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ABSTRACT 

We present a new online data access and delivery system 

to support solar site selection and analysis worldwide at 

locations where data of this depth and precision was not 

previously available. Our methodology utilized the new-

ly-released NCEP/Climate Forecast System Reanalysis 

(CFSR) high quality dataset, which contains hour-by-hour 

data at about 35-km horizontal resolution across the globe 

from January 1979 through December 2009 for a total of 

35 weather quantities, including both conventional and 

solar radiation variables.  

The CFSR data was pre-processed in a series of steps and 

the Perez algorithm was employed to generate Direct 

Normal Irradiance (DNI) from the Global Horizontal Ir-

radiance (GHI) values in the output. A multi-function 

interactive web-based interface was added to simplify 

user command and control of site definition and easy data 

acquisition. Besides gap-free, continuous hourly time-

series data for 31 years with global coverage, the interface 

offers the user options in the special formats (epw, bin, 

tm2) used as input to popular solar and building system 

models such as TRNSYS, EnergyPlus, and eQuest/DOE2. 

The quality of the final output for both conventional and 

solar radiation variables is verified by comparing the out-

put at various weather stations including sites with mul-

tiple GHI and DNI sensors. Historical predictions of 35 

weather variables are complemented by their 7-day ahead 

forecast, based on NOAA‟s Global Forecast System. 

 

1. INTRODUCTION 

Accurately categorizing the climate at any location, essen-

tial for reliable simulation and analysis of energy systems, 

requires at least 30 years of statistically stationary hourly 

observation history. However, only a limited number of 

weather sensor stations have been operating for that pe-

riod – less than 1000 in the world with over 80% com-

plete data and only a small fraction of those include solar 

radiation. Even high-quality airport surface stations are 

relocated periodically. This can result in apparent trends 

and other statistical artifacts in the station climatology.  

Early in 2010, after more than five years of research and 

development, NOAA‟s National Centers for Environmen-

tal Prediction (NCEP) released numerical output from its 

Climate Forecast System Reanalysis (CFSR) model. This 

effort yielded a high quality 31-year global reanalysis of 

the ocean and atmosphere covering the whole world and 

the period 1979–2009 [1]. Included in this release is an 

hour-by-hour dataset consisting of over four dozen at-

mospheric and environmental variables at about 35-km 

horizontal resolution.  

The CFSR dataset is available on the web directly from 

NOAA. However, converting their GRIB-format files into 

a useable common format can be a challenging task. This 

has been successfully undertaken by Weather Analytics 

(WxA). In the process, a series of interface tools has been 

added to facilitate access and use. 

There is a growing demand for weather-related data in 

various fields, and particularly in energy applications. 

Whereas temperature is measured routinely at thousands 

of weather stations in the world, in situ data for surface 

solar radiation is not common, especially in developing 

countries, hence the impetus to develop resources with a  

global reach at reasonable cost. The CFSR dataset offers a 

unique potential, since it can be combined with local me-

teorological measurements for even greater accuracy. 
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This contribution describes the efforts undertaken at WxA 

to transform native CFSR data into usable formats with an 

easily-accessible user-friendly interface. This represents a 

resource that should appeal to a large community of ener-

gy analysts involved in solar, wind and building energy 

simulations. 

 

2. METHODOLOGY 

2.1 Brief Overview of the CFSR Model System 

NCEP‟s CFSR system is a special application of numeri-

cal weather prediction (NWP) modeling technology. 

Modern real-time NWP modeling operations are sup-

ported by the sophisticated Global Data Assimilation Sys-

tem (GDAS). GDAS orchestrates the collection, quality 

control and preprocessing of raw in situ and remote sen-

sor data from a wide array of sensor systems (Fig. 1). 

Once preprocessed, the resulting state of the atmosphere 

variables are used as input to a variety of regional- and 

global-scale NWP models. 

 

Fig. 1: The Global Data Assimilation System (GDAS) 

provides the raw sensor data that gives a constantly up-

dated picture of the Earth-Atmosphere system. 

NWP models are based on the fundamental physical laws 

governing the evolution of the earth-atmosphere system. 

Traditionally, NWP models have been implemented as 

initial-value applications to provide forecast guidance 

products for weather forecasters. The initial condition 

analysis created from GDAS is extrapolated into the fu-

ture with the future evolution of the earth-atmosphere 

system constrained by physics.  

NWP models can also be run using archived historical 

GDAS data. The historical GDAS observations are conti-

nuously assimilated into the model as the model reaches 

the times corresponding to the observations. In this case, 

the past evolution of the earth-atmosphere system is con-

strained both by physics and observations. The CFSR 

model system was run using this method starting at the 

end of 1978 through the end of 2009. Figure 2 shows the 

NWP model moving through time and the various sensor 

systems (many satellite based) entering the model as they 

are commissioned.  

 

Fig. 2: When observation data types enter the CFSR 

stream. 

2.2 Multi-tiered CFSR Data Processing and Integration 

Over 30 terabytes of native CFSR data was downloaded 

and transferred in its GRIB format. Next the information 

was peeled from its month by month global structure to 

one which would support continuous hour-by-hour time-

series of weather variables for selected locations. Then 

each weather variable was converted into its most useful 

form and the final completed dataset was assembled into a 

direct-access structure to facilitate rapid response to re-

quests for any given location. This process is schematical-

ly visualized in Fig. 3. 

Fig. 3: Schematic of database methodology steps 
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This dataset was then integrated and geographically 

aligned with the output from WxA‟s Sensor Point™ sys-

tem into a single unified structure consisting of hour-by-

hour weather data from the beginning of 1979 through 

current conditions, as well as a 7-day forecast. This sys-

tem allows the placement of virtual weather stations – 

called Virtual Sensor Stations™ (VSS™) at any location 

of interest. 

2.3 Solar Irradiance  

Among the variables in this CFSR hour-by-hour dataset is 

Global Horizontal Irradiance (GHI) at the Earth‟s surface. 

One particularly important factor in a numerical weather 

prediction (NWP) model‟s ability to realistically handle 

radiative transfer is dependent on its vertical resolution. 

The CFSR model has 64 vertical levels (Fig. 4), a large 

increase over the 28 levels used in the previous version of 

the global reanalysis dataset. By design, this yields a sig-

nificant improvement in modeled GHI over previous 

models that were limited by their lower vertical resolu-

tion. 

 

Fig.4: Vertical model levels used in the CFSR system. 

 

 

3. VERIFICATION 

3.1 Primary Variables 

To verify the accuracy of the final output for historical 

data, we positioned a Virtual Sensor Station™ (VSS™) 

near two co-located weather stations. Comparisons of 

VSS™ virtual observations with actual on-site measure-

ments for selected conventional weather variables along 

with the CFSR-based GHI are shown below. 

Surface Temperature:  Figure 5 shows the measured ob-

servations for two separate weather stations co-located at 

the airport in Burns, OR (blue and green) and the CFSR-

based virtual sensor time series (in red). It can be seen 

that the virtual sensor time series mimics the station ob-

servations during this 10-day period in July 2008. 

 

Fig. 5: Virtual sensor temperature output and two station 

observations at Burns, OR. 

Correlations covering the most recent two years of the 

CFSR dataset are shown in Fig. 6. As is the case for the 

sample time series, the agreement between the virtual 

sensor temperature and one of the station sensors is closer 

than between the two stations, which are approximately 

10-km apart and within 14 m elevation.  

 

Fig. 6: Comparison of two Burns, OR sensor stations with 

each other and with 35-km area CFSR output for surface 

temperature (2008–2009) 
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Global Horizontal Irradiance (GHI):  Shown below are 

two representative periods for Eugene, OR (part of Uni-

versity of Oregon‟s monitoring network in the northwest 

U.S.) containing several solar sensors during 2008. One 

period is clear with low humidity (Fig. 7) and the other 

cloudy with high humidity (Fig. 8). The VSS™ output (in 

red) tracks the measured GHI closely. Statistically, the 

difference in the total GHI for 2008 between the VSS™ 

and the average of the sensor measurements is 1.6%. Over 

the period 1998–2005, this mean difference is 4.8% at 

Eugene, and 2.6% at Burns. This is comparable to differ-

ences of 1.3% and -4.1%, respectively, for the same pe-

riod by NREL‟s NSRDB data, derived from the SUNY 

satellite-based model. For the same period, Fig. 9 shows 

the frequency distribution of the measured hourly GHI at 

Burns compared to those predicted by the WxA and SU-

NY models. The two modeled distributions show similar 

performance, despite the lower spatial resolution of 

WxA‟s. 

 

Fig. 7: Virtual sensor output and four station observations 

at Eugene, OR – GHI in clear, low humidity period  

 

Fig. 8: Virtual sensor output and four station observations 

at Eugene, OR – GHI in cloudy, high humidity period  

Monthly average irradiance values are of the utmost im-

portance for the preliminary design of solar systems, 

among other applications. For Tamanrasset, southern Al-

geria, where the solar resource is very high, the average 

WxA predictions of GHI are compared in Fig. 10 to ac-

tual high-quality (BSRN) measurements of the same for 

113 complete months during the period 2000–2009. With 

only one exception, all monthly predictions are within 

±10% of the reference measurements, with no significant 

long-term bias. 

 

Fig. 9: Frequency distributions of hourly GHI at Burns. 

 

Fig. 10: Predicted vs. measured monthly mean daily GHI 

at Tamanrasset during the period 2000–2009 

3.2 Direct Normal Irradiance (DNI) Validation 

Shown below are the DNI comparisons for the same two 

periods in 2008 as the GHI graphs in Figs. 7 and 8, one 

clear with low humidity (Fig. 11) and the other cloudy 

with high humidity (Fig. 12). Note the VSS™ output (in 

red) tracks very well the measured DNI for multiple sen-

sors, particularly on clear days. Statistically, the differ-

ence in the total DNI for 2008 between the VSS™ and the 

average of the sensor measurements is 15.8%. For months 

that were predominately clear this difference is 2.5%.  
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Over the period 1998–2005, the mean difference between 

the predicted and measured DNI is 7.9% at Eugene and 

0.2% at Burns, as compared to 10.7% and -4.1%, respec-

tively, for the SUNY model‟s predictions used in the 

NSRDB. It is stressed that the WxA predictions reported 

here are not affected by the “Eugene syndrome” that 

overestimates the winter NSRDB data at sites with signif-

icant cloudiness and snow cover [2]. 

 

Fig. 11: Virtual sensor output and two station observa-

tions at Eugene, OR – DNI in clear, low humidity period  

 

 

Fig. 12: Virtual sensor output and two station observa-

tions at Eugene, OR – DNI in clear, low humidity period  

 

Figure 13 shows the inter-annual variations of DNI at 

Burns over the 30-year period 1980–2009, compared to 

high-quality measured data from the University of Oregon 

network. During that period, the measured mean daily 

DNI varied between 4.3 and 6.0 kWh/m
2
, for a 30-year 

mean of 5.4 kWh/m
2
. This long-term mean, and ±5% dev-

iations from it, are indicated by the horizontal line and 

shaded area, respectively. Natural fluctuations in cloudi-

ness, which strongly affect DNI, are correctly captured by 

the reanalysis scheme and subsequent derivation of GHI 

and DNI. Exceptions (marked by arrows) do occur due to 

the presence of large amounts of volcanic aerosols, which 

was the case during the El Chichon and Pinatubo years. 

Although the predicted GHI is still relatively accurate, the 

unusually high aerosol load makes the Perez algorithm 

overestimate DNI. In contrast, the observed over-

estimation during 2007–2009 might be due to a change in 

CFSR observing satellite sensors, but this issue is still 

under investigation. 

 

3.3 TMY Data Validation 

To extend the value of this output for solar radiation ana-

lyses Weather Analytics calculated DNI from GHI using 

an appropriate adaptation of the Perez separation algo-

rithm [3]. This methodology also produces Diffuse Hori-

zontal Irradiance, which further enables the construction 

of Typical Meteorological Year (TMY), as well as single 

Actual Meteorological Year (AMY) EnergyPlus weather 

(epw) and .bin format files to support solar simulation in 

multiple engineering models in common use, such as 

EnergyPlus, eQuest or TRNSYS. 

 
Fig. 13: Predicted vs. modeled inter-annual variability of 

DNI at Burns. 

WxA‟s TMY files are constructed from basic 30-year 

data, following the NREL methodology [4]. Although this 

statistical methodology is the same as followed by NREL 

to develop its TMY2 and TMY3 files, the underlying ra-

diative models and basic data periods are different. These 

are 1961–1990 for TMY2, 1980–2009 for WxA, and 

(normally) 1976–2005 for TMY3. In the case of Burns, 

Fig. 14 shows the frequency distribution of GHI over the 

8760-hour period in these various TMY products to that 

from actual measurements over the period 1979–2009. 

The WxA distribution is remarkably close to those of 

TMY3 and of the measured data. 

 

 

4. ACCESS, DISPLAY & DELIVERY LAYER 

4.1 Users Access Portal 

To further facilitate the usefulness of the data an online 

user access portal with an interactive interface has been 

created.  A user can specify the services, data period (Fig. 

15), and weather variables required (Figs. 16, 17). 
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Fig. 14: Frequency distributions of GHI measured at 

Burns and extracted from various TMY constructions. 

 

 

Fig. 15: Specify services, time period and variables 

  

 

Fig. 16: Standard variables with all deliveries 

 

Fig 17:  Additional specialized variables  

The user then proceeds to locate the site or sites of inter-

est either as specific points or 35-km areas (Figs. 18, 19). 

 

Fig. 18: Specify one or more point locations  

 

 

Fig. 19: Specify one or more area locations  
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A 30+ year hourly history or TMY file is finally com-

pleted within 30 minutes and the user notified of its avail-

ability for direct download. A typical file structure is 

shown in Fig. 20. 

 

Fig. 20: Detailed hourly time-series downloads  

 

4.2 Data display and Graphical Review 

Once a user‟s site is activated, the user may review all 

variables with a graphics tool that supports zooming from 

the full period down to a few days or hours (Fig. 21).  

 

Fig. 21: Graphical review with zooming  

 

Quick review of potential sites of interest before request-

ing the full hourly history is facilitated by the availability 

of 31-year summary data for over 600,000 Virtual Sensor 

Stations™ sites across the globe (Fig. 22). 

4.3 Data Delivery Options 

Users may request the full complement of variables in 

their output or may select a subset of interest. To support 

a variety of modeling and simulation systems the histori-

cal output data is made available in multiple formats, in-

cluding .CSV, .EPW, .TM2 and .BIN.  Users may also 

request individual years in .EPW or .BIN formats to sup-

port targeted and comparative analysis of years with sus-

pected highs and lows in GHI and DNI.  For automatic 

systems full Web Data Services access is supported.  

 

Fig. 22: 31-year monthly summary data for GHI and DNI  

 

 

5. POTENTIAL SOLAR APPLICATIONS 

5.1 Site Selection and Analysis 

Potentially, to those wanting to perform solar site selec-

tion analyses, the results of these efforts based on the 

CFSR dataset represent an accessible network of “virtual 

weather stations” placed one every 35 km around the 

globe that have been in continuous operation since Janu-

ary 1979, reporting with 100 % reliability each hour.  The 

interactive and direct access to the numerical data output 

of these virtual stations can be used to support solar site 

selection and analysis at multiple levels, including: 

 Initial identification of potential sites of interest using 

an interactive map-based interface with 30-year cli-

mate-summary data 

 On-location TMY files for modeling and first-level 

analysis of site potential 

 Detailed on-site 31-year hour-by-hour time series 

data and 30 single-year EnergyPlus input files to 

support more detailed site analyses. 

 

Under development are techniques for de-biasing the 31-

year CFSR-based output utilizing short-term on-site sen-

sor readings. These will exploit model output statistics 

(MOS) and full-physics column model technologies. The 

resulting dataset effectively extends a measured data 

record of as little as one year, and the reach of statistical 
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analyses, to 31 years. The ability to select individual years 

from the 31-year record enables a more accurate characte-

rization of the potential short-term or long-term variabili-

ty, particularly when TMY-type data are not enough. 

 

5.2 High Precision Forecasting 

 

While the historical data output discussed above tracks 

the 35-km spatial resolution of the CFSR data, the WxA 

Sensor Point™ system is able to provide far higher preci-

sion for forecasts, particularly in the first 24 hours.  Sen-

sor Point™ uses a column model approach to integrate the 

roughly 35-km resolution NOAA Global Forecast System 

(GFS) output with nearby sensor readings, thereby in-

creasing the GFS spatial accuracy and forecast frequency 

to that of the sensor output, and localizing the forecast to 

footprints as small as 1 km.  

 

Sensor Point™ can use private sensors, including radi-

ometers, with real-time remote data access. These on-site 

sensors enable short-term solar radiation and other key 

variable forecasts specific to that site. Since there is com-

plete control of the observational data, frequent updates 

are an option. In this way, the 35 meteorological variables 

that are available for the last 31-year period can also be 

part of 7-day forecast time series. Among other important 

applications, such forecasts are an efficient tool to help 

electric utilities and independent service operators man-

age and dispatch the variable production of solar electrici-

ty in their grid. Similar integrated sensor-driven column 

model systems have been successfully deployed to sup-

port other weather-sensitive operations, such as those 

controlling airport acceptance rates [5]. 

 

 

6. SUMMARY 

The global network of over 600,000 reliable and accurate 

Virtual Sensor Stations™ to support site research and 

analysis has become a convenient reality. Time series data 

are now readily available via the WxA web site portal 

(http://www.wxaglobal.com) for over 35 weather va-

riables, including GHI and DNI. Both historical and fore-

cast time series data are available. 

The WxA historical database is based on the hour-by-

hour, 31-year, 35-km resolution CFSR model output data. 

The CFSR model uses raw sensor data and physics to 

provide for this period a detailed and accurate picture of 

the earth-atmosphere system. The WxA hour-by-hour, 7-

day, 35-km resolution forecast database is built on the 

GFS model output data localized with Sensor Point col-

umn model technology. Both WxA historical and forecast 

databases hold the same variables.  

Uses for the WxA data include first-pass analyses of can-

didate solar sites, simulations of building energy systems 

and other environmentally sensitive systems. Input data 

files are available in formats that can be immediately used 

as input to popular spreadsheet tools and software appli-

cations, such as the EnergyPlus „epw‟ format. Data file 

content can either be hour-by-hour time series for periods 

up to 31 years or based on Typical Meteorological Year 

(TMY) statistical criteria. Single-year time series data can 

be provided as “Actual Meteorological Year” (AMY) epw 

and .bin format files.  
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