A national laboratory of the U.S. Department of Energy
Office of Energy Efficiency & Renewable Energy

/4,
%‘ ,,,* M®?=L National Renewable Energy Laboratory

National Solar Radiation Database Tochnlcal Rerort
NREL/TP-581-41364

1991-2005 Update: April 2007
User’s Manual

Ii.“

NREL is operated by Midwest Research Institute o Battelle Contract No. DE-AC36-99-GO10337

‘“‘**I_

® "L"‘L.AL.1"‘==EL-"EL!" J




National Solar Radiation Database
1991-2005 Update:
User’s Manual

Prepared under Task No. PVA7.6102

National Renewable Energy Laboratory
1617 Cole Boulevard, Golden, Colorado 80401-3393
303-275-3000 ¢ www.nrel.gov

Operated for the U.S. Department of Energy
Office of Energy Efficiency and Renewable Energy
by Midwest Research Institute o Battelle

Contract No. DE-AC36-99-GO10337

Technical Report
NREL/TP-581-41364

April 2007

z




NOTICE

This report was prepared as an account of work sponsored by an agency of the United States government.
Neither the United States government nor any agency thereof, nor any of their employees, makes any
warranty, express or implied, or assumes any legal liability or responsibility for the accuracy, completeness, or
usefulness of any information, apparatus, product, or process disclosed, or represents that its use would not
infringe privately owned rights. Reference herein to any specific commercial product, process, or service by
trade name, trademark, manufacturer, or otherwise does not necessarily constitute or imply its endorsement,
recommendation, or favoring by the United States government or any agency thereof. The views and
opinions of authors expressed herein do not necessarily state or reflect those of the United States
government or any agency thereof.

Available electronically at http://www.osti.gov/bridge

Available for a processing fee to U.S. Department of Energy
and its contractors, in paper, from:

U.S. Department of Energy

Office of Scientific and Technical Information

P.O. Box 62

Oak Ridge, TN 37831-0062

phone: 865.576.8401

fax: 865.576.5728

email: mailto:reports@adonis.osti.gov

Available for sale to the public, in paper, from:
U.S. Department of Commerce
National Technical Information Service
5285 Port Royal Road
Springfield, VA 22161
phone: 800.553.6847
fax: 703.605.6900
email: orders@ntis.fedworld.gov
online ordering: http://www.ntis.gov/ordering.htm

[ 4>
’..‘ Printed on paper containing at least 50% wastepaper, including 20% postconsumer waste


http://www.osti.gov/bridge
mailto:reports@adonis.osti.gov
mailto:orders@ntis.fedworld.gov
http://www.ntis.gov/ordering.htm

Preface

The 1991-2005 National Solar Radiation Database was produced by the National Renewable
Energy Laboratory under the U.S. Department of Energy’s Office of Energy Efficiency and
Renewable Energy in collaboration with these partners:

Atmospheric Sciences Research Center, State University of New York at Albany
Climate Systems Branch, National Aeronautics and Space Administration
National Climatic Data Center, U.S. Department of Commerce

Northeast Regional Climate Center, Cornell University

Solar Consulting Services, Colebrook, New Hampshire

Solar Radiation Monitoring Laboratory, University of Oregon.

All meteorological data were provided by the National Climatic Data Center from its Integrated
Surface Hourly database. This work would not have been possible without this extraordinary
data set and frequent assistance from experts at the National Climatic Data Center.

The measured solar radiation data came from:

e Atmospheric Radiation Measurement Program, Department of Energy
e Florida Solar Energy Center, State of Florida

e Integrated Surface Irradiance Study and Surface Radiation Budget Measurement
Networks, National Oceanic and Atmospheric Administration Air Resources
Laboratory and Earth System Research Laboratory Global Monitoring Division

e Measurement and Instrumentation Data Center, National Renewable Energy
Laboratory

e University of Oregon Solar Radiation Monitoring Laboratory Network
e University of Texas Solar Energy Laboratory.
We gratefully acknowledge these organizations and the many individuals involved in the

collection and maintenance of these valuable solar data sets. Their dedication and efforts go
far beyond description in the short space available here.

We also acknowledge the extensive work and vision of Gene Maxwell, who headed the

National Renewable Energy Laboratory project to create the original 1961-1990 National
Solar Radiation Database.
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1 How To Use This Manual

This manual describes how to obtain and interpret the data products from the updated 1991—
2005 National Solar Radiation Database (NSRDB). This is an update of the original 1961—
1990 NSRDB released in 1992 (NREL 1995).

Important

Nearly all of the solar data in the original and updated versions of the
NSRDB are modeled. The intent of the modeled data is to present hourly
solar radiation values that, in the aggregate, possess statistical properties
(e.g., means, standard deviations, and cumulative frequency distributions)
that are as close as possible to the statistical properties of measured solar
data over the period of a month or year. These data do not represent each
specific hourly value of solar radiation to the same or equivalent accuracy
as the long-term statistics. One must read sections 2.1.5, 2.2, and 2.3 to
understand the content of the database and its applicability.

1.1 Introduction

In 2003, the National Renewable Energy Laboratory (NREL) investigated the feasibility of
updating the NSRDB and began collaborative work with several agencies, including the
National Aeronautics and Space Administration (NASA), the National Climatic Data Center
(NCDC), the Northeast Regional Climate Center, the State University of New York at
Albany (SUNY), the University of Oregon, the University of Wisconsin, and the private firm
Solar Consulting Services (Wilcox 2004).

The original NSRDB held a serially complete data set for all sun-up hours for 239 stations.
Because of expected changes in the roster of National Weather Service (NWS) sites, as well
as the potential for adding NSRDB sites, the updated list of stations was not restricted to
those same 239. Instead, it included as many stations and as much data as possible to increase
the usefulness of the data set. This update therefore provides data for 1,454 stations.

In addition to the expanded station list, this update differs from the original NSRDB several
ways. It contains:

e New or modified solar models
New gridded data product

New station identification numbers
A new station classification scheme
New data formats

Different meteorological fields
Revised uncertainty estimates.



Each of these topics is discussed later. Users are encouraged to carefully consider the
sections on modeled data and data uncertainty to better understand the applicability of the
NSRDB for specific work.

1.1.1 New Models

Nearly all of the solar data in the original NSRDB and this update were produced using solar
radiation models. Less than 1% of the records in this update contain measured data. See the
important note at the top of Page 1.

The original NSRDB (NREL 1995) was produced using the Meteorological-Statistical
(METSTAT) model (Maxwell 1998), which, in turn, was developed using NW'S observations
of total and opaque cloud cover and measured solar data from the SOLRAD (Solar
Radiation) network. In the early 1990s, the NWS began supplementing or replacing its
conventional manual weather observations with the Automated Surface Observing System
(ASOS). For many aviation applications, the ASOS data are comparable with the manual
observations. However, for some climatological applications, including solar radiation
modeling, the manual and automatic cloud observations are not comparable, as discussed in
this manual. Full sky total and opaque cloud cover observations from trained personnel were
replaced with cloud estimates from ceilometers, which rely on a temporal evaluation of
clouds passing directly above the instrument. The ceilometer has a 12,000-ft reach in altitude
and can neither detect high clouds nor distinguish between total and opaque clouds. In
addition, the resolution of the reported sky cover went from tenths or oktas to a coded
scheme that at times yields only four values of sky cover (i.e., clear, scattered, broken, and
overcast). This compares with eleven values for units of tenths (0—10 tenths) or nine for units
of oktas (0—8 oktas).

To compensate for this change, NCDC’s ASOS Cloud Data Set (Graumann 2003), also
called the ASOS Supplemental Cloud Product, was used to derive cloud cover values
compatible with the METSTAT model. The Supplemental Cloud Product uses satellite
imagery for total cloud cover estimates that include cloud height information. From this, total
and opaque cloud estimates were developed in tenths, with cloud height distinguishing
between them (Wilcox 2005). (Opaque clouds predominantly occur at lower heights.) See
Section 2.1.2.

In addition to the NREL METSTAT model, SUNY developed a model that uses
Geostationary Operational Environmental Satellite (GOES) imagery to estimate solar
radiation. In simple terms, this satellite model uses the inverse relationship between reflected
irradiance (that reflected by clouds and atmosphere back to space and the satellite sensor) and
ground irradiance (that transmitted through the atmosphere to the Earth’s surface). In model-
evaluation work conducted as part of the NSRDB project, this satellite model proved
comparable with meteorological-based models. (The project also evaluated a model from the
Northeast Regional Climate Center that uses ASOS data. It was also found comparable with
other models; however, the METSTAT meteorological-based model was chosen because of
its NSRDB legacy.)



Based on simplicity and consistency, the SUNY model would have replaced the METSTAT
model but for its limited period of record. GOES imagery for the project was archived
starting in 1998, leaving the period of 1991-1997 without coverage. Hence, a hybrid
production effort that uses both models was designed. (The distribution of model data is
explained in Section 1.1.5)

1.1.2 New Gridded Data Product

This update not only contains far more stations than the original NSRDB but also introduces
a new product in the form of a 10-km gridded database. One very attractive feature of the
SUNY model is its ability to create a high-resolution gridded data set (Perez 2002). Whereas
the METSTAT model relies on scattered and sometimes sparse point-source ground
meteorological observations, the SUNY model runs on the virtually seamless GOES satellite
images. Although GOES images provide up to 1-km resolution, in the SUNY model, these
data are down-sampled to 10-km resolution (0.1° x 0.1%). This resolution is adequate for most
solar radiation resource applications and represents a practical trade-off between resolution
and processing and data storage considerations. The model uses both GOES-East and GOES-
West satellites for the best coverage of the United States.

The SUNY model produces estimates of global and direct irradiance at hourly intervals on
the 10-km grid for all 50 states, excluding Alaska above 60° north latitude and west of 160°
west longitude, where the geostationary satellites cannot resolve cloud cover with necessary
detail. SUNY model diffuse values were derived from the global and direct irradiance values
for each grid cell as the difference between the global and vertical component of the direct.

The hourly NSRDB records hold hour-ending irradiance values that represent an integration
of the previous hour’s irradiance. GOES satellite imagery is a snapshot of the earth disk, and,
hence, the irradiance values in the SUNY model grid represent an instant in time rather than
an integrated value. Further, the GOES-West satellite images are produced on the hour, and
the GOES-East images are produced at 15 minutes past the hour. To make the SUNY model
data conform to the NSRDB time convention, its data were shifted in time to better represent
the characteristics of hourly-integrated values (see Section 2.1.6). This approach also allows
the gridded data to be used for existing applications that expect a top-of-hour timestamp.

Note: Because the SUNY model derives solar radiation measurements from image brightness
data and (averaged) ancillary data, it represents a “snapshot” solar radiation value for a
particular hour that may be significantly different from METSTAT data, which is based on
estimates from meteorological data and the attendant statistical modifications included in the
METSTAT model, particularly under variable atmospheric conditions. Source flags for the
solar radiation modeled data indicate the source of the estimated solar radiation data. See
sections 2.1.6, 2.3.5, 2.3.6.4, and 2.3.6.5.

1.1.3 New Station Identification Numbers

Station identification numbers in the 1961-1990 NSRDB were based on the five-digit
Weather Bureau Army Navy (WBAN) numbering scheme, which was used by NCDC at the
time for its station list. Since then, NCDC began using the six-digit United States Air Force
(USAF) numbering system in addition to the WBAN system, and to conform, the NSRDB



also uses the USAF scheme. Appendix A lists all stations and identifiers ordered
alphabetically by state and site name, along with site location information. Table A-1 lists all
sites ordered by USAF identifier. Appendix B provides a translation from the WBAN
numbers of the 239 stations in the 1961-1990 NSRDB to their equivalent USAF identifiers
in this 1991-2005 update.

1.1.4 New Station Classification Scheme

The 1961-1990 NSRDB had two station classifications: primary and secondary, so
designated by whether the station’s data included measured (versus modeled) solar radiation
values. Fifty-six sites were designated as primary; the rest (183) were secondary.

For the 1991-2005 NSRDB update, that classification method was dropped and replaced
with a classification based on data quality and completeness (see Section 2.3.7). Further, the
original NSRDB convention of merging measured data with modeled data when it was
available was dropped in favor of separate fields for measured and modeled data. This
decision hinged on differences between measured and modeled data. The nature of solar
energy measurements often results in values slightly or even grossly inconsistent among
coupled parameters, and measured data sets are rarely serially complete. This fact results in
an impossibly complex circumstance of sorting out which parameters are correct and which
are in error and how to bring parameters into compliance. Modeled data, on the other hand,
cannot accurately reproduce a variable solar time series required by some system
performance applications. (This is because of a lack of definitive information about the
spatial relationship among the sun, clouds, and a ground observer—in other words, whether
any clouds in a one-dimensional sky cover observation are occluding the sun). Thus, the two
sets of output fields afford users the consistency of modeled data while accommodating
applications that demand measured data.

The Supplemental Cloud Product used for more accurate cloud estimates as described above
is complete neither in time nor space for the 15-year update period. That and other variations
in cloud observations, and the use of the SUNY satellite model output where and when it was
available, led to different levels of uncertainty in the modeled data. From this, the three-class
scheme for categorizing sites was developed to best convey to users variations in the quality
of data. This scheme is detailed in Section 2.3.7.

Although 40 stations include some measured solar data (though none with a complete period
of record), the inclusion of measured data is not a factor in the new station classification.
Stations in all three classifications may include measured data. See Appendix C for a list of
stations with measured solar data and the instrumentation used for measurements.

Figure 1 shows the distribution of the NSRDB update sites by class and includes the
locations of the 1961-1990 NSRDB sites.
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Figure 1. Distribution of NSRDB sites by class and measured solar data
with 1961-1990 NSRDB stations

1.1.5 New Data Formats

The 1961-1990 NSRDB was distributed in two formats: the NSRDB Synoptic format (used in
the NCDC Solar and Meteorological Observation Network, or SAMSON, disks) and the
NCDC TD3282 format. Because of immense changes in data distribution methods and
efficiencies since the first release in 1992, NCDC will be distributing the data via the Internet.

The updated NSRDB also will be distributed in a truncated format without the
meteorological fields by NREL. This was necessary for users to have access to the solar data
without cost. NCDC mandates that the meteorological data be distributed by it according to
its fee schedule, whether it is in its Integrated Surface Hourly (ISH) format or incorporated
into another product, such as the NSRDB. However, NCDC does not restrict the distribution
of products derived from the ISH data, such as the solar data fields in the NSRDB.

To respect these restrictions and strike a compromise between simplicity and a broader
spectrum of data, the NCDC data set includes a single set of modeled output fields (global,
direct, and diffuse, which can be from the SUNY model, or, if not available, the METSTAT
model) as well as the measured solar fields. The NREL data set includes separate fields for
METSTAT and SUNY modeled data, clear sky modeled values, and the measured data. The
NREL data set also includes some ancillary data fields, such as those used for deriving
aerosols, water vapor, and ground albedo. The new 10-km gridded solar product is
distributed by NCDC at no cost. (This product does not contain any meteorological data.)



The solar data portion of the NSRDB will have free access from NCDC for all users via file
transfer protocol. Free access will not include the meteorological parameters that are included
in the ISH data set. ISH is one of the National Oceanic and Atmospheric Administration data
sets that requires payment for user domains other than .gov, .edu, .mil, or .k12.

See Section 1.3.3 for a summary of the data availability options.

1.1.6 Different Meteorological Fields
Relative to the 1961-1990 NSRDB, one measurement pair was added to NSRDB update
records, and three were removed.

e A pair of fields for liquid precipitation was added. This measurement was not in the
original NSRDB but was subsequently added to the NCDC SAMSON data set as
hourly values. This measurement is included in the updated NSRDB as two fields of
magnitude and time, according to the ISH convention.

e Snow cover and days since last snowfall were removed from the update because of a
lack of consistent snow cover data in the ISH data set. These parameters were used to
modify the albedo input to the METSTAT model during periods of snow cover.
However, the new ground albedo data sets used for the update include the effects of
snow (although based on climatological monthly averages rather than daily
resolution).

e The present weather field was removed. This field was originally used by the
METSTAT model to modify the multiple-reflectance algorithm. The model has
subsequently been modified to use ceiling height for this purpose.

1.1.7 Revised Uncertainty Estimates

The uncertainty estimates in the 1961-1990 NSRDB were based on the uncertainties of the
input data sets. In the updated 1991-2005 NSRDB, base uncertainty estimates are founded in
model evaluation results that use high-quality model input data and compare the model output
with measured data. This base uncertainty was then modified for the increased uncertainty of
filled or the ASOS data when such input data were used. With the SUNY model, a base
uncertainty was similarly determined in the model evaluation and then increased for periods of
snow cover or high latitude—circumstances known to degrade model performance.

From even the early stages of planning, the uncertainty of the 1991-2005 NSRDB was
expected to be greater than that of the 1961-1990 NSRDB because of changes in cloud
observations that reduced the accuracy of the cloud estimates. A critical part of the
production plan was to conspicuously include realistic estimates of data uncertainty in the
data to afford users the opportunity to evaluate the applicability of the database to any
application or pass through uncertainties to derivative data sets. Hourly uncertainties for
modeled data range from 8% under optimal conditions to more than 25% for less-than-
optimal input data.



The METSTAT model, and to a lesser extent the SUNY model, can have hourly uncertainties
that far exceed even the extreme uncertainties quoted above. This follows from a lack of
information about the spatial relation among the sun, clouds, and a target measurement on the
ground. For example, a cloud amount of 50% does not convey whether the sun is fully visible
between scattered clouds or is entirely blocked by a cloud. However, the uncertainty should
be in the context of the model’s design objective of reproducing the statistical characteristics
of a solar data set rather than any specific hourly value. As stated in the 1961-1990 NSRDB
user’s manual:

Given this objective, the assignment of uncertainties with reference to the true
solar radiation for specific hours would not provide the user with useful
information. It was decided, therefore, that the uncertainty of individual
hourly values estimated by METSTAT should be interpreted to mean that the
true mean of measured hourly values under fixed atmospheric conditions lies
within the range established by the estimated mean plus or minus the
uncertainty, 95% of the time. (NREL 1993)

This observation underscores model evaluation findings that the modeled data may have
large root mean square (RMS) errors relative to measured data but much smaller bias errors.
This also indicates that NSRDB-modeled data may introduce unexpected errors if used for
applications that require accurate hourly tracking of true solar irradiance, such as
photovoltaic system performance analyses. This caveat is less critical under cloudless (0%
cloud cover) or completely overcast (100% cloud cover) conditions, in which a cloud
observation leaves no ambiguity. However, even under these conditions, other atmospheric
constituents (particularly aerosols, see Section 2.2.1.2) or varying cloud opacity can have
significant effects on the measured irradiance values.

1.2 How To Use and Interpret Database Products

The NSRDB 1991-2005 update is a serially complete collection of hourly values of the three
most common measurements of solar radiation (i.e., global horizontal, direct normal, and
diffuse horizontal) over a period of time adequate to establish means and extremes and at a
sufficient number or locations to represent regional solar radiation climates. Nearly all of the
solar data in the NSRDB are modeled, and only 40 sites have measured solar data—none of
them with a complete period of record (see Appendix C).

The updated NSRDB will be distributed in three formats: two distributed by NCDC and the
other by NREL. (See the discussion under Section 1.1.5). The solar radiation and
meteorological elements in the NCDC data sets are listed in tables 1 and 3. The data elements
distributed in the NREL data set are listed in Table 2

The 1991-2005 NSRDB contains data for 1,454 sites, which are subdivided into three classes
of stations.



e Class I Stations have a complete period of record (all hours 1991-2005) for solar and
key meteorological fields and have the highest-quality solar modeled data (221 sites).

e Class II Stations have a complete period of record but significant periods of
interpolated, filled, or otherwise lower-quality input data for the solar models (637
sites).

e Class III Stations have some gaps in the period of record but have at least 3 years of
data that might be useful for some applications (596 sites).

Note: Completeness in period of record for station classification is based on solar,
dry-bulb, and dew-point temperatures; humidity; wind and wind direction; aerosol
optical depth (AOD); precipitable water; and station pressure. Other fields in Class I
and II stations may not be serially complete.

Because of the data-filling methods used to accomplish the goal of serial completeness,
NSRDB meteorological data may not be suitable for climatological work. The meteorological
fields in the NSRDB should be used only as ancillary data for solar deployment and sizing
applications. Filled/interpolated meteorological data should not be used for climatic
applications. (All such data are flagged.) ISH data is better for such applications and is
available at http://cdo.ncdc.noaa.gov.

See Section 2.3.7 for the method used to assign station classifications. The stations and their
classifications are listed in Appendix A, along with plots that show the proportion of
modeled solar data by year and the amount of measured solar data included in a station’s data
set. Appendix C lists sites that include measured solar radiation data.

International systems (SI) units are used for all elements in the database except for
atmospheric pressure. Atmospheric pressure is reported in millibars because these units are
commonly used in computer models to estimate solar radiation and are consistent with
standard NWS reporting practices. However, one millibar is equivalent to one hecto pascal,
which is an SI unit.

All data are referenced to local standard time according to the United States official time
zone descriptions (Shanks 1996). The solar radiation elements represent radiant energy
integrated over the hour preceding the designated time. Meteorological elements are values
observed at or near the designated time.

The goal of the updated NSRDB is to provide users with accurate, reliable, and up-to-date
solar resource information to support the objective of national energy independence. The
need for an update arose from several considerations:



e Most recent resource data best represent future conditions.
e The original NSRDB is out of date by more than a decade and a half.

¢ Interannual and interdecadal variability and trends are of increasing importance to
industry, which requires continuous updating of records.

e There were numerous requests for an update.

¢ Quality and completeness of information needs to grow along with a growing
industry.

In addition, improvements in modeling and the potential for a high-resolution gridded data
set provided practical incentives to invest in an update. The uncertainties of interpolating
between sometimes sparse ground stations in the original NSRDB left a void for many solar
resource assessment applications.

Although growing interest in climate trends also provided impetus for an update, the
uncertainties in the modeled solar data likely make the data inadequate to discern the small
annual or even decadal changes caused by climate change. The measured solar data, if at
sites with sufficient quantity and quality, may offer value for climate change research. (See
Appendix C for station instrumentation and period-of-record information).

1.3 Database Product Options
Current products available for the NSRDB 1991-2005 update are described here. These
products are intended to meet the needs of most solar resource assessment applications.

Product options include:

e Serial hourly data in three formats (one of which is an hourly gridded product)
e Hourly, daily, and persistence summary products for solar radiation and several
meteorological elements (Class I and II stations only).

1.3.1 Hourly Data
The serially complete hourly data provided in the NSRDB update are distributed in three
formats available from two sources:

e NCDC data sets
NCDC distributes a ground-based solar and meteorological data set with fields most
useful for general solar resource assessment. A general solar-only subset of this data
set is also distributed by NCDC, as is the 10-km gridded data set produced by the
SUNY model. The solar fields will also be added to the NCDC Climate Data Online
service to be merged with existing meteorological data (but without the data filling).

e NREL data set
NREL distributes a research solar radiation data set that includes a superset of fields
related to solar radiation (i.e., both ground-based and satellite-based solar radiation
estimates) but no meteorological data. (See the discussion under Section 1.1.5.)



Format descriptions are located in sections 1.4.1 to 1.4.3.

1.3.2 Statistical Summaries

The NSRDB update contains statistical summaries computed from the hourly data for the
entire period of record for Class I and II stations. Gaps in the record for Class III stations
make a statistical comparison of those stations inconsistent with the other two classes of
stations and prevents the provision of statistical summaries for Class III sites. For the solar
radiation data, these statistics include the average and standard deviation of the daily total
solar energy (direct normal, diffuse horizontal, and global horizontal) for each station-year-
month and each station-year. The 15-year averages and the standard deviations of monthly
and annual means from 1991-2005 are also provided. For the meteorological elements, only
monthly, annual, and 15-year averages were computed. Future work includes a merging of
the old and updated NSRDBs for 30-year statistical summaries (for those sites with an
appropriate period of record).

The hourly statistical product includes monthly, annual, and 15-year averages and standard
deviations for each hour of the day for global horizontal, direct normal, and diffuse
horizontal solar radiation. The averages can be used to prepare average diurnal profiles of
hourly solar energy. The hourly values have also been binned in 24 50-Wh/m? bins from 0 to
1,200 Wh/m?. The mean number of hourly values falling into each bin has been determined
for each station-month for the 15-year period of record from 1991-2005. These statistics can
be used to plot histograms and determine cumulative frequency distributions.

A solar radiation persistence product exists for each station-month by calculating the number
of times the daily total solar radiation energy persisted above or below set thresholds for
periods from 1 to 15 days. These calculations were performed for the entire 15-year period
1991-2005.

The 1961-1990 NSRDB also included quality summary files, which are not reproduced for
the 1991-2005 NSRDB update. Instead, a quality summary with additional information for
each site in the NSRDB update is included in Appendix A, where plots indicate the relative
quality of a site’s data for each year.

1.3.3 Data Availability
Data described in sections 1.3.1 and 1.3.2 are accessible from the sources listed in Table 1.
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Table 1. NSRDB Data Access Options

Data Set

NSRDB solar
and filled
meteorological
fields

NSRDB solar
and ISH
meteorological
fields

(no data filling)

NSRDB solar
fields;

no
meteorological

SUNY 10-km
gridded data

NSRDB
statistical
summaries

NSRDB
research solar
fields; no
meteorological

Distributor URL
ftp://ftp3.ncdc.noaa.gov/pub/data/nsrdb

NCDC (No-cost access is domain-restricted to .mil, .gov, .edu, and .k12. A
fee-access restriction applies to all other domains.)
At the time of this writing, this data set is planned for a late-2007
release: http://cdo.ncdc.noaa.gov and http://gis.ncdc.noaa.gov.

NCDC These systems already provide access to the complete ISH archive,
with the NSRDB solar parameters to be added. (No-cost access is
domain-restricted to .mil, .gov, .edu, and .k12. A fee-access
restriction applies to all other domains.)

NCDC ftp://ftp.ncdc.noaa.gov/pub/data/nsrdb-solar (no fee)

NCDC ftp://ftp.ncdc.noaa.gov/pub/data/nsrdb-solar (no fee)

NCDC ftp://ftp.ncdc.noaa.gov/pub/data/nsrdb-solar (no fee)

NREL http://rredc.nrel.gov/solar/old_data/nsrdb/1991-2005 (no fee)

1.4 Reading and Understanding Database Products
This section provides the information necessary to use the products developed for the
NSRDB 1991-2005 update. This includes an explanation of the flags and uncertainty fields.

1.4.1 NCDC Format
The primary provider for ground-based NSRDB data is NCDC, and data appear in site-year
files in comma-separated value American Standard Code for Information Interchange

(ASCII) format.

Table 2 describes the fields in the NCDC data set. See Section 1.4.3 for the 10-km gridded
data sets also distributed by NCDC.
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Table 2. NSRDB Data Fields Distributed by NCDC

Field

10

11

12

Element Unit Resolution Description

Date YYYY-MM-DD -- Date of data record

Time HH:MM -- Time of data record (local
standard time)

Hourly mean zenith  Decimal degree 0.1° Solar zenith angle (angle between

angle (for sunup sun and the zenith) as the mean of

periods) all 1-minute sunup zenith angle
values for the 60-minute period
ending at the timestamp

Hourly mean Decimal degree 0.1° Solar azimuth angle (angle

azimuth angle (for between sun and north) as the

sunup periods) mean of all 1-minute sunup
azimuth angle values for the 60-
minute period ending at the
timestamp.

Hourly Watt-hour per 1 Wh/m®>  Amount of solar radiation received

extraterrestrial square meter on a horizontal surface at the top

radiation on a of the atmosphere during the 60-

horizontal surface minute period ending at the
timestamp

Hourly Watt-hour per 1Wh/m?>  Amount of solar radiation received

extraterrestrial square meter on a surface normal to the sun at

radiation normal to the top of the atmosphere during

the sun the 60-minute period ending at the
timestamp

Modeled global Watt-hour per 1 Wh/m? Total amount of direct and diffuse

horizontal square meter solar radiation (modeled) received
on a horizontal surface during the
60-minute period ending at the
timestamp

Modeled global -- See Table 10

horizontal source

flag

Modeled global 1% 1% See Section 1.4.5.1

horizontal

uncertainty

Modeled direct Watt-hour per 1 Wh/m? Amount of solar radiation

normal square meter (modeled) received in a collimated
beam on a surface normal to the
sun during the 60-minute period
ending at the timestamp

Modeled direct -- See Table 7

normal source flag

Modeled direct % 1% See Section 1.4.5.1

normal uncertainty
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Field
13

14

15

16

17

18

19

20

21

22

23

24

25

Element Unit Resolution Description

Modeled diffuse Watt-hour per 1Wh/m?>  Amount of solar radiation

horizontal square meter (modeled) received from the sky
(excluding the solar disk) on a
horizontal surface during the 60-
minute period ending at the
timestamp

Modeled diffuse -- See Table 7

horizontal source

flag

Modeled diffuse % 1% See Section 1.4.5.1

horizontal

uncertainty

Measured global Watt-hour per 1 Wh/m®>  Total amount of direct and diffuse

horizontal square meter solar radiation received on a
horizontal surface during the 60-
minute period ending at the
timestamp

Measured global SERI-QC - See Table 10

horizontal quality

flag

Measured direct Watt-hour per 1 Wh/m? Amount of solar radiation received

normal square meter in a collimated beam on a surface
normal to the sun during the 60-
minute period ending at the
timestamp

Measured direct SERI-QC -- See Table 10

normal quality flag

Measured diffuse Watt-hour per 1Wh/m?>  Amount of solar radiation received

horizontal square meter from the sky (excluding the solar
disk) on a horizontal surface
during the 60-minute period
ending at the timestamp

Measured diffuse SERI-QC -- See Table 10

horizontal quality

flag

*Total sky cover Tenth of sky 1 tenth Amount of sky dome covered by
clouds or obscuring phenomena at
the time indicated

*Total sky cover flag - See Section 1.4.5.2

*Opaque sky cover  Tenth of sky 1 tenth Amount of sky dome covered by

*Opaque sky cover
flag

13

clouds or obscuring phenomena
that prevent observing the sky or
higher cloud layers at the time
indicated

See Section 1.4.5.2



Field
26

27

28

29

30

31

32

33

34
35
36

37
38

39

40

41
42

43

44

45

Element Unit Resolution Description
*Dry-bulb Degree C 0.1° Dry-bulb temperature at the time
temperature indicated
*Dry-bulb -- See Section 1.4.5.2
temperature flag
*Dew-point Degree C 0.1 Dew-point temperature at the time
temperature indicated
*Dew-point -- See Section 1.4.5.2
temperature flag
*Relative humidity Percent 1% Relative humidity at the time

indicated
*Relative humidity -- See Section 1.4.5.2
flag
*Station pressure Millibar 1 mbar Station pressure at the time
indicated
*Station pressure -- See Section 1.4.5.2
flag
*Wind speed Meter/second 0.1 m/s Wind speed at the time indicated
*Wind speed flag -- See Section 1.4.5.2
*Wind direction Degrees from 10° Wind direction at the time
north (360° = indicated
north; 0° =
undefined)
*Wind direction flag -- See Section 1.4.5.2
Horizontal visibility Meter 1m Distance to discernable remote
objects at the time indicated
Horizontal visibility -- See Section 1.4.5.2
flag
*Ceiling height Meter Tm Height of the cloud base above
local terrain
*Ceiling height flag -- See Section 1.4.5.2
Liquid precipitation Millimeter 1T mm The amount of liquid precipitation
depth observed at the indicated time for
the period indicated in the liquid
precipitation quantity field
Liquid precipitation -- See Section 1.4.5.2
depth flag
Liquid precipitation Hour 1hr The period of accumulation for the

quantity

Liquid precipitation
quantity flag

14

liquid precipitation depth field
See Section 1.4.5.2



Field Element Unit Resolution Description

46  *Precipitable water Centimeter 0.1cm The total precipitable water
contained in a column of unit cross
section extending all of the way
from the earth's surface to the
“top” of the atmosphere

47  *Precipitable water -- See Section 1.4.5.2
flag
48  *Aerosol optical [Unitless] 0.001 The broadband optical depth per
depth, broadband unit of airmass due to extinction by
the aerosol component of the
atmosphere
49  *Aerosol optical - See Section 1.4.5.2
depth flag

*Asterisks indicate a field is subject to data filling and is used for station classification (see Section
2.3.7). Completeness of these fields is used to determine if a site has a “complete period of record.”
Other fields may have gaps even if these fields are complete.

1.4.2 NREL Format

A secondary source of NSRDB data is NREL, which distributes a full set of solar radiation
fields but no meteorological fields (see discussion under Section 1.1.5). Data sets are
distributed in comma-separated value ASCII format in site-year files. Table 3 describes the
NREL data set.

Table 3. NSRDB Data Fields Distributed by NREL

Field Element Unit Resolution Description

1 Date YYYY-MM- -- Date of data record

DD

2 Time HH:MM -- Time of data record (local standard

time)

3 Hourly mean zenith Decimal 0.1° Solar zenith angle (angle between sun
angle (for sunup degree and the zenith) as the mean of all 1-
periods) minute sunup zenith angle values for

the 60-minute period ending at the
timestamp

4 Hourly mean azimuth  Decimal 0.1° Solar azimuth angle (angle between
angle (for sunup degree sun and north) as the mean of all 1-
periods) minute sunup azimuth angle values for

the 60-minute period ending at the
timestamp

5 Hourly extraterrestrial Watt-hour 1 Wh/m? Amount of solar radiation received on
radiation on a per square a horizontal surface at the top of the
horizontal surface meter atmosphere during the 60-minute

period ending at the timestamp
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Field
6

10

11

12

13

14

15

16

17

Element Unit Resolution Description
Hourly extraterrestrial Watt-hour 1 Wh/m? Amount of solar radiation received on
radiation normal to per square a surface normal to the sun at the top
the sun meter of the atmosphere during the 60-
minute period ending at the timestamp
SUNY-modeled Watt-hour 1 Wh/m*  Total amount of direct and diffuse solar
global horizontal per square radiation (SUNY-modeled) received on
meter a horizontal surface during the 60-
minute period ending at the timestamp
SUNY-modeled 1% 1% See Section 1.4.5.1
global horizontal
uncertainty
SUNY-modeled Watt-hour 1 Wh/m*>  Amount of solar radiation (SUNY-
direct normal per square modeled) received in a collimated
meter beam on a surface normal to the sun
during the 60-minute period ending at
the timestamp
SUNY-modeled +% 1% See Section 1.4.5.1
direct normal
uncertainty
SUNY-modeled Watt-hour 1 Wh/m?>  Amount of solar radiation (SUNY-
diffuse horizontal per square modeled) received from the sky
meter (excluding the solar disk) on a
horizontal surface during the 60-minute
period ending at the timestamp
SUNY-modeled 1% 1% See Section 1.4.5.1
diffuse horizontal
uncertainty
METSTAT-modeled Watt-hour 1 Wh/m®  Total amount of direct and diffuse solar
global horizontal per square radiation (METSTAT-modeled)
meter received on a horizontal surface during
the 60-minute period ending at the
timestamp
METSTAT-modeled 1% 1% See Section 1.4.5.1
global horizontal
uncertainty
METSTAT-modeled Watt-hour 1 Wh/m?>  Amount of solar radiation (METSTAT-
direct normal per square modeled) received in a collimated
meter beam on a surface normal to the sun
during the 60-minute period ending at
the timestamp
METSTAT-modeled 1% 1% See Section 1.4.5.1
direct normal
uncertainty
METSTAT-modeled Watt-hour 1 Wh/m?>  Amount of solar radiation (METSTAT-
diffuse horizontal per square modeled) received from the sky
meter (excluding the solar disk) on a

16

horizontal surface during the 60-minute
period ending at the timestamp



Field
18

19

20

21

22

23

24

25

26

27

28

29

30

Element Unit Resolution Description
METSTAT-modeled 1% 1% See Section 1.4.5.1
diffuse horizontal
uncertainty
METSTAT-modeled Watt-hour 1 Wh/m*  Total amount of direct and diffuse solar
clear sky global per square radiation (METSTAT-modeled with
horizontal meter cloud cover set to zero) received on a
horizontal surface during the 60-minute
period ending at the timestamp
METSTAT-modeled 1% 1% See Section 1.4.5.1
clear sky global
horizontal uncertainty
METSTAT-modeled Watt-hour 1 Wh/m®>  Amount of solar radiation (METSTAT-
clear sky direct per square modeled with cloud cover set to zero)
normal meter received in a collimated beam on a
surface normal to the sun during the
60-minute period ending at the
timestamp
METSTAT-modeled 1% 1% See Section 1.4.5.1
clear sky direct
normal uncertainty
METSTAT-modeled Watt-hour 1 Wh/m®>  Amount of solar radiation (METSTAT-
clear sky diffuse per square modeled with cloud cover set to zero)
horizontal meter received from the sky (excluding the
solar disk) on a horizontal surface
during the 60-minute period ending at
the timestamp
METSTAT-modeled 1% 1% See Section 1.4.5.1
clear sky diffuse
horizontal uncertainty
Measured global Watt-hour 1 Wh/m®  Total amount of measured direct and
horizontal per square diffuse solar radiation received on a
meter horizontal surface during the 60-minute
period ending at the timestamp
Measured global SERI-QC -- See Table 10
horizontal quality flag
Measured direct Watt-hour 1 Wh/m? Amount of measured solar radiation
normal per square received in a collimated beam on a
meter surface normal to the sun during the
60-minute period ending at the
timestamp
Measured direct SERI-QC -- See Table 10
normal quality flag
Measured diffuse Watt-hour 1 Wh/m*  Amount of measured solar radiation
horizontal per square received from the sky (excluding the
meter solar disk) on a horizontal surface
during the 60-minute period ending at
the timestamp
Measured diffuse SERI-QC -- See Table 10

horizontal quality flag
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Field
31

32

33

34

35

36

37

38
39

40

Element Unit Resolution Description

Precipitable water Centimeter 0.1cm The total precipitable water contained
in a column of unit cross section
extending from the earth's surface to
the top of the atmosphere

Precipitable water -- See Section 1.4.5.2

flag

Aerosol optical [Unitless] 0.001 The broadband aerosol optical depth

depth, broadband per unit of air mass due to extinction
by the aerosol component of the
atmosphere

Aerosol optical depth -- See Section 1.4.5.2

flag

Aerosol optical depth  [Unitless] 0.001 Broadband aerosol optical depth value

broadband randomized by the METSTAT model

randomized (see (see Section 2.3.3)

Section 2.3.5)

Aerosol optical depth -- See Section 1.4.5.2

broadband

randomized flag

Ozone Centimeter 0.001 cm  The total amount of ozone present in a
column of unit cross section extending
from the earth's surface to the top of
the atmosphere

Ozone flag -- --

Albedo [Unitless] 0.01 The ratio of reflected solar irradiance
to global horizontal irradiance (GHI)

Albedo flag -- --

The first line of each file contains a comma-separated value header that documents the field

names.

1.4.3 SUNY Format
The gridded data set produced by the SUNY model is also available from NCDC. Table 4

describes the SUNY format.
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Table 4. SUNY Gridded Data Elements

Field Element Unit Resolution Description

1 Date YYYY-MM- -- Date of data record

DD

2 Time of unshifted = HH:MM -- Time of the unshifted data record (local
data standard time)

3 SUNY-modeled Watt-hour 1 Wh/m? Total amount of direct and diffuse solar
global horizontal per square radiation (modeled) received on a
(unshifted*) meter horizontal surface at the instant of the

timestamp

4 SUNY-modeled Watt-hour 1 Wh/m? Amount of solar radiation (modeled)
direct normal per square received in a collimated beam on a surface
(unshifted™) meter normal to the sun at the instant of the

timestamp

5 SUNY-modeled Watt-hour 1 Wh/m? Amount of solar radiation (modeled)
diffuse horizontal per square received from the sky (excluding the solar
(unshifted*) meter disk) on a horizontal surface during the 60-

minute period ending at the timestamp

6 Shifted time HH:MM -- Time corresponding to the shifted data

record

7 SUNY-modeled Watt-hour 1 Wh/m? Total amount of direct and diffuse solar
global horizontal per square radiation (modeled) received on a
(shifted™) meter horizontal surface during the 60-minute

period ending at the timestamp

8 SUNY-modeled Watt-hour 1 Wh/m? Amount of solar radiation (modeled)
direct normal per square received in a collimated beam on a surface
(shifted™) meter normal to the sun during the 60-minute

period ending at the timestamp

9 SUNY-modeled Watt-hour 1 Wh/m? Amount of solar radiation (modeled)
diffuse horizontal per square received from the sky (excluding the solar
(shifted™) meter disk) on a horizontal surface during the 60-

minute period ending at the timestamp

*See Section 2.1.6 for a discussion of time-shifted data from the SUNY model.

1.4.4 Statistical Summaries
This section details the information required to view and use the statistical products from
the NSRDB.

1.4.4.1 Daily Statistics

Figure 2 is an example of a daily statistics file. The header identifies the station using the six-
digit USAF identifier, station name (the first 22 characters), and state code. The header
identifies the time zone (TZ) for the station as the number of hours by which the local
standard time lags (minus) or leads (plus) Universal Time (e.g., Eastern Standard Time is
designated as -5). Latitude and longitude for the station are given in degrees and minutes,
station elevation is in meters, and the mean atmospheric pressure is given in millibars.
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The next line in each file identifies the year(s) for which the next section of data applies. In
each file, the first group of data provides daily statistics for the 15 years 1991-2005.
Statistics for each year for the entire period of record follow. As an example, Figure 2 gives
15-year statistics for Albuquerque, New Mexico. Monthly and annual statistics are given for
1991 to 2005, followed by similar monthly statistics for each year. The Fortran formats for
reading the header, year(s), and data records are given at the bottom of Figure 2.

The standard deviations of solar radiation elements (e.g., SDGLO) for individual years and
for the period of record (1991-2005) are not the same. For individual years, the standard
deviations provide a measure of daily variability. For the period of record, the standard
deviations provide a measure of the interannual variability of monthly and annual averages.

The NSRDB mean values for meteorological elements may not be identical to the