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NIR absolute level: state of the art 
(2014) 

Questions raised in the community for 
NIR ground-based: 

Radiometric stability  Atmospheric bias 

Rationale for new ground-based 
campaign 

•  New Improved high-
quality site 

•  relative and absolute 
calibration strategy 



NIR absolute level: state of the art  
(2018) 

•  Higher convergence in the NIR 
in the last measurement sets 

•  A halfway value between high 
and low groups arises from 
latest measurements: 
 - Pyrilios (2016) 
 - SOLSPEC/ISS(2017) 
 - SCIAMACHY new (2017) 

 



New NIR ground-based campaign 
strategy 

Izana Observatory (IZO) 2011 
 
•  2400 masl 
•  4-month campaign (>60 high-

quality half-days) 
•  4 FEL lamps, 2 relative 

calibrations 
•  Spectrometer outdoors 

Mauna Loa Observatory (MLO) 2016 
 
•  3400 masl 
•  20-day campaign (8 high-quality 

half-days) 
•  6 FEL lamps, 4 relative 

calibrations 
•  Spectrometer indoors 

IZO and MLO are the world reference sites for determination of extra-
terrestrial extrapolations 



Langley plot method 
Langley-plot 

principle: 

Conditions of application 
•  Pristine and stable atmospheric 

conditions 
•  Absorption-free wavelength 

regions  

Atmospheric	
windows	

Air	Mass	Factor	



NIR ground based instrumentation 

Solar	tracker	

Sun	collec7ng	op7cs	

Op7c	fiber	to	
spectrometer	

Sun	collec)ng	op)cs	

Double-grating spectrometer 
600 nm – 2300 nm 
~10 nm Bandwidth 



Calibration Strategy 



Calibration Strategy 

Rela)ve	(K)	 Unc	(1000nm)	 Absolute	(R)	 Unc	(1000nm)	

IZO	(2011)	 4	lamps,	2	rela7ve	
calibra7ons	
•  Start	campaign	
•  End	campaign	

0.44%	 BB	at	3016.5K	 0.52%	

MLO	(2016)	 6	lamps,	4	rela7ve	
calibra7ons	
•  Start	campaign	
•  Mid-campaign	x	2	
•  End	campaign	
	

0.16%	 BB	at	3016.5k	and	
2847.5K	

0.45%	

•  High-frequency relative calibration detected smallmeasurable changes in instrument response, 
mainly between  

•  Spectrometer indoors => No thermal correction for instrument response  

•  Loss of response between end and beginning of campaign (~2% @ 1000nm) 
•  Spectrometer outoors => Thermal correction for instrument response (up to 1% @ 1000nm) 



Uncertainty budget 

Absolute	calibra)on	
Blackbody	emission	
Blackbody	signal	
Rela)ve	calibra)on	
Solar	signal	
Calibrated	solar	signal	
TOA	calibrated	solar	signal	

Uncertainty budget 
intrinsicely dependent 
on instrument’s signal 
to noise ratio 



NIR ground-based comparisons 

4.5% - 5% difference not explained by  2σ error 
bars  

Higher confidence on 
MLO measurements 
wrt to IZO due to 
improved calibration 
strategy	



NIR ground-based comparisons 

Sunlight from 
telescope Fiber 

optic 

Focusing Lens 
•  So far, most plausible explanaition for systematic 

4.5%-5% MLO/IZO difference 
•  Not possible to calculate effect of lentil movement 

during IZO 
 

Focusing lens was not properly fixed at 
IZO(2011) !! 
Fixed before the absolute calibration for 
MLO(2016) 
 



NIR absolute level: state of the art  
(2018) 

ch7	 ch8	

Continuity between 
channels 7&8 of 
SCIAMACHY and 
PYRILIOS? 

What will be the new NIR 
level of TSIS ? 

SOLAR-ISS:	MeUah	M.	et	al.,	Solar	Physics,	2017	
SCIAMACHY	V9:	Hilbig,	T.	et	al.,	Solar	Physics	2018	
PYR-ILIOS:	Pereira,	N.	et	al.,	AMT	(public	discussion)	



Conclusions 

•  NIR absolute level in a converging trend λ> 1.3µm.  
Waiting for TSIS contribution …  

•  Increasing acceptance for ground-based measurents in the 
solar community 

•  PyirIlios campaign more robust set of ground-based 
spectrometer measurements (1.0µm<λ<1.8µm) 

•  Sensitivity of the method to atmospheric parameters as 
future work 


