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INTRODUCTION: WHY IS THE CALIBRATION OF LUNAR 
PHOTOMETERS SO DIFFICULT? 
  
The three most important issues in lunar photometry are: 
 

1) Moon’s illumination is changing at any time   
 

calculate each night!!!! 
As a consequence: 

It’s required to introduce a new methodology for 
nocturnal absolute calibration 
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INTRODUCTION: WHY IS THE CALIBRATION OF LUNAR 
PHOTOMETERS SO DIFFICULT? 
  
The three most important issues in lunar photometry are: 
 
1) Moon’s illumination is changing at any time  
 
2)  We need to have a reference for the Moon’s irradiance at 
TOA 
 

It’s necessary to find an accurate estimation for Moon’s 
spectral extraterrestrial irradiance 
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INTRODUCTION: WHY IS THE CALIBRATION OF LUNAR 
PHOTOMETERS SO DIFFICULT? 
  The three most important issues in lunar photometry are: 
 
1) Moon’s illumination is changing at any time  
 

2) We need to have a reference for the Moon’s irradiance at 
TOA 
 

3) Nocturnal measurements only under relatively high 
illumination conditions (FI≥50%)           ≈ 50% lunar cycle  
 

Our experience suggests nocturnal measurement above 50% 
Illumination 
 
Improve instrument detectivity to extend the range???? 

We have to assume a “blind” period over the Moon cycle  
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“blind” period over the Moon cycle: only lunacy  
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where New cal. coef. (strictly 
constant) 

Lunar Langley Method for absolute calibration 
(Illumination variability problem)  

INTRODUCTION: WHAT WE HAVE DONE?  
  

Assuming I0 known 

Linear regression analysis: 
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Lunar Langley Method for absolute calibration 
(Illumination variability problem)  

INTRODUCTION: WHAT WE HAVE DONE?  
  

ROLO model* (Agreement with USGS, u(I0)≈1%)   

*Kieffer and Stone, 2005 

g: moon’s phase angle 
θ and Φ: selenographic lat/lon observer 
φ: selenographic sun’s longitude 

where: (ROLO*, USGS Lunar Irradiance 
empirical model) 

moon’s 
solid angle 

sun’s spectral 
irrad. 1AU (Wehrli) 

moon’s disk-equivalent 
reflectances 
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THE NEW CE318-T 
New features and improvements over the standard model  
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The new CE318-T 
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NIGHTTIME DAYTIME 



CE318-T. New features 
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near full moon conditions 

New tracking system 



CE318-T. New features 

12 

• New tracking system 
• GPS positioning 
• P measurements 
• Robot controlled by micro-stepping 
• … 



HOW TO ESTIMATE THE 
INSTRUMENT’S UNCERTAINTY 

GAW REPORT 
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Instrument’s uncertainty 

𝑈95 = ±(0.005 + 0.010 𝑚𝑎� ) 
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RESULTS 
DAYTIME AOD EVALUATION AT IZAÑA 
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Daytime AOD evaluation at IZO 
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PFR 

PSR prototype 

Cimel Triple 
(CE318-T) 

AERONET Cimel 
master AOD accuracy < 0.01 

AOD accuracy ≈ 0.01 
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Daytime AOD evaluation at IZO 

• Representative instruments from different 
networks 

• Pre-determined λs 
• Interpolations not recommended 
• Co-located and coincident ±1 min 

AOD differences <0.01 
and 

r>0.992 
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Daytime AOD evaluation at IZO 

𝑈95 = ±(0.005 + 0.010 𝑚𝑎� ) 
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 Good performance of CE318-T at daytime (ΔAOD<0.01) 
 Also confirmed using WMO U95 criteria 
 CE318-T accuracy at least similar than CE318-AERONET 

and PFR 
 Expected better accuracy 

• Pressure measurements 
• Improved pointing accuracy 
• Syncronization by GPS 
• … 
 

Daytime AOD evaluation at IZO 



RESULTS 
NIGHTTIME AOD EVALUATION AT GRANADA 
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Nighttime AOD evaluation at GRA 

21 

CELESTRON CGR 1100 
Excalibur star-photometer 

University of Granada, IISTA-CEAMA 

Filter wheel 
380, 436, 500,670, 880, 940,1020 

  

Atm. Extinction Pointing 

+ 

+ 

Cloud screening: Pérez-Ramírez, 2011 
Accuracy (Pérez-Ramírez, 2011) 

≈ 0.02 λ <800nm  
≈0.01 λ>800nm 
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STELLAR CE318-T 

Nighttime AOD evaluation at GRA 
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Good agreement between the three measurements for 870 nm and 500 nm 

500 nm 

Nighttime AOD evaluation at GRA 
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Scatterplots of AOD Stellar and AOD CE318-T 

Nighttime AOD evaluation at GRA 



CONCLUSIONS 
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• This is first attempt for CE318-T evaluation at 
nighttime. 

• Different conditions and aerosols types than 
those in Izaña. 

• Good agreement between techniques. 
• Lower instrumental and calibration 

complexities of the CE318-T result in more 
information available for aerosol 
characterization. But ROLO... 

• Promising results but is needed to extend them 
to wider aerosol conditions and to a greater 
number of instruments. 

Nighttime AOD evaluation at GRA 



RESULTS 
AOD DAY/NIGHT TRANSITION COHERENCE TEST AT IZAÑA 
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AOD coherence test at IZO 
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AOD coherence test at IZO 

Only for stable AOD conditions 

Before FM 

After FM 

λ≤870 nm ΔAOD≤0.020 
1640 and 1020nm --- ΔAOD up to 0.06 
at low FI 

λ≤1020 nm ΔAOD≤0.015 
1640 nm --- ΔAOD up to 0.05 at low FI 

28 



RESULTS 
PWV VALIDATION AT IZAÑA AND GRANADA STATIONS 
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PWV validation at IZO and GRA 

PWV precision*: Cimel 7% for PWV>0.7cm 
                                 25% for dry conditions 
                        GPS <10% for PWV>0.35cm 
                                 20% for drier conditions *(Schneider et al. 2010) 

IZAÑA GRANADA 

IZAÑA 

30 



RESULTS 
CASE STUDIES AT IZAÑA 
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Izaña, June 2014 

Case studies at IZO 
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Case studies at IZO 

Izaña, March 2014 
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FINAL UNCERTAINTY ESTIMATION 
ERROR PROPAGATION THEORY 
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TERMS INVOLVED: 

Uncertainty in V0 determination 

Instrumental error 

In air-mass calculation 

DAYTIME 

𝐴𝐴𝐴𝑗 =
ln 𝑉𝑗 − ln 𝑉0,𝑗 − 𝑚𝑎𝑎𝑎(𝜃) ∙ 𝜏𝑎𝑎𝑎,𝑗

𝑚𝑎(𝜃)  
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𝐴𝐴𝐴𝑗 =
ln

𝑉𝑗
𝐼0,𝑗

− ln κ𝑗 − 𝑚𝑎𝑎𝑎(𝜃) ∙ 𝜏𝑎𝑎𝑎,𝑗

𝑚𝑎(𝜃)  

NIGHTTIME 

u(κ): Random error due to dispersion in 
the fitting analysis. 
u(I0): Systematic error due to model’s 
accuracy. 
u(V): Instrumental error (systematic). 

r(κ,I0): covariance term due to κ and I0 
are correlated (expected – and ≈0). 

u(κ) REF. INSTR.: 0.004-0.014 using CV different Langleys 
u(I0): Reported relative uncertainties ≤1% 
u(V): From triplets variability 0.2-1% (2% in 440nm) 
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near full moon conditions 

Triplets variability (%) 



𝐴𝐴𝐴𝑗 =
ln

𝑉𝑗
𝐼0,𝑗

− ln κ𝑗 − 𝑚𝑎𝑎𝑎(𝜃) ∙ 𝜏𝑎𝑎𝑎,𝑗

𝑚𝑎(𝜃)  

NIGHTTIME 

u(κ) REF. INSTR.: 0.004-0.014 using CV different Langleys 
u(I0): Reported relative uncertainties ≤1% 
u(V): From triplets variability 0.2-1% (2% in 440nm) 

REF. INSTR: 0.011-0.016 (VIS) 
                   0.012-0.020 (near IR) 
                   0.023-0.024 (440 nm channel) 
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u(κ): 0.004-0.014 using CV different Langleys+0.003 (sigma ratio sun vs ratio 
moon-)+0.005-0.008 (SR –Δ(RS-RM) for 7 different heads-) 

MOON RATIO CAL. TECHNIQUE 

Ratio Moon 
Ratio Sun 
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Direct SUN Mode 

𝑅𝑒𝑒 = 1
12.2 𝑘Ω

+ 1
50 𝑀Ω

 = 12197.02 Ω 

detector 

Iincident Vout 

12.2 kΩ 50 MΩ 

0 

SUN RATIO CAL. TECHNIQUE 

detector 

Iincident 

Vout 

12.2 kΩ 50 MΩ 

1 

Moon Sky Mode 
𝑅𝑒𝑒 = 12.2 𝑘Ω + 50𝑀Ω  = 50. 0122 MΩ 

u(R)<1% 
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u(κ): 0.004-0.014 using CV different Langleys+0.003 (sigma ratio sun vs ratio 
moon-)+0.005-0.008 (RS –Δ(RS-RM) for 7 different heads-) 

SUN RATIO CAL. TECHNIQUE 

41 



Final accuracy: 
 

Reference instruments: VIS ≈  0.011-0.016   
                                                      440 nm ≈0.023-0.024  

                                                nIR ≈ 0.012-0.020 
______________________________________________________________ 

Field instruments (RM):  VIS ≈  0.011-0.017   
                                                       440 nm ≈0.023-0.024  

                                                 nIR ≈ 0.013-0.020 
______________________________________________________________ 

Field instruments (RS):  VIS ≈  0.012-0.017   
                                                       440 nm ≈0.023-0.025                                                            

                                                nIR ≈ 0.019-0.022 
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GRACIAS POR TODO! 
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