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๏ Surface irradiance components are needed in many applications,  

e.g. solar resource assessment, solar forecasting 

๏ Accuracy of irradiance predictions depend on (i) model performance 

and (ii) input data quality 

๏ Many radiative transfer models exist, with widely varying spectral 

resolution and other characteristics 

๏ For highly repetitive calculations, a fast model is desirable 

๏ High spectral resolution may be desirable but means slower model 

๏ Irradiance is a function of spectral aerosol variables (AOD…) 

๏ DNI is ≈4–5 times more sensitive to AOD’s uncertainty than GHI  

under clear conditions (Gueymard, 2012) 
 

Q1: Does higher spectral resolution improve model performance? 

Q2: What is the role played by aerosol conditions on this performance? 

Q3: What is the impact of the cloud filtering method applied to  

experimental radiometric data to define “clear” conditions? 

Background 
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๏ 10 models selected based on: previous validation studies, importance in 
solar/meteo applications, or recent literature; all are aerosol-dependent 
through AOD and AE 

๏ Wide variety, from simple empirical single-band parameterizations to 
physical multi-layer multi-band RT 

๏ MMAC ≈4–5 orders of magnitude faster than LDRTM (seconds vs. days)  

Selected Models 
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Model Author # Bands Notes 

Bird Bird & Hulstrom, 1981 1 “Classic” simple RT model 

Ineichen Ineichen, 2008 1 Parameterization of spectral SOLIS model 

LDRTM To be published 461 
DISORT 16-stream solver; beta version 

based on AMESIS (Geraldi et al., 2012) 

MMAC 
Davies et al., 1989; 

Gueymard, 2003 
1 Simplest/fastest model 

REST2 Gueymard, 2008 2 Versions 8.4 and 9ß 

RRTMG Iacono et al., 2004 14 Optional in WRF; 2-stream solver; multilayer 

SMARTS Gueymard, 1995 2002 Version 3ß 

SOLEMI Schillings et al., 2004 1 Based on Bird 

SUNFLUX Sun et al., 2012, 2013 2 Updated/improved version 

McClear Lefevre et al., 2013 (1) Based on libRadtran; tied to MACC inputs 



๏ Only 1-min irradiance data used, from BSRN research-class stations 

๏ Thermopile radiometers, 3 components independently measured; 
additional QC based on closure equation (Long and Shi, 2008) 

๏ Reference GHI obtained optimally through component-sum method 
(Michalsky et al., 1999) 

๏ 15 combined BSRN/AERONET stations over 5 continents 

๏ For all models (except McClear), main inputs provided by “coincident” 
AERONET sunphotometer data (aerosols, water vapor) 

 
 

Experimental Data 
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Annual DNI (NASA-SSE) 



๏ Two possible philosophies: 

 Cloudless sky conditions, to test all irradiance components (Long-

Ackerman filter) 

 Clear line-of-sight, to test DNI only (AERONET filter) 

๏ Cloudless conditions are much more restrictive and much less 

frequent 

๏ DNI validation under clear line-of-sight conditions more representative 

of real-world CSP/CPV operation: larger range of aerosol loading, etc. 

 

CAUTION: 

๏ Cimel opening angle (≈0.6°) smaller than with pyrheliometers 

(2.5°) 

๏ 1-min average irradiance vs. instantaneous sunphotometer data 

๏ Rapid cloud artifacts to be filtered out using stability of DNI signal 

around sunphotometer data points 

Which “Clear” Conditions? 
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• Bias normally <5% at clean sites with all models 

• Performance varies depending on site; impact of high AOD? Soiling? 

• MMAC (simple 1-band), SMARTS (2002 bands) and McClear (1-band, non-

local gridded inputs) perform similarly at many sites 

  

  

Results: GHI 
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• Surprising large bias at 3 stations with most models 

• Requires further scrutiny 

  

  

Results: GHI 
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• Much larger site-to-site and model-to-model deviations than with GHI 

• LDRTM, McClear, SOLEMI impacted by high AOD or non-local AOD inputs 

• Possible impact of “clear sky” definition on performance statistics 

Results: DNI 
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• Same 3 outliers as with GHI (PTR, SMS, SXF) 

• McClear underestimates DNI at most sites; MACC AOD too high overall? 

  

  

Results: DNI 
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Results: DNI vs. mb 
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• Why mb? A measure of Total Aerosol Extinction 

• At Sede Boker, MMAC performs much better than LDRTM (totally unexpected!) 

• Low-res vs. high-res models performance: Smooth spectral variation of AOD 

  

  



• AOD and AE (a) may vary fast during a single day 

• Is Ångström’s law universal and valid beyond e.g. 1 µm? 

• Frequent problems for AOD <0.02 (≈exp. uncertainty) 

• Extended “bad” periods possible: More QC necessary 

 

 

AOD Data Limitations—Lessons Learned 
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Results: DNI vs. mb 
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๏ For mb  0 good DNI models normally have negligible bias (<1%) at any 

site 

 

 

 

 

 

 

 

 

 

 

๏ Unexpected finding: Substantial bias (2–5%) at 3 sites (GHI outliers too) 

๏ Sunphotometer issue (AOD and/or PW totally wrong???) unlikely; 

pyrheliometer issue more likely (calibration? shading? soiling?) 

mb 



Results: DNI vs. mb vs. Cloud Filtering 
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๏ Significant impact of cloud filtering method when mb increases 

๏ Good agreement between 2 methods only for low mb  

๏ When mb increases: Some simple models (Bird, Ineichen, SOLEMI) 
diverge, whereas the simplest MMAC remains highly accurate 

๏ MMAC, REST2, RRTMG, SMARTS can withstand very high AODs 



Future Work 

๏ BSRN and AERONET data quality needs even more scrutiny 

๏ Investigate more stations with collocated radiometer/sunphotometer 

๏ How accurate is a? 

๏ Evaluate the joint impact of AOD and a on model performance 

๏ Test more models: 

 Dudhia (WRF) 

 Goddard (WRF) 

 Zhang et al. (NASA) 

 … 
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• 10 RT models investigated, of varying complexity and spectral resolution 

• 15 BSRN/AERONET combined stations analyzed 

• Good and relatively consistent results for GHI only 

• More discrepancy in DNI 

• Powerful analysis tool: Bias in DNI vs. binned mb; should be ≈0 for mb0 

• Bias issue in DNI and GHI found at 3 sites, most likely in radiometer data 

• DNI=f(AOD) performance affected by 2 possible definitions of “clear sky” 

• Simplest 1-band model (MMAC) performs surprisingly well and 

consistently; better than most more sophisticated models 

• High spectral resolution modeling not necessary for accurate surface 

irradiance prediction; consequence of smoothness of AOD = f(l) and 

Ångström law used by models; high-res modeling is slow and may be 

counterproductive (but may be needed for some applications, e.g. PV) 

• Sunphotometer data may have issues (e.g. AOD<0; AE too high) over 

extended periods; additional QC necessary 

 

 

 

 

 

Conclusion 
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