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1 Irradiance (Eᴽ  measurements

Á Example 1. Intercomparison

(filterradiometer participation, and data analysis)

[WMO TD No. 1454, Johnsen et al. JGR 2008]

Á Example 2. Remarks to cosine response 

(spectral irradiance intercomparison data) 

[Meinander et al. Applied Optics 2006] 

Á Example 3. Rapid temporal changes in irradiance 

(investigating spectral data)

[Meinander et al. Optical Engineering 2003]
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2 MEASURING SNOW ALBEDO ( EᴻȾEᴽ

Experiences on

Á Broadband

Á Multiband, and 

Á Spectral instruments  

Á Operational and experimental use

[based on multiple literature references ]
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3 DISCUSSION (RESULTS, EXPERIENCES ON 
ALBEDO MEASUREMENTS, ERRORS ETC.)

Á Example 4. Understanding and identifying needs: 

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

4 CONCLUSIONS

Á Conclusions based on experiences

Á Some remarks related to using snow albedo modeling or 
satellite data 
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EXAMPLE 1.
WMO/COST-726
Irradiance
measurement
intercomparison
(in NRPA, Norway )

Johnsen, B., et al. (2008), Intercomparison and 
harmonization of UV Index measurements from 
multiband filter radiometers , J. Geophys. Res., 
113, D15206, doi:10.1029/2007JD009731.

WMO TD No. 1454 

http://dx.doi.org/10.1029/2007JD009731


EXAMPLE 1.  Harmonization of global
UVI and spectral irradiance

Q1: WHAT WAS COMPARED?
Ç Retrieval of Global Solar Ultraviolet Index 
(UVI) [WHO 2002]  
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EXAMPLE 1.  Harmonization of global
UVI and spectral irradiance
Q3: HOW  WAS THE INTERCOMPARISON 
ARRANGED?
Ç In one place side by side irradiance measurements
Ç Using sametype of Multiband Radiometers (MBFR)
Ç Compared to a group of referencespectrometers
Ç Spectrometersɀɯspectral calibration scaleagreement

was investigated, and referencespectra for 
comparison established



Q4: WHAT WERE THE  MAIN TASKS?
1.Characterize the instruments ɀɯspectral and angular

responses (by the organizer).
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Q4: WHAT WERE THE  MAIN TASKS?
1.Characterize the instruments ɀɯspectral and angular

responses (by the organizer).
2.Blind intercomparison data provided by the 

operators. Results within ± 11.7 % (2 ) for SZA<80o 

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<80o 



The biggest challengesin the 
intercomparison

- Changing weather conditions : rain, fog, cloudsȱ

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

-> here the originally planned 6 weeks were enough
(here: only Eᴽȟ  no problem of changing snow properties
and conditions ; just to gain cloudless and fully coudy
Irradiance data for various SZA!)



The biggest challengesin the 
intercomparison

- 4 highest quality reference spectrometers were
operated ɂÈÚɯusualɂɯÈÕËɯtheir data were compared

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

- > spectra compared with eachother and with RT 
modeled and two MBFR -> outcome was to chooseone
intrument as a Reference



Challengesȱɯȹcontinued )
SZA differences
in data
How good is the 
cosinecorrection?

Temporal
differences in 
data:
- How rapid is the 

sampling of each
instrument ? 

- How rapid are the 
changesin 
cloudiness? 

Fig. 1 of Johnsenet al. (2008)



EXAMPLE 2. 
Azimuthal error in the diffuser

Meinander et al. 2006. Applied Optics, ISSN 1559-128X, E-ISSN 
2155-3165, Vol. 45, no 21, 5346-5357 . Doi 10.1364/AO.45.005346

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


EXAMPLE 2.
Azimuthal error in the diffuser

Meinander et al. 2006. Applied Optics, ISSN 1559-128X, E-ISSN 
2155-3165, Vol. 45, no 21, 5346-5357 . Doi 10.1364/AO.45.005346

- Nordic NOG
spectrometer
Intercomparison
(Tylosand, SWE)

- Cosine
characterized
Instruments

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


EXAMPLE 2. 
Azimuthal error in the diffuser

Meinander et al. 2006. Applied Optics, ISSN 1559-128X, E-ISSN 
2155-3165, Vol. 45, no 21, 5346-5357 . Doi 10.1364/AO.45.005346

SZA dependent
difference in
irradiance
ratios against
One of the
spectrometers
(all ratio values
should be ~1)

TIME

RATIO

NOON

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


EXAMPLE 2. 
Azimuthal error in the diffuser

Meinander et al. 2006. Applied Optics, ISSN 1559-128X, E-ISSN 
2155-3165, Vol. 45, no 21, 5346-5357 . Doi 10.1364/AO.45.005346

PLANES  ------
AVERAGE ___

BEFORE AFTER

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


EXAMPLE 3. 
Rapidchangesin irradianceor spikes?

Meinander et al. 2003. 
Optical engineering, ISSN 
1559-128X, E-ISSN 2155-
3165, Vol. 45, no 21, 5346-
5357 . Doi
10.1364/AO.45.005346

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


EXAMPLE 3. 
Rapidchangesin radiationor spikes?

Meinander et al. 2003. 
Applied Optics, ISSN 1559-
128X, E-ISSN 2155-3165, 
Vol. 45, no 21, 5346-5357 . 
Doi 10.1364/AO.45.005346

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


2Reflectance & AlbedoInstruments

NILU-UV 305, 308, 320,

340 and 380 nm multichannel,

bandwidth~10 nm 

+ PAR 400-700nm

ASD HH 325-1075 nm

ASD FieldSpec 350-2500 nm

Kipp & Zonen CM-14

albedometer, non-

Weighted broadband 

310-2800 nm

SL501 erythema weighted UV 
(< 390 nm)

Bentham DM-150 290-550 nm



HOW 
MEASURED/
HOW 
EFFECTS  
ERRORS (X)

Sensor Cosine
differen
ce
(sensor
optics)

Spectral
difference
(detector)

Temporal
difference

2 independent
sensors

SL501 X X _

1 sensor
turned up and 
down

NILU -UV, 
ASD* 

(spectral)

_ _ X

2 sensors,
1 detector

Bentham
(spectral)

X _ X

2. MEASURING ALBEDO

*ASD for albedo with a cosinereceptor ( ASD reflectanceusing a Reflectancestandard)



Difference from sensor to sensor: Sensors  #1089 ja #1456 were observed to 
change for their spectral responses and calibration coefficients 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) 

SPECTRAL RESPONSES

(Erythemally weighted )



Differences from sensor to sensor: 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, which 
are the newest FMI sensors. (SENSOR PROPERTY)

COSINE RESPONSES



Measurement 
uncertainty with 
SL501
Á the typical total uncertainty for 

SL501 is 1.7 - 4.3 % [Hulsen and 
Grobner 2007]

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

[Meinander et al. 2008, ACP)]

For albedo, always 2 
sensors with similar
cosine and 
spectral responses



Bipolar BB SnowUV Albedo

S

M

S= Sodankylä

Arctic Research 

Center of FMI,

Finland (67Á22'N, 

26Á39'E, 179 m 

a.s.l.)

Continuous

A(UV) since 

2009.

Also: BC on 

snow, weekly 

sampling during 

snow time.

M = Marambio base of Argentina, Continuous A (UV) since 2013.

Also: a new weather station and instruments to measure the optical properties, number size 

distribution and chemical composition of aerosol particles, as well as the concentrations of 

carbon dioxide and methane. 



CHALLENGE /

POTENTIAL 

ERROR SOURCE

SODANKYLÄ 

OPERATIONAL ALBEDO 

FIELD

MARAMBIO 

CONTAINOR

Temperature The temperature of the sensor 

needs to be stabilized and the 

recorded sensor temperature to 

be used in the QA/QC of the 

data.

The sameas in Sodankylä.

Low solar

elevation

Cosine error of the sensor may 

cause a need to exclude low 

elevation data from the analysis

The same as in Sodankylä.

Wind Due to the lack of wind , snow 

accumulates on the sensors; 

some frost can be formed. 

High winds  can break the 

connector or produce radial 

shake, which may affect the 

levelling among other things.



DUST Not a problem in Sodankylä . The dome may get 

scratches due to the ice 

and sand and dust; 

surfaces of the quartz 

domes are not easy to 

maintain cleanest and 

free of dust. Snow can 

sometimes be dirty.

SNOW 

SURFACE

Seasonal snow cover, snow height 

varies. According to the WMO, 

the operational meteorological 

local 210 albedo is defined to be 

measured at a standard height of 

1ɬ2 m (WMO, 2008, I. 7)

Snow is sometimes 

blown away revealing 

the bare ground under 

the down -looking 

sensor in Marambio .



Maintanence Snow surface is not totally untouched 

during the installation; may cause 

error in the data until new snow.

The surface of the quartz 

domes are not easy to 

maintain cleanest and 

free of dust, as the shelter 

is visited once a week. 

Measurement

horizon

Trees surround the area. As Sun is low 

during snow time, the tree shadows 

can be long. Surrounding trees were 

cut 19 Oct 2012.

Not a problem, the 

horizon is open.

[W/m 2]



Sodankylä Pyranometer Albedo (0-1)

Sodankylä:
Flat surface and open horizon



SZA dependency of
Snow albedo (U-shape)

Where µ is the cosine of SZA
and R0 is the reflectivity
for µ = 0.5, and d is empirical
parameter according to
Briegleb et al. (1986)

[Meinander et al. ACP 2008] 



Azimuthal error in the diffuser vs
azimuthal error in albedo?

Meinander et al. 2006. Applied Optics, ISSN 1559-128X, E-ISSN 2155-3165, Vol. 45, 
no 21, 5346-5357 . Doi 10.1364/AO.45.005346

Other possible reasons
for 
Observed asymmetry :

- Sensorlevelling ?
- Changesin sky
- conditions
due to aerosols
- Etc.

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


EXAMPLE X. Azimuthal error in the 
diffuser vs azimuthal error in albedo?

Snow properties
or Sensor levelling ?



EXAMPLE X. Azimuthal error in 
the diffuser vs azimuthal errot in albedo
[Pirazzini JGR 2004]

Snow
metamorphism

Sastruga

Sloping

Non -
homogenous
snow surface



SZA asymmetry
Due to temporal changesof snow properties that
Dominate over the SZA dependent albedo shape,
e.g., 



NILU -UV ALBEDO(UV+PAR 400-700 nm)



NILU -UV 
albedo
during
ASCOS 
study, 
Arctic
Ocean

NILU -UV albedo
measured during SOS-
2012 campaign (data 
unpublished )



Measurements
ASD HH (325 �t 1075 nm)
ASD4 (350-2500 nm)

Perovichmethod for albedo
ASD spectrometer


