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National Solar Radiation Data Base
~ 97% modeled broadband hourly data
Collector modes: Perez Anisotropic Model
Global ~ ±10%, DNI ~±15%



Special Data Sets: 
Circumsolar and Spectral
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179,000 Circumsolar 
profile scans 
0.025° steps 
11 locations

3000 
spectra 
CA, FL, CO
DNI, Global 
tilt,GNI, and 
GHZ



NREL Solar Prospector: http://mercator.nrel.gov/csp/

1998-2005 Solar data
“Average” Year 
10 km Grid
DNI ±15%

Perez 
“SUNY”
10 km 
Satellite 
estimates



Typical GNI DNI Summary Data
(Solar Radiation Data Manual for Flat-Plate and Concentrating Collectors)

SOLAR RADIATION FOR 2-AXIS TRACKING FLAT-PLATE COLLECTORS (kWh/m2/day), Percentage Uncertainty = 9
Tracker         Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Year
2-Ax is    Average 5.6 6.4 7.2 8.1 8.5 9.4 9.2 8.6 8 7.1 5.7 5.3 7.4

DIRECT BEAM SOLAR RADIATION FOR CONCENTRATING COLLECTORS (kWh/m2/day), Percentage Uncertainty = 8
Tracker         Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Year
2-X      Average 4.1 4.6 5 5.7 5.8 6.8 6.7 6.3 6.1 5.6 4.3 4 5.4

GNI/DNI Boulder 1.37 1.39 1.44 1.42 1.47 1.38 1.37 1.37 1.31 1.27 1.33 1.33 1.37
GNI/DNI daggett 1.28 1.31 1.30 1.28 1.27 1.24 1.27 1.24 1.23 1.23 1.25 1.26 1.25
GNI/DNI Alamosa 1.26 1.29 1.34 1.33 1.34 1.28 1.33 1.34 1.28 1.25 1.24 1.26 1.29
GNI/DNI El Paso 1.28 1.29 1.30 1.29 1.29 1.31 1.41 1.42 1.36 1.30 1.30 1.29 1.33

Entries for Boulder CO

Example Ratios GNI/DNI



Previous Analysis: Kurtz et at. 1990 

What is DNI 
for GNI at 
SRC? 

Mean GNI 
1000 ± 25 W-2

Avg MEDIAN
DNI 836 Wm-2





Example DNI Vs GNI ALL Hours ~ 120,000

DNI/GNI 
0.874 

DNI/GNI 
0.836

GNI model from 
NSRDB 
Glo,Beam, Diff 
with Perez 
Anisotropic 
model

GNI D
N

I



DNI/GNI 
0.874 

DNI/GNI 
0.836

GNI>800 D
N

I
Example DNI Vs GNI>800 Wm-2



Averages 36 Sites, 30 yr hourly GNI> 800 Wm-2
STATION Lat Long AVG GNI > 800 Stdev GNI AVG DNI GNI >800EV DNI GNIo GNI/DNI (GNI>EV G/D GNI COUNT
 Alamosa_CO 37.5 -105.8 956.94 82.05 874.75 115.83 1.11 0.11 57934
 Flagstaff_AZ 35.1 -111.8 956.91 83.06 876.45 108.62 1.10 0.09 50947
 Prescott_AZ 34.7 -112.5 955.27 81.19 870.39 107.92 1.11 0.10 56419
 Elko_NV 40.8 -115.8 940.35 75.84 853.20 101.82 1.11 0.09 42136
 Ely_NV 39.3 -114.9 958.01 82.76 868.63 116.97 1.12 0.13 49065
 Daggett_CA 35.4 -119 959.86 77.04 864.55 101.02 1.12 0.11 67184
 Cedar_City_UT 37.7 -113 949.10 79.31 856.71 108.39 1.12 0.11 50680
 Winnemucca_NV 40.9 -117.8 944.09 76.03 849.57 101.24 1.12 0.10 44429
 Tonopah_NV 38 -117.1 953.04 79.93 861.53 104.64 1.12 0.10 55544
 Tucson_AZ 32.1 -110.9 956.73 77.68 856.41 105.95 1.13 0.12 62831
 Reno_NV 39.5 -119.8 947.04 76.40 850.84 98.45 1.12 0.10 50218
 Rock_Springs_WY 41.5 -109 927.86 74.73 826.72 109.85 1.13 0.12 38236
 Grand_Junction_C 39.1 -108.5 946.55 78.10 841.33 114.10 1.14 0.15 48786
 Tucumcari_NM 35.2 -103.5 939.32 75.42 833.42 109.66 1.14 0.12 47069
 Albuquerque_NM 35 -106.5 972.12 83.31 866.24 117.12 1.14 0.14 61065
 Las_Vegas_NV 36.1 -115.2 963.55 81.77 853.26 105.54 1.14 0.14 63730
 Amarillo_TX 35.2 -101.7 934.41 72.50 829.96 105.01 1.14 0.11 47923
 Lubbock_TX 33.6 -101.8 933.98 72.99 823.50 107.88 1.15 0.12 47198
 El_Paso_TX 31.8 -106.5 959.59 78.95 843.60 113.65 1.15 0.16 60792
 Abilene_TX 32.5 -99.8 931.70 71.50 812.27 109.19 1.16 0.13 45168
 Midland_TX 31.9 -102.2 947.56 76.42 830.11 116.65 1.16 0.15 51542
 Santa_Maria_CA 34.9 -120.5 935.33 68.42 814.10 91.70 1.16 0.11 50523
 San_Angelo_TX 31.4 -100.5 933.04 72.03 813.77 109.71 1.16 0.13 45630
 Sacramento_CA 38.5 -121.5 929.26 69.07 804.46 86.51 1.16 0.10 44286
 Phoenix_AZ 33.5 -112 955.11 78.27 832.80 102.04 1.16 0.13 61909
 Bakersfield_CA 35.5 -119 935.99 71.93 808.45 90.80 1.17 0.10 47259
 Fresno_CA 46.6 -119.8 935.14 71.08 807.41 92.30 1.17 0.12 46850
 Kahului_HI 20.9 -156.5 910.09 62.11 802.94 95.05 1.14 0.10 44970
 Wichita_Falls_TX 33.9 -98.5 922.91 68.56 801.22 107.14 1.17 0.13 41522
 Honolulu_HI 21.3 -157.9 905.50 63.44 758.18 105.06 1.21 0.15 36966
 Fort_Worth_TX 32.8 -97.1 926.24 69.38 789.85 120.03 1.20 0.17 39765
 Cheyenne_WY 41.2 -104.8 927.11 71.68 837.23 101.14 1.12 0.10 38131
 San_Antonio_TX 29.5 -98.5 926.76 70.33 776.17 127.49 1.22 0.19 37249
 Bismarck_ND 46.3 -100.8 914.89 65.22 806.72 96.15 1.15 0.12 31778
 Austin_TX 30.3 -97.7 923.59 69.85 786.33 117.60 1.19 0.15 37194
 Lewiston_MT 47 -109.5 911.32 66.28 818.68 93.57 1.12 0.09 27507
  Average 939.62  830.60     

Mean GNI 
939.6 ± 70

Mean DNI 
830.6 ± 100



Summary GNI> 800 Wm-2



DNI/GNI  mean (0.873)
GNI/DNI Ratio (mean 1.145)

For GNI > 800 Wm-2 
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GNI ~ 1000 Wm-2=> DNI ~ 873 Wm-2 

Summary DNI/GNI for GNI> 800



ASTM G 173 AND ISO REF SPECTRAL STD :

Global “Tilt = 37°” = 1000 Wm-2

DNI for same conditions = 900 Wm-2
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Direct+circumsolar W*m-2*nm-1
Total 900.0 W.m-2
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Uncertainty

656
DiffuseDirectGlobal

Umeas (±%)

158SUNY
1610METSTAT

DirGlo/DifModel

Uopt (±%)

U95 = (Uopt
2 + Uadd1

2 + Uadd2
2 …)1/2 (±%)

10High latitude
5Ground snow cover
2Time shifting

Additional 
Uncertainty

Condition

Uadd Satellite (±%)
Uopt = (Umeas

2 + Umod
2 + Ubias

2) 1/2 (±%)

MEASUREMENTS MODELS

11405SUNY

41528METSTAT

Dir MBE 
(Ubias)

Dir RMS 
(Umod)

Glo/Dif MBE 
(Ubias)

Glo/Dif RMS 
(Umod)Model

Umod (±%)

22

4
4

14
4

ASOS-only

Cloud probability nearby site
Cloud probability derivation
Long-term filling
Short- and med-termfilling

Condition

Uadd METSTAT (±%)
Additional Uncertainty
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Sanity Check: Other Methods;
MeteonormDIRECT
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Analysis 6 Solar Databases Europe
Šúri1, et al., “First Steps in the Cross-Comparison of Solar Resource
Spatial Products in Europe”  Proceeding of the EUROSUN 2008,

+10%

-10%

+8% to -4%

+10%

-10%

+8% to -4%
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European PVGIS Uncertainty 
Súri et al.,  “Geographic Aspects of Photovoltaics in Europe: Contribution of 
the PVGIS Website”  IEEE JOURNAL OF SELECTED TOPICS IN APPLIED EARTH  
OBSERVATIONS AND REMOTE SENSING, VOL. 1, NO. 1, MARCH 2008
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PV system monitoring vs satellite 
based solar maps

A. Drews et al., “Quality of performance assessment of PV plants 
based on irradiation maps”, Solar Energy 82 (2008) 1067–1075

-7%

-5 to +8 %



Current Status  of MESOR Benchmarking – Carsten Hoyer-Klick – March 17th 2009 – IEA Task 36 Solar Resource Management

Sample Results: European 
Benchmarking Satellite vs Ground 

(IEA Task 36) 
GHI av DNI av
[W/m²] [W/m²]

Camborne (BSRN, 2001-2003) 238.5 10815 0.95 -1.01% 29.77% 0 262.5 7655 0.83 -0.52% 60.98% 0
Carpentras (BSRN, 2000) 345.8 5618 0.98 2.82% 18.55% 0 482.4 4779 0.9 2.66% 31.41% 0
DeAar (BSRN, 2001-2003) 501.5 9168 0.97 3.44% 16.76% 0 673.9 8469 0.9 0.89% 23.80% 0
Geneva (IDMP, 2002-2003) 309.9 6560 0.95 7.74% 29.37% 0 372.9 5384 0.84 7.52% 52.58% 0
Lerwick (BSRN, 2001-2003) 174.1 12112 0.93 -1.72% 38.64% 0 187.2 7082 0.68 -9.43% 92.72% 0
Payerne (BSRN, 2000-2003) 383.6 11139 0.96 0.66% 18.84% 0 428.3 9886 0.87 -3.33% 36.88% 0
SedeBoqer (BSRN, 2003 - 2005) 561.5 10048 0.98 4.64% 12.96% 0 607.2 9934 0.78 -2.50% 30.37% 0
SolarVillage (BSRN, 2000 - 2002) 574 11640 0.98 -0.02% 10.84% 0 578.1 11418 0.81 -0.37% 31.09% 0
all 387.3 77100 0.97 1.93% 18.79% 0 467.8 64607 0.87 -0.73% 36.83% 0

Bias% RMSD% KSI%RMSD% KSI% nov R2Station nov R2 Bias%

Time scale RMSD GHI % R2 RMSD DNI % R2

hour 18.79% 0.97 36.83% 0.87
day 11.08% 0.99 23.58% 0.95
month 4.95% 0.99 9.69% 0.99
year 3.66% 0.99 4.92% 0.99
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SUMMARY
 Measured data SPARSE and EPISODIC

 Specialized Measured Data available

 Measured-Model broadband difference patterns ~ 10% - 15% Typical

 Uncertainty Function of Site, INPUT data and REFERENCE DATA uncertainties

Data Sources PROLIFERATING; benchmarking is a RESEARCH project !!

International Energy Agency Task 36 on Solar Radiation Knowledge 
Management http://www.iea-shc.org/task36/index.html

U.S. Satellite (SUNY) Uncertainty comparable European Estimates (state of the art)   
NOTE: MODELS CONTINUOUSLY EVOLVING !

Measurements AND models: Similar Uncertainty Limits:         
5% - 10% Global Month Mean Daily Total
10%- 15% Direct Month Mean Daily Total

Statistics help, but this is essentially WEATHER data! 

Rating Conditions: DNI ~ 900 W/m2 appropriate compromise with GNI, 
Flat Plate ~ 1000, and DNI Reference spectrum
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