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Outline 
·Surface solar irradiance measurements using 

pyrheliometers and the WRR 

·Goniometric measurements of pyrheliometer cavities 

·Measurement results and integration to directional-
hemispherical reflectance (DHR) 

·Interpretation: ZEMAX * modeling and treatment of 
aperture effects 

·Additional measurements and modeling 

·Conclusions 

 
*Certain commercial products are identified in this talk in order to specify the experimental procedure adequately. Such identification is 

not intended to imply recommendation or endorsement by the National Institute of Standards and Technology, nor is it intended to 
imply that the products identified are necessarily the best available for the purpose. 
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Measuring Solar Irradiance 
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Using calorimetry, the temperature rise using the 
thermopile in the measuring cavity is determined. 
The shutter is closed and the electrical power is 
applied to get the matching rise in temperature.  

Å Broadband 
Å Can be absolute 
Å Traceable to SI 

through electrical 
units 

Cavity Pyrheliometer 



WRR (World Radiometric Reference) 
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An International Pyrheliometer 
Convention (IPC) being held in 
Davos, Switzerland. 

· Conventional scale for 
terrestrial solar irradiance 

·World Standard Group 
(WSG) of 6 pyrheliometers 
(down from 17) 

·World Radiometric 
Reference (WRR) is mean of 
WSG 

· IPC held every 5 years to 
calibrate other 
pyrheliometers to WRR 

· Not SI traceable, estimated 
0.3% offset from SI 

·Want to investigate SI 
traceability for terrestrial 
solar measurements 
 



NIST Goals 
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Eppley AHF, assembled (top), disassembled for cavity 
reflectance measurements (middle), and front view 
of cavity with aperture (bottom)  

·Set of 3 Eppley AHF 
pyrheliometers purchased 

Establish traceability of 
pyrheliometers  to SI 
Challenges 
·Standard irradiance 

lamps too low power 
·.)34 !#2ȭÓ ÏÐÅÒÁÔÅ 

underfilled  (power mode) 
at lower powers; 
pyrheliometers in 
irradiance mode 

Initial approach 
·Characterize 

pyrheliometer 
components from the 
ground up 
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Measuring Pyrheliometer Cavity Reflectance 
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How to measure?  
· Sphere-based: fast, spectrally 

multiplexed,  collect directional -
hemispherical (DHR) in one step, 
requires corrections, poor SNR, visible 
ÓÙÓÔÅÍ ÏÐÔÉÍÉÚÅÄ ÆÏÒ ×ÈÉÔÅ άȱ ÓÁÍÐÌÅÓ 
and needs reference sample 
 

· Goniometric (GOSI): great SNR with 
laser and PMT, slow, few wavelengths, 
requires measurement at many points 
integrated to DHR, flexible sample and 
beam size, absolute 
 

Used Goniometric Optical Scatter 
Instrument (GOSI) due to its high SNR, 
scanning capabilities and ability to measure 
absolute reflectance 

Why measure?  
Conversion of light to heat depends directly on cavity 
absorptance          (absorptance = 1 ɀ reflectance) 
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reflection/scatter 

position Receiver (in 

incident light 

position)

Receiver arm 

rotation

Sample 

rotation

Out-of-plane 

sample rotations 

(not used)

From laser 

Cavity held here 

GOSI 



Setup 

Incident beam at 532 nm, polarized, focused, 
0.25 mm x 0.5 mm diameter, underfilling  
cavity 

ʊs negative 

ʊi = 0 

ʊs positive 
 

GOSI incident (qi) and view (qs) 
angles, from above 

cavity 

9 H. Patrick, CORM 2015 

aperture 

Å Scan qs (receiver arm view 
position) with qi = 0° 

Å Translate cavity to sample 
reflectance at different positions 

Å Reflectance measured aperture 
on and with aperture off 
 

Cavity held at 
GOSI center 
 

Translate 
cavity to 
sample 
reflectance 
over its area 

Front View 
Top View Schematic 



Example Measurement, BRDF vs. qs 
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Gonio outputs BRDF: 

Å BRDF is reflectance captured in the receiver solid angle W 
Å BRDF vs qs integrates to directional-hemispherical reflectance (DHR) 

Scatter/BRDF seen with aperture  

BRDF   
“ὶ

Ὑ
 

View angles to 
cavity limited 
when aperture 
on 

Aperture on vs. off  
We want to 
measure this 
light, too!  So 
also measure 
aperture off. 

Aperture sits in front of cavity  

Measured cavity aperture on and 
aperture off.  Will later show 
model for how to treat when 
calculating effective cavity 
absorptance. 
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