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Development of first moon photometric 
measurements at Arctic stations 
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Outline 

 

• why night-time measurements? 

• from Sun to Moon observations 

• present: first measurements at Barrow 

• near future: plans for Ny-Ålesund 

• summary/other info 
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R.S Stone Barrow, AK 



Remote sensing of atmospheric aerosol, clouds, and aerosol-cloud interactions, 16-19 December 2013, Bremen 



Remote sensing of atmospheric aerosol, clouds, and aerosol-cloud interactions, 16-19 December 2013, Bremen 

CALIPSO  time-height cross-section 

 showing Sarychev Volcanic Aerosol  ~ July 2009 

532 nm attenuated backscatter 

Vertical feature mask 

http://www-calipso.larc.nasa.gov/data/BROWSE/expedited/V2-02/2009-07-13/2009-07-13_03-00-00_Exp_V2.02_4_1.png
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Star Photometer 

Thanks to Andreas Herber  
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• measurement and modeling of the lunar reflectance A 

 

• dependence on geometry: absolute phase angle g, selenographic 

latitude and longitude of the observer (θ, φ) and lunar terminator Φ 

 

• 32 spectral bands (350-2400 nm) 

 

• spectral interpolation with lunar soil samples 

Hugh H. Kieffer and Thomas C. Stone, "The Spectral Irradiance of the Moon", Astronom. J. 129, 2887-2901 (2005) 

18 coeffs. 
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ROLO output 

Sep/Oct’12 lunar cycle 

Mauna Loa, Hawaii 

SP02 photometer 

T. Stone 
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• Measurements performed with a modified Carter-Scott SP02 sun 

photometer (425, 500, 675 and 862 nm) 

• Calibration performed during two lunar cycles at Mauna Loa, Hawaii (st. 

dev. < 2%) 

• Measurements performed during five lunar cycles at Barrow, Alaska 

First measurements at Barrow 
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Day and night time series for 17-25 February 2013 
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We are going to deploy a prototype of lunar photometer (modified PFR) in Jan 2014 

 

Lunar Arctic-coordinated remote sensing of aerosols (project 

submitted to SSF) 
 perform coordinated aerosol observations at Ny-Ålesund and Hornsund 

• contribute to close the gap in the AOD climatology for the station 

• establish Svalbard as a key satellite validation site using a suite of passive 

and active ground-based instruments 

 

Next step: Ny-Ålesund 



Remote sensing of atmospheric aerosol, clouds, and aerosol-cloud interactions, 16-19 December 2013, Bremen 

Ways to improve PFR design for low-level signal: 

• 1st and 2nd stage amplifications    2-4 104 

• Wider filters, e.g. 10 or 20 nm (now 5 nm)   3 

• Larger sensor aperture 5 mm (now 3 mm)   2.75 

• Telecentric collimator e.g. 12.5/5 mm   6.25  

• Chopper ≈1Hz (modified shutter mechanism)  ? 

eliminate DC-offset propagation, Drift  improved sensitivity 

eliminate temperature drift   improved stability 

Synchronous A/D conversion in PFR  digital interface 

‘true’ signal integration (≈0.5 sec, VFC )  improved S/N 

 

PFR modifications Required signal gain respect to sun 
3 – 6 105 

Wehrli et al. 
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PFR tests in Davos: signals 

Filters at 368 nm and 412 nm will be 

replaced by 450 nm and 675 nm in 

order to increase the S/N ratio 
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PFR tests in Davos: AOD 
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Summary and other info 

 

• AOD will be easily available also during (polar) night 

using moon as light source 

• Preliminary measurements already performed at 

Barrow and (soon) at Ny-Ålesund and show good quality 

• Cimel is going to sell a lunar version of their photometer 

-> AERONET? 

• Sherbrook University (Canada, N. O’Neill) and 

Valladolid University (Spain, V. Cachorro C. Toledano) 

plan to deploy lunar Cimels at Eureka and Andennes 

• Barreto et al. from AEMET already published some 

measurements taken at Izaña (Canary Island) for AOD 

and CWC  
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Alternative ROLO implementation 

412 nm 

675 nm 

500 nm 

862 nm 

Quartiles 

10th 25th 50th 75th 90th mean stdev min max 

Channel 

1 0.976 0.978 0.982 0.991 0.999 0.985 0.009 0.974 1.008 

Channel 

2 0.966 0.968 0.971 0.980 0.988 0.974 0.009 0.963 0.997 

Channel 

3 0.982 0.984 0.987 0.996 1.004 0.991 0.009 0.980 1.014 

Channel 

4 0.995 0.997 1.001 1.010 1.018 1.004 0.009 0.993 1.027 
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PFR signals estimation 

Required signal gain 3 – 6 105 

IRRAD R G B V 

SUN 
[Wm-2nm-1] 

0.9 1.9 1.8 1.3 

PFR 
[V] 

3.5 3.8 3.7 4.1 

MOON 
[µWm-2nm-1] 

3 5 3 2 

PFR 
[µV] 

11.7 10.0 6.2 6.6 

T.A. Berkoff et. al, 2011;  


