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ABSTRACT

The third year of the proposed three year project has now elapsed.
The computer automated data acquisition system for atmospheric emittance,
and global solar, downwelled diffuse solar, and direct solar irradiances
has been fully operational for about two and one-half years. Hourly-
integrated global solar and atmospheric emitted radiances have been measured
continuously from February 1981 to August 1983. Hourly-integrated diffuse
solar and direct solar irradiances have been measured continuously from
October 1981 to August 1983. One-minute integrated data have been made
available for each of these components from February 1982 to August 1903.
Atmospheric aerosol and turbidity measurements for the period February
1981 through July 1983 have been analyzed and the results are presented here.
The correlation of global insolation with cloud cover fractions for the
first complete year's data set was completed. A theoretical model was developed
to parameterize the effects of local aerosols upon insolation received at the ' ‘%
ground using satellite radiometric data and insolation measurements under clear
sky conditions. A February data set, composed of one-minute integrated global
insolation and direct solar irradiances, cloud cover fractions, meteorological a

data from nearby weather stations, and COES East satellite radiometric data
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was collected to test the model and used to calculate the effects of local

aerosols.
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INTRODUCTION

A solar energy measurement station was established at Hampton Institute,
February 15, 1981, Routine hourly integrated measurements were made of global,
diffuse, and direct solar irradiances and of atmospheric emittance. After the
data acquisition was computer automated in February 1982, one-minute integrated
radiometric data, as well as one-hour integrated data, were recorded. More
detailed information about the measurement system is presented in Sections T
and IT of this report. Monthly averages for global, diffuse, and direct solar
irradiance, atmospheric emittance, and atmospheric aerosol and turbidity
parameters were calculated and are presented in Section IIT.

Correlation of global insolation with cloud cover fractions were made
using the ARL model and the results for the first complete year of data are
presented in Section III. A parameterization method for estimation of the
effect of aerosols upor insolation has been developed and a data set has been
accumulated to test this method. Detailed information about the parameterization

method is provided in Section IV.
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T, SOLAR RADIATION MEASUREMENT FROGRAM

An observation platform for solar and atmospheric radiation measurements
was established on the roof of Turner Hall (latitude 37.02°N, longitude 76.34°W,
and elevation 24 meters) February 15, 1941. A radio tower and a smokestack
are the only two obstructions greater than ten degrees above the horizon with
all other obstructions less than five degrees above the horizon. Routine
measurements were made of global solar irradiance, diffuse solar irradiance,
direct solar irradiance, and atmospheric emittance. Information (Griffin, 1982)
about the solar radiation measurement program was presented at the April 20-23, 1982
meeting of the Virginia Academy of gscience held in Blacksburg, Virginia and
at the June 1-3, 1983 meeting of the American Solar Energy Society in Minneapolis,
Minnesota (Whitney, 1983). The Abstract of the presentations by T. J. Griffin
are attached as Appendices T and II. A sumary of the solar and atmospheric
data available at the time of this report is provided in TABLE I.

A. Instrumentation

since detailed descriptions of the radiometric instrumentation are
available in the first Annual Report (Whitney, 1981) for this grant, only a
summary of our measurement capabilities is presented here. The global solar
irradiance on a horizontal surface vas measured by an Eppley Precision
Spectral Fyrancmeter (FSP) with a hemispherical WG7 Schott glass dome. Diffuse
solar irradiance on a horizontal surface was measured by an Eppley PSP vith a WG7
dome that vas mounted on an Eppley Solar Tracker and Occulting Disk System.
Direct solar irradiance was measured by an Eppley Normal Incidence Pyrheliometer
(NIP) mounted on & Solar Tracker. An Eppley Hickey~-Frieden Absolute Cavity
Pyrheliometer was used to calibrate the NIP regularly. Atmospheric emittance
was measured with an Eppley Precision Infrared Radiometer (PIR). In addition,

turbidity (Volz, 1974) measurements vere made approximately hourly for clear
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sky conditions using a Volz Sunphotometer.

The wavelength range of each of these instruments is listed in Table II.
Information about the measurement frequency and about the time periods that
insolation data are available is presented in TABLE I.

B. Calibration

Each radiometer was calibrated prior to delivery by the manufacturer.
Subsequent calibrations have been performed by comparison to secondary or
primary standards at Hampton Institute or at Eppley Laboratory. Calibration
data are presented in TABLE III by listing each instrument, the date and site
of each calibration and the calculated sensitivity factor. The NIP was
calibrated by comparison to the Hickey-Frieden Absolute Cavity Pyrheliometer
which is considered to be a primary standard. There were no adjustments in
the NIP calibration factor since the calculated sensitivity showed no change
within the sensor accuracy. The pyranometers were compared twice a year with
one another by comparison of three-day integrated global irradiznce totals after
side-by-side operation. Comparison between tge pyranometers indicated a consistent
difference of about one percent which was within the two percent accuracy of
each instrument, thus no adjustment in either calibration factor was necessary.
A list of equipment used in these calibrations is attached as Appendix IIT.

The pyrgeometer (PIR) and the pyranometers were recalibrated at 'Eppley
Laboratory twice during the three-year period of use. A change in calibration
standards at Eppley Laboratory in October 1981 accounted for a 2.6 percent
change in sensitivity factor for the F8P instruments, and required that data
obtained previous to that date be adjusted to standardize our data set.

Annual calibrations of both PSP's at Eppley Laboratory showed a sensor
degradation in each instrument of approximately 0.1% per month. A linear

correction factor between Eppley calibrations for each instrument has been



calculated and used for the monthly average measurements presented in this
report. Raw data stored on magretic tape have not been corrected for the
above changes in sensor sensitivity. Monthly correction factors used to
adjust all of the raw data on tape are presented in TABLE IV for each
radiance component.

The recorder systems were calibrated every six months by using a stable
millivolt source and by adjusting the integrator and strip chart recorder
gains to obtain the proper readings. The electronic integiators exhibited
extreme stability with the maximum adjustment required for any integrato:
being only 0.4%, while larger adjustments were occasionally required for the
chart recorders.

The meter on the Volz Sunphotometer was replaced on April 29, 1983
immediately after it became inoperative. Telephone discusisions with the
manufacturer revealed that the change in meter would have a negligible effect
on the calibration of the instrument. An attempt to verify this by checking
for linearity of the sensor on a Langley Plot of meter readings versus air
mass failed due to an inability to obtain enough clear sky measurements on a
given day over a significant range in air mass. Atmospheric aerosol and ;
turbidity data reported in this report have been calculated using the original I
calibration data.

C. Meteorological Data

Standard hourly meteorological observations taken at nearby Langley Air
Force Base (LAFB) were picked up on a monthly basis from Detachment 7, Third
Weather Squadron and are on file at Hampton Institute. These data included 'é
information about cloud height, cloud type, fractional sky cover, precipitation,
sea level pressure, and temperature. These data were supplemented by whole-sky 5
photographs and visual cloud observations at Hampton Institute. Additional f

meteorological, turbidity and ozone data were purchased from the National
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Climatic Center archives in Asheville, North Carolina and the World Ozone Center,
Fnvironment Canada, Toronto, Canada for use in the data analysis.

D. Cloud Cover Fractions

Cloud cover composed of cumuliform clouds were selected for this study
because of the nearly opaque optical properties, low cloud altitude, distinct
boundaries, and frequency of occurence. Cloud cover fraction was defined for
the local area as the ratio of cloudy area to the total area, There are three
different sources of cloud cover fractions: 1) satellite data, 2) ground
based photography, and 3) trained observers. Only a sumary of these methods
is provided here since details about the analysis methods are provided in the
first Annual Report (Whitney, 1981). These cloud cover fractions were used in
the ARL regression equation as discussed in Section III-C of this report. These
methods are compared with one another in the first Annual Report.

1. Satellite Derived Cloud Cover Fractions

Black and white photoprints of visible imagery provided by GOES-EAST
were selected on the bases of: 1) frequency (every one-half hour), 2) range
of cloudiness (all fractions possible), and 3) convenience (our local
geography was easily distinguishable in the prints). A distance scale was
calculated from known landmarks on the photoprints for the east-west and
north-south directions. Using this information an ellipse corresponding to a
120 km radius horizon circle was drawn on a clear plastic overlay. The ellipse
was further subdivided iInto grids that corresponded to 24 km x 24 km squares at
the ground. The central grid was placed over the Hampton Institute measurement
site and visual estimates of cloud cover fractions made for each grid. These
fractions were then used o calculate the cloud cover fraction for the locul
area. Comparison of the fractions obtained by this method to the other two
methods indicated that the photoprint method was the least reliable for cumuliform
clouds and, thus, satellite photoprint analysis was only used during the first

year of this program.



2, Ground Based Photograph~-Derived Cloud Cover Fractions

A whole~sky photograhic system was constructed using a 35 nm SLR camera
body, an Aetna fish-eye adaptor lens, and a camera mount directed toward
zenith. The camera system was calibrated by aiming at a large flat surface
(& classroom wall) and carefully measuring the radial distance on the
photograph for e€ach known angular position. A linear relationship was
observed between angular position and radial distance in the photograph as
indicated in Figure 1 from the center out to 85 degrees.

The 85.0 degree field of view about the zenith defines the local area
as a circle of radius from 2 to 50 km depending on cloud altitude. Over
this limited field of view the atmosphsie can be treated as being flat and
the cloud cover fraction can be calculated independent of cloud altitude.
(See the first Annual Report for details). An analysis grid for ground
based photographs and slides was developed using concentrid rings and radial
sectors, During the first year, black and white photographs were enlarged
to fit the analysis grid overlay and a cloud cover fraction determined for
each grid by visual inspection. Afterwards color slides were directly
projected onto the analysis grid in order to aid in distinction between dark
cloud bottoms and clear sky, and to reduce both processing and analysis times.

The whole-sky camera system was modified in order to allow computer
activation of the camera by adding an electronic shutter and an autowind
system. The camers system was mounted on the Eppley Shadow Band Stand in
order to eliminhate the need for frequent adjustment of the sunshade, A
clock and date card were placed on the inside surface of the shadow band
to document the time of day and date of each photograph. Whole-sky
photographs (color slides) were taken every one-half hour on selected
weekdays when clouds were present without precipitation, from August 1981

through December 1982.



3. Visual Observations of Cloud Cover Fraction

Visual estimates of cloud cover were made by trained observers at
nearby Langley Alr Force Base every heur., The observations included the
cloud cover fraction in tenths and cloud type in code. These observations
were screened to eliminate hours with predominantly transparent or semi--
transparent clouds. Visual observations made at Hampton Institute during
the first year were used in order te help interpret the photoprint and

photograph analysis results.
E. Data Handling znd Quality Control

A data storage procedure for the radiation data was devised to
efficiently handle the data and ensure quality control. The integrated
radiometric data and times were initially stored on a Tektronix 4051
microcomputer's internal magnetic tape unit. Then on a monthly basis
these raw data files were transferred via computer houkup from the Tektronix
4051 to the PDP 11/34 minicomputer where the data were permanently stored
on 1600 bpi magnetic tape. All preliminary processing was done on the
Tektronix 4051, while data analysis routines and application programs were
performed on the PDP 11/34 system. The data were examined for errors by &
computer program that located the gaps in the data and identified places
to be investigated and corrected.

The automated data acquisitior system for global and direct solar
irradiances was fully operational from February 1, 1982 through July 31, 1983,
During that time integrated radiometric data for one-minute intervals were
obtained directly from the Eppley integrators and stored on magnetic tape.
Specific data handling procedures and quality control for these data are

discussed in more detail in the next section of this report.



Prior to the installation of the automated data acquisition system, only
one-hour integrated measurements were recorded on magnetic tape. Printed data
from the integrators were scarmed on a daily basis for missing or problem data
and incorrect timing caused by power failures or other electrical and mechanical
malfunctions. Missing data were supplemented by the strip chart record when
availabie. Approximately once a week these data were manually entered into the
Tektronix 4051 microcomputer, inspected for operator errors, and then transferred

to the FDP 11/34 data storage tape.



I1. AUTOMATED DATA ACQUISITION SYSTEM

One of the major obJectives of the cecond year of this resecarch project
was to develop and implement an automated data acquisition system. This
system reduced the menhour regquirements, and the nurber of operator induced
errors, involved with data transferral from the Integrator~-recording system
to final permanent maghetic tape storage. The hardware requirements,
operating procedures, features, and performance of the system were provided
in the second Annual Report (Whitney, 1982) and are sumarized below.

A, Bystem Overview

The automated data acquisition system commected the radiometric sensor-
integrator recording system with the microcomputer I/0 capabilities via an
interface box. "The microcomputer read the integrated radiometric values
from the BUD interface ponels at a preset time interval and recorded these
data on the internal magnetic tape unit. Whole-sky photographs were triggered
by computer command at preset times and a record of time and picture number
ere recorded on the magnetic tape. Integrated atmospheric emittance, and
global, direct, and diffuse golar irradlonces were recorded at one-minute
intervals from 0400 EST to 2000 EST and at ten-minute intervals for the rest
of the night. The data for each month were transferred to separate 1600 bpi
magnetic tapes for permarnent storage.,

B. Bystem Description

The data acquisition system was composed of three separate subsystems:

(1) the radiometric sensor-integrator system;

(2) the integrated data sampling and recording system; and

(3) the data storage system.

A flow chart of the data acquisition system is presented in Figure <.
The radiometric sensor-integrator system is located at the top half of the
chart and includes the following five components:

-t
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(3)

(4)

(5)

the Eppley radiometers;

the Lppley integrators that sumed the instantaneous readings from
the radiometers;

the digitec printers that provided a hard copy printout of one~hour
radiance values;

the X-Y strip chart recorders that provided a hard copy of instantane-
ous radiances: and,

the camera system that took the whole-sky photographs.

The integrated data sampling and recording system located at the lower

left-hand side of the chart includes:

(1)

the integrator signals that were provided at the BCD interface on
the Eppley integrators;

the interface box that centralized the data for computer access;

Led)

v ROMs that Interfaced the BCD data to the Tektronix 4051,
the Tektronix 401 microcomputer that read the ROMs and activated
the camera photocouwter; and,

the magnetic tape cartriage where the computer stored the data.

The data storage system is located at the lower right-hand side of the

chart and consists of three components:

(1)

(2)

(3)

another Tektronix 40kl microcomputer with a R8232 interface that
acted as a 1link between the PDP minicomputer and the internal tape
of the Tektronix computer;

the PDP 11/34 minicomputer system that read the data from the
Tektronix 4061; and

the 1600 bpi, 9 track magretic tape for permanent storage of the

data.
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The hardware used In  tne integrated data acquisition and storage system
are listed in Appendix IV wicng with two other devices that were used in the
development and testing of the interface box and software programs. Detailed
information abont the operation of these devieces and about the construction
of the interface box is kept in a documentation file in the Solar Energy
Measurement Laboratory.

C. Operating Procedure

The data acquisition system operated on the Tektronix 4051 microcomputer
using the computer program SOLAUTO written in BASIC by D. D. Venable. The
program worked by comparigon of the time provided by the Real Time Clock ROM
Pack with times that were calculated from fixed time intervals entered into
the program for each sensor or for the camera system. A copy of the program
listing is kept in the documentation file in the Solar Energy Measurement
Laboratory. Basic operation of the data acquisition system was discussed in
some detail in the second Annual Report.

The radiometric data were recorded on the magnetic tape in 72 character
records. The first two-digit flag (%) of the data record indicated the type
of data string using: @1 for radiometric data, @2 for a photograph record,
@3 for a user message, and ¥4 for a system message., The next characters
indicated the day of the week (three letter abbreviation) separated by two
spaces from the date in the form: day-month-year (DD-MMM-YY). The date was
represented by two digits each for the day and for the year, and by the three
letter abbreviation for the month. The next set of numbers (HH:MM:SS) in the
data string were the time (FST) represented by two digits each for the hour,
minute, and second, and the remaining characters were either a message or
data. A radiometric data record had the form:

@1, DDD DD-MMM-YY HH:MM:5S, GLA,NNNNN,DE#,NNNNN, TR/, NNNNN , DR# , NNNNN

=]



The radlometric data were recorded as integrated totals starting from zero
at midnight using the two letter abbreviation for each radiation component,
a single digit activation code (1 for on, ¢ for off), and five digits for
each reading (NNNNN). Global solar irradiance was abbreviated by GL:
diffuse solar by DF: infrared (atmospheric emittance) by IR: and direct
solar by DR.

D. System Performance

The performance of the computer automated data acquisition system was
measured by calculation of the amount of data lost in comparison with the
data recovered on magnetic tape. The performance record of the previous
data acquisition system was also considered since both systems had some of
the same causes for loss of data. For example, diffuse solar radiometric
data were not collected during calibration periods for either pyranometer in
1982, Intercomparison of the pyranometers was made only for the horizontal
global solar orilentation. Electrical storms interfered with computer program
execution and occasionally stopped data collection until the system was restored
to normal operation. Severe storms reset the printer times and the integrator
count values, an effect that destroyed the printer data until the system cculd
be restored to normal operation. The strip chart recorders were used to
retrieve niost of the hourly integrated data lost by computer failure. Mechanical
solar tracking failures sometimes caused the loss of the direct and diffuse
solar data.

The hourly integrated-data recovery record is presented in TABLE V for
the full period of the insolation measurement program at Hampton Institute.
TABLE VI contains one and ten minute integrated data recovery information
for the first five months of automated data acquisition. The measurement
interval for global and direct solar irradiances was set at one-minute

starting at 0942 EST Iebruary 1, 1982. One-minute integrated data sampling
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for the diffuse solar and atmospheric emittance began at 2038 EST,

March 1, 1982 when the second half or the interface box was completed. On
March 13, 1982 the sampling interval at night was changed to ten minutes

(from 2000 EST to 0400 EST) in order to reduce computer tape storage
requirements. One Tektronix Data Tape Cartridge is used to store approximately
six and one-half (6%) days of insolation data.

Two parameters used to measure the performance of the automated data
acquisition system were the average time period between failures and the
average length of time lost for each error. These parameters were referred
to as Meantime to Fail ard Downtime per Error, respectively. The Mean Time
to Fail was calculated by dividing the total possible number of data records
by the number of failures ard by the data record sampling rate (while the
sampling rate was constant). The Downtime per Error was calculated by
dividing the number of data records lost by the number of errors and by the
sampling rate. The results of these measures of performance were reported
(Blakey, 1982) at the 39th Joint Annual Meeting of the National Institute of
Science and Beta Kappa Chi Scientific Society held in Washington, DC,

March 17-20, 1932. Rody Blakey, an undergraduate assistant on this project,
used the data obtained during the first month of computer automated data
acquisition to calculate the Meantime to Fail and Downtime per Error. The
results of his analysis were an average of 8.7 days between failures and an
average of 6.7 hours downtime per error. The large dovwntime per error was
Ccaused by the two nighttime failures that stopped program execution for
several hours until the system could be returned to normal the following
working day. (Mr. Blakey received a Third Piace Award for his paper in the
Mathematics and Computer Science Section of the Meeting and one of two general
awards given.) A copy of the abstract of his paper 5.  “tached to this report

as Appendix V.
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I1T1., RADIOMETRIC AND METEOROLOGICAL DATA ANALYSIS

Several types of data analysis have bLeen completed using the radiomctric
and meteorclogical data collected at Hampton institute. The first type of
analysis completed was the ca culation of average values for the various
measurements. A secord type of analysis was required to treat the raw
turbidity measurements in order to obtain useful parameters such as optical
depths and precipitable water. Correlation of data with empirical formulae
vas a third type of analysis performed. Analyses involving satellite~derived
radiometric data are discussed in Section IV as part of the parameterization
methed. The results of the other analysis methods used are discussed below.

4. Radiometric Data Fresentation

Diurnal variability in the viricus sclar inselation compenents as observed
by comparison of the average hourly values for afternoons with values for
mornings. Average dailly plobal, diffuse, and direct solar irradisnces and
atmospheric emittarce e listed In TARLE VIl Averane newrly gpleobal, diffuse,

nd direct solar irraaiances and atmosphelic emittance are rlotted for each
month from July 1vel through June 1963 in Figure 3 through Figare 9, Diwmnal
variability is indicated by the lack of svimetry in these raphs.  Seasonal
variability car be seen Ly plotting glebal solar irradiance for clear sky
days selected from each season such as is done in Fipure 10, Flots oan alse
be made for valies averaged over shorter time intervals (one minute to sixty

minutes?,
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B. Atmospheric Aerosol Extinction and Turbidity Data Results

Individual measurements obtained with the Volz Sunphotometer (serial number
492) were used to calculate aerosol optical depths and turbldity parameters
using the formulation outlined in the second Annuel Report and by Volz (1974).
Monthly average aerosol extinction coefficients at 380 nm, 500 nm and 875 rm,
along with turbidity coefficient Bo and wavelength exponent @  are listed in
TABLE VIII for the measurement period-March 1981 through June 1983. The number
of days on which measurements were obtained for each month are listed also.

The annual pattern of the thster turbidity coefficient, 8 is graphically
illustrated in Figure 11. As shown in the figure, Bo values peaked in the
midsummer. A high value of B represents a high aerosol concentration in the
local air mass. Atmospheric aerosols include dust, smoke, sea salts and other
suspended particles. The aerosol concentration decreased in the autumn through
the spring season as represented by the 1981 through May 1982 data on Figure 11,
however, in November 1982, Bo values sharply increased instead of decreasing
as expected. This ircrease is due to the effect of volecanic particles released
into the stratosphere from the eruptions of El Chichon in April 1982, The
global spreading of this volcanic dust cloud appears to have reached the
Hampton Institute study region (87 °N, 76 °W) during the month of November 1982.
A slight reduction in aerosol concentration occurred in December 1982 and in
January 1983, but the normal annual overall reduction in aerosol concentration
indicated by the September 1981 to May 1982 data did not materialize. In 1983
the monthly average Bo values generally increased through June. Aerosol
extinction data at 380 nm, 500 nm and 875 nm showed a pattern similar to that
illustrated by Bo throughout the measurement period.

The Rngstrbm exponent, @, is a measure of aerosol size distribution.

A large @ means that small particles dominate the aerosol population, while

a small @ means that large particles dominate. %ngstrbm1étates that a typical

t in 1961
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value of % 1s 1.8. At Hampton Institute the daily average value of @ rarges
from 1.73 to - 1,39 and the morithly average data do not follow any consistent
annual pattem. The equation used to caleculate e is:

% = 1.3 - 4.07 log (B-875 /B-500),
where B-875 is the turbidity coefficient at 875 nm, and B8-500 is the turbidity
coefficient at 500 rm. From this equation it is apparent that a 1s determined
by this beta ratio and that o, is equal to 1.3 only when the B-875 / B-500
ratio is unity. Nega“ive values of @, are obtained when the beta ratio is
greater than 2.087 which occurs when the local aerosol concentration measured

at 878 nm is much greater than that measured ‘at 500 nm.

C. Global/Direct and Diffuse/Direct Relationship with Atmospheric Turbidity

Monthly mean solar irradiance values listed in TABLE VIT were used to
calculate the average daily Global to Direct ratio for each month during 1982,
The annual variation followed a pattern similar to that of the turbidity
coefficient B . In Figure 12 both the Global to Direct ratio and turbidity
ceefficient Bo are plotted versus time of year using the 1982 data. When the
local aerosol concentration increased, the direct solar irradiance contribution
to global irradiance decreased and the Global to Direct ratio inereased.

Under clear sky conditions, direct solar radiation in the earth's
atmosphere is only affected by scattering and absorption due to aerosol
particles and atmospheric gases such as water vapor and ozone. If the concentration
of aerosols increases, the amount of radiation scattered out of the direct beam
to form difruse radiation also increases. The relationship between the Diffuse
to Direct ratto and aerosol concentrations, indicated by the coefficient B
was investigated by plotting the average hourly diffuse to direct irradiance
ratio and eo versus time of day. On certain days, as illustrated for May 18,
1983 in Figure 13, the two parameters were nearly equal and followed a very

similar variation throughout the day.
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For the year 1982, 166 individual turbidity coefficient B, Measurements
were plotted versus the diffuse to direct irradiance ratio calculated for the
hour of each turbidity measurement. Ag shown in Figure 14 values of Bo varied
by as much as a factor of two for a glven Diffuse to Direct .atio value at the
low end of the graph. A least squares linear regression was completed to
obtain the relationship:

B, = 0.5302 ( DF / DR ) + 0.074, vhere,

DF/DR is the ratio of the average hourly solar diffuse to direct solar irradiance

values. The line represented by the equation above is also plotted on Figure 14,
The correlation factor of 0.919 obtained indicated a close linear dependence
between B, and the average hourly diffuse to direct irradiance ratio inspite
of the large variation discussed above.

Turbidity coefficient B, data were plotted versus average ten-minute
diffuse to direct irradiance daté for each month. The linear regression analysis
for each month resulted in a wide range of agreement with the assumed linear
relationship. The November 1982 data set of five measurements was used to
calculate a linear correlation of 0.989. However, the May 1983 data set of
44 measurements produced a correlation coefficient of only 0.062, implying
that for this month a linear relationship between Bo and the diffuse to direct
irradiance ratio does not exist. These results suggest that under the proper
conditions the turbidity coefficient B, 1s linearly related to the ratio of
the diffuse solar irradiance to the direct solar irradiance, but do not identify
the other important variables.

D. Correlations with Cloud Cover Fraction

An empirical model (NOAA, 1979) developed by the Air Resources Laboratory
(ARL) of the National Oceanic and Atmospheric Administration was selected for
correlation of the global solar irradiance data with cloud cover fractions.

The two equations that relate global insolation to solar zenith angle and
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opaque vloud cover fraction are:

3

SRC = Ay + Ay cOS ZA + A, cos 2on + Ay cos %zA (1)

L

0
and;

2 3 (2)
SRC \B, + B, OPQ + B, OPQ° + B, OPQ

+ By RN).

SR

H

SRC is the solar radiation hourly value for clear sky conditions. SR is the
solar radiation hourly value for cloudy sky conditions. ZA is the zenith angle
at the midpoint of each one-~hour interval. OPG¢ is the average opaque cloud
cover fraction. RN is a rain term that is equal to one if some form of
precipitation is reported, otherwise it is zero.

The coefficients for clear sky conditions were calculated separately for
mornings and for afternoons each month of the year in order to partially
account for diurnal and seasonal variations in atmospheric turbidity, water
vapor, and other such factors. The first and last partial hours of daylight
were not included in the regression calculation. The coefficients for the
second equation were calculated for mornings and afternoons combined using the
data for the first full year of insolation measurements.

1. Clear Sky ARL Model Results

The clear sky data had to be analyzed before the cloudy sky data could
be normalized by the expected clear sky values. Determination of clear sky
hours was made using the Langley Air Force Base (LAFB) cloud cover observation
data set. The number of totally clear sky hours was insufficient for meaningful
determination of the coefficients of equation 1 for most months and, therefore,
these data were supplenented with "nearly clear sky'" data for which the strip
chart trace showed no indication of clouds and for which the cloud cover
fraction was less than two-tenths. .These nearly clear sky data were selected
from hours which were coded as clear at either the beginning or the end of the

hour, or were coded as having low fractions of transparent, or semitransparent
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clouds. These data were added in order to increase the number of points in
the data set, and also to extend the meaningful range of the curve fit to
zenith angles for which totally clear sky data were not available, This was
consistent with the original use of the ARL model in the rehabilitation of
SOLMET data.

The results of the application of this regression formula to our clear
sky data are presented in TABLE TX for each month and in TABLE X for the first
full year of global insolation measurements. The clear sky data are plotted
in Figure 15 to shew the extent of the agreement of the data with equation 1
for the one-year data set from March 1, 1081 through February 28, 1982. Most
of the scatter in the data was caused by seasonal variations of the various
atmospheric constituents. The individual regression coeflicients for each month
have relatively large probable statistical errors associated with them and cannot
be compared easily with other coefficients for a different month or measurement
site. The coefficient Al 1s the most accurate term and, for the one-year data
set, .it has only about a two percent probable error while even the algebraic
sign of A2 and Awgis in doubt. The relative accuracy of the fit is demonstrated
in the figure and, also, by comparison of the standard deviation to the data
which gives a five to ten percent uncertainty in the midday insolation values.

2. Cloudy Sky ARL Model Results

The regressicn coefficients for clear sky mornings and for clear sky
afternoons were'used in equation 1 to determine the expected clear sky
irradiance for each one-hour interval. The cloudy sky data were then normalized
by the expected clear sky values and fit to equation 2 by using a nonlinear
least~squares method. The cloud cover fractions were obtained from three
different sources: 1) visual observations Ry trained observers (provided by
the 3D Weather Squadron at nearby Langley Air Force Base-LAFB); 2) analysis
of ground-based whole-sky photographs; and 3) analysis of GOES-EAST satellite

photoprints.
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Cloud cover fractions were calculated from the LAFB observations by
averaging the value obtained five minutes before the hour began with the value
at five minutes before the end of each houwr (Eastern Standard Time). Hours
with predominantly cirrus cloud cover were not used and thus only 2,926 one-hour
averages were selected for use during the first one-year period. The data and
curve plotted in Figure 16 are for dry conditions: BRN=0. In order to satisfy
computer space requirements, this large number of data was further reduced by
the calculation of the mean value; the mean value plus, and minus, one standard
deviation for each 0.0% step in cloud cover fraction from clear sky-0 to overcast
sky-1 (21 steps plus overcast with precipitation times three values each for a
total of 66 values). The results of the analysis of these LAFB derived fractions,
which are presented in TABLE X and in Figure 16, reflect the use of these 66
values along with 26 values of partly cloudy skies with precipitation during the
one-hour period.

The cloud cover fractions obtained from whole-sky photographs were plotted
in Figure 17 for the one-year period, Most of the fractions were averages of
the results of the analysis of two ¢or three photographs and differ from the
LAFB fractions in several respects. Only the first 70-75 degree field of view
about the zenith in each photograph was used to measure cloud cover fraction
as opposed to the standard 90 degree visual observation. Thin cloud cover and
high clouds were not weighed heavily in the photographic analysis and thus this
method provided a better measure of opaque cloud cover fraction. The curve
obtained from the LAFB data is drawn in Figure 17 for comparison with the
photograph derived fractions.

A number of cloud cover fractions were obtained by analysis of GOES-EAST,
black and vhite, visual image, photoprints of the local area by using an overlay
grid. The results are plotted in Figure 18 along with the LAFB curve.
Photoprint derived fractions less than 0.25 appear to fit better than data

from the other methods. Very small, low lying, clouds can dominate a ground-
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based photo or visual cboervad.ion, bat moy nob be vicibide dn the satellite
photoprint because of the limited recoiution,  Very cmall thin elouds sre
unlikely to shade the pyranomeier long enough Lo seriously affect the hourly
insolation value. Thicker elouds with rmall tropemithance 2gxd larpe reflectance
can appear larger in the photoprint. This thichneos effect shifts cloud cover
fractions derived from photoprint analysic relative to pround-based fractions and
tmproves the £1t. All three plots show concideracle deviations from the curve
for individual points, but none of the points obtained from photographs or
photoprints are significantly above the clear sky value in Figure 17 or 18,
while geveral points in Fipgure 16 are over twenty percent above the expected
clear sky value,

The partly cloudy howurss with precipitation data provide an interesting
test of the treatment of precipitation In equation 2. These data are plotted
in Figure 19 with the overcast data represented by @ mean value plus and minus
one standard deviation. The lower curve represents the same coefficients as
the other plots, but with KN=1. The upper curve usess the same coefficients but
changes the precipitation term it equation o to (H4vUPQ'RN) vihiich quarantees
no effect at OPQ = O (clear sky) and reduces Lo equation o for the normal

overcast (OPG = 1) precipitation condition.
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The dheoretical-ompivicnd ok aodeveloped Ly J. B, Forcmn, was seleeted
for use with our data and thig methad 1o peesented below in detall,  The clen
sky part of this model was applled to a one=month, meteorologionl and poadio-
metric data set as papt, of My, Forcmm's povposed deetopad dinoertation in
Atmospheric teictive at the tniversity of Michipa,  ue loes! data cet wis
used to test and to develop fine dotails in e model for estimation of
aerosol absorption. The month of Febmewy 198w felected as the test
month for application of' thijs mode T for tiee following reaconss (1) the
ground albedo whs expooted t remalin vearty conctond thpoustont Lhe morith
providing that there vas rio snow s that there v Littie chiange in the
amount o1 dce In the tidad basing o the sntomeated dilar nequisition systom
provided short-time inteiwvag Lone=mirts:) iritegrated datag ang (3) clear sRky
conditions were sufficiently common to PRV ide rodata base fop characterization
of ground albedo and normal atmecphierie sheorption rnd seattering,

A, Summary of the Model

The method of cotir.ion of globil solur lreadisnee or o hordzontal
surface 1s an extension of the short-viavelength energy balanee equation

developed by Ellis and Vonder [ (1178)

1 V AT A R R
Ihg = (1 - o) (IU — 'II“ — 'lli) vhiopre:s

1 , : \

hg is the horizontal plobal shortvnve 1rradizre. al. the carth's
surface ;

a is the local pround albedo;

0 1s the horizontal extraterrestrial solar irradianee weighted by
the spectral response of che satellite imagring dovi e

r Is the total shortwave irradisanec reflected te space hy the

earth's atmosphere g
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la ecaquals the total Cineident ad veflecteds shoptynwe radiation

absorbed by the vapiouws comporents of the atnosy here,
The horizontal extraterrestrial inoolrtion deta were interpolated from
measurements taken during the ctudy period by an aboolite ecavity radiometer
on board Nimbus 7 and reportod by Hickey, ot ad. (197),  The term 'I;I, Y
caleulated from the sutelLite newned breiphitnes, of the Line oloments and an
appropriate bidireetional reflectanee model for Land s water surfoces
developed by Raschke, et. al, (19734),

The portion of Iu ue Lo abcorption by water vapor wao eotimated using
total preecipitable water from noarby FAWILCONE measupoments of the vertical
dewpoint distribution. fThe abeorption of czone and vater vapor was ealeulated
from parameterizations developed by Leeis and Hareen (1974).  The absorption
by permanent gases such as carbon dioxide ad uXygen vere caleulated using a
model presented by Burch, et. al. (1900) snd by Yamamoto (1960),

The absorption of light by aercools wio computed as a residual from the
measured four-minute global insolation dota and the ealeulated absorption and
reflection components., These caleulated residunls were then parameterized to
the column~mean relative humidity ;‘, as found from a RAWINSONDE sounding.

The weighting was done using o mean vertical distribution of acrosols in the’
low leve.s selected from figure one of Shettic and Fern (1974) according to
the Kng,str&im turbidity parameter, bots,

A fourth absorption portion of I;i1 Lo enused by elouds and was set to
zero for this clear sky data sct,

B. Data Sets
The meteorological data needed for this model verc purchased from various

sources. Most of the airways reports cnd vwoather data were purchased through
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the Envirenmental Data Serviees, Hatiorss] Climadie Conter, Asbeville, North
Carolina., The loecal otudy region o Indieated in Fhure 20 by the dotted
lines and with the Hompton Institute messurement vite indiested by an X As
noted 1n the legend, cach meteorologienl slte is reprecented by o separate
number, The sources of date ontoide the study popicn were used to establich
parameters at (he Loundaries of the siady replon and oo teeh=up data cots oinee
gseveral data sources did not report hourly. A summary of the data sets used
in the analysls is given below in outline foom,
1,  Satellite Data
A, Source: GORU-Fact vieible el infrored digitized belghtness values.,
be Resolution: 0.8 km 2 0.9 dan visible, 9407 kmox 4.7 km Infraved (at nadir).

¢, Data Array Coordinates:

atell e Geopraphiioend
(Hominnl)

Point line x element, 1 ui'mde» % lorwlt,udc
Center -~ 29u( x 7490 7. mu N % /u..a\m‘ W
MY Corner - #4948 x 740 3. ‘#*7 N X /f,.éﬁéstl W
2B Corner - b g B RN ‘M N ® 7 F(Jl w
b Corner -~ 3040 x e i’h.ﬂ'}( * IJ »n 7t '/“8 w
oW Comer - G0 x /401 A7 % e W

d. Ferlod: Clear iky Hours for February 7, &, 11, 13, 1%, 20, a2, 23, 2%
and 2&, 19825 Cl.xdy Uky liours for Febroary 4, 13, 17, 18, 21 and
24, 1982
2. Meteorolopical
a. Insolabion:
1. Type: horizuntal global - G,3 pm Lo .8 am,
11, TFrequency: toen-minute tobals centered on satellite seon time ((MT),
1ii. Bource:  Eppley POb one—minute integrated data at Hampton Instltute.
. Humidity
1. Hourly surface airways reports of temporature, dev point, and
altimeter setiiye from leenl alrport, Coast Guard, Alp Furce,
Navy, and Army veather data sources for low lovel data.

|
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i1, Raglosonde data from Walleps lsland, Sterling Virginia, Cape
Habteras and Greensboro, North Carolina for upper level data.

Cloud Parameters (not used in the clear sky malyses)

1.  Cloud fraction: Hampton Institute photographs and satellite
brightness readings.

1i. Cloud type and heipht:  Langley Alr Foree Base observations.

111, Water content: radar reports (facsimile charts) from local
airports.

iv., Cloud top temperature: Infrared salellite data,

Ozone and Aerosols

i.  Turbidity readings at Hampton Institute (or from a network of
stations east of the Mississippl River, Ineluding Ralelph-Durhom,
North Carolinn, for those cases when turblidity readings were
not taken av Hampton Insbltute).

11, Dobson spectrophotomeler readinggs oft Lotal osone column over
Nashville, Tonnessce, Tallahassce, Florida, Wallops lsland,
Virginia, and Washington, D.C. obtained from the World Ozone

Data Center, Environment Conada, Toronto, Canada.

3. Miscellaner..s

a.

b.

Giround albedo: calculated Trom clear sky satellite brightness
values using an equation developed by Vonder Honr mnd Bllis (1970),
Elevation: most points wlthin Lhe sludy reglon are trealed as being
at sea level oul use of (niled States Goological Burvey Maps veas

made to ascertain clevabtions Lhroughout the study region.,

-4
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C. Results

A computer program "ABSOR.BAS", which solves the energy balance equation
to estimate the absorption of wide-band short-wave radiation (hereafter called
solar radiation) by aerosols was run for the Hamptor Institute Solar Measure-
ment Site (hereafter called £MS). The results for each case, including all
of the temms in the energy balance equation, are presented in Table XI. The
fractional absorption (the absorption by aerosols, estimated from energy
balance, and divided by the incident solar flux beneath the ozone layer),
as well as the parameters used in each least-squares fit, are presented in
Table XII for each case., These results are also presented in Figures 21 through
23, where variables not explicitly named are assigned their mean values.

One very salient feature of the absorptions by aerosols in botk: of the
tables is that these are predominantly negative in value. This indicates a
systematic overestimation of one or more of the terms of the energy balance
equation; possibly the measured horizontal global insolation term (more on
this later) or the gaseous absorption term, but most likely in the upwelling
reflection term owing to defects in the bi-directional reflectance model ard
in the image calibration. For this reason, the relative sun-satellite
azimuth , Kasten's (1966) relative optical air mass (hereafter called
ROAM, which is directly associated with the solar zenith angle) and the
hours after 0000 GMT, January 1, 1982 were included in the least-squures-
fit analyses. The sun~satellite azimuth and the ROAM were included to
account for shortcomings in the bi-directional reflectance model and the
hours parameter was included to account for time-related "drifts"! in the
calibrations of the eight visual channels.

Two of the tabulated cases were not used in any of the statistical

analyses. Case No. 2 was omitted because of the presence of clouds
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covering part of the 101 line x 101 element display sector allegedly
containing the Hampton Institute SMS. Because of the high reflectivity of
these clouds, the contrast of the non-cloudy portion of this sector was
greatly reduced (the contrast of this display is made by dividing the range
of brightness in the displayed sector into eight equal intervals and assigning
a symbol to each interval) making the act of locating Hampton Institute very
difficult and uncertain. Case No. 14 was omitted because, owing to the late
hour of this image, the solar zenith angle was very large requiring an
unreasonable extrapolation of the bi-directional reflectance model. Also,
because of the late hour, the visual image was very dark causing great
difficulty in locating Hamptrn Institute.

A third case, No. 19, however, could not be omitted on any such physical
grounds, even though the fractional absorption for this case is lover than
any of the others and ruch lover then any least-squares-fit formula prediction
on this case., In fact, the inclusion or cmission of this particular point
made a great difference in the very nature and course of the least-squares-
fit analysis and in the fermula found from such an analysis. As a result,
two sets of analyses, vwith and without case No. 19, vere made.

1. Case No. 19 included (two excluded cases):

1. For turbidity related parameters excluded*:

iii(—2)

AR = 0.09322¢4 -~ 0.0005734CE Bq

- 0.0638E6E T
where iAA = fractional absorption by atmospheric aerosols;
1i(-2) = two independent parameters with tvo cases excluded;
ess = relative sin-satellite azimuth (degrees) using the
convention of Raschke et al. (1973) vhich defines
*This was done to create a predictive formula vhich could be used in those

large regions of the Earth's surface far from any Volz Sunphotometer
observation sites.
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this angle as the horizontal projection of the deflection of
a photon from its incident direction (or the absolute value
of 180 degrees minus the difference between the solar and
viewing azimuths) rather than the absolute value of the
simple difference between the solar and viewing azimuths; and,
f = the mean relative hunmidity and is included as a 'non-
turbidity related parameter" since it can still be estimated
without B, albeit less accurately, by welghing with a mean
(B-independent) aerosol profile.

The least squares fit analysis produced a multiple correlation

coefficient, R = 0.44145 and an adjusted multiple correlation

coefficient, R' = 0.32486%.

For turbidity-related parameters included, the parameterization

depends on the minimum acceptable value of p (=P[F S F o] (ostle,

1963; Bevington, 1969) chosen in finding the F-statistic:

a. If p is chosen to be 2 68%, only one parameter qualifies as

an acceptable predictor and the result is:

4(=2) _

A = =0.0544005 + 0.138264 L

where 1(-2) = one independent parameter with two cases included

and,

fl

Tge aerosol optical depth at » = 0.4% /.
Tag T Mep

where mkp = mk pypo,

I

(0.45)7%,

m, = Kasten's (1966) ROAM,
p' = atmospheric surface pressure (kPa) at the point of

interest (in this case, the Hampton Institute 3MS),

-7~
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and
B and a = Volz—Rngstram twroidity coefficient and exponent,

respectively.

The analysis produced a multiple correlation coefficient,

R = 0.641201 and an adjusted maltiple correlation coefficient

= 0,E0565;

b. If, however, p = 67%, almost all of the analysed predictors
become valid in a stepwise least-squares process., In fact,
the number of predictors used was limited to seven, not
because of the computed F-statistic for predictors beyond
the seventi, but because seven is the maximum number of
independent variables which the multiple regression program

("COSAF" statistical package) could handle:

vii(-2)
dan =

-0.068407 + 0.367642 T4~ 0.000443137 ess
” 4 - Q t e
- 0.0325417 mkpﬁ(kmax (@))% 0.00863353 mkp
- -0
- 0.187439 £ + (9.87231 x 1077) H - 0.00381737 o

where
Amax(a) = wavelength of maximum aerosol attenuation of solar

radiation found by setting the partial derivative with
respect to X of the product of the Planck function and Bk-a,
equal to zero. After eliminating the zero and infinite
roots, the resulting equation:

exp (¢'/A) = (a+ 5) A/( (a+ 5)A —c!)

where
¢! = he/KT = 2. 48067 um,
h = Planck constant = 6.6256 x 10727 erg s,
¢ = speed of light in vacuo = 2.99725 x 1010 cm/s,

—28-
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Boltzmann constant = 1,36084 x 10’10 erp/K, and

3 =~
H] i1

mean effective solar radiative temperature = 5800 K
(Glasstone, 196%), was numerically solved for A as a
function of o (very tricky, as there 1s a very sharp -o
tO 4w singularity very close to the solution, especially
at the larger values of @). This function is approximated
to within 0.3% by:

Amax(a) = 0.0864642 - 0,00622149 4 + 1.75525/(a + 4,25)
and
H = Hours since 0000 GMT, January 1, 1982,
The analysis produced a multiple ccerelation coefficient,
R = 0.825926 and an adjusted multiple correlation coefficient,
R' = 0.71492,
2. Case No. 19 excluded (total of three excluded cases):
i. For turbidity-related parameters excluded:
11H03) L 0180772 - 0.00079723 0. - (2.41838 x 1075y
multiple correlation coefficient, R = 0.642801 and an adjusted
multiple correlatiONQoefficient, R!' = 0.586281.
ii. For turbidity-related parameters included:
17H8)  0.0488699 - 0.000488835 0. + 0.0229239 «
~ 0.00646946 o
The results were g multiple correlation coefficilent, R = 0.84393
and an adjusted multiple correlatior: coefficient, R!' = 0.811331.
The results of all these least-squares Tits are presented in Figures 24
through og,
One rather surprising feature of all of' these results is that wherever

f appears, it has a negative coefficient whereas one would expect the

opposite (e.g. Méézaréé, 1871; Hinel, 1972, 1976; Covert et al., 1972; Nair

and Vorha, 1975; Fitzgerald, 1978; Fitzgerald et al., 1982). Ore possible



explanation of this is that there is a systematic overestimation of the
absorption of solar radiation by water vapor, since the radiatively
effective water vapor column on which the water vapor absorption estimation
is based is strongly associated with £, Three possible sources of this are:
1. The program "WATAIR.BAS" that estimates the radiatively effective
water vapor column, w, from a sounding;
2, The program "OZONAL.BAS" which fits a function of the form:
z=0Cy +Cy L+ cq E + Cy LE
vhere z is the quantity being fitted, L is the negative of the line
nunber, E is the element number and Cyseery Cy aVE coefficients
determined from the input data, using water vapor column observations
from four upper-level stations just outside the study region. This
function was used to obtain the radiatively effective water vapor
column over Hampton Institute given Hampton Institute's line and
element numbers in nominal GOES-east coordinates; and
3. In the formula of Lacis and Hansen (1974) which estimated the
absorption of solar radiation by water vapor given the local
radiatively effective water vapor column and the relative optical
air mass.
One predictor which was applied to this analysis, but without success,
was the formula modified from Hoyt (1978,1979) which purported to estimate
the absorption of solar energy by aerosols:

m
i o= (1 =90 - ge) )

where
ws = albedo of single scattering by aerosols = 0.95 and

g(B) = 0.937 - 1.044 B8 + 0.00575/(B + 0.108) (which gives an
acceptable fit to the tabulations of g(8) by Hoyt (1978,1979)).

It is not known why this formula fared so poorly as a predictor of the

absorption of solar radiatior by aerosols. It may well be that the fault
~30~



lies with the modification of Hoyt's formula which was originally ;AA =
(1 - wS) g(B) mkp. Numerous attempts since last October to contact Mr. Hoyt
for guidance on this matter have falled. Alternatively, this failure may be

from errors in the eastimation of absorption by aerosols from energy balance.
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Energy balance is a superb, fundamentally sound method, both for
estimating the insolation at the Earth's surface and for investigating
residual effects, such as the absorption of light by clouds or aerosols and
errors resulting from defects in the bi-directional reflectance models and
in the calibration of the imaging device. In the case of this study, energy
balance was used to investigate the absorption of solar radiation by aerosols
and defects in the bi-directional reflectance model (Raschke et al., 1973)
and in the calibration of the eight visual channels of the GOFS-east satellite
(Norton et al., 1980).

The results of this study are somewhat equivocal since they are
excessively sensitive to the incluslon or exclusion of a single case (No. 19).
Obviously, a much larger data base is needed before some decisive conclusions
may be reached, even for one location and during one month.

Seme facts about the results, however, are not so pquivocal. TFor one
thing, there is a decided negative dependence of the fractional absorption
by aerosols on the relative sun-satellite relative azimuth angle, Ogg? with
or without case No. 19. The coefficient on Ocies is small in magnitude
because g Was given in degrees in this study. This strong dependence on
ess indicates a systematic error in the bi-directional reflectance model
used in this study. This is also indicated by the dependence on the pressure-
correlated relative optical air mass, mkp (directly associated with tne solar
zenith angle), in the predictive formula for p = 67% with case No. 19 and
turbidity-related parameters included. The dependence on the viewing zenith
angle was not investigated in this study because of a limitation inherent in
any view of a single Earth-surface point from a single geostationary satellite;
namely, the viewing zenith angle varies very little, if at all. In fact, in

this study, the range of this angle was less than two degrees.
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Other strong dependencies found in this study were on the computed
optical depth at A = ©,45 /um and on the VOlz-Xngster turbidity exponent,
%, especially on the square of % in the predictive formulae including
turbidity-related parameters,

Other, weaker dependencies were found on: the aerosol profile (selected
by B) weighted column mean relative humidity, Ty wie aerosol optical depth

at the e-dependent wavelength of maxlmum absorption, My B ( Aax (@)=,

!

and the number of hours, H, since 0000 @7, January 1, 192 wvhich indicates

a time dependence in the response (hence, in the calibration) of the satellite's

visual channels. However, only a very weak dependence was found on a
modification of the Hoyt (1978,1979) prediction, (1 - ”S)(l - g(B) mkp ).
This parameter will, however, be retained ag a regressive parameter to be
investigated in future studies on a different op expanded data base.

It has also been found that there may be a large uncertainty, as much
as 30%, in the estimation of the radiation reflected spaceward by the Eapth-
atmosphere system, of this, 20% may be due to problems in the calibration
of the digitised visual images from geostationary satellites (Muench, 1981,
how this figure of 20% was arrived at will be discussed in Appendix iv.)
The remaining approximate 20% (in a pythagorian sum) is an educated guess
on the uncertainty inherent in a bi-directional reflectance model and is
comparable to the standard deviations which Davis and Cox (1981) found in
their own bi-directional reflectance model.

Another uncertainty arises from using four-minute totals from an
integrator to obtain the measured mean horizontal global insolation at the
Earth's surface. An integrator yields acceptable accuracy for totals of
thirty minutes or more, but for shortep period totals, a different type

of digitising device, or even an average of point measurements from the
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analog trace, should be used, especially under low levels of daylight
1lluminatiag (e.g., under cloud cover or near sunrise or sunset). This
stands as a recommendation for future research as short-period averages are
necessary in a high-resolution (in this case, the A-scale or 0.9%m x 0.9 km,
the highest nadir-point resolutlion available from an SMS/CGOES satellite)
study to ensure that cloud cover or illumination conditicns do not
appreclably change during the measurement.

Another recommendation regards the bi-directional reflectance model.,
The model of Raschke gt al. (1973) was chosen only because it was "tried
and true", having been in the literature for a long time and used by
numerous investigators in solar radiation and Earth radiation budget studies.
The only other extensive model that was available at that time, Davis and
Cox (1981), was rejected because the "bugeye! device used in that study
sampled at only three nadir viewing angles (OO, 30° and 600) whereas the
nadir viewing angle in this study never strayed from the 40° ~ 43° range.
Another model (Stowe gi.g;., 1980) has been brought to our attention which
may be superior to either previously identified model.

Ideally, one should hire an aircraft and, using a photometric device
as similar as possible in its spectral characteristics to that in tre SMS /!
GOES VISSR, to make one's oﬁn survey of the angular (bi-directional)
reflectance of' the solar measurement site under as wide and as complete a
range of solar zenith angles as possible during the study period. A
further refinement would be to account for the angular reflectance of the
overlying cloud-free atmosphere, including the changes of this angular
reflectance with aerosol loading (e.g., Braslau and Dave, 1973). Both of
these refinements would greatly improve the accuracy and reliability of
the estimates of the solar radiation reflected spaceward by the Earth-

atmosphere system. However, one considerable obstacle remains to complete
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accuracy in this estimation; the caliveation of nll vipht, WR/G0ES VIR
visual chamnels, Although numerous investigators (c.g., Bauer and Lienesch,
197%; Hinton, Appendix 1 in Norton et al., 1980; Muench, 1981) have been
working on this very thorny problem, none have yet found a true colution.

Another recommendation would be to wuse g solap meagurement site as close
as possible to a location where turbidity, upper level RAWINGONDE and surface
pressure (even Dobson spectrophotameter veone) obeervitons are made,
thereby minimizing errors arising from extrapolating values of meteorological
variables in gpace to the solar measurement site. Also, 1f the investipator
has any control over such matters, the turbidity measurements should be made
as close as possible in time to the expected satellite scan time (the time
at which the VISSR on board Uie spirning satellite actuully scans the
measurement. site as opposed to the nominal or actual image start time),
thereby minimizing errors due to time extrapolation. Such extrapolations,
both in time and space, can produce appreeiable orrors in the turbidity
parameters, especially in an inhomogencous atmosphere,

A more complete study of the errors and thedip propagation in the
computations in this study will be made by Mr, Foreman in his Ph.D. thesig

at the University of Michigan. This thesis is now in preparation.
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Measurement

SOLAR TRRADIANCES
Global

Direct

Diffuse

ATMOSPHERIC EMITTANCE

ATMOSPHERIC PROPERTIES

Aerosol Extinction
@ 380 and 875 rm
Turbidity @ 500 rm
Precipitable Water

*After March 13, 1982 the computer automated radiometric data s

HAMPTON INSTITUTE SOLAR ENERGY MEASUREMENT SUMMARY

Instrumentation

TABLE T

Data Frequency

Start

Eppley PSP with WG7
clear glass dome

Eppley NIP with quartz
glass and solar tracker

Eppley PSP with WG7
clear glass dome

Eppley PIR

Volz Sunphotometer

One-hour integrated and
continuous chart
One-minute integrated*

One-hour integrated andg
continuous chart
One-minute integrated*

One-hour integrated and
continuous chart
One-minute integratedx

One-hour integrated and
continuous chart
One-minute integrateg*

Approximately one hour
intervals for clear sky

to 2000 EST and at ten-minutes from 2000 EST to 0400 EST.

Feb.
Feb.
Oct.

Feb.

Mar.

Mar.

I'fal‘ -

Mar.

17, 1981
1, 1982
1, 1981

1, icez

24, 1981

amling rate was set at one-minute from G400 EST



ey

TABLE 11
HADIOMETRIC INSTRUMENTATION WAVELENGTH CHARACTERIBTICS

Instrument

Eppley Precision Spectral Fyranometer
Eppley Precision Infrared Radiometepr
Eppley Normal Incidence Pyrhelicmeter

Eppley Hickey-Frieden Absolute Cavity
Pyrheliometer

Additional Wavelength Ranges for the
Pyranometers and Pyrheliometers

Volz Sunphotometer

Normal Observation Wavelength Range

0.285 to
4.0 to
0.285 to
0.2 to

0.83 to
0.63 to

0.70 to

Center of Band -

380 nm -
500 rm -
875 nn -

940 nm

1

2.8 microns
50.0 microns
4.5 microns

80  microns

2.8 microns
2.8 microns

2.8 microns

Halfwidth
11 nm
40 nm
17 nm

16 nm



Radiometer

Precis:

Eppley PSP #20022F3

Eppley PSP # 20613F3

Eppley PSP # 22046F3
Normal Incidence Pyrheliometer

Fppley NIP # 20254E6

Precision Infrared Radiometer

Eppley PIR # 20078F3

« Spectral Pyranometer

TABLE IIT

RADTQMETER CALIBRATION SUMMARY

Calibration Information

Date

10/1/80
4/30/81
6/24/81
6/21/82
7/8/82
9/6/82
7/7/83
7/18/83

2/28/81
7/15/82
8/19/82
7/7/83

9/9/83

10/13/82

3/4/81
5/12/82
5/5/83

10/6/80
7/7/82
8/1/83

Comparison With:

Standard References
PSP # 20613F3
PSP # 20613F3
PSP # 20613F3
Standard References
PSP # 20€13F3
PSP # 22046F3
Standard References

Standard References
PSP # 20022F3
Standard References
PSP # 22046F3
Standard References
Standerd References

Standard References

Standard References
H~F Pyrheliometer
H-F Pyrheliometer

Standard References
Standard References
Standard References

Performed By:

Eppley Laboratery
Hampton Institute
Hampton Institute
Hampton Institute
Eppley Leboratory
Hampton Institute
Hampton Institute
Eppiley Laboratory

Eppley Lahioratory
Hampton Institute
Eppley Laboratory
Hampton Institute
Eppley Laboratory
Eppley Laboratcry

Eppley Laboratory

Eppley Laboratory
Hampton Institute
Hampton Institute

Eppley Laboratory
Eppley Laboratory
Eppicy Laboratory

* These sensitivity factors are unchanged within the * 2% accuracy of the inst.uments.

** The sensitivity factor was unchanged within the accuracy of the calibration instrusents ( 1.5%).

t Eppley Laboratory changed calibration standards October 1981 by 2.6%.

Sensitivity
Factor (uVm™%

i1.10
10.82+
10.67

10.52

10.47

9.21

*%
*%*
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Month

March
April
May

June
July
August
September
October
November
December
January
February
March
April
May

June
July
August
September
October
November
December
January
February
March
April
May

Jurie

July

*Required for one-minute integrated data only for July 1983.

Year

"

1"
1982

"

"

"
t
"
"
1"
"

1983

H

TABLE IV

Global

Irradiance

1.033
1.034
1.038
1,036
1.029
1.030
1.031
1.031
1.032
1.033
1.034
1.034
1.035%
1.036
1.036
1.037
1.038
1.057
1.040
1.043
1.045%
1.048
1.0R1
1.013
1.015%
1.018
1.020
1.023
1.025

Direct

Irradiance

1.000

Diffuse

Radiance

1.
0426
1.
1.
.0464

1

1

1.
1.0488
1.

10

1

1,
1.0598
1.0614
1.0630
1.0646
1,
1
1
1

[y

RADIOMETRIC DATA CORRECTION FACTORS

—

0413

0439
0452

0475

0499
0510

.0550

0582

0106

0121
.0137
.0152
.0168
LUB51*

Atmospheric

Emittance

1.0012
1.0024
1.0036
1.0049
1.0061
1.0073
1.0085
1.0098
1.0110
1.0123
1.0135%
1.0148
1.0160
1.0173
1.0185
1.0185
1.0178
1.0170
1.0162
1.0155
1.0147
1.0140
0.9948
0.9940
0.9933
0.9926
0.9918
1.0183



TABLE V
DATA RECOVERY RECORD: HOURLY INTEGRATED IRRADIANCES

Year Month  Number of Hour-Values Stored on Magnetic Tape

Global Solar - Direot Solar - Diffuse Solar - Atmospheric Emitted

1981
February 300 - - 120
March 744 - - 664
April 720 - - 718
May 744 - - 744
June 719 - 37 720
July 741 - 117 741
August 740 - 0 741
September 720 13 43 720
October 743 529 712 742
November 720 615 716 720
December 742 6ll 732 740

1982
January 744 676 639 722
February 672 668 672 677
March 743 738 744 658
April 720 692 716 720
May 740 715 721 744
June 720 720 479 512
July 744 744 279 406
August 741 741 198 742
September 720 720 567 720
October 742 742 744 744
November 720 719 720 720
December 744 740 744 744

1983
January 742 742 738 693
February 670 671 667 665
March 744 711 742 744
April 744 699 729 744
May 744 734 744 744
June 720 690 718 711

July 744 650 744 249



TABLE VI DATA RECOVERY RECORD FOR AUTOMATZD DATA ACQUISITION SYSTEM
ONE AND TEN MINUTE INTEGRATED IRRADIANCES

Month-Insolation Maximumn Possible Amount Recovered
Component Number of by Computer
Data Records Number - Percent
February - 1982
Global* 40,320 36,326 - 90.1
Direct* " 35,163 - 87.2
March
Global 36,648 35,369 - 96.5
Direct W 35,381 - 96.5
Diffuse®* " 34,434 - 34.0
Infrared** " 26,470 — 72.2
April
Global 30,240 29,673 - 98.1
Direct " 29,708 - ¢8.2
Diffuse " 29,708 - 98.2
Infrared " 29,708 - 98.2
May
Global 31,248 29,519 - ¢4.5
Direct " 29,519 - 94.5
Diffuse " 29,519 - 94.5
Infrared " 29,719 - 94.5
June
Global 30,240 24,232 ~ 93.4
Direct " 28,232 - 93.4
Diffuse " 16,112 - 53.3
Infrared " 19,453 - 64.3

*One-minute readings only from 0942 February 1, 1982
night after March 13.

**One-minute readings cnly from 2038 EST March 1, 1982 t¢

night after March 13.

Mumber of Missing Data Records

User
Interrupt

446
433
263
257

6l
25
26
26

17
17
17
17

181
181
181
i81

System

Crash

System
Calibration

Other

tgo
£aQa

-l

izt
iES
1,272
9,242

99
oG

Qg

a9

to 2000 EST March 13, 1982 and ten-minute readings at

0 2000 EST March 13, 1982 and ten-minute readings at
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TABLE VII AVERAGE DAILY TOTAL TRRADIANCE SUMMARY

Global Diffuse Direct Atmospheric
Month Year Irradiance Irradiance Irradiance Emittance

o p

(km ™) (kdm ™) (kdm™2) (kJm™2)
March 1981 15,610 - - 19,242
April " 19,814 -~ - 30,773
May " 19,919 - - 32,425
June " 22,604 - - 37,285
July " 21,971 - - 37,746
August " 18,457 - - 35,701
September " 18,378 - - 33,264
October " 12,852 £,185 - 30,114
November " 9,292 3,838 - 27,288
December " 6,426 2,808 - 25,567
AVERAGE - 191 16,532 - - 30,940
January 1982 7,697 3, 8949 10,552 24,379
February " 9, 965 4,637 10,634 26,600
March " 14,188 5,911 13,219 26,896
April " 19,174 7,110 15,095 28,458
May " 22,997 10,108 17,708 33,757
June " 21,301 11,225 12,848 36,169
July " 21,629 - 14,087 -
August " 19,199 - 13,450 32,742
September " 1%, 966 7,798 12,866 31,086
October " 11,6835 5,508 12,013 28,087
November " 8,831 4,396 10,300 26,532
December " 6,131 3,2°2 7,£38 25,286
AVERAGE -~ 1982 14,893 6,381 12,5826 29,090
January 1983 8,017 3,783 9,990 22,961
February " 10,539 4,828 10,958 22,945
March " 13,150 6,190 10,163 25,954
April " 17,605 8,0E1 12,2584 26,902
May " 22,624 10,083 16,330 27,515
June " 24,421 10,787 17,395 31,648

July " 25,027 10,577 19,681 33,880



TABLE VIIT

AVERAGE ATMOSPHERIC AEROSOL EXTINCTION AND TURBIDITY PARAMETERS

# of Aerosol Extinction Parameter — Tau Turbidity Parameters

Month/Year Days 380 nm 500 nm 875 nm B ad
Feb 1981 3 0.527 G.127 0.073 0.064 1.004
Mar 8 0.353 0.172 0.8:6 0.073 1.176
Apr 6 0.378 0.172 0.114 0.105 0.27¢
May 3 0.455 0.217 0.144 C.131 0.643
June 5 0.914 0.847 0.262 0.220 1.3C
July 7 0.871 0.653 0.353 0.306 .32
Aug 7 1.055 0.ee7 0.307 0.256 1.z2e4
Sept 10 0.612 0.34% 0.173 Q.1k1 C.EBR
Cct 3 0.304 0.107 ¢.108 C.109 -C.0C4
Nov 2 0.284 0.1C% 0.ces 0.08% C.zu1
Dec 2 0.273 0.12¢ 0.0e7 0.0z8 i.1te
Jan 1982 5 0.356 0.146 0.103 0.0%6 C.tG7
Feb 1 0.327 0.081 G.10: 0.112 —G.400
Mar 7 0.477 0.182 ¢.14€ C.139 G.37¢
Apr 4 0.332 0.123 C.123 Q.137 2B
May 2 0.635 0.254 0.234 G.23C C.C48
June 6 0.940 0.%11 0.323 C.298 C.E86
July 5 1.475 0.925 0.481 C.414 C.o3:z
Aug 9 1.402 0.893 0.482 G.417 C.843
Sept 2 0.654 0.253 0.1E58 G.141 G.829
Oct 4 0.420 0.171 0.140 C.13% 0.3CG4
Nov 2 0.625 C.295 0.198 0.182 0.E23
Dec 2 0.446 0.235 0.174 G.162 C.243
Jan 1983 5 0.403 G.194 0.172 0.167 ¢.194
Feb 4 0.556 0.292 0.214 0.199 G.EC&
Mar 2 0.350 0.233 0.217 0.214 G.ce3
Apr 2 0.670 0.313 0.270 0.261 0.244
May 7 0.643 0.151 0.230 0.258 —-0.868
June 4 1.021 0.436 0.318 0.298 0.408
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TABLE IX

ARL REGRESSION COEFFICIENTS FOR CLEAR SKY GLOBAL SOLAR IRRADIANCE

Time of Day - Month

Mornings

March, 1981
April

May

June

July
August
September
Cctober
November
December
January, 1882
February

Afternoons

March, 1981
April

May

June

July
August
September
October
November
December
January, 1982
Febhruary

Number of Hours

Clear
Only

[
N

= =
HNGW @RS OUO U

Nearly
Clear

1S

R OOMMOMMEWE O

3 s e

NGO

-
—

Regression Coefficients (kJ m )
Ay A As Ay
212 33¢6 1256 — E48
164 2729 2081 - Sl
43 1422 3492 -1819
101 2174 1141 3eC
a4 2423 1022 144
428 4784 e 3337
&6 2268 2757 -1%Z
400 tecs —£gE2 TECE
Ed4g 283C 1811 - &2
17€ 3791 1¢& &7
22 173% £9EC —CZES
144 3424 11CE - 7
187 IEEG ~ &£39 1230
2§ 2419 274G —13c4d
173 £9K €63k —3&34
7 11&4 EACT ~3143
&G 1698 3lel —12Ce
61 €tz £238 -2351
£4 756 E73% )
32 173t €18t —Z 408
270 384¢ 191 146
486 163 —-6E€74 7345
t4 Q36 87¢€6 —£G73
11 2160 37€6 ~18G7

AERIHO

.9
AAY

g

T
Saddwi

¥
3

ALLIVYND HOO0d 40
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TABLE X

Clear Sky Global
(Fit to Equation 1)

Mornings

Clear Sky Only
Clear & Nearly Clear

Afternoons

Clear Sky Only
Clear & Hearly Cl=ar

Cloudy Sky Global
(Fit to Equation 2)

Reduced LAFB Data Set
Satellite Photoprints
vhole-Sky Photographs

ARI, COEFFICIENTS FOR THE FIRST YEAR DATA SET
(March 1, 1981 through February 28, 1982)

No. of

Points

12%
217

72
13t

No. of
Points

92
62
104

Regression Coefficients (kJ m2)

Standard Deviation

-2
Ag A Ay A3 (in kI m2)

-140 3049 1138 - 616 162

-209 3708 - 302 310 188

—282 3920 - 4t4 EB4 133

-130 274 2336 -1328 122

Regressicon Coefficients Standard Deviation

Bg Bl B, BB B 4

1.004 -0.3E3 (©.782 -1.082 -0.21t G.14

1.017 -0.468 -(.182 0.033 -0.253 .13

G.9ss Q.61 (.97 -0.85C -0.31% G.14
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TABLE XI PARAMETERIZATION INPUT SUMMARY

Date Surface Extraterrestrial Upvelled Aercesol Gasecus
Case (Feb. Time Insolagion Horizontal Inso- Reflectgnce Absorption Absorpticn
No. 1982) (QT) (vh/m"™) lation (Wh/m™) {(th/m™) {(vh/e) {Wh/m"}
4 7 1407 386.7 £01.3 91.19 3.1=2 8l1.24
E 7 1607 €20.4 80E.G 1gt.19 —-22.47 1Ce.t4
12 7 1807 63t.9 833.4 1£3.92 -9.¢9 107,86
7 7 2007 418.8 £78.¢8 1CE.92 -1.71 £6.17
9 & 140 325.7 £02.8 113.73 .74 20,90
1C & 160¢ 604.9 81G.G “Ezli& -16.C4 123.43
11 & 1eCe €04.9 84G. 2 1%6.36 4.42 127.C¢
13 11 20Ce 4ib.¥ tC3.3 124,84 ~7.£3 103.&6
1t 13 22C7 £2.0 140.& 4T .64 .7 14C.77
17 14 1eQe tCg.9 £47.¢ 187.1Z —4.34 142,72
1¢ 26 14G¢ (3.3 fod.a 149,02 -49.19 100.EE
23 23 14CE 403.3 tgz.4 i1e.00 ~7.94 10£.13
24 23 ieCe LG9 &97.¢ 163.74 -12.4¢ 140.17
2e 2t 106 £€04.9 7&£3.C 13%.¢1 -2E.1¢ 1ie.18
2€ 2e 1637 760.0 946.9 17€.5¢€ -£2.984 129,28
27 2t 1706 77t .t 063.8 202.34 —74.6. 127.63
2& 25 1807 744.¢ 243.¢ 168.44 -29.18 124.48
29 2t 1967 6E1.4 849.6 14€ .26 —£.3¢ 114.92
30 28 1807 729.G 960.3 1e4.51 -14.7C isa.79
31 28 2007 486.3 702.9 133.16 C.61 131,84
32 £8 2207 108.6 225.5 €2.04 8.62 StLEB
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TABLE XII PARAMETERTZATION OUTPUT AND RESULTS

Case
No.

O N O G b

Fractional Kasten's Optical . Relative Turbidity Average
Absorption Relative Depth 1 Hoyt's Sunt Satellite Alpha Beta Relative
by Aerosols  Air Mass  (0.45,um) Prediction Azimuth (°) Hunidity
0.00647 2.850 0.3760 0.01067 131.€ 2.309 0C.CE9: C.299
-0.02872 1.781 0.3616 0.00676 161.3 2.303 0.CE7% 0.282
-0.01123 1.719 0.3177 G.00622 i68.2 2.210 G.Ct44 C.270
-G.00307 2.477 0.2029 G.00882 141.7 1.631 C.CGEE2 0.2€3
G.001E4 2.830 0.3326 C.C1001 131.4 2.246 G.CEfe G.321
-0.02224 1.7eE 0.3334 G.0CeE2 1E0.8 2.239 C.Ctte C.318
G.0GE42 1.699 0.3334 Q.00e31 187.¢ 2.236 0Q.Czzo 0,308
-0.0134¢ 2.354 0.3283 C.01486 142.0 1.491 C.1CEC *T00
-C.00611 9.2¢¢ (.3696 C.0368€ 116.3 1.590 G.1ic3@ 0.3C2
-G. 0082k 1.678 0.3819 G.01041 1.8 1.€7%  C€.10683 LEC3
—G.06097 2.487 G.232¢ 0.00487 129.2 2.7C8 C.C2Ek ¢.cz1
-0.01422 2.414 G.3CE3 C.CCEe1 128.2 2.75C¢  C.C341 G.EGE
-0.0177¢ 1.571 G. 309t C.CC3EE ite.d 2.823 C.C3sE G.481
-G.03312 1.814 0.GE32 C.Gl141 14G.7 -0G.264 G.10zk ¢.213
-G.0E74E 1.2C3 G.C6ble G.o1cen ic4.2 -0.817 ©€.1183 0.4E8
—C.07944 1.477 C.0E63 G.01177 172.4 -1.062 ©.1314 0.4€2
-0.0317¢ 1.50¢ 0.0884 G.0107: 17G.4 ~(.324 (.11EQ C.436
-0.00e4¢ 1.e7% 0.0218 0.0110C 1E4.6 —0.191 C.1069 0.410
-0.01870 1.477 0.3019 0.0039%6 170.3 2.589 (0.038E G.E3C
0.C0020 2.014 0.3018 0.0CE31 139.2 2.571 (.C387 0.31%
G.04CE3 €.083 0.30C18 0.0.438 108.6 2.873 G.0387 G.te7
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APPENDIX I

ABSTRACT - VIRGINIA ACADEMY OF SCIENCE PRESENTATION

ENVIRONMENTAL SCIENCES

DEVELOPMENT OF A SOLAR ENERGY MEASUREMENT LABORATORY FOR THE STUDY OF
INSOLATION VARTATIONS AT HAMPTCN, VIRGINIA. T. J. Griffin*, D. A. Wnitney,

and D. D. Venable. Dept. of Physics and Engineering Studies, Hampton Institute,
Hampton, Virginia 23668,

The purpose of this three-year study is to investigate the cloud
dependence of incident solar radiation at Hampton, Virginia. Solar
irradiance at the Earth's surface is related to the extraterrestrial solar
irradiance, to radiation absorbed and emitted by the atmosphere and clouds,
and to radiation reflected by the Earth-atmosphere system. A ground-based
measurement station has been established at Hampton Institute to monitor
solar radiation, atmospheric emitted radiation, local cloud cover, and
atmospheric turbidity. Continuous measurements of global, direct and diffuse
solar radiation, and atmospheric infrared radiation are made and stored by
computer. NOAA GOES-EAST satellite data are used to obtain albedo and cloud
cover information.

Interim analyses performed on the data include monthly averages of
global insolation, infrared radiation, and atmospheric turbidity. Global
insolation has been correlated with fractional cloud cover from March 1, 1981
through February 1, 1982 using the ARL empirical model.

(Supported by MASA grant No. NAG-1-87)
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ABSTRACT ~ AMERICAN SOLAR ENERGY SOCIETY PRESENTATION

SOLAR ENERGY MEASUREMENT PROGRAM AT HAMPTON, VIRGINIA

D. A. Whitney, T. J. Griffin and D. D. Venable

A global, diffuse and direct solar irradiance and atmospheri: emittance
measurement program was initiated in February 1981 at Hampton Institute,
Hampton, Virginia. Beginning March 1, 1982 the integrated irradiance and
emittance data were sampled on a one-mninute basis and stored on magnetic tape
by a microcomputer. Whole-sky photographs are used to document local cloud
cover and are obtained on a regular basis. Atmospheric turbidity measurements
are performed for clear-sky conditions with a Volz-type Sunphotometer.

Several types of analysis have been performed with the radiometric data.
Hourly global insolation has been correlated with opaque cloud cover fraction
using the Air Resources Laboratory empirical modell. The cloud cover fractions
were obtained from three different sources: 1) analysis of satellite photoprints;
2) analysis of ground-based whole-sky photographs; and, 3) visual observations
made by trained observers at nearby Langley Air Force Base2, Results of the
comparisons for the first complete year of measurements will be presented.

Mean hourly and daily total integrated irradiance will be presented for
each month since February 1981, Atmospheric turbidity data have been analyzed
in terms of the Rngstrgm turbidity parameters3 and aerosol optical depths at
390 nm, 500 mm, and 875 nm. The results of the data analysis will be presented
for the time period February 1981 through January 1983.

This research was supported through the NASA Grant # NAG 1-87.

1. NOAA, 1979: SOLMET Vol. 2., Iinal Report, Ashville, NC. USDOC/NOAA National
Climatic Center.

2. We gratefully acknowledge the assistance of the persornel of Detachment 7,
3D Weather Squadron, Langley Air Force Base.

3. Rngstrgm, A., 1961, "Techniques of Determining the Turbidity of the Atmosphere,'

Tellus XIIL, 2, pp. 214-222.
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APPENDIX III

CALIBRATION INSTRUMENTATION USED AT HAMPTON INSTITUTE

1. Calibration of Eppley NIP#20254E6

Standard Sensor- Fppley Model H~F Self-calibrating Cavity Pyrheliometer
Serial Number 18752

H-F Control Unit- Eppley Model 405, Serial Number 6621

NIP Output Monitor- Keithley digital multimeter, model 179-204,
Serial Number 27764

2. Calibration of Eppley Electronic Integrators

Standard Millivolt Source- Honeywell Rubicon Potentiometer, Model #2730
Serial Number ''NASA-Langley 103291"

Standard Source Monitor- Fluke Digital Voltmeter, Model #8300A
Serial Number 307
calibrated 9-10-81

ppley Integrator Voltage/frequency monitor-
Hewlett~Packard Timer/Counter, Model 5327A
Serial Number 1120A00231
calibrated 12/83

Integrator Amplifier Gain and analog output monitor-
Keithley digital multimeter, Model 179-20A
Serial Number 27764
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DATA ACQUISITION AND STORAGE HARDWARE

ITEM DESCRIPTION QUANTITY

Integrator with BCD Interface

Microcomputer System with
RS232 Interface

Microcomputer ROM Expander
Real Time Clock ROM Pack
Binary/BCD I/0 Interfaces
— Interconnected
~ User Supplied Interface Box
Minicomputer with 2 Track Tape Drive

Interface Box with I1ED Photo Count Display

2 Channel - 12 Bit D/A Converter #

12 Bit 16 Chamnel Data Acquisition System *

* These two devices were used in the design and testing stages.

% - . . oo [ = . . owox . Cee e
W e R .

MANUFACTURER & MODEIL NUMBER

Eppley Laboratory, Model 411-6140

Tektronix, Inc., Model 40%

Tektronix, Inc., Model 4051EC1L
Trans Era, Model 641-RTC
Trans Era, Model 632 BCD

with Options 1 and 2
Digital Eauipment, PDP 11/34

Designed and Built by D. D. Venable
& R. W. Blakey

Trans Era, Model 620 DAC

Trans Era, Model 652 ADC

ALITvNO ¥00d 40
Bl A9Vd TYNIDIHO



- -

2 4

APPENDIX V

ABSTRACT ~ BETA KAPPA CHI ~ PRESENTATION

COMPUTISIR AUTOMATION OF A SOLAR RADTATION
LABORATORY. R. W. Blakey* and D. D. Venable,
Physics Department, Hampton Institute,
Hampton, VA 23668

A solar radiation mensirement laboratory that includes two
precision spectra pyranometers, a precision infrared radiometer, a
normal incidence pyrheliometer and an all sky camera has been automated
to allow direct computer acquisition of insolation data. Signals from
the solar instruments av Integrated and displayed on five digit light-
emitting-diode displays. Yhe integrated signals are transferred via a
general purpose interface card to a microcomputer. We have designed,
constructed and implemented hardware and software configurations that
permit data acquisition, storage, transfer, and display. System
reliability tests have been performed and mean time between failure and

systen down time have bee¢n characterized.
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SOTIMATION OF VISSR UNCERTAINTY

An uncertainty of 20k, in the calibration and digitization of full-
regolulion visual imagery, wos obtained using the following reasoning:

Assume that the © x & image array used in estimating the spaceward
reflectance of the Earth~atmosphere system is about 3/€ land (reflectance
= 0.15) and 2/€ water (reflectence = 0.04) for the local solar measurement
site geography using Table 7 in Muench (1981); the net random error, aftsr
multiplying the land and ocean reflectivities by the weights just given,
for this array is 9.8% for 1 mi x 1 mi resolution. Assuming that the
inverse proportionality between the net random error and the nadir-point
resolution holds between % mi x %4 mi and 1 mi x 1 mi as it does between
Imix1m anddmi x4mi, this trenslates to a net random error of 19.6%
for % mi x % mi. The pylhagorean sum of this with the 5% systematic
calibration errors for the variable model of Muench (1981) yields 20.2%

which should be rounded to 20%.
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