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Preface

This work was performed under the National Renewable Energy Laboratory’s (NREL’s) Solar Radiation
Resource Assessment Project Task No. RA411040. It provides summary information and describes
hourly data sets for solar radiation elements measured from 1985 to 1993 by the Historically Black
Colleges and Universities (HBCU) solar measurements network.

The HBCU stations are maintained and operated by university faculty and students, whose efforts made
this report possible. These participants include Dr. Theodore Nicholson, Lucius Mims, Fred Arku,
Donald Bullen, Martin Kinyungu, and Derrick Jackson from Bethune-Cookman College; Dr. C. Lewis
Foster, Richard Lackey, Roger Cole, and Lee Haye from Bluefield State College; Dr. Sultana Khan, Eric
Overton, Pam Faber, Eddie Vinson, and Roland Wiborg from Elizabeth City State University; Dr. J.
Singh from Mississippi Valley State University; Dr. Tom C. Whitney and James Malloy from South
Carolina State University; and Kendall W. Hill from Savannah State College.

NREL initiated the network to provide better regional coverage of the solar resource and to comply with
President Reagan’s Executive Order directing all federal agencies to implement programs to strengthen
the nation’s HBCUs. NREL staff involved in the network include Tom Stoffel (project manager and
technical monitor), Gene Maxwell .(conceptual designer), Martin Rymes (data processing software
developer), Steve Wilcox (data acquisition and processing software developer), Toula Ismailidis (data
manager), and Brian Rieper (contract administrator). The author would also like to acknowledge NREL
staff members Carol Riordan, Dave Renné, and Tom Stoffel for their contributions to this report and their
review.
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1.0 Introduction

Since 1985, the National Renewable Energy Laboratory (NREL), formerly the Solar Energy Research
Institute (SERI), has operated a solar radiation measurement network of six stations located at
Historically Black Colleges and Universities (HBCUs) in the southeastern United States. NREL initiated
this network to provide better regional coverage (Figure 1-1) and to comply with President Reagan’s
Executive Order 12320, dated September 15, 1981, directing all federal agencies to implement programs
to strengthen the nation’s HBCUs. Funding for the HBCU network has been provided by the Department
of Energy’s (DOE’s) Resource Assessment Program, Photovoltaic Program, and Solar Thermal Program,
and it is currently funded by the Solar Radiation Resource Assessment Project.

The objectives (Hulstrom et al. 1988) of the HBCU network are

e To significantly improve the assessment of solar radiation resources in the southeastern United States
To enlist the help of the HBCUs in collecting high-quality solar radiation data
To encourage the distribution of solar radiation resource information and the development of solar
energy applications in the Southeast

e To encourage the development of academic and research programs in solar energy at HBCUs.
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Figure 1-1. The six-station HBCU network provides additional coverage between measurement
stations operated by the National Weather Service for the National Oceanic and
Atmospheric Administration (NOAA).



This report presents results for the HBCUs pertaining to the objective of significantly improving solar
radiation resource information for the southeastern United States. It provides summary information, such
as long-term averages and monthly variability for solar radiation elements, and describes the hourly data
sets for the period 1985-1993. The first part of this report describes the HBCU stations, the
measurement equipment, and how the data were collected and processed into hourly values. Second,
procedures used for quality assessment of the hourly values are presented. Third, the positions of the
solar radiation elements in the hourly data sets are defined and sample read statements are given. Fourth,
summary information, such as long-term averages and monthly variability, is presented. An appendix is
also included to show for each element and station when equipment and calibration factors were
changed, and to show the percentage of data that were collected and that passed quality assessment.



2.0 Stations and Operations

This section describes station locations, the solar radiation elements measured, instrument calibration
methods, maintenance intervals and procedures, and how the hourly data values were generated.

2.1 Station Locations

The HBCU network consists of the six stations shown in Table 2-1. They began collecting data in 1985.

Table 2-1. List of HBCU Stations

Station Location Long. Lat. Elev. Time
(°W) (°N) (m) Zone
Bethune-Cookman College Daytona Beach, FL 81.02 29.18 20 Eastern
Bluefield State College Bluefield, WV 81.24 37.26 803 Eastern
Elizabeth City State University Elizabeth City, NC 76.25 36.30 4 Eastern
Mississippi Valley State University | Itta Bena, MS 90.33 33.50 52 Central
South Carolina State University Orangeburg, SC 80.85 3345 96 Eastern
Savannah State College Savannah, GA 81.07 32.03 11 Eastern

2.2 Solar Radiation Measurements

All stations measure global horizontal radiation and diffuse horizontal radiation. Three stations also have
direct normal measurements, but only one of them, Bluefield State College, has made direct normal
measurements for the complete period of record. The other two stations with direct normal
measurements are Elizabeth City State University, which began making direct normal measurements in
March, 1990, and Mississippi Valley State University, which began making direct normal measurements
in January, 1993.

Instruments used for measuring solar radiation are an Eppley Laboratory model PSP pyranometer for
global horizontal radiation, an Eppley Laboratory model PSP pyranometer with a shadowband for diffuse
horizontal radiation, and an Eppley Laboratory model NIP pyrheliometer mounted on a LI-COR model
LI-200 sun-following tracker for direct normal radiation. NREL designed a special instrument-mounting
platform (see Figure 2-1) for mounting the instruments on building roofs at HBCU stations.

2.3 Maintenance and Instrument Calibration

HBCU personnel perform daily- maintenance of the instruments and the data acquisition system. The
maintenance includes cleaning the sensors of dirt, moisture, ice, or snow, checking and adjusting the
shadowband for proper declination, checking the alignment of the sun trackers and making adjustments
(if so equipped), making weather observations, and checking that the sensor outputs are reasonable for
the prevailing conditions. A standard log form (Figure 2-2) is used to record maintenance activities.



Figure 2-1. Student Eddie Vinson examines the instrument-mounting platform for measuring
(left to right) diffuse horizontal, global horizontal, and direct normal radiation at
Elizabeth City State University.

Instruments were exchanged with recently calibrated instruments at 1- to 3-year intervals. The Appendix
gives the dates for changes of instruments and calibration factors for each solar radiation element and
station. Pyranometers and pyrheliometers are calibrated with an absolute cavity radiometer, traceable to
the World Radiometric Reference, at NREL’s Solar Radiation Research Laboratory. The component
summation technique (ASTM 1986) is used to calibrate pyranometers. Pyrheliometers are calibrated by
directly comparing their output with that of the absolute cavity radiometer.

2.4 Data Processing

The HBCU data acquisition systems scan the solar radiation elements at 10-second intervals to determine
5-minute averages, which are then saved. Prior to 1993, Campbell Scientific model CR21 datal oggers
stored the 5-minute averages on audiocassette tapes, and the tapes were submitted monthly to NREL. In
1993, new Campbell Scientific model CR10 dataloggers with modems were installed. This eliminated
the use of the audiocassette tapes, permitting NREL to access the data via telecommunications.

Once at NREL, the data are checked for quality, and diffuse horizontal radiation data are corrected for
the presence of the shadowband by methods developed by Drummond for anisotropic skies (Igbal 1983).
Data are then stored on NREL’s VAX computer for future use and analysis.

To create the hourly data sets, the 5-minute data values were averaged over the preceding hour. If more
than 10 minutes of data in an hour were missing, then the data element was assigned a value of 9900 to
indicate missing data. Quality assessment procedures assigned each hourly data value a flag ranging
from 0 to 99, indicating whether or not the hourly data were reasonable. These procedures are described
in the next section.
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Figure 2-2. Log used to record maintenance of instruments and data acquisition system
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3.0 Quality Assessment of Hourly Data

After data are collected, quality assessment can be performed to indicate whether a data value is
reasonable, too small, too large, or missing. It is not used to change data values, and should not be
confused with quality control and quality assurance. Quality control and quality assurance occur before
and during data collection and include procedures such as the proper selection and installation of
instruments and data acquisition equipment, as well as regular maintenance and calibration. Quality
assessment cannot replace quality control and quality assurance because it will not detect small changes
caused by dirty or unleveled sensors or changes in calibration factors.

Quality assessment procedures for the solar radiation data assign a flag ranging from O to 99 to each of
the hourly data elements. To select data for analysis purposes, the flags may be used to screen the data
files for data meeting user-defined acceptance criteria.

3.1 Quality Assessment for Solar Radiation Data

The three solar radiation data elements—global horizontal, diffuse horizontal, and direct normal—are
quality assessed using SERI QC, a procedural and software package developed by NREL (1993). SERI
QC defines ranges of acceptable data, depending on whether one, two, or all three hourly data elements
are present. Ranges are defined based on dimensionless parameters normalized with respect to
extraterrestrial radiation, where

Kt = Clearness index or global horizontal transmittance

= Global horizontal radiation + extraterrestrial horizontal radiation
Kd = Diffuse horizontal transmittance

= Diffuse horizontal radiation + extraterrestrial horizontal radiation
Kpn = Direct normal transmittance

Direct normal radiation + extraterrestrial direct normal radiation.

Depending on the circumstances, SERI QC performs one-element, two-element, or three-element tests.
First, it performs a one-element test by defining a range of acceptable values between minimum and
maximum values of K¢, Kd, or Kp, depending on the element being tested, based on three air mass
regimes and the month of the year.

Second, if the zenith angle (at the middle of the hour) is less than or equal to 80°, and all three of the
elements are present, SERI QC performs a three-element test by defining a range of acceptable values so
that the equation Kt = Kq + Kp, is satisfied within an arbitrary error limit of +0.03, which accounts for
measurement uncertainties.

Third, if the data pass the three-element test (or only two elements passed the one-element test), SERI
QC performs a two-element test by defining a range of acceptable values within boundaries such as those
shown in Figure 3-1. The boundaries in the figure are previously determined empirically for three
different air mass regimes for each month using data collected at the site. In Figure 3-1, the direct normal
transmittance is plotted against global horizontal transmittance. The lower boundary illustrates that with
increasing cloud cover, direct normal radiation decreases more rapidly than global herizontal radiation.
Consequently, data for cloudy skies are grouped toward the lower boundary. * Clear sky data reside near
the upper boundary.
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Figure 3-1. SERI QC data boundaries for two-element quality assessment

For some seldom occurring conditions, data depicting real conditions may reside outside the boundaries
and be flagged as bad data. For example, if the sun is near the edge of a cloud, some of the sun's rays can
be reflected off the edge of the cloud and increase the global horizontal radiation and K¢ without
affecting the direct normal radiation and K. This shifts the data point to the right in Figure 3-1, and it
may be to the right of the lower boundary if K¢ is large enough.

Bad data can also be flagged good by SERI QC, as was seen for some diffuse horizontal data for
Bethune-Cookman College (see Section 5). For overcast sky conditions, SERI QC does not detect an
improperly adjusted shadowband because Kp, = 0 and Kt = K{ within its arbitrary error limit.

After all SERI QC tests are completed, flags are assigned to the data according to the convention listed in
Table 3-1.



Table 3-1. Flagging Convention for Global Horizontal, Diffuse Horizontal, and Direct
Normal Solar Radiation

Flag | Description

0 Untested data

1 Passed one-element test; data within minimum-maximum limits of K¢, Kq , or K,
2 Passed two-element test; data within +0.03 of boundaries

3 Passed three-element test; data within +0.03 of satisfying Kt = Kq + Kp

7 Failed one-element test; data below allowed minimum

8 Failed one-element test; data above allowed maximum

9 Passed three-element test but failed two-element test by greater than 0.05

10-93 Failed two- or three-element test in one of four ways: To determine the test failed '
and the manner of the failure (high or low), examine the remainder of the
calculation (flag + 2)/4 .

Remainder Failure

0 Element too low by three-element test
1 Element too high by three-element test
2 Element too low by two-element test

3 Element too high by two-element test

The magnitude of the test failure (distance in K-units) is determined by the
calculation: d = [INT (flag + 2)/4]/100

94-97 Data fall into a physically impossible region where Ky > K¢ by K-space distances
of 0.05 to 0.10 (94), 0.10 to 0.15 (95), 0.15 to 0.20 (96), and > 0.20 (97)

99 Missing data




4.0 Hourly Data Files

The HBCU hourly data set consists of six data files, one for each station. This section describes the data
format, identifies the location of each element in a line of data, provides sample read statements for three
computer languages, and informs how the hourly data sets may be obtained.

4.1 File Format

Each line of the data file contains the time and the data elements with their respective quality assessment
(QA) flags. There is one line of data for each hour of the day. Hour values are from 1 to 24 (local
standard time) and they correspond to data collected for the preceding hour. For example, an hour value
of 16 is used for data averaged over the hour from 3 p.m. to 4 p.m.

Within a file, data are presented for each hour and day from the beginning to the end of the file. If an
element value was missing, a data value of 9900 and a QA flag value of 99 were assigned. For sites
where direct normal radiation was not measured, the missing data value of 9900 and a QA flag value of
99 were assigned to preserve a common format for all HBCU stations.

Figure 4-1 shows a sample printout of a portion of a data file. The first line in Figure 4-1 is for
illustrative purposes and is not a part of the data file. The time and data elements for each line of data are
presented in the following order: year (YR), month (MO), day (DY), hour (HR), global horizontal
radiation (GH), diffuse horizontal radiation (DIF), and direct normal radiation (DN). Quality assessment
flags (FL) follow each of the data elements. The data values and flags are expressed as whole numbers
and the units for the solar radiation elements are Wh/m?.

YR MO DY HR GH FL DIF FL DN FL

85 7 4 1 -1 1 -1 1 9900 99
85 7 4 2 -1 1 -1 1 9900 99
85 7 4 3 -1 1 -2 1 9900 99
85 7 4 4 -2 1 -2 1 9900 99
85 7 4 5 0 1 -1 1 9900 99
85 7 4 6 53 1 43 1 9900 99
85 7 4 7 97 2 98 2 9900 99
85 7 4 8 350 2 271 2 9900 99
85 7 4 9 435 2 302 2 9900 99
85 7 4 10 537 2 405 2 9900 99
85 7 4 11 730 2 375 2 9900 99
85 7 4 12 942 2 244 2 9900 99
85 7 4 13 924 2 257 2 9900 99
85 7 4 14 920 2 185 2 9900 99
85 7 4 15 657 2 224 2 9900 99
85 7 4 16 430 2 274 2 9900 99
85 7 4 17 371 2 187 2 9900 99
85 7 4 18 232 2 146 2 9900 99
85 7 4 19 50 1 43 1 9900 99
85 7 4 20 3 1 2 1 9900 99
85 7 4 21 -2 1 -3 1 9900 99
85 7 4 22 -2 1 -2 1 9900 99
85 7 4 23 -2 1 -2 1 9900 99
85 7 4 24 -2 1 -2 1 9900 99

Figure 4-1. Data for Mississippi Valley State University for July 4, 1985



4.2 File Identification

Table 4-1 presents file names assigned to each station’s data file, the period of time associated with the
data file, and the date of the first recorded measurement for each of the solar radiation elements. The data
files contain complete months of data; consequently, the first month of each file may contain missing
data records until the day when measurements began.

Table 4-1. File Identification and Information

Station File Name Period First Recorded Measuremen
Global | Diffuse | Direct
Bethune-Cookman College BC.DAT | 8/85-12/93 | 8/2/85 | 8/2/85 | None
Bluefield State College BS.DAT | 11/85-12/93 |11/6/85 | 11/6/85 | 11/6/85
Elizabeth City State University ECDAT | 9/85-12/93 | 9/3/85 | 9/3/85| 3/1/90
Mississippi Valley State University | MV.DAT | 7/85-12/93 | 7/1/85| 7/1/85| 1/1/93
South Carolina State College SC.DAT | 8/85-12/93 | 8/1/85 | 8/1/85 | None
Savannah State College SS.DAT | 8/85-12/93 |8/29/85 | 8/29/85 | None

4.3 Sample Read Statements

The HBCU data files contain ASCII characters that are readable using various computer languages.
Sample read statements for three computer languages are shown below.

IBM BASIC
100 INPUT #1, YEAR, MON, DAY, HOUR
110 FORI=1TO 3: INPUT #1, X(I), YI): NEXT I

FORTRAN
READ(16,100) YEAR, MON, DAY, HOUR, ( X{), Y(I),I=1,3)
100 FORMAT(4I3,3 (F5.0,13))

C
fscanf ( fp_in, "%d %d %d %d", &YEAR, &MON, &DAY, &HOUR );
for (I=1;1<=3;I++) fscanf (fp_in, "%f %d", &X[I], &Y[I] );
where:
YEAR = last two digits of year ( 89 = 1989 )
MON = month of year, 1to 12
DAY = day of month, 1 to 31
HOUR = hour of day, 1 to 24
X = data value for Ith element, read as floating point number in FORTRAN and C
YD) = QA flag for Ith element, read as integer number in FORTRAN and C

(I=1 for global, I = 2 for diffuse, and I = 3 for direct ).

10



4.4 Obtaining the HBCU Data Sets

The HBCU hourly data sets may be obtained by contacting the NREL Technical Inquiry Service at
303/275-4099. The data sets are provided on three MS-DOS® formatted 1.44-MB floppy disks. The
data files on the floppy disks are compressed to minimize their file size. Uncompressed, the six data files
require a total of about 16.7 MB of disk space. The necessary program to uncompress the data files is
included on the floppy disks. A "readme" file describes the procedure for uncompressing the data files
and installing them on a computer's hard disk.



5.0 Summary Data

For each HBCU station, summary information pertaining to the amount of data missing and the amount
passing quality criteria was determined. Using the quality checked data and procedures to address any
missing data, monthly and annual solar radiation values for global horizontal and direct normal radiation
were calculated and presented in tables and graphs.

5.1 Missing Data and Quality Assessed Data Summaries

Appendix A contains tables providing quality assessment summaries for daylight hours for each month of
the period of record for each HBCU station. For measured values of global horizontal radiation, diffuse
horizontal radiation, and direct normal radiation, the tables give two numbers for each month: (1) the
percentage of possible data collected and (2) the percentage of data that passes their quality assessment.
The percentages are based on the total daylight hours possible for each month.

The pass criteria for measured data were that it was within 0.05 of the boundaries during the SERI QC
two-element test, or within +0.05 of satisfying the equation Kt = Kq + Kp for the three-element test.
These criteria correspond to SERI QC flags 1-3 and 10-21.

For stations that did not make direct normal measurements, or if the direct normal data are missing or
failed their quality assessment, direct normal radiation may be calculated using global horizontal
radiation and diffuse horizontal radiation measurements (if these two measurements pass their quality
assessment). Therefore, besides the quality assessment table for measured direct normal data, the
appendix includes two additional tables concerning direct normal radiation calculated from global
horizontal and diffuse horizontal radiation measurements.

The first table indicates the percentage of direct normal data that is available either from direct normal
measurements that pass the SERI QC criteria, or from calculating direct normal radiation by using
measured values of global horizontal and diffuse horizontal radiation that pass SERI QC criteria.

The second table imposes an additional check to make sure that the shadowband was being routinely
adjusted. In brief, the check examined diffuse horizontal SERI QC flags when global horizontal radiation
was at or above thresholds that indicated direct normal radiation was present. If the diffuse horizontal
SERI QC flag was a passing value, then the shadow band was assumed properly adjusted and the
calculated direct normal value was given a passing mark. If the diffuse horizontal SERI QC flag was not
a passing value, then the shadowband was assumed to be not properly adjusted and the calculated direct
normal values were assumed invalid until such time that the test was passed, indicating that the
shadowband was brought into adjustment.

For stations other than Bethune-Cookman College, both the first and second tables for calculated direct
normal radiation have essentially the same numbers. For Bethune-Cookman College, the numbers are
much different for 1991-1993. Using SERI QC alone to check the data permitted a large amount of data
collected under cloudy skies and conditions of low direct beam radiation to be assigned passing flags,
because the radiation detected by the shadowband pyranometer is not as sensitive to the alignment of the
shadowband under these conditions. The additional shadowband check permitted better screening of the
data.

12



5.2 Influence of Missing Data on Summary Data Uncertainties

When calculating the average daily radiation for a period, both missing data and the measurement
uncertainty of the instruments that measured the radiation create an uncertainty in the calculated value.

The total measurement uncertainties of pyranometers and pyrheliometers have previously been
established by Stoffel et al. (1987) by using the method of Abernethy and Ringhiser (1985). This root-
sum-square method defines an uncertainty interval +Uggs having a 95% confidence level.

Ugss = [ (tR)* + B*]"? (1)

where
t
R
B

student's T distribution factor, equals 2 for sample size greater than 30
random error
bias error.

For pyranometers, the total uncertainty was determined to be 4.4% (3.1 % bias and 1.6% random), and for
pyrheliometers the total uncertainty was determined to be 3.2% (1.8% bias and 1.3% random). These
uncertainties apply to single measurements and include errors caused by temperature response, cosine
and azimuth response, linearity, spectral response, installation, sensor cleanliness, and data acquisition
equipment. For this work, when summing measurements to calculate the average daily radiation for a
month, the large number of measurements (sample rate of once every 10 seconds) cause the random
errors to cancel each other. Consequently, only the bias error remains (3.1% for pyranometers and 1.8%
for pyrheliometers).

Besides the instrument bias error, additional uncertainties in the calculation of the average daily radiation
for a month exist if data are missing because of instrument or data acquisition system malfunction. For
this analysis, data not meeting their quality assessment criteria are also considered missing. If data for a
day are missing, we do not know what the data value should be, but we can expect it to be between a
minimum and maximum value. For the HBCU network, these minimum and maximum values are shown
for global horizontal and direct normal radiation in Tables 5-1 and 5-2, respectively. They were
determined by calculating the solar radiation for each day during the period of record when data were
available.

The effect of missing data on the uncertainty of the calculated average daily radiation for a month is
addressed by: (1) assuming the radiation for a missing day is the same as the average daily radiation
calculated using the available data for the month, (2) assigning a random error to the assumed radiation
value that is equal to the absolute difference between the assumed radiation value and the minimum or
maximum value, whichever is larger, from Tables 5-1 or 5-2, and (3) combining the random error
resulting from missing data with the bias error for the instrument to determine the total uncertainty.

The random error resulting from missing data during a month can be evaluated by the method outlined by

Holman (1971), where F is a given function of independent variables X, Xy, . ... Xn.

F=F(X;, Xo....Xn) (2)
Letting R be the uncertainty in the result and R,, Ry, . . . . Ry be the uncertainty in the independent
variables:

R = [( R,OF/OX, )* + ( R2IFOX, Y + .. .. (RyIF/OXN ) 172 3)



Table 5-1. Daily Minimum and Maximum Global Horizontal Solar Radiation (kWh/m?2)

Bethune- Bluefield Elizabeth Mississippi South Savannah

Cookman State College City State Valley State | Carolina State| State College
College University University University
Month | Min| Max| Min| Max| Min| Max| Min| Max| Min| Max| Min| Max
Jan 1.2 4.6 03 3.8 04 3.8 04 4.2 0.6 44 0.5 44
Feb 1.4 5.9 0.5 5.2 0.4 54 0.7 54 0.9 5.4 1.0 5.7
Mar 1.4 7.1 0.5 6.8 0.9 6.7 1.1 7.0 13 7.1 1.6 7.0
Apr 3.2 7.8 0.7 8.1 1.2 7.9 0.9 8.0 1.8 8.2 2.2 8.1
May 39 8.4 1.1 8.5 1.2 8.7 2.0 8.5 1.2 8.7 2.2 8.2
June 23 83 1.8 8.6 23 8.5 23 8.7 1.2 8.6 1.6 8.4
July 23 8.1 1.8 8.9 2.9 8.4 32 8.1 1.5 8.4 24 8.2
Aug 2.0 7.6 1.1 7.5 1.1 7.6 2.7 7.7 0.7 7.8 2.4 7.2
Sept 1.2 6.9 1.0 6.9 1.1 6.7 14 7.0 0.8 6.7 1.0 6.7
Oct 1.8 6.2 0.7 53 0.7 5.6 0.7 5.9 0.8 6.0 12| 6.1
Nov 1.1 4.9 0.4 4.0 0.6 4.1 0.5 4.4 0.9 4.5 0.6 4.7
Dec 0.9 4.0 0.3 3.2 0.3 33 0.6 3.7 0.6 3.6 0.7 37
Table 5-2. Daily Minimum and Maximum Direct Normal Solar Radiation (kWh/m2)

Bethune- Bluefield Elizabeth Mississippi South Savannah

Cookman State College City State Valley State | Carolina State | State College
College University University . University

Month | Min | ‘Max| Min| Max| Min| Max| Min| Max| Min| Max | Min | Max
Jan 0.0 84 0.0 8.1 0.0 8.6 0.0 8.4 0.0 8.5 0.0 8.6
Feb 0.0 9.6 0.0 9.4 0.0 9.6 0.0 9.3 0.0 9.2 0.0 9.3
Mar 0.0 9.5 0.0 9.7 0.0 9.4 00| 101 0.0 10.2 02| 10.0
Apr 0.8 9.9 0.0| 104 0.0 9.7 0.0 10.6 0.0 10.2 0.0 10.1
May 0.2| 105 0.0 109 0.0 105 00| 10.8 0.0( 104 04 9.9
June 0.2 9.7 0.0 10.6 0.0 94 00| 112 0.0 10.1 0.0 8.7
July 0.0 9.3 00| 11.7 0.1 9.0 03 9.5 0.3 9.4 0.8 9.9
Aug 0.6 8.9 0.0 9.5 0.0 8.9 0.0 9.3 0.0 9.0 0.0 8.0
Sept 0.0 8.2 0.0| 10.1 0.0 8.5 0.0 9.8 0.0 9.1 0.0 8.7
Oct 0.0 8.9 0.0 9.1 0.0 8.8 0.0 9.3 0.0 9.5 0.0 9.5
Nov 0.0 8.5 0.0 8.2 0.0 8.2 0.0 8.3 0.0 8.4 0.0 8.2
Dec 0.0 8.2 0.0 7.8 0.0 7.7 0.0 8.0 0.0 79 0.0 79
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If the function F is defined as the average of n values, then the uncertainty in the average becomes:
R=(1n) [R) + R +.... (R*]™ @)

As applied to our need to determine the random error created by missing data, Eq. 4 can be expressed as:

R,=100 (R;/I1)[(1-x)/m]" (5)
where: '
R, = percentage of random error in calculated average daily radiation for the month
I = calculated average daily radiation for a month using data passing quality assessment
R; = random error associated with substituting the average daily radiation for the month

for missing data. Equals the larger of (I- Min ) or ( Max - I ). Min and Max from
Table 5-1 or Table 5-2.
X = fraction of data during the month that passes quality assessment (from Appendix)
m = number of days during the month.

Expressing the total uncertainty U of the calculated average daily radiation for the month as a function of
both the random error Ry, resulting from missing data and the instrument bias error B:

U= (R, +B*)"? (6)

This method appears to work well (~95% confidence level) as long as no more than 30% of the data
during the month are missing or fail their quality assessment (Marion 1993). When larger quantities of
data are missing, the relationship is not favorable. Although we treat the missing data as a random error,
solar radiation itself is not random and is influenced by season, geographical features, and climate.
Consequently, when large segments of data are missing, the error may not always be random.

Equation 5 can also be used to stress the importance of maximum data recovery when measuring solar
radiation to calculate monthly averages for resource assessment. With only 1 day of global horizontal
radiation data missing, the error introduced in the monthly average because of missing data can be as
large as the bias error of the instrument. For direct normal radiation, the error in the monthly average
because of 1 missing day of data can be twice as large as the bias error of the instrument. Direct normal
radiation is more variable, and the pyrheliometer measuring it has less instrument error than the
pyranometer measuring global solar radiation.

5.3 Average Daily Radiation

The average daily radiation by month and year are shown in Tables 5-3 through 5-14 for global
horizontal radiation and direct normal radiation. The percentage of uncertainty for each average was
determined using Eqs. 5 and 6 and is shown in parenthesis below the average. For months with more
than 30% of the data missing or failing their quality assessment, no average was calculated because
insufficient data were present to adequately estimate an uncertainty. When direct normal radiation was
calculated using global horizontal and diffuse horizontal radiation, the check for proper alignment of the
shadowband was included as part of the quality assessment.

In the right column of the tables, annual averages were determined if all the monthly averages were
present. The bottom row shows averages by month for the period of record. These were determined
using values displayed in the rows above. The annual average in the bottom row was determined using
the monthly averages in the bottom row.
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Table 5-3.

Bethune-Cookman College Global Horizontal Solar Radiation (kWh/m?2)

(Percentage Uncertainty Shown in Parenthesis, Asterisks Denote Insufficient Data)

Year | Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec| Ann
85 474 491 428 346 3.04
(5.9) (5.9) (3.8) 4.7 (3.6)
86 | 3.31 3.86 522 687 *¥¥k 550 ckwkx ckkkk 40)  kEkk kdokk kokokok
(4.9) (6.4) (5.5) 3.7) (5.9) (7.2)
87 Rkkk  kkokk kR kkkk kokkk kkkk 47 kkkk kkkk 433 ckkkk skokkk
(4.4) 5.2)
88 | kwEk¥  Hkkk kxkk 612 6.88 630 628 576 475 436 Rkrx skkkk
(4.0) (3.9) (3.6) 4.9) 3.6) (4.8) 4.7)
89 341 425 515 623 689 635 642 585 510 394 350 3.06| 5.02
4.5) 4.1) (5.5) 4.2) (3.6) (4.0) (3.6) 4.0) (5.4) 4.1) (3.8) 6.0) 3.5)
90 | 3.41 392 551 648 685 630 636 593 529 453 363 3.17( 5.12
(3.6) (5.8) 4.1) 3.9 3.7 (3.8) 4.5) (4.8) (3.9) 3.7) 4.1) (6.8) (3.5)
91 | *¥*x Rk kxkx 543 632 6.14 573 586 542 418 322 277
4.5) (3.9) 4.3) 4.7 4.3) (4.0) 4.2) (4.0) (3.6)
92 | *¥*** 341 483 585 676 585 ¥k kkxx 471 416 284 262
(5.4) 4.4) 3.9 (4.0) 4.4) (5.5) 4.9) (4.9) (4.6)
93 279 380 474 640 586 **** 574 541 509 345 270 2.78
(5.2) (5.1) (4.9 (4.3) (5.3) (6.5) (7 a1 (8.2) (7.3) (6.8)
Ave | 323 385 509 620 659 609 617 559 502 4.15 323 291 485
3.7 (3.9) (3.8) (3.5) (3.5) (3.6) 3.7 (3.6) (3.8) (3.6) 3.7) (3.8) 3B4)
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Table 5-4.

Bethune-Cookman College Direct Normal Solar Radiation (kWh/m?2)
(Percentage Uncertainty Shown in Parenthesis, Asterisks Denote Insufficient Data)

Year | Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec| Ann
85 3.12 449 451 448 431
(15.4) (8.1) (4.8) (6.8) 4.4)
86 4.80 4.13 535 7.67 kkEx kkkk kkkk kkekk kkkk kkkk kkokk sokokok
(7.2)  (11.7) (7.0) 4.3)
87 Rkkk  ckkkk ks ksl skl kkkk § 3] kkkk ko kR kR kokokok
(6.0)
88 | Hkk  wdkx okdkkk 542 596 4.33 5.09 426 *¥kx 470 ckwkk o okkekk
(5.2) (5.6) (4.3) (7.0) (6.6) 6.7)
89 490 570 4.84 640 607 S5.11 531 460 473 390 438 4.61( 504
(7.0) 6.7) 8.4) (8.9) (4.4) 4.7 (4.0) 6.7) @.1) (7.5) (4.4) (7.8) (4.0)
90 | 457 473 604 636 570 487 539 475 463 465 489 472]| 5.11
4.4) 9.7) 5.1 (4.8) 4.7 4.4) (6.0) 5.7 4.4) (4.8) (8.1) (9.0) (3.9)
91 Rk ckkdkok ckkokk kskkk kkkk 4 Q] kkkk kbR kkkk kkkk Rk kol
5.7
92 sk kdoksk kdokk skdoksk dkokskok dokskk skdoksk skskskk dokdok dokskk dokskok skkokk
93 skokdkok koksksk kekskk skskksk soksksk sksksksk sokoksk keksksk skskskk skokoksk skekskk skokokok
Ave | 476 4385 541 646 591 481 527 418 4.62 444 458 4.55]| 499
4.7 (6.0) 4.9) 4.3) 4.1) 3.9) 4.3) (5.2) 5.1 4.3) 4.9) (5.2) 3.7
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Table 5-5. Bluefield State College Global Horizontal Solar Radiation (kWh/m?)
(Percentage Uncertainty Shown in Parenthesis, Asterisks Denote Insufficient Data)
Year | Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec| Ann
85 1.66 1.60
(14.0) (8.0)
86 220 1.81 ®kx*x  kxkx 475 628 567 469 410 314 141 155
49 (@a2.1) 5.1 3.9) (4.0) 3.9) (4.4) (59) (10.2) (7.0)
87 143 236 4.02 *kxk 560 579 **** 530 382 354 225 1.57
(8.5) (8.2) 4.4) 4.7 4.2) (6.1) (4.3) (5.3) (6.0) (6.0)
88 208 3.13 424 521 *** 690 591 535 426 354 238 208
(5.1) (5.6) “4.1) 4.9) (4.8) (3.8) 3.9 (42 4.7 (4.8) (5.3)
89 221 210 378 477 482 528 500 495 349 348 211 1.61]| 3.64
(4.3) (8.1) 5.1) (4.8) (4.8) 3.6) (4.2) 3.9) (7.8) (6.5) (7.5) (1.7) (3.6)
90 1.87 292 379 449 505 649 583 501 426 336 287 1.68| 397
(5.0) (4.6) (6.0) 5.7 (4.2) 4.1) (3.8) 3.7 (4.2) (5.3) (4.4) 4.7 3.5)
91 170 263 358 476 563 539 541 495 373 363 206 156 | 3.76
(6.0) (4.6) (5.5) (4.3) (4.0) (4.0) (3.6) 4.4) 4.4) (4.0) (5.2) (6.1) (3.5)
92 205 256 329 421 453 *kxx 554 469 *¥kx 352 178 1.30
3.7 4.4) (5.5) (4.8) 4.7 (52) (4.4) 4.9) (5.3) (11.8)
93 202 287 271 479 556 581 583 473 *¥*k*x 246 1.88 1.28
(4.9) (4.8) (8.0) (6.2) (6.2) (6.9) (3.8) (5.3) (11.2) 9.3) (9.6)
Ave | 1.94 255 363 470 513 599 560 496 394 333 204 1.58]| 3.79
3.7) (3.9) 3.7 (3.8) (3.6) (3.6) 3.5) (3.6) 3.7 (3.8) (4.0) (4.0) 3.4)
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Table 5-6.

Bluefield State College Direct Normal Solar Radiation (kWh/m?2)
(Percentage Uncertainty Shown in Parenthesis, Asterisks Denote Insufficient Data)

Year | Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec| Ann
85 1.62 1.90
(38.0) (21.9)
86 | 3.49 121 ®kxx kkx 316 467 334 330 3.09 321 116 2.17
4.5) (36.2) (10.9) 3.7 (4.8) (5.1 8.5) (11.0) (27.3) (13.4)
87 149 234 430 **** 420 385 **¥** 370 3.16 504 297 217
179 172) @37 6.0) (58 (10.3)  (72) (48) (99) (107)
88 | 2.58 3.67 424 469 *+** 559 412 407 396 442 328 348
(7.9) (7.5) (2.9) 4.2) (44) (5.0) 3.0) (44) 3.2) (5.1 (5.4)
89 | 3.19 232 381 366 316 306 251 299 242 457 298 194 3.06
(3.3) (13.0) (5.9) (5.1 (78) (48) 94) 43) (21.8) (6.8) (12.2) (19.0) (3.2)
90 | 225 333 371 383 329 481 378 298 328 452 486 246 3.59
(8.3) (7.2) (8.0) 9.0) (4.5) (3.6) 42) (4.3) 5.7) (4.4) 3.2) (5.9 2.4)
91 205 323 330 420 403 302 291 324 270 407 235 202( 3.09
7.7 54) (63) @2 @7 (67 (18 (72) (713 (2.8) 8.1y (105)] (24
92 | 257 240 255 261 298 *kx* 328 242 *#kx*k 430 199 096
(4.3) 58 (714) (79 (7.0) (13.9)  (9.3) (4.8) (8.3) (50.0)
93 | 232 350 1.79 357 372 3.62 387 251 ¥ 220 211 1.21
9.1) (7.3) _(17.9) (10.6) (12.1) (17.8) (6.2) (14.3) (29.7)  (21.3) (34.2)
Ave | 249 275 339 376 351 409 340 315 310 404 259 203]| 3.19
3.1 4.1) (3.0 (3.3) (3.4) (34) (3.3) (3.2) (42) 3.3) (4.6) (5.6) 2.1)




Table 5-7.

Elizabeth City State University Global Horizontal Solar Radiation (kWh/m?2)
(Percentage Uncertainty Shown in Parenthesis, Asterisks Denote Insufficient Data)

Year | Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec| Ann
85 ' 5.02 kExk wskk skokokok
8.1)
86 254 247 451 5.13 586 650 krEEk owkkx g 6] wkkEk ] Q5 kkkxk
(7.1) (8.2) (4.4) (3.9) (5.8) (4.0) (7.1 (6.6)
87 236 3.00 401 443 598 6.08 6.15 536 424 429 265 203| 422
(6.2) 4.4) 42) (4.2) (4.2) (3.6) 3.5) 4.7 3.7 (7.5) (5.3) (4.8) 3.5)
(5.0) .
89 | whRwk  wkxk kkkk  kxkx 664 647 580 513 404 3.67 279 223
56) @38 @B7H 49 @5 40 @40 (@©.1
90 248 342 424 580 580 732 *** 53] 484 4.01 299 1.97
(4.0) (5.0 48). (42) (@6) (15 (58) 49 (4 (54) (4.0
91 208 293 391 531 606 **¥** 578 505 491 362 272 231
(4.8) 4.7 (46) (6.1) 6.4) 43) (5.4) (4.0) 4.9) (4.0) (4.0)
92 224 294 434 543 495 *kxx 600 492 439 358 242 165
(5.0) (52) 39 3.7 3.9) (3.5) (74) (3.9 (4.0 42) 4.2)
93 210 296 372 545 *¥+ 612 581 514 451 287 238 1.77
(4.2) (6.7) (7.5) (4.0) @47 @43 (53) @6 (65 (59 (6.1)
Ave | 228 295 412 526 588 650 591 515 457 3.67 256 1.99| 424
3.7 3.9) 37 (3.8) (3.8) (3.5) 3.9) (3.9) 3.7) 34)

(3.6)

3.7

3.7
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Table 5-8. Elizabeth City State University Direct Normal Solar Radiation (kWh/m2)
(Percentage Uncertainty Shown in Parenthesis, Asterisks Denote Insufficient Data)

Year | Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec| Ann

86 | 4.13 211 484 484 427 478 werx eeer 414 werx 04wk
(8.8) (28.7) (5.1) (44) (94) (48) (9.2) (17.0)

87 363 3.69 444 377 480 452 438 336 331 580 3.83 3.14| 4.06
(9.2) (6.4) (5.0) (6.2) (5.2) (4.5) 4.1 (7.6) (4.6) (8.8) (6.9) (6.9) (3.9)
(8.9)

89 | FHFEk kEkwk wkkx kxkk 585 470 340 325 291 465 431 385
(6.7) (4.4) (6.3) (8.5) (8.6) (44) (4.4) (7.0)

90 | 4.14 446 411 517 422 579 *** 310 383 4.84 473 270

(45) (68) (59) (36) (56) (98) (103) (57) (51) (55) (3.8)
91 | 282 344 361 417 438 **¥** 302 278 417 3.89 342 334
(66) (7.0) (60) (83) (9.6) (89) (106) (32) (54) (40) (3.8)

92 | 256 285 3.60 4.07 288 *#* 379 317 342 393 259 1.70
(10.5) (11.1) (44 @31 (51 (18) (150) (32) (29) (43) (6.6)

93 | 235 332 287 498 *x 421 363 352 398 276 3.04 232
(5.) (13.00 (19.) (26) (66) (78) (80) (49 (12.0) (100) (12.6)

Ave | 323 331 391 450 440 480 3.64 320 3.68 431 341 284 | 3.77
(4.0) (52) (38 (29 (38 (40 (34 @47 (33 (35 (36) (36)| 27
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Table 5-9. Mississippi Valley State University Global Horizontal Solar Radiation (kWh/m?)
(Percentage Uncertainty Shown in Parenthesis, Asterisks Denote Insufficient Data)
| Year Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec| Ann
85 639 579 503 333 241 266
3.5) 3.7 (3.6) 4.4) 4.0 (5.0)
86 301 323 534 583 556 627 667 604 488 3.62 195 1.84| 453
3.7) .1 4.2) 3.7 (4.3) 3.6) 3.5) 3.5) 3.4) 4.9) 7.7) (6.9) 3.5)
87 259 297 486 626 601 660 649 593 521 452 3.07 235| 4.75
(5.9) (7.0) (4.8) 3.7) 4.5) (3.8) (3.6) 3.7) 3.7) 3.4) 4.3) (5.0) 3.5)
88 2.64 **F¥k 4090 628 714 706 600 595 472 372 295 263
(4.8) (5.7) (4.6) 4.1 3.4) 3.8) 3.5) (4.6) 4.5) (4.0) (4.8)
89 260 277 376 580 607 546 578 591 452 404 *ExE 270
(6.9) (7.6) (6.2) (4.6) (4.8) (4.0) (3.5) 3.4) (4.8) 4.3) (6.3)
90 273 331 418 584 600 691 647 630 515 421 316 2.10| 4.70
(6.6) 4.5) 5.7 (5.3) (4.8) 4.2) 3.5) 3.7 (3.7) (4.0) 4.3) (6.3) 3.5)
91 2.18 327 441 487 542 6.15 663 590 540 405 2.88 2.14| 445
(6.7) 6.1) (5.5) (6.7) 44 (3.6) 3.7 3.7 3.9) 3.7 4.0) (5.5) 3.5)
92 | 271 3.62 432 592 626 580 623 570 **kxk 464 271 1.74
(5.7) (5.8) 4.5) 3.7 (3.8) (5.4) (5.1) 3.5) (7.6) (5.2) (10.9)
93 212 296 373 483 6.09 614 665 563 518 353 246 210| 4.29
(6.8) (4.4) (6.3) (4.8) (3.8) (3.6) (3.9) 3.7 (3.9 (4.2) (4.9) (6.0) (3.5)
Ave | 257 3116 444 570 607 630 637 591 501 396 270 225| 454
(3.8) (3.8) 3.7 (3.6) 3.5) 3.5) 3.4) (3.4) 3.5) (3.6) 3.6) (3.8) 3.4)
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Table 5-10. Mississippi Valley State University Direct Normal Solar Radiation (kWh/m?)
(Percentage Uncertainty Shown in Parenthesis, Asterisks Denote Insufficient Data)

Year Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec| Ann
85 492 462 507 342 245 4.39
4.3) (4.8) 4.0) (7.8) (7.1) (6.0)
86 468 3.66 632 527 371 466 535 517 429 430 138 195| 4.24
4.0) (10.3) (4.8) 4.1) (8.4) 5.1) (4.0) (4.0) (3.6) (6.6) (27.5) (19.6) 3.9)
87 350 316 653 651 404 528 450 442 529 670 460 335| 4.83
(10.5) (17.5) (8.4) 4.0) 8.1) (4.6) (4.6) (5.0) 5.7 5.7 5.7 (7.9) 4.0)
88 3.87 *¥k*x 618 637 7.04 6.00 408 484 417 496 4.12 4.64
9.2) (8.4) 5.4) 5.1 (4.0) 6.4) 4.4) (8.9) (7.0) (5.5) (7.0)
89 3.82 ckwkx xkxk 600 531 338 370 454 434 526 *¥xk 4 5]
(11.0) 8.1 9.0) (13.9) 6.7) 45) @104) (6.2) (8.0)
90 402 375 397 542 450 6.15 485 507 462 573 517 264| 4.66
(8.2) (6.6) (10.3) (6.0) (7.9) (CR)) (4.0) 4.4) (5.1) (GR)) 5.7 (14.6) (3.9)
91 255 4.08 435 390 345 428 538 430 5.18 449 3.10 230| 3.94
(14.8) 9.4) 9.3) (13.5) (10.0) 4.7 4.3) (4.6) 4.4) 4.1) (5.6) (15.2) 4.2)
92 331 426 4.04 482 439 378 427 380 **¥¥* 571 356 kkxxk
9.1) 9.1 9.7 (4.8) (5.1) (139) (10.2) 4.4) (8.8) 9.4)
93 236 290 3.05 3.87 4.65 420 538 377 556 389 318 3.19]| 3.84
(15.5) (6.1)  (13.3) 4.9) (3.0) (3.5) (2.5) 3.2) (3.1) (4.7) (6.8) 9.6) | (24)
Ave | 3.51 3.63 492 527 464 472 471 450 482 494 345 337| 4.38
4.7 5.1 4.5) 3.9) (4.0) (4.0) 3.7 3.8) 3.9) 4.2) 4.7 34)

(3.5)
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Table 5-11. South Carolina State University Global Horizontal Solar Radiation (kWh/m?2)
(Percentage Uncertainty Shown in Parenthesis, Asterisks Denote Insufficient Data)

Year | Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec| Ann
85 523 539 326 *¥** 287
: (4.8) 3.4) (4.3) (7.9)
8 | 2.88 336 478 665 629 621 637 490 449 **¥** 219 236
4.9) (4.6) (3.9) (5.3) (5.1 (4.0) 4.1) 3.7 (4.8) (10.4) (4.3)
87 | 2.63 309 446 612 646 6.06 **** 550 443 4.67 307 243
(4.8) (6.0) (5.1) (4:3) 5.7 (5.4) (7.3) (43) (4.0) 4.1 (4.3)
88 | rHkk  Hkwk okkkk 570 664 697 6.06 526 413 429 3.02 2.68
(4.0) 3.7 (4.3) 3.7 (4.3) (4.2) (4.0) (3.6) (3.9)
8 | 245 311 383 569 644 6.19 567 482 387 389 299 249 | 429
(4.4) 48 (57) (46) (@G4) @40 (43 @37 @5 @37 42 (53] 3.5
90 | 291 325 423 6.12 626 679 620 531 514 *¥** 341 219
i 3.7 (5.9) 4.4) (3.9) (4.0) (4.0 3.4) 3.7 3.7 (4.3) (4.8)
91 2.11 348 ®kxk  kxkx 512 627 549 486 514 405 3.04 255
(7.0) (4.4) 4.1) 3.7 (5.9) 37 - @37 3.7 (44) (4.4)
92 | 248 310 462 540 588 552 622 482 456 385 272 214/| 428
4.2) (4.6) (4.5) (4.0) 3.7 (5.8) 4.1) 3.7 3.7 3.7 (4.8) (4.6) (3.5)
93 | 2.22 321 432 607 633 635 660 579 494 320 3.08 259| 4.56
(6.0) (4.4) (56) (43). (5.7 (4.3) (42) (4.3) (4.8) (4.4) (4.3) (4.6) (3.5)
Ave | 253 323 437 596 6.18 630 6.09 517 4.68 389 294 248 | 449
3.7) 3.7 3.7 (3.6) (3.6) (3.5) (3.5) (3.6) (3.5) (3.5) (3.6) (3.6) 3.4)
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Table 5-12. South Carolina State University Direct Normal Solar Radiation (kWh/m?2)

(Percentage Uncertainty Shown in Parenthesis, Asterisks Denote Insufficient Data)

Year | Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec| Ann
85 3.69 5.58 294 *xkxx 504
(6.8) (3.6) (8.8) (9.8)
8 | 4.61 349 520 727 491 413 446 3.16 3775 ¥k¥E wkxk 3 (8
(5.7) (9.9) 4.4) (6.6) (6.5) (5.2) (5.0) (49) @10.8) (6.7)
87 4,00 ckwEEoxEkxk 571 495 391 F¥xE 359 367 656 445 372
(6.7) (7.5) (8.3) (11.7) (12.8) (9.7) (5.4) (6.0) (7.3)
88 | HwIE  Akkkx kkkEk 575 552 5.61 4.02 399 *kxk 560 425 445
(7.7) (5.4) (6.0) (1.7 9.9) (5.4) (6.0) (4.8)
89 377 4.18 *x#¥k  kxkx 551 444 372 339 ¥k¥k 503 426 433
(10.6) (12.3) (6.0) (7.1) (10.6) (14.6) (7.4) (6.8) (8.4)
90 | 452 423 ****k 585 510 509 436 323 467 *¥** 580 2.65
(4.0) (12.4) (10.3) (9.9) (4.4) (3.6) (4.8) (4.4) (5.4) (10.1)
91 248 496 kwkx ckkkk 976 435 322 293 484 4.61 396 3.73
(14.2) (8.8) (15.4) (43) (12.0) (5.2) (5.4) (4.9) (5.8) (5.4)
92 291 276 445 449 448 302 4.13 281 358 4.11 **¥*¥* 246
(9.1) (19.5) (9.6) (11.5) (8.7) (16.3) (54) (5.3) (4.6) (4.9) (10.4)
93 2.12 323 ckwkx 5098  wkwEk o kwEkk 472 374 ckwEkx o kxEk 423 394
(18.2) (7.1 (8.9) (7.2) (14.0) (7.9) (6.3)
Ave | 349 381 482 584 475 436 4.09 339 435 481 449 371( 433
4.7) (6.2) (5.6) (4.8) (4.5) (4.4) (4.3) (4.8) (4.2) 4.1) (4.2) (4.3) (3.7)
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Table 5-13. Savannah State College Global Horizontal Solar Radiation (kWh/m?)
(Percentage Uncertainty Shown in Parenthesis, Asterisks Denote Insufficient Data)

Year Jan Feb Mar Apr May June July  Aug Sept Oct Nov Dec| Ann
85 *E*E 514 326 278 293
3.4) (6.5) 4.4) 4.4)
86 291 372 502 656 644 599 610 504 444 360 233 206| 452
(4.5) (5.2) 4.7 (3.6) (3.8) (5.7) (5.9) (4.3) 34) 4.5) (5.9) 4.9) 3.5)
87 258 297 448 624 636 594 655 562 425 455 314 272| 4.63
(5.3) (7.5) 6.1 (3.6) (3.8) 4.5) 3.8) 3.7) 3.9 3.9) (4.3) 3.9) 3.5)
88 258 385 524 553 676 665 6.16 529 419 439 314 282| 4.72
4.9) (5.2) (5.3) 4.5) 4.4) 3.9) 3.6) 3.5) (3.9) 3.6) (4.0 3.7) 3.5)
89 2.82 342 453 596 648 589 617 465 363 381 307 255 442
3.4) 4.1) (5.2) (4.6) (4.0) 4.5) (6.1) 4.3) (5.3) (6.6) 4.2) (5.2) 3.6)
90 311 354 451 6.01 646 642 590 542 511 407 336 2.14]| 4.68
(5.9) (6.5) 4.2) 4.0) (3.6) 3.7 3.7 4.0) 3.7 4.4) 4.3) 3.7 (3.5)
91 2.09 3.60 455 479 5.12 566 551 506 448 391 282 248 4.17
(5.9) (3.9) (4.6) (4.6) 4.2) 4.5) (4.3) 4.0) (3.4) 3.6) 4.2) 4.1) (3.5)
92 | 242 307 463 543 578 536 *k** 476 412 396 273 226
4.7 (5.2) (6.8) (4.6) 4.2) (7.4) 4.1) (3.9) 4.2) (6.2) (3.6)
93 2.13 322 464 6.17 633 640 633 547 504 328 3.18  ckwxxk
(7.6) (6.4) (4.9) (4.0 (54) (6.1) (3.9) (3.7) (4.0 (5.0) (5.0)
Ave | 258 342 470 584 622 604 6.10 516 449 387 295 250| 449
3.7 3.7 3.7 3.5) 3.5) 3.7 (3.6) 3.5) 3.5) (3.6) (3.6) 3.5) 3.4)
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Table 5-14. Savannah State College Direct Normal Solar Radiation (kWh/m?2)

(Percentage Uncertainty Shown in Parenthesis, Asterisks Denote Insufficient Data)

Year | Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec| Ann
85 kakk 505 3.28 357 5.05
(6.0) (17.4) (@10.7) (5.7)
8 | 435 465 548 7.02 526 3.83 #** 397 341 464 212 237
(5.1) (7.5) (6.1) (4.0) (4.9) 9.1 (7.6) (8.8) (10.5) (259) (11.6)
87 | 4.10 **** 538 640 557 4.19 520 377 3.5 594 390 376
(8.5) (9.9) (4.0) (5.2) (6.0) (4.3) (5.0) (5.8) (4.4) (5.0) (4.5)
(10.9) (8.2) (6.8) (7.5) (4.0)
89 367 405 482 565 530 4.19 407 *** 260 375 4.09 4.03
(3.6) (8.2) (8.7) (6.0) (4.6) (6.3) (12.9) (21.7) (14.2) (4.8) (6.5)
90 | 491 463 557 647 574 461 416 350 443 488 542 262| 4.74
(8.0) (10.4) (8.9) (6.3) (64) (43 (8.7) 9.7 (8.1) (6.7) (5.4) (16.1) (4.1)
91 221 486 494 380 374 426 365 328 327 434 347 329 3.5
(17.7) (7.7) (8.9) (14.8) (14.0) (82) (104) (11.6) (9.3) (7.6) (12.0) (7.1) (4.6)
92 | 2.88 ¥¥Ekx wEkk 469 491 310 **k* 2090 289 394 3.05 2.6l
(14.8) (10.8)  (92) (17.8) (8.6) (6.3) (62) (11.7) (5.1)
93 196 3:13 440 594 460 477 480 3.87 4.81 278 440 *kx*
(22.3) (144) (7.7 (4.8) (8.2) (7.7) (4.9 (4.5) (44) (11.2) (5.7)
Ave | 343 443 524 562 502 4.14 438 355 370 4.19 375 354 425
(5.0) (5.0) (4.6) (4.2) (4.3) (46) (49) (46) (4.6) (4.8) (4.7 (4.2) (3.7
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5.4 Monthly Variability

Monthly variability for global horizontal radiation and direct normal radiation is shown in Figures 5-1
through 5-12. The figures show the ratio of radiation for a particular month to the average radiation for
that month recorded over the period of record. Values greater than 1 indicate that more radiation than
average was received. For months with more than 30% of the data missing or failing quality assessment,
ratios were not calculated and plotted. Direct normal radiation shows the largest monthly variability.
The variations were generally within +40%, compared to +20% for global horizontal radiation.

The eruption of Mt. Pinatubo in the Philippines in June 1991 spewed large amounts of dust into the
atmosphere that increased the scattering and absorption of radiation and reduced the amount of radiation
reaching the earth. It generally requires a few years before all the volcanic dust falls out of the
atmosphere and the effects are no longer seen. This trend is observed in the HBCU data, with lower
monthly averages for up to about 2 years after the eruption, and then a return to more normal levels. As
expected, direct normal radiation was affected more than global horizontal radiation.

A major El Nifio event occurred at about the same time that the Mt. Pinatubo effects would be observed,
so some of the reduction in the solar resource might be attributed to the El Nifio effect. EI Nifio results
from large bodies of warm water in the Pacific that modify weather patterns, causing some regions to
have increased cloudiness and other regions to have decreased cloudiness. For regions with an increase
in cloudiness, the amount of solar radiation is reduced.

A way to study just the effects of Mt. Pinatubo would be to look primarily at data recorded under clear

skies. This approach by Michalsky et al. (1994) showed peak reductions of direct normal radiation of
from 15% to 20% for three locations in the United States.
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Appendix

Instrument and Quality Assessment Summaries

37



Introduction . ...
Al Global Horizontal Radiation for Bethune-Cookman College . . .. ..
A2 Diffuse Horizontal Radiation for Bethune-Cookman College . . ... ..............
A3 Direct Normal Radiation from Calculations for Bethune-Cookman College ........
A4 Global Horizontal Radiation for Bluefield State College ... ...................
A5 Diffuse Horizontal Radiation for Bluefield State College ...... ..
A.6  Direct Normal Radiation for Bluefield State College ........................
A7 Direct Normal Radiation from Measurements and/or Calculations for
Bluefield State College . . . ... ... ...
A8 Global Horizontal Radiation for Elizabeth City State University . . .
A9 Diffuse Horizontal Radiation for Elizabeth City State University . . .
A.10 Direct Normal Radiation for Elizabeth City State University . . .. ..
A1l Direct Normal Radiation from Measurements and/or Calculations for
Elizabeth City State University . .. .......................
A.12  Global Horizontal Radiation for Mississippi Valley State University
A.13  Diffuse Horizontal Radiation for Mississippi Valley State University
A.14 Direct Normal Radiation for Mississippi Valley State University . . .
A.15 Direct Normal Radiation from Measurements and/or Calculations for
Mississippi Valley State University . .....................
A.16  Global Horizontal Radiation for South Carolina State University . . .
A.17 Diffuse Horizontal Radiation for South Carolina State University . .
A.18 Direct Normal Radiation from Calculations for South Carolina State University . . . . .
A.19 Global Horizontal Radiation for Savannah State College . .. .. .. ..
A.20 Diffuse Horizontal Radiation for Savannah State College ........
A.21 Direct Normal Radiation from Calculations for Savannah State College . .. ........

Appendix Table of Contents

39

40

41
42
43
44
45
46

47
48
49
50

51
52
53
54

55
56
57
58
59
60
61



Introduction

This appendix contains tables showing when instruments and calibration factors were changed. It also
provides quality assessment summaries for daylight hours for each month of the period of record.

All HBCU stations had two pyranometers, one for measuring global horizontal radiation, and one used
with a shadowband for measuring diffuse horizontal radiation. For measuring direct normal radiation,
three stations are equipped with pyrheliometers: Bluefield State College, Elizabeth City State University,
and Mississippi Valley State University. Bluefield State College made direct normal measurements for
the complete period of record. The other two stations made direct normal measurements for only the
later years indicated in Tables A-20 and A-28.

The quality assessment summary tables address measured values and calculated values. For measured
values of global horizontal radiation, diffuse horizontal radiation, and direct normal radiation the tables
give two numbers for each month: (1) the percentage of possible data collected and (2) the percentage of
data that passes their quality assessment (shown as boldfaced numbers in the tables). The percentages
are based on the total daylight hours possible for each month.

For stations that did not make direct normal measurements, or if the data are missing, direct normal
radiation may be calculated using global horizontal radiation and diffuse horizontal radiation
measurements, if these two measurements pass their quality assessment. Two tables, with different
quality assessment criteria, give percentages of total daylight hours for which either the measured direct
normal radiation passes its quality assessment or the measured global horizontal radiation and the diffuse
horizontal radiation pass their quality assessment and can be used to calculate the direct normal radiation.
The first table uses SERI QC as the quality assessment test. The second table also uses SERI QC, but
performs an additional test to check diffuse horizontal radiation data for proper alignment of the
shadowband. For cloudy skies, diffuse horizontal radiation data may pass SERI QC even though the
shadowband is misaligned. Section 5.1 also discusses how these tables were derived.
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A.1  Global Horizontal Radiation for Bethune-Cookman College

Sensor Instrument:  Eppley Laboratory pyranometer, model PSP

Table A-1. Record of Instrument Changes and Calibration Factors

Date Serial Number Calibration Factor
(LV/W/m?)
8/2/85 25820F3 9.850
2/3/87 17897F3 7.843
12/8/89 17800F3 8.881
4/11/91 13434F3 9.107
6/11/92 17800F3 8.805

Table A-2. Percent of Possible Daytime Data Collected and Percent Possibly Passing SERI QC

Year- Jan Feb Mar Apr May June July Aug Sept Oct Nov _ Dec|

85 85 91 100 93 100
81 88 97 93 99

86 100 - 87 90 100 94 100 37 59 99 76 2 98
91 80 89 98 68 80 28 54 79 45 -1 49

87 6 43 27 25 30 0 95 21 7 100 100 100
6 37 0 2 16 0 94 20 7 85 59 39

88 100 100 100 100 100 100 100 100 1000 100 100 98
46 49 61 9 94 99 90 99 94 90 67 64

89 100 100 100 100 98 100 100 100 100 100 100 92
94 97 89 92 98 97 99 97 91 95 98 85

90 100 89 99 97 98 100 96 96 100 100 = 100 98
99 85 97 96 97 98 93 92 98 98 97 79

91 89 98 99 100 100 97 98 100 100 100 100 100
6 35 64 87 92 95 91 95 98 94 97 99

92 39 99 100 100 100 100 0 44 97 99 100 94
36 91 95 94 93 94 0 41 90 88 93 93

93 100 99 98 98 100 70 97 100 100 97 100 100
89 90 92 92 74 54 73 83 76 73 81 77

Note: Top number is percentage of possible data collected; boldfaced number is percentage of data
passing SERI QC.
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A.2

Diffuse Horizontal Radiation for Bethune-Cookman College

Sensor Instrument:

Eppley Laboratory pyranometer, model PSP with a shadowband

Table A-3. Record of Instrument Changes and Calibration Factors

Date Serial Number Calibration Factor
(LV/W/m?)
8/2/85 25782F3 10.179
2/3/87 25824F3 10.132
12/8/89 17879F3 8.617
4/11/91 25951F3 8.091
6/11/92 - 17879F3 8.520

Table A-4. Percent of Possible Daytime Data Collected and Percent Possibly Passing SERI QC

Year Jan Feb Mar Aprr May June . July Aug Sept Oct. Nov Dec
85 85 91 100 93 100
83 89 98 93 99

86 100 87 90 100 94 100 37 59 99 76 2 98
94 81 89 98 78 88 31 52 86 65 2 96

87 6 43 27 24 30 0 95 21 7 100 100 100
6 39 27 22 28 0 94 21 7 93 97 95

88 100 100 100 100 100 100 100 100 100 100 100 98
94 91 91 97 98 929 97 96 80 97 86 94

89 100 100 100 100 98 100 100 100 100 100 100 92
95 98 91 85 98 99 99 93 96 96 99 87

90 100 89 99 97 98 100 96 96 100 100 100 98
929 86 97 96 97 99 95 93 99 97 93 96

91 89 98 99 100 100 97 98 100 100 100 100 100
82 44 9 61 66 95 79 51 78 46 56 63

92 39 99 100 100 100 100 0 44 97 99 100 94
18 59 61 53 31 80 0 17 48 42 61 56

93 100 99 98 98 100 70 97 100 100 97 100 100
57 45 48 31 83 60 80 76 34 48 55 43

Note: Top number is percentage of possible data collected; boldfaced number is percentage of data
passing SERI QC.
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A.3 Direct Normal Radiation from Calculations for Bethune-Cookman College

Table A-5. Percent of Possible Daytime Data Passing SERI QC

Year Jan Feb Mar Apr May June July Aug Sept Oct  Nov  Dec

85 81 88 97 93 99
86 91 80 89 98 68 78 28 51 77 45 1 49
87 6 37 0 2 16 0 93 20 7 82 59 39

88 46 49 61 94 94 99 90 95 76 90 58 64
89 93 97 84 80 98 97 99 92 89 95 98 85
90 99 85 97 96 97 98 93 92 98 97 92 79
91 6 3 2 60 65 95 78 50 78 45 55 62
92 18 59 61 53 31 79 0 17 47 40 61 56
93 57 44 47 30 73 52 72 71 33 45 54 43

Table A-6. Percent of Possible Daytime Data Passing SERI QC and Shadowband Alignment Tests

Year Jan Feb Mar Apr May June July Aug Sept Oct  Nov  Dec

85 80 84 97 90 98
86 88 80 89 98 54 66 21 44 65 42 1 49
87 6 33 0 1 16 0 93 20 7 69 56 39

88 41 49 61 94 94 99 89 92 58 90 49 64
89 89 91 82 74 98 97 99 89 84 92 98 85
90 98 78 96 96 97 98 93 92 98 97 84 79

91 5 3 2 60 37 94 59 21 60
92 0 0 27 25 0 64 0 1
93 0 0 0 1 50 35 56 43
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A4

Global Horizontal Radiation for Bluefield State College

Sensor Instrument:

Table A-7. Record of Instrument Changes and Calibration Factors

Eppley Laboratory pyranometer, model PSP

Date Serial Number Calibration Factor
(LV/W/m?)
11/6/85 25821F3 9.740
12/3/87 25819F3 9.550
9/19/89 17818F3 7.975
6/2/92 25821F3 9.420

Table A-8. Percent of Possible Daytime Data Collected and Percent Possibly Passing SERI QC

Year Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec

85 ' ' ' 79 94

73 84

86 99 96 0 0 95 100 100 100 100 96 98 100

95 89 0 0 93 98 97 98 96 88 92 90

87 100 93 100 35 97 100 39 88 100 98 99 97

93 89 97 32 95 96 37 87 97 92 89 93

88 100 100 100 100 8 99 100 100 100 100 100 100

94 92 98 95 7 94 98 98 97 95 95 93

89 100 100 100 100 100 100 100 100 87 100 100 100

97 93 94 95 94 99 97 98 85 85 84 85

90 100 100 100 99 100 100 100 100 100 100 100 100

96 96 90 91 97 97 98 99 97 92 97 96

91 100 100 100 100 100 100 100 100 100 100 100 100

95 97 93 97 98 97 99 96 97 98 95 93

92 100 100 100 100 100 30 93 99 47 96 100 86

99 98 95 96 96 30 90 96 43 94 97 82

93 97 96 98 93 89 90 100 100 77 77 100 100
95 95 93 89 87 78 98 91 68 73 83 89 |

Note: Top number is percentage of possible data collected; boldfaced number is percentage of data
passing SERI QC.
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A.5 Diffuse Horizontal Radiation for Bluefield State College

Sensor Instrument:  Eppley Laboratory pyranometer, model PSP with a shadowband

Table A-9. Record of Instrument Changes and Calibration Factors

Date "~ Serial Number Calibration Factor
(WV/W/m?2)
11/6/85 25822F3 9.910
12/3/87 25823F3 9.823
9/19/89 17860F3 7.740
6/2/92 17880F3 8.691

Table A-10. Percent of Possible Daytime Data Collected and Percent Possibly Passing SERI QC

Year Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec

85 79 94
74 85

86 99 96 0 0 95 100 100 100 100 96 98 100
97 90 0 0 9 98 98 98 97 89 94 91

87 100 93 100 35 97 100 39 88 100 98 99 97
96 90 98 32 95 96 37 87 97 94 90 95

88 100 100 100 100 8 99 100 100 100 100 100 100
96 93 929 96 7 95 98 98 98 97 97 95

&9 100 100 100 100 100 100 100 100 87 100 100 100
99 95 96 97 97 99 98 98 86 86 88 85

90 100 100 100 99 100 100 100 100 100 100 100 100
98 97 91 91 98 98 99 99 98 95 98 98

91 100 100 100 100 100 100 100 100 100 100 100 100
97 98 96 98 98 98 100 96 98 98 96 95

92 100 100 100 100 100 30 93 99 47 96 100 86
99 99 97 97 98 30 91 97 43 95 97 84

93 97 96 98 93 89 90 100 100 77 77 100 100
96 95 95 91 88 78 99 91 68 72 84 90

Note: Top number is percentage of possible data collected; boldfaced number is percentage of data
passing SERI QC.
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A.6 Direct Normal Radiation for Bluefield State College

Sensor Instrument:  Eppley Laboratory pyrheliometer, model NIP

Table A-11. Record of Instrument Changes and Calibration Factors

Date Serial Number Calibration Factor
(LV/W/m?)
11/6/85 19791E6 8.280
12/7/87 25792E6 7.638
9/19/89 17828E6 6.482
4/27/90 12559E6 7.336
6/2/92 19791E6 8.512

Table A-12. Percent of Possible Daytime Data Collected and Percent Possibly Passing SERI QC

Year Jan Feb Mar Apr May June July Aug Sept Oct Nov  Dec

85 ' 79 94
74 85

86 99 96 0 0 95 100 100 100 100 96 98 100
97 92 0 0 94 97 99 95 96 89 92 91

87 100 93 100 35 97 100 39 88 100 98 99 97
95 91 97 33 96 97 38 87 97 93 90 95

88 100 100 100 100 8 99 100 100 100 100 100 100
96 93 99 97 7 95 97 98 97 96 96 94

89 100 100 100 100 100 100 100 100 87 100 100 100
99 94 96 98 97 99 98 98 83 76 81 85

90 100 100 100 99 100 100 100 100 100 100 100 100
92 90 85 86 99 98 99 929 97 95 97 97

91 100 100 100 100 100 100 100 100 100 100 100 100
98 98 97 98 98 98 100 96 98 929 97 96

92 100 100 100 100 100 28 93 99 47 96 100 86
99 99 98 98 98 28 91 97 43 95 98 85

93 97 96 98 93 89 69 8 100 77 77 100 100
96 95 95 91 88 19 7 92 69 72 84 88

Note: Top number is percentage of possible data collected; boldfaced number is percentage of data
passing SERI QC.
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A.7 Direct Normal Radiation from Measurements and/or Calculations for
Bluefield State College

Table A-13. Percent of Possible Daytime Data Passing SERI QC

Year Jan Feb Mar Apr May June July Aug Sept Oct  Nov Dec

85 ‘ 74 85
86 97 92 0 0 94 98 99 98 96 89 94 92
87 95 91 98 33 96 97 38 87 97 94 91 95
88 96 94 99 97 7 95 98 99 98 98 97 95
89 99 95 96 98 97 99 98. 99 86 87 86 88
90 97 96 93 92 99 98 99 99 98 95 98 98
91 98 98 97 98 98 98 100 96 98 99 97 96
92 99 99 98 98 98 30 91 97 43 95 98 85
93 96 95 95 91 88 78 98 92 69 73 85 90

Table A-14. Percent of Possible Daytime Data Passing SERI QC and Shadowband Alignment Tests

Year Jan Feb Mar Apr May June July Aug Sept Oct  Nov  Dec

85 74 85
86 97 92 0 0 94 98 99 98 96 89 94 92
87 95 91 98 33 96 97 38 87 97 94 91 95
88 96 94 99 97 7 95 98 99 98 98 97 95
89 99 95 96 98 97 99 98 99 86 87 86 88
90 97 96 93 92 99 98 99 99 98 95 98 98
91 98 98 97 98 98 98 100 96 98 99 97 96
92 99 99 98 98 98 30 91 97 43 95 98 85
93 96 95 95 91 88 75 98 92 69 72 84 88
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A.8 Global Horizontal Radiation for Elizabeth City State University

Sensor Instrument:  Eppley Laboratory pyranometer, model PSP

Table A-15. Record of Instrument Changes and Calibration Factors

Date Serial Number Calibration Factor
(LWV/W/m?)
9/3/85 25823F3 10.393
10/1/87 18041F3 7.295
5/2/89 24191F3 8.931
8/9/89 25822F3 9.812
2/15/90 25823/f3 9.707
6/4/92 17801F3 8.775

Table A-16. Percent of Possible Daytime Data Collected and Percent Possibly Passing SERI QC

Year Jan Feb Mar Apr May June July Aug Sept Oct Nov  Dec

85 85 15 45 17
74 14 39 16

86 86 94 99 100 90 100 1 0 80 57 94 8
83 89 96 98 89 97 1 0 80 54 92 8

87 97 100 100 100 100 100 100 98 100 82 96 100

88 97 97 97 97 99 99 95 929 80 92 95

88 98 0 0 0 0 0 0 0 0 0 0 0
94 0 0 0 0 0 0 0 0 0 0 0

89 0 0 0 0 93 100 100 100 97 100 100 100
0 0 0 0 91 98 97 94 95 98 98 89

90 100 97 100 100 100 77 84 99 100 98 97 100
98 95 94 97 95 72 59 89 94 92 92 98

91 100 100 100 100 100 0 100 100 100 100 100 100
95 96 95 87 86 0 91 91 98 94 98 98

92 100 100 100 100 100 74 100 81 100 100 100 100
94 94 98 929 98 34 99 78 98 98 97 98

93 100 96 80 100 72 99 100 100 100 100 100 100
97 87 78 98 69 92 92 92 95 89 88 89

Note: Top number is percentage of possible data collected; boldfaced number is percentage of data
passing SERI QC.
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A.9 Diffuse Horizontal Radiation for Elizabeth City State University

Sensor Instrument:  Eppley Laboratory pyranometer, model PSP with a shadowband

Table A-17. Record of Instrument Changes and Calibration Factors

Date Serial Number Calibration Factor
(LV/W/m?)
9/3/85 25819F3 9.982
10/1/87 25825F3 9.804
5/2/89 17860F3 ‘ 7.553
8/9/89 18041F3 : 7312
2/15/90 25819F3 9.339
"6/4/92 24191F3 9.223

Table A-18. Percent of Possible Daytime Data Collected and Percent Possibly Passing SERI QC

Year Jan Feb Mar Apr May June July Aug Sept Oct  Nov  Dec

85 85 15 45 17
84 14 41 16
86 86 94 99 100 90 100 1 0 80 57 94 8

84 91 97 98 89 97 1 0 80 54 93 8

87 97 100 100 100 100 100 100 98 100 82 96 100
93 97 97 97 98 98 99 96 99 82 93 98

88 98 0 0 0 0 0 0 0 0 0 0 0
95 0 0 0 0 0 0 0 0 0 0 0

89 0 0 0 0 93 100 100 100 97 100 100 100
0 0 0 0 92 98 97 97 96 98 99 95

90 100 97 100 100 100 77 84 99 100 98 97 100
98 95 9 97 96 72 59 90 94 93 92 99

91 100 100 100 100 100 0 100 100 100 100 100 100
97 96 95 87 86 0 92 91 98 95 98 98

92 100 100 100 100 100 74 100 81 100 100 100 100
94 9 98 99 98 34 99 78 99 99 98 99

93 100 96 80 100 72 99 100 100 100 100 77 100
98 87 78 929 70 91 93 92 94 90 69 91

Note: Top number is percentage of possible data collected; boldfaced number is percentage of data
passing SERI QC.
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A.10 Direct Normal Radiation for Elizabeth City State University

Sensor Instrument:  Eppley Laboratory pyrheliometer, model NIP

Table A-19. Record of Instrument Changes and Calibration Factors

Date Serial Number Calibration Factor
(WV/W/m?2)

3/1/90 25792E6 7.682

6/4/92 19791E6 8.562

Table A-20. Percent of Possible Daytime Data Collected and Percent Possibly Passing SERI QC

Year | Jan Feb Mar Apr May June July Aug Sept Oct Nov  Dec

90 100 100 100 77 84 99 100 98 97 100
9 97 96 72 59 90 94 93 91 97

91 100 100 100 100 100 0 100 100 100 100 100 100
95 96 96 89 86 0 94 93 98 95 98 98

92 100 100 100 100 100 74 100 81 100 100 100 100
94 94 98 99 99 34 100 79 99 99 99 99

93 100 96 80 100 72 99 100 100 100 100 100 100
99 87 78 99 70 92 92 92 95 91 90 91

Note: Top number is percentage of possible data collected; boldfaced number is percentage of data
passing SERI QC.
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A.11 Direct Normal Radiation from Measurements and/or Calculations for
Elizabeth City State University

Table A-21. Percent of Possible Daytime Data Passing SERI QC

Year Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec

85 ‘ 74 14 39 16
86 &3 89 96 98 89 97 1 0 80 54 92 8
87 88 97 97 97 97 98 99 95 99 80 92 95
88 94 0 0 0 0 0 0 0 0 0 0 0
89 0 0 0 0 91 98 97 94 95 98 98 89
90 98 95 94 97 96 72 59 91 94 93 92 99
91 97 96 96 89 86 0 94 93 98 95 98 98
92 94 94 98 99 99 34 100 79 99 99 99 99
93 99 87 78 99 70 92 93 92 95 91 90 91

Table A-22. Percent of Possible Daytime Data Passing SERI QC and Shadowband Alignment Tests

Year Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec

85 69 14 39 16
86 &3 82 96 98 89 97 1 0 80 54 92 8
87 88 97 97 97 97 98 99 95 99 80 92 95
88 94 0 0 0 0 0 0 0 0 0 0 0
89 0 0 0 0 90 98 97 94 95 98 98 &9
90 98 93 94 97 96 72 59 91 94 93 92 99
91 97 96 96 89 86 0 94 93 98 95 98 98
92 94 94 98 99 99 34 100 79 99 99 99 99
93 99 87 78 99 70 92 92 92 95 91 90 91
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A.12 Global Horizontal Radiation for Mississippi Valley State University

Sensor Instrument:  Eppley Laboratory pyranometer, model PSP

Table A-23. Record of Instrument Changes and Calibration Factors

Date Serial Number Calibration Factor
(WV/W/m?)
7/1/85 18038F3 9.310
10/1/86 25951F3 8.252
11/20/89 18036F3 7.601
6/15/92 18038F3 8.935

Table A-24. Percent of Possible Daytime Data Collected and Percent Possibly Passing SERI QC

Year Jan Feb Mar Apr May June July Aug Sept Oct  Nov  Dec

85 100 100 100 100 100 100
" ‘ ‘ 99 98 99 96 98 93

86 100 100 100 100 100 100 100 100 100 99 100 100
99 93 97 99 95 929 99 99 100 94 91 89

87 100 100 100 100 100 100 100 100 100 100 100 100
90 85 94 99 94 98 98 98 99 100 97 92

88 100 10 99 - 100 99 100 100 100 94 100 100 100
95 8 89 96 97 100 96 99 9 96 98 94

89 100 100 100 99 100 100 100 100 99 99 99 99
84 86 89 96 92 96 99 100 93 97 54 85

90 100 100 100 100 100 97 100 98 100 100 100 100
86 96 88 93 92 96 99 98 99 98 97 85

91 100 100 99 99 100 100 100 100 100 100 100 100
88 88 90 85 9 99 98 98 98 99 98 89

92 100 98 100 100 100 88 82 100 0 81 97 94
91 90 95 99 98 86 82 99 0 80 93 74

93 91 99 92 100 100 100 100 100 100 100 100 93
89 97 89 95 98 99 929 98 98 97 94 87

Note: Top number is percentage of possible data collected; boldfaced number is percentage of data
passing SERI QC.
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A.13 Diffuse Horizontal Radiation for Mississippi Valley State University

Sensor Instrument:  Eppley Laboratory pyranometer, model PSP with a shadowband

Table A-25. Record of Instrument Changes and Calibration Factors

Date Serial Number Calibration Factor
(LWV/W/m?2)
7/1/85 25765F3 9.880
10/1/86 25818F3 9.526
11/20/89 10839F3 7.969
6/15/92 25818F3 9.487

Table A-26. Percent of Possible Daytime Data Collected and Percent Possibly Passing SERI QC

Year Jan Feb Mar Apr May June July Aug Sept Oct  Nov  Dec

85 100 100 100 100 100 100
99 98 99 97 98 93

86 100 100 100 100 100 100 100 100 100 99 100 100
99 94 98 100 96 929 100 99 100 95 9 89

87 100 100 100 100 100 100 100 100 100 100 100 100
91 88 95 99 95 929 929 99 929 100 98 95

88 100 10 99 100 99 100 100 100 94 100 100 100
96 8 90 97 97 100 98 99 94 98 98 95

89 100 100 100 99 100 100 100 100 99 99 99 99
88 90 91 97 94 97 99 100 95 98 95 87

90 100 100 100 100 100 97 100 98 100 100 100 100
88 96 90 95 95 9% 100 98 929 98 98 89

91 100 100 99 99 100 100 100 100 100 100 100 100
88 93 91 89 94 99 99 99 98 99 99 91
92 100 98 100 100 100 88 82 100 0 81 97 94

92 92 96 99 99 86 82 100 0 80 93 78

93 91 99 92 100 100 100 100 100 100 100 100 93
89 97 89 95 98 99 99 98 98 97 94 87

Note: Top number is percentage of possible data collected; boldfaced number is percentage of data
passing SERI QC.
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A.14 Direct Normal Radiation for Mississippi Valley State University

Sensor Instrument:

Eppley Laboratory pyrheliometer, model NIP

Table A-27. Record of Instrument Changes and Calibration Factors

Date Serial Number Calibration Factor
(WV/W/m?)
1/1/93 17830E6 8.218

Table A-28. Percent of Possible Daytime Data Collected and Percent Possibly Passing SERI QC

Year Jan Feb Mar Apr May June July Aug Sept Oct Nov  Dec
93 91 99 92 100 100 100 100 100 100 100 100 93
89 98 90 98 929 929 99 99 98 97 95 88

Note: Top number is percentage of possible data collected; boldfaced number is percentage of data

passing SERI QC.
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A.15 Direct Normal Radiation from Measurements and/or Calculations for
Mississippi Valley State University

Table A-29. Percent of Possible Daytime Data Passing SERI QC

Year Jan Feb Mar Apr May June July Aug Sept Oct  Nov  Dec

85 98 97 99 96 98 93
86 99 93 97 99 95 99 99 99 100 94 91 89
87 920 8% 94 99 94 98 98 98 99 100 97 92
88 95 8 89 96 97 100 96 99 94 96 98 94
89 84 86 &9 96 92 96 98 . 100 93 97 54 84
90 86 96 88 93 92 96 99 98 98 98 97 85
91 88 88 90 85 94 99 98 98 98 99 98 89
92 91 90 95 99 98 86 82 99 0 80 93 74
93 89 98 90 98 99 99 99 99 98 97 95 88

Table A-30. Percent of Possible Daytime Data Passing SERI QC and Shadowband Alignment Tests

Year Jan Feb Mar Apr May June July Aug Sept Oct  Nov  Dec

85 98 97 99 95 98 93
86 99 89 97 99 95 98 99 99 100 93 91 88
87 85 78 82 99 94 98 98 97 9% 94 94 92
88 84 8 82 95 96 99 95 98 89 &9 95 89
89 77 67 57 84 80 90 96 98 82 92 50 84
90 86 96 88 93 92 96 99 98 97 96 94 85
91 88 87 87 83 94 9 98 98 93 99 98 89
92 91 86 89 98 98 86 81 99 0 80 87 62
93 89 98 90 98 99 9 9 99 98 97 95 88
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A.16 Global Horizontal Radiation for South Carolina State University

Sensor Instrument:  Eppley Laboratory pyranometer, model PSP

Table A-31. Record of Instrument Changes and Calibration Factors

Date Serial Number Calibration Factor
(WV/W/m?)
8/1/85 17897F3 8.250
11/11/86 25765F3 9.346
12/19/89 18078F3 9.618
6/8/92 17897F3 7.627

Table A-32. Percent of Possible Daytime Data Collected and Percent Possibly Passing SERI QC

Year Jan Feb Mar Apr May June July Aug Sept Oct  Nov  Dec

85 ' 98 100 100 7 78
95 100 97 6 174

86 96 100 100 91 93 100 97 100 95 6 79 100
94 95 98 91 93 98 97 99 95 6 74 96

87 99 100 97 =~ 97 91 94 36 86 99 98 100 99
94 88 91 96 90 92 36 83 97 98 97 96

88 34 0 24 100 100 100 100 99 100 100 100 100
30 0 24 97 99 97 929 97 97 98 99 98

89 100 100 100 100 100 100 98 100 97 100 100 99
96 94 91 94 100 98 96 99 96 99 96 91

90 100 90 100 100 100 100 100 100 100 70 99 100
99 88 95 98 98 98 100 99 99 64 96 93

91 100 100 3 39 100 100 92 100 100 100 100 100
90 96 3 38 97 99 89 99 99 99 95 96

92 100 100 100 100 100 92 100 100 100 100 99 100
97 95 95 97 99 89 97 99 99 99 92 94

93 100 100 94 99 93 100 98 100 100 100 100 100
92 96 88 96 90 97 97. 97 95 97 96 95

Note: Top number is percentage of possible data collected; boldfaced number is percentage of data
passing SERI QC.
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A.17 Diffuse Horizontal Radiation for South Carolina State University

Sensor Instrument:  Eppley Laboratory pyranometer, model PSP with a shadowband

Table A-33. Record of Instrument Changes and Calibration Factors

Date Serial Number Calibration Factor
(WV/W/m?)
8/1/85 25824F3 10.700
11/11/86 18038F3 8.756
12/19/89 17798F3 , 7.893
6/8/92 25824F3 10.247

Table A-34. Percent of Possible Daytime Data Collected and Percent Possibly Passing SERI QC

Year Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec

85 98 100 100 7 78
o 9% 100 97 6 75
86 96 100 100 91 93 100 97 100 95 6 79 100

95 93 98 91 93 98 97 99 93 6 60 96

87 99 100 97 97 91 94 36 86 99 98 100 99
96 87 77 91 90 93 36 84 97 98 98 96

88 34 0 24 100 100 100 100 99 100 100 100 100
32 0 24 97 100 98 100 97 97 100 99 98

89 100 100 100 100 100 100 98 100 97 100 100 99
97 93 97 89 100 98 97 100 97 99 96 93

90 100 100 100 100 100 100 100 100 100 70 99 100
99 97 86 83 86 99 100 99 99 66 96 96

91 100 100 3 39 100 100 92 100 100 100 100 100
95 95 3 36 94 100 91 99 99 100 96 97

92 100 100 100 100 100 92 100 100 100 100 99 100
98 91 93 90 98 88 98 100 99 100 82 95

93 100 100 94 99 93 100 98 100 100 100 100 100
93 91 74 91 66 78 92 87 69 82 92 95

Note: Top number is percentage of possible data collected; boldfaced number is percentage of data
passing SERI QC.
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A.18 Direct Normal Radiation from Calculations for South Carolina State
University

Table A-35. Percent of Possible Daytime Data Passing SERI QC

Year Jan Feb Mar Apr May June July Aug Sept Oct  Nov  Dec

85 95 100 97 6 74
86 94 92 98 9l 93 98 97 99 93 6 60 96
87 94 83 75 90 90 92 36 83 97 98 97 96
88 30 0 24 96 99 96 99 97 96 98 99 98

89 96 92 91 86 100 98 96 99 96 99 96 91
90 99 87 85 83 85 98 100 99 99 64 96 93

91 90 95 3 36 93 99 89 99 99 99 95 96
92 97 90 92 90 97 87 97 99 99 99 80 94
93 90 90 72 90 66 78 92 87 67 82 92 95

Table A-36. Percent of Possible Daytime Data Passing SERI QC and Shadowband Alignment Tests

Year Jan Feb Mar Apr May June July Aug Sept Oct Nov  Dec
85 95 100 96 6 74
86 94 91 98 91 93 98 97 99 85 6 18 96
87 92 47 48 87 86 85 36 79 89 95 93 90
88 29 0 24 86 95 93 92 83 65 95 93 97
89 80 73 64 70 93 93 87 77 61 87 90 82
90 99 71 63 72 76 98 100 99 98 64 95 93
91 90 82 3 30 91 99 89 99 95 97 95 96
92 94 81 85 78 89 86 97 99 99 98 56 94
93 89 77 48 80 52 66 88 71 38 39 85 92
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A.19 Global Horizontal Radiation for Savannah State College

Sensor Instrument:  Eppley Laboratory pyranometer, model PSP

Table A-37. Record of Instrument Changes and Calibration Factors

Date Serial Number Calibration Factor
(LWV/W/m?)
8/29/85 25825F3 10.160
6/24/87 25820F3 9.353
2/6/90 17799F3 , 8.503
6/9/92 25820F3 9.209

Table A-38. Percent of Possible Daytime Data Collected and Percent Possibly Passing SERI QC

Year Jan Feb Mar Apr May June July Aug Sept Oct  Nov Dec

85 7 100 92 97 98
6 100 87 96 96

86 100 100 100 100 100 89 86 100 100 100 100 100
96 92 93 99 98 88 80 92 100 9 93 94

87 100 100 100 100 100 99 100 100 100 100 100 100
92 85 89 99 98 95 98 98 98 98 97 98

88 100 100 97 99 9% 100 100 100 100 100 99 100
94 92 89 93 95 98 99 99 98 99 98 99

89 100 100 100 100 100 99 82 100 97 81 98 99
100 97 88 93 97 95 79 93 93 78 97 91

90 92 90 100 100 100 100 100 98 100 100 100 100
90 83 95 97 99 99 98 96 99 95 97 99

91 100 100 100 100 99 100 100 100 100 100 100 100
94 98 93 94 95 95 93 95 100 99 97 97

92 100 100 78 96 99 78 55 99 99 100 92 100
95 94 74 92 95 74 54 94 98 96 87 99

93 93 93 100 100 88 87 99 100 100 100 100 0
87 86 91 97 87 86 97 98 98 94 94 0

Note: Top number is percentage of possible data collected; boldfaced number is percentage of data
passing SERI QC.
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A.20 Diffuse Horizontal Radiation for Savannah State College

Sensor Instrument:  Eppley Laboratory pyranometer, model PSP with a shadowband

Table A-39. Record of Instrument Changes and Calibration Factors

Date Serial Number Calibration Factor
(WV/W/m?)
8/29/85 18041F3 7.510
6/24/87 25782F3 9.757
2/6/90 17862F3 8.067
6/9/92 25783F3 9.722

Table A-40. Percent of Possible Daytime Data Collected and Percent Possibly Passing SERI QC

Year Jan -~ Feb ~Mar Apr May June July  Aug Sept Oct  Nov  Dec

85 7 100 92 97 98
6 100 88 96 96

86 100 100 100 100 100 89 86 100 100 100 100 100
97 94 94 100 98 88 77 95 100 96 93 97

87 100 100 100 100 100 99 100 100 100 100 100 100
96 87 91 99 98 96 98 98 99 98 97 99

88 100 100 97 99 58 0 0 0 0 0 14 100
93 95 90 91 57 0 0 0 0 0 14 99

89 100 100 100 100 100 99 82 100 97 81 98 99
100 97 91 95 98 95 79 92 96 78 97 93

90 92 90 100 100 100 100 100 98 100 100 100 100
91 86 96 97 99 99 98 93 97 97 99 929

91 100 100 100 100 99 100 100 100 100 100 100 100
96 98 94 94 95 97 95 9% 100 99 99 98

92 100 100 78 96 99 78 55 99 99 100 92 100
98 95 75 91 96 76 54 96 98 97 87 99

93 93 93 100 100 88 87 99 100 100 100 100 0
90 87 92 97 87 86 98 98 99 95 95 0

Note: Top number is percentage of possible data collected; boldfaced number is percentage of data
passing SERI QC.
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A.21 Direct Normal Radiation from Calculations for Savannah State College

Table A-41. Percent of Possible Daytime Data Passing SERI QC

Year Jan Feb Mar Apr May June July Aug Sept Oct  Nov  Dec

85 6 100 8 96 96
8 | 9 92 93 9 98 88 76 92 100 94 92 94
87| 9 8 8 9 98 95 98 98 98 98 97 98
88| 9 o1 8 9% 5 0 0 0 0 0 14 9
89 | 100 97 88 93 97 95 79 92 93 78 97 ° 91
90 | 90 8 95 97 99 99 98 93 97 95 97 99
o1 | 94 98 93 94 95 95 93 95 100 99 97 97
92| 95 94 74 91 95 74 54 94 98 96 8 99
o3 | 8 8 91 97 8 8 97 98 98 94 94 0

Table A-42. Percent of Possible Daytime Data Passing SERI QC and Shadowband Alignment Tests

Year Jan Feb Mar Apr May June July Aug Sept Oct  Nov Dec

85 4 93 75 82 94
86 96 88 92 99 96 87 67 87 92 72 76 93
87 85 62 72 99 95 94 98 97 98 98 97 98
88 86 85 89 88 57 0 0 0 0 0 14 99
89 100 91 83 93 97 93 77 70 75 75 97 91
90 84 74 78 92 90 97 90 85 84 90 95 81
91 89 87 80 78 79 85 90 82 92 90 79 94
92 84 70 68 77 78 72 54 94 98 96 87 99
93 87 86 91 97 87 86 97 98 98 94 94 0
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