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Introduction - Is Your Data What You Think it is? 

Let’s start with an example.   We recently consulted with a large, multi-national company who 
relies heavily on accurate solar radiation data for their agricultural research.  They proudly 
described their real-time data feed with solar radiation data for every 5 km block of the US, 
updated every 15 minutes.  We asked how the measurements were made.  They didn’t know, 
but gave us the name of their supplier.  We contacted the supplier.  The supplier didn’t know 
how the measurements were made – they simply provided the surface modeling and gridding.  
We obtained the name of their supplier, and so on, only to find that there was not a single 
measurement of solar radiation anywhere in the chain.  All of this mission-critical information 
on solar radiation was being estimated 
from cloud cover and humidity at 
airports. 

Desktop software makes it easy to fit 
data with colorful contours and 
interpolate the surface down to very fine 
grids.  It can give the user a false sense of 
precision and makes it easy to mask the 
key question:  How accurate is the data? 

  

US Solar Resource Map courtesy of NREL 
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The need for accurate solar radiation data in power, architecture and agricultural industries 

continues to increase.  Where near-real time data is required, NASA satellites have been the 

primary source.  When only historical data is needed, the National Solar Radiation Database 

provides another source.  In the past, all solar energy performance models and modeling tools 

relied on one of these two sources for the underlying data.  

Satellite-Based Measurements 

Solar radiation measurements from NASA satellites provide 
the only source that is truly global in coverage.  Data is 
available in near-real time for daily averages and for 3 hour 
intervals.  It can be accessed free of charge from NASA’s 
POWER (Prediction Of World Energy Resource) website. 1 A 
gridded form of the NASA data for 2003-2005 is available from 
NREL (SUNY 10km data) 5.  This satellite data is also post-
processed and distributed in near-real time by various data 
resellers. 

There are several known limitations to satellite based 
measurements of solar radiation: 

 The sensors generally cannot distinguish between 
clouds and snow cover. 

 The measurements are less accurate near mountains, 
oceans or other large bodies of water. 

 All measurements are essentially made at the top of the atmosphere and require 
atmospheric models to estimate the solar radiation at the ground. 
 

NASA estimates that their measurements of average daily solar radiation have an RMS error of 
35 W/m2 (roughly 20% inaccuracy).2  The World Climate Research Program estimated that 
routine-operational ground solar radiation sites had end-to-end inaccuracies of 6-12%, with the 
highest quality research sites in the range of 3-6% inaccuracy.1   Other researchers comparing 
NASA solar radiation measurements to ground-based sites have found comparable results (19% 
average error in the daily data).4  Quality ground-based sites are clearly more accurate than the 
satellite models, as long as they are well-maintained. 

NASA solar radiation data on 10 

km grid, Courtesy of NREL. 
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The National Solar Radiation Database 

The NRSRD (National Solar Radiation Database) consists of measured data from 40 stations and 
modeled data for 1414 other locations.  It is important to understand that except for the 40 
measurement stations, all other data in the NRSRD is estimated.  As the quote below shows, 
the intent of the model was to reproduce the statistical characteristics of typical data, not to 
model accurately the historical solar radiation at each location.  Accuracy estimates for the 
NSRDB modeled data could not be found in the documentation and apparently were not 
published.  

 

The Solar Data Warehouse 

There is now a third source of solar radiation data comprised of ground-based measurements.  
Many federal agencies, states and universities have small, private networks of climate stations 
measuring solar radiation for their own specific purposes.  Examples include land-grant 
universities with climate stations on their research farms, irrigation networks such as CIMIS in 
California, or air quality monitoring sites.  These networks are professionally run and make their 
observations publically available.  This new data has its own set of problems as well.  It is 
typically local, difficult to access, measured from medium-quality sensors, and has little or no 
quality control. 

The Solar Data Warehouse has developed the technology to access this climate data from over 
30 different networks across the US; in total over 3000 observation stations.  Most of the solar 
radiation sensors in these stations are medium-quality pyranometers.  Typically they are rated 
by the manufacturer to be accurate within 5%.  The hourly and daily climate measurements 
from these networks are converted to a uniform format and combined into a single, consistent 

Under partly cloudy skies, because of the random and unknown location of the clouds, no model can 

accurately estimate the solar radiation incident on the earth's surface at any given time and location. 

Hence, the model used to estimate solar radiation when measured data were not available was 

designed specifically to reproduce the statistical and stochastic characteristics of multi-year solar 

radiation data sets. This resulted in the sacrifice of accuracy for specific hours. Modeled values for 

individual hours (under partly cloudy skies), therefore, may differ greatly from measured values, had 

they been made.   

- User Manual for National Solar Radiation Database3
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dataset that can be easily accessed for any location or time period.  Collected data from most of 
these stations dates back at least 5 years, and in some cases up to 25 years. 

While simple in concept, experienced practitioners will recognize the challenges in gathering 
data from so many disparate networks.  Each network has their own format and data units, and 
many networks have multiple formats.  Since their primary purpose is not public data delivery, 
they often change formats to suit their own needs.  We have found that we need to modify our 
access scripts or make adjustments in the data processing routines nearly every week.   

These ground stations are not maintained at the same level as research stations, so quality 
control becomes critical.  In fact, our experience with the raw data has shown the need for 
multiple layers of quality control.  Because of the large number of stations and the close 
proximity between many stations, it is possible to remove many of the sensor errors using 
statistics.  This does not mean that our quality control process is completely automated.  We 
have found that we must make continual adjustments to our quality control routines because 
stations are added, discontinued or relocated on a regular basis. 

While challenging, we believe it is worth the effort.  The result is a robust, high-quality network 
from over 3000 US sites with actual measurements of solar radiation and the related climate 
data at both hourly and daily intervals.   We have also identified over 6000 international 
stations distributed among similar national, local and private networks and have begun 
accessing and archiving their data.   

The question now becomes, how do these ground-based measurements compare in accuracy 
to satellite-based observations or to the National Solar Radiation Database? 

Modeled vs. Measured 

Modeled data has its own set of problems that are well known to the scientific community.  
Models require complex calibration procedures, detailed values for atmospheric conditions and 
adjustments (i.e. fudge factors) to produce reasonable results.  Solar radiation models have 
difficulties with micro-climates and areas near mountains, large bodies of water, or snow cover. 

Solar Data Warehouse vs. High-Quality Scientific Sites 

There is no way to measure definitively the accuracy of any solar radiation data, but we can 
compare it to known high-quality data and make reasonable estimates.  To this end, we 
compared our data to solar radiation measurements from 13 high-quality stations used in the 
2003-2005 National Solar Radiation Database (NSRDB).  We identified 16 Solar Data Warehouse 
stations that were located within 40 km and 200 meters elevation of these 13 NSRDB 
stations.  This resulted in 13,424 corresponding measurements of daily solar radiation for 2003-
2005.  The average daily error for the Solar Data Warehouse was 9.85% (RMS error = 19.0 
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w/m2), which includes both bias and precision error.  This is in-line with the 6-12% accuracy 
estimated by the World Climate Research Program for ground stations.  

We made the same comparison for two satellite-based estimates of solar radiation: SUNY solar 
radiation data5 and NASA Agro-Climate data1. When compared to the same 13 high-quality 
ground stations for 2003-2005, the average daily error for SUNY was 17.7% (RMS error = 24.1 
w/m2).  The average daily error for NASA was 21.3% (RMS error = 27.9 w/m2).  These average 
errors for satellite-based data are consistent with the values published by NASA and by other 
researchers. 2, 4  

Detailed scatter plots from these comparisons are located in Appendix 2. 

 

 

 

National Solar Radiation Database (Modeled) vs. Solar Data Warehouse 

The National Solar Radiation Database consists of measured data from 40 stations and modeled 
data for 1414 stations.  We selected 10 of the NSRDB modeled sites that had two Solar Data 
Warehouse sites within 40 km and 200 meters elevation.  One of the Solar Data Warehouse 
sites was selected as the baseline or reference site.  Then both NSRDB modeled data and 
measurements from the companion Solar Data Warehouse site were compared to the baseline 
site.  The terrain between stations is displayed by following the link listed in the references6. 

This procedure for comparing sites with unknown error may seem mysterious, so we’ll go into 
more detail.  First we select a reference site from our Solar Data Warehouse.  We know that 
this reference may have some error.  If we compare other nearby sites to this reference, the 
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Avg % Error compared to 13 high-quality 
reference stations (2003-2005) 

Using 13 high-quality reference stations as a baseline, we calculated the Average Daily Error in Solar 
Radiation Measurements for the Solar Data Warehouse, SUNY, and NASA Agro-Climate data. 
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comparison will include the same unknown reference error in each case.  The comparison with 
the lowest error to the reference will be the more accurate, even though the absolute error 
may not be known.  For example, in Louisiana our Solar Data Warehouse reference site was the 
Ben Hur research station.  The Solar Data Warehouse companion site at Burden was 5.3 km 
away and had an average error of 11.7% from the reference.  These percentages include both 
bias and precision error.  The closest NSRDB modeled site was located at the Baton Rouge 
airport 37 km away, and had an average error of 63.5%.   The only possible explanation is that 
the modeled NSRDB data was not as accurate as the measured Solar Data Warehouse Data.  
This is likely an example of a micro-climate, but the point is that modeled data does not handle 
these conditions very well.  A second example uses the Solar Date Warehouse station in 
Nebraska City as the baseline.  The companion Solar Data Warehouse station was 32 km away 
with an average error of 13.52%.  The nearest NSRDB modeled location was Falls City Airport, 
22km away, with an average error of 34.1%.  Such examples demonstrate that our measured 
data is more accurate than the NSRDB modeled data.  

The average daily error for the 10 NSRDB sites was 24.5% (RMS error = 34.6 w/m2).  The 
average daily error for the companion Solar Data Warehouse sites was 10.0% (RMS error = 18.3 
w/m2).  These percentages include both bias and precision error.  The NSRDB errors at 
individual locations ranged from 10.2% to 63.1%, while the Solar Data Warehouse companion 
site errors ranged from 6.6% to 18.8%.  The 63.1% error was higher than would normally be 
expected for the NSRDB model, and was likely caused by a micro-climate in the Mississippi delta 
area.  Detailed scatter plots from these comparisons are located in Appendix 2. 
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Average % Error of NSRDB Modeled Data  
Relative to Ground-Based Measurements 

Using measured data from 10 locations from the Solar Data Warehouse as the baseline, we calculated 
the Average Daily Error in the National Solar Radiation Database.  We also calculated the average error 

for a second, nearby station from the Solar Data Warehouse 
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Summary 
 

The Solar Data Warehouse has developed the technology to access solar radiation and climate 

data from over 30 different networks across the US; in total over 3000 observation stations.  

This disparate data has been carefully quality controlled into a single dataset providing both 

hourly and daily ground-based measurements of solar radiation in near-real time.  We have 

demonstrated that the resulting data is more accurate than satellite-based measurements of 

solar radiation and the modeled data that comprised the bulk of the National Solar Radiation 

Database. 
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Appendix 1 – Scatter Plots Showing the Accuracy of Various Solar Radiation Sources 

The following scatter plots are simple to interpret:  The X-Axis represents the values of solar radiation from the high-quality 
reference station and the Y-axis is the corresponding value from another source.  Tightly grouped values along the diagonal indicate 
high accuracy and a loose grouping indicates poor accuracy. 

This set of graphs compares the relative accuracy of data from Solar Data Warehouse, SUNY and NASA.  Each source is compared 
with high-quality data from a nearby research station.  At each of the 13 locations tested the Solar Data Warehouse had significantly 
less variation from the high quality station than SUNY and NASA.  Graphs from four of the locations are shown here for interest.  
Data from the additional locations is available upon request. 

Solar Data Warehouse SUNY Gridded NASA Agro-Climate 
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This second set of graphs shows the relative accuracy of the modeled data in the National Solar Radiation Database.  Data from a 
Solar Data Warehouse reference station is compared to the nearest station in the NSRDB (left column).  For comparison, a second 
nearby station from the Solar Data Warehouse is also compared to the reference station (right column).  In all 10 locations tested, 
the Solar Data Warehouse demonstrated significantly better accuracy than the NSRDB data.  Graphs from four of the locations are 
shown here for interest.  Data from the additional locations is available upon request. 

NSRDB Modeled Data  Solar Data Warehouse 
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Appendix 2:  Stations Used for this Comparison 

Station pairings comparing Solar Data Warehouse (SDW), SUNY and NASA to the National Solar 
Radiation measured data: 

NSRD Station SDW Station Separation Elevation difference 
Bismark Airport, ND SDW325479 11.4 km 90 m 
Spokane Intl Airport, WA SDWWRW1 9.3 km 97 m 
Wolf Point Intl, MT SDWOPM8 20.5 km 105 m 
Hermiston, OR SDWERO 11.5 km 52 m 
Burns Airport, OR SDWFHO3 22 km 70 m 
Boise Air Terminal, ID SDWOII 2.3 km 128 m 
Dillon Airport, MT SDWLNM 17.1 km 66 m 
Medford Intl Airport, OR SDWDFO 25.1 km 186 m 
University of Illinois SDWCMI 12.1 km 6 m 
University of Illinois SDWBLV 1.1 km 0 m 
Bluefield/Mercer, WV SDWVTO 29.4 km 29 m 
Bluefield/Mercer, WV SDWPIP 35.8 km 28 m 
Hanford Airport, CA SDWC15 26 km 14 m 
Ponca City Airport, OK SDWBLA 26.4 km 14 m 
Ponca City Airport, OK SDWBRE 28.6 km 34 m 
Broomfield/Jeffco, CO SDWFLO1 36.2 km 148 m 

 
 

Station pairings comparing National Solar Radiation Database modeled data to Solar Data 
Warehouse (SDW) measured data:  

SDW Station NSRD Station Separation Elevation difference 
SDW160 San Luis Co Regional, CA 14.6 km 21 m 
SDWGJC01 Grand Junction, CO 9.7 km 9 m 
SDWPERRY Willoughby, OH 21.8 km 24 m 
SDW254119 Falls City/Brenner, NE 22.0 km 30 m 
SDWSTEELE Blytheville Municipal, AR 19.4 km 2 m 
SDWBENHUR Baton Rouge Ryan Airport, LA 37.0 km 7 m 
SDWR749 Islip Long Island Airport, NY 17.0 km 19 m 
SDWWF1 Tallahassee Regional, FL 41.5 km 10 m 
SDWYDM4 Sault St Marie, MI 28 km 6 m 
SDWLA2 Erwin/Harnett Airport, NC 35.2 km 16 m 

  

 


