental use

[based on multiple literature references |



CONHIENIS

3 DISCUSSION (RESULTS, EXPERIENCES ON

ALBEDO MEASUREMENTS, ERRORS ETC.)

Understanding and identifying needs:

Albedo of Sodankyla snow: Impurities in snow and albedo
at UV wavelengths vs SNICAR [Meinander et al. ACP 2013]

4 CONCLUSIONS

A Conclusions based on experiences

A Some remarks related to using snow albedo modeling or
satellite data




WMOQ/COST-726 =
I[rradiance
measurement

Intercomparison
(in NRPA, Norway ) —

10.1029/2007JD009731


http://dx.doi.org/10.1029/2007JD009731
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C Retrieval of Global Solar Ultraviolet Index
(UVI) [WHO 2002]
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C Retrieval of Global Solar Ultraviolet Index
(UVI) [WHO 2002]

J To harmonize the worldwide UVI measurements
for alerting people about harmful UV exposure
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In one place side by side irradiance measurements
Using sametype of Multiband Radiometers (MBFR)
Compared to a group of referencespectrometers
Spectrometersspectral calibration scaleagreement
was investigated, and referencespectrafor
comparison established
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Q4: WHAT WERE THE MAIN TASKS? =R

1. Characterize the instruments zspectral and angular
responses (by the organizer).
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S Elarmonization o elepal

tral irradiance

Q4. WHAT WERE THE MAIN TASKS? =R

1.Characterize the instruments zspectral and angular
responses (by the organizer).

2.Blind Iintercomparison data provided by the
operators. Results within £ 11.7 % (2 ) for SZA<80°

3.Harmonized results calculated by the
Intercomparison organizer.

4.Comparison of harmonized results with data
provided by the operators.

5.SZA dependent correction function outcome : All
results within +£4.6% (2 ) for SZA<80°
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- Changing weather conditions : rain, fog, cloudso

- but also clear sky ->->->how many weeks are
needed to perform agood intercomparison ?

-> here the originally planned 6 weeks were enough
(here: only E® ho problem of changing snow properties
and conditions; just to gain cloudless and fully coudy
Irradiance data for various SZA!)
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- 4 highest quality reference spectrometers were
operated ? Eusual? w Ethel data were compared

->how to select the reference spectra?
Possiblilities: One instrument selected? Median spectra?
Or other calculated spectra, what ?

- > spectracompared with eachother and with RT
modeled and two MBFR ->outcome was to chooseone
Intrument as aReference




if

SZA differences

In data

How good is the
cosine correction?

N NRP 15O
1 NRP300
GuUV29222
O Guva9222
® CoMsIso

UV-index

H NTNISO

1820

Temporal
differences in

data.:

- How rapid is the
sampling of each
Instrument ?

- How rapid arethe
changesin

' ?
cloudiness" Fig. 1 of Johnsenet al. (2008)




EXAMPLE 2 appledopics
- -7 00
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AZImMuthal ferreRImttne adititISEr;

Meinander et al. 2006. Applied Optics, ISSN 15628X, EISSN OSA |10
21553165, Vol. 45, no 21, 5348357 .Doi

* A diurnal variation of approximately 2-9% was
detected in one spectrometer irradiance spectra.

= This cannot be explained by the non-ideal angular
response of the instruments’ input optics in one
plane (cosine effect).

= Instead, by using a radiative transfer model, we
show that differences in the angular response in
four azimuth planes have the potential to bias the
measured data by up to 4.4% (azimuth effect).


http://dx.doi.org/10.1364/AO.45.005346

EXAMPILE 2. .ed ‘

AZIMuUthal "erreRImntne aifteSer;

- Nordic NOG
spectrometer

Intercomparison
(Tylosand, SWE)

- Cosine —
characterized . ——N-S (at 348nm, mean in 2003)
Instruments

- N-S (1996)

— E-W (at 318nm, mean in 2003)

= E-W-(1996)

le of incidence (deg

Meinander et al. 2006. Applied Optics, ISSN 15588X, EISSN

21553165, Vol. 45, no 21, 5346357 .Dol


http://dx.doi.org/10.1364/AO.45.005346

EXAMPLE 2.

AZIMuthal "ererRImnitne aifttSer;

Meinander et al. 2006. Applied Optics, ISSN 155288X, EISSN
21553165, Vol. 45, no 21, 5348357 .Doi


http://dx.doi.org/10.1364/AO.45.005346

EXAMPLE 2.

AZImMuthal Ferreramtne aifieiSer:
BEFORE |- ‘ AFT

1.25 Benltham B5503 belore adjustment o
n — = plane differences
1.20 Mean response of all planas —t— 1

- Bentham B5503 after adjustment

angular error

Meinander et al. 2006. Applied Optics, ISSN 15588X, EISSN
21553165, Vol. 45, no 21, 5348357 .Doi


http://dx.doi.org/10.1364/AO.45.005346

EXAMRPLE 3.

1\('”117 f“}](d! yt NTadicl

~)
2(“{"‘ 1 —/

S SPIKE

Number of counts

2865 2965 3065 3165 32656 3365 3465 3565
Wavalength [A]
(a)

Meinander et al. 2003.
Optical engineering, ISSN
1559128X, EISSN 2155
—+ 3165, Vol. 45, no 21, 5346

—-

2865 2965 3065 3165 3265 3365 3465 3565 5357 DOI

Wavelength [A]
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EXAMPLE 3.

1\(#”117 f‘}](df yt I radiationor

Wavelength [A]
(a)

Time scale [s]
100 200 300 400

2865 2065 3065 3165 3265 3365 3465 3565

500

2865 2965 3065 3165 3265 3365 3465
Wavelength [A]

SPIKE

Meinander et al. 2003.
Applied Optics, ISSN 1559
128X, EISSN 21553165,
Vol. 45, no 21, 53465357 .

Dol
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2Reflectance fAlbedolnstrument:

&=
:

Bentham DM-150 290550 nm




2. MEASURING ALBEDO

X

2 Independent SL501
Sensors

1 sensor NILU -UV,
turned up and ASD*
down (spectral)

2 Sensors, Bentham
1 detector (spectral)

*ASD for albedo with a cosinereceptor ( ASD reflectance using a Reflectancestandard)




: Sensors #1089 ja #1456 were observed to
change for their in 2004, and
therefore the responses for these sensors have been measured more often
than other sensors and also with quick checks (calibration at STUK by Lasse
Ylianttila ) (TEMPORALLY CHANGING PROPERTY)

—#1089 1994
——#1089 2004 summer

#1089 2004 autumn

#1089 2005
—#1452 1994
—#1452 2007
—#1453 1994
—#1453 1998

-#1454 1994

#1454 1998

#1454 2008 spring

#1454 2008 summer

#1455 1994

#1455 1998
— #1455 2008

#1456 1994

#1456 2004 summer
—#1456 2004 autumn

#1456 2005

#1466 1994

#1466 1995

#1466 1998
— #1466 1999
—#1891 1995

-#1891 2007
——#1893 1995
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. the two curves, which
clearly separate from the group of all the other measurement
data in Figure 6, are for SL501 sensors #20239 and #20240, whic
are the newest FMI sensors(SENSOR PROPERTY)

20
COSINE RESPONSES
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1.0E+00

1.0E-01 A

o~ Measurement

uncertainty with
SL501

Response

A the typical total uncertainty for
s0 om0 w0 w0 % SL501is 1.7- 4.3 %[Hulsen and
Havelena® Grobner 2007

A When 2 similar sensorsfor
albedo, error < 1% [WMO
1996]

Angular error [per centages)

100
-100 -0 60 -40 -0 0 20 40 60

Angle of incidence [degrees)

[Meinander et al. 2008, ACP)]



Bipolar BB SnowUV Albedo

, .u 3 = Sodankyla
FINNISH METEOROLOGICAL - AfCth Research

INSTITUTE

| Center of FMI,
Finland(67422'N,
26/39'E, 179 m
a.s.l.)
Continuous
A(UV)since
20009.

Also: BC on
snow,weekly
sampling during
snow time.

= Marambio base of Argentina, ContinudAigUV) since 2013.

Also: a new weather station and instruments to measure the optical properties, number ¢
distribution and chemical composition of aerosol particles, as well as the concentrations
carbon dioxide and methane.



The temperature of the sensor The sameas in Sodankyla.

needs to be stabilized and the
recorded sensor temperature to
be used in the QA/QC of the

data.

Cosine error of the sensor may The same as inSodankyla.

cause a need to exclude low
elevation data from the analysis

Due to the lack of wind , snow High winds can break the

accumulates on the sensors;  connector or produce radial
some frost can be formed. shake, which may affect the

levelling among other things.




Seasonal snow cover, snow height Snow is sometimes

varies. According to the WMO, blown away revealing

the operational meteorological the bare ground under
local 210 albedo is defined to be  the down -looking
measured at a standard height of sensorin Marambio .
142 m (WMO, 2008, I. 7)




Trees surround the area. As Sun is low Not a problem, the
during snow time, the tree shadows horizon is open.
can be long. Surrounding trees were

cut 19 Oct 2012.

Shortwave




Shortwave

Sodankyla Pyranometer Albedo (0-1)
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Sodankyla:
Flat surface and open horizon
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SZA GERPERNGENCY O

Where U is the cosine of SZA
. and RO is the reflectivity
Dayin ey 2007iga 1 ) for u = 0.5, and d is empirical

. . _ | parameter according to
Fig. 10. May albedo data with the U-shape appearmg each day.

Only cases SZA <85° for each day from 1 to 9 May (days 121-120) [ERSIICIOIS o R TWREIS(C)
shown here.

[Meinander et al. ACP 2008]
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applied optics

AzZimuthal Serreramthes s ko aVs
azimutnal "errerin alnedo

1.I[)ESq /ﬁ
EK /'\.,0—041\ \ Other possible reasons
1.04 X for
102 _ \\ v\ Observed asymmetry :
I%S%E - Sensorlevelling ?
0.98 1. ﬂ - Changesin sky

. \D/ \54 - - - conditions
due to aerosols
- Etc.

|

0.96

6 8 10 14 16

12
Time (UTC

Meinander et al. 2006. Applied Optics, ISSN 15528X, EISSN 21553165, Vol.

18

no 21, 53465357 .Doi


http://dx.doi.org/10.1364/AO.45.005346

X0 AZIMuthal FerrenRImitneg

EXANMPLE XS
AITTEISEl VS azimutnal "erroraas 1= 117

Snow properties
or Sensor levelling ?

15
Time (UTC)

Fig. 5. The re-calculated 1-mun albedo data of the Antarctic SZA asymmetry case on 4 January 2004 at
Neumayer, with a linear fit calculated by the least squares method.
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Fresh snow: — 28 Nov

_ Bare ice: ... 13 Noy

55 50 55
Solar zenith angle




SZA asymmetry

Due to temporal changesof snow properties that
Dominate over the SZA dependent albedo shape,

e.d.,

Snow surface is below freezing during night. Moisture in the air makes frost on
the snow surface during evening and night, and higher albedo is observed in the
following morning. The effect of frost disappears towards afternoon as the frost
melts (or evaporates) from the surface. The physical process on the surface may
be quite complex, as we are dealing with a transition between solid and gas state
here. But, as a result, the albedo declines within the day.

In case of no frost, the melting of the snow surface during day leads to a

decrease in the albedo, as the effective grain size increases. Re-freezing during
night contributes to the higher albedo of snow in the morning, as the effective
grain sizes decreases again.

New snow during the previous evening and night, or in the morning of the
albedo asymmetry day, can result in a higher albedo for the morning hours. This
albedo may decrease as a function of time due to changes of the snow properties.
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NILU -UV albedo Albedo / Reference spot
measured during SOS- |BC Average (std)
2012campaign (data

unpublished ) 0.70 (0.08)

\% 0.92 (0.03)

EC (tof 87 (-)

Spot1(’DC’)
Average (std)

0.28 (0.10)

0.29 (0.01)
50 (14)

4916 (1909)

Table 4. Albedo of snow at 305, 313, 320, 340, 380 nm, and of PAR (400-700 nm), calculated from the

raw values of one radiometer turned up and down.

Date
Time, UTC

LAT

NILU -UV
albedo
during

27.8.13 87.352
28.8 1330 87295
29.8.13 87.248
208 14 87247
30.8.16 . 87206

ASCOS
study,
Arctic
Ocean




ASDspectrometer

Perovichmethod for albedo

Measurements
ASD HH (3251075nm)
ASD4 (35€2500nm)




