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Introduction
Pressures to develop alternative energy technologies have increased with
the rapid depletion of sources of readily accessible fossil fuels of acceptable
quality under present environmental guidelines, and the increased need to at
least reduce our dependence upon foreign-controlled oil supplies. While all
possible avenues are being considered, solar and wind energy conversion systems
have been widely proposed as potential buffers for the national energy crisis.
The solar and wind energy resources are attractive alternatives because
they are adaptable for both large and small-scale users. They also have the
advantage of having been utilized in the past for a number of small-scale
applications, and so are more readily acceptable to the population at large.
However, both of these energy sources are quite sensitive to variations in
weather and climate. Changes in cloudiness and atmospheric turbidity, along
with other parameters, directly influence the receipt of solar energy at the
surface, and the associated passage of weather systems and diurnal heating and
cooling play a large part in causing the observed variations in surface wind
speed. Consequently, to have a good understanding of the magnitude of these
potential energy resources and their spatial distribution over Illinois, we need
long-term meteorological data, including measurements of wind speed and solar
radiation. Reliable and comparable long-term data on the necessary spatial
scale are not currently available. Also there is little useful information on
the impact of climatic variability upon solar and wind energy availability, even
on the short time scale. As a result, climate-induced variations and often even
differences due to changes in day-to-day weather have been ignored as variables
in the determinatinon of cost-benefit analyses used to evaluate many proposed
technological developments related to alternative energy systems.
This program was initiated to establish an observational network to provide
a high quality solar radiation data-base on the temporal and spatial scales
critical to the appropriate evaluation of solar energy systems. With time and
continued monitoring, these data will provide planners with information on
climatological trends and variations in receipt of solar radiation at the
surface for meso scale regions in Illinois. This is a spatial scale in keeping
with that used in previous atmospheric experiments that have revealed variations
in cloudiness and precipitation, often with a persistence of months to years.
Other previously collected comparable solar radiation data have been considered
to provide an initial examination of historical trends and variability in solar
radiation received over this region of the mid-west.
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Background
Prior to the initiation of this project, solar radiation was being
monitored independently at a few places in Illinois, but direction of operations
at these sites lacked coordination, and the data are not of sufficiently
compatible form to incorporate into one picture for a number of reasons. Often
these measurements were made for only a relatively short period of time and with
widely different objectives which bore strongly on the methodology adopted. In
most cases the acquisition of data had commenced very recently, meaning that
little value could be attributed to them as being representative of any mean
value. Additionally, the type of instrumentation employed varied widely,
resulting in a variety of differences in the sensor outputs related to the
instrument characteristics, spectral response, mounting and exposure, and
leading to incompatible data in many cases. The types of factors involved here
caa cause wide variations in calibrated output, often of the order of 10-20%,
and under certain conditions much greater. These factors include differences in
instrument response time, varying instrument sensitivity to temperature,
spectral composition of the incoming radiation, azimuth, orientation and zenith
angle, and also changing sensitivities when instruments are mounted in
non-horizontal positions. The procedures adopted for instrument calibration (if
performed) and maintenance also varied widely, and the nature of the exposure,
particularly in the case of tilted sensors lacked consistency.
In view of the potentially large uncertainties in this presently available
data, it was decided not to consider them for the purpose of development of mean
values, and to ensure that the network to be developed under this project should
be governed by a consistent policy of site selection criteria, instrumentation
type, calibration, maintenance, and methodology, and to supplement the data
obtained only with other measurements obtained under compatible conditions
elsewhere.

Project Aims
The primary aims of the project are:
(1) to collect high-quality solar radiation data in order to develop an
understanding of the mesoscale solar climatology for Illinois;
(2) to use these data to interpret the spatial and temporal variability in
the solar energy potential for the state;
(3) to publish the collected data and make it available to interested
agencies, research organizations and members of the public; and
(4) to incorporate these measurements with other historic data and related
information such as sunshine records to extend the usable records back in
time.
To ensure the best possible data set, it was necessary to use high quality
sensors and recorders, to install these instruments at good data collection
sites determined according to a consistent set of criteria, and to use a
consistent methodology throughout. Additionally, these sites should be
maintained for a long-term program of monitoring.
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Selection of Measurement Sites
The criteria developed during the site selection process are listed below
in their order of importance.
(1) The sites should provide a reasonably homogeneous spatial coverage of
the State, although this is difficult with only 6 sites to be established
in the first year of the project. Consequently consideration was also
given to probable site locations for the anticipated additional sites to be
established during the second year. It was determined that data from the
Argonne National Laboratory at Lemont would be compatible with the network
data, and permission was obtained for us to receive it, hence giving a
seventh site in the first year. It was also decided that no attempt should
be made to monitor solar radiation within Chicago since due to large local
variations in cloudiness, atmospheric moisture and aerosol concentrations
it is likely to be highly variable. Rather this should be studied
independently in a future project.
(2) The pyranometers were to be mounted with their sensing surfaces
positioned in a horizontal plane as is conventional in meteorological
practice. Solar fluxes on surfaces of other orientation can be estimated
from this data using appropriate empirical models. The instruments should
be positioned at a height of at least 1 meter above the surface, but still
be convenient for servicing.
(3) The pyranometers should be located preferably in an open space in a
relatively flat area, and fairly unobstructed by buildings, trees and all
other tall objects, particularly from the east through south to west. It
is important that there be no shading of the sensor surface, and best if
there is also little horizon obstruction. The limits imposed were that the
top of any obstructions located from the east through south to west should
have an angle of elevation from the sensor surface of less than 5° (2.5
meters above instrument at 30 meters distance), and that the location would
be definitely unsuitable if the angle of elevation of any obstruction
exceeded 10° (5 meters above instrument at 30 meters distance).
(4) The site locations should be relatively accessible at all times of the
year to facilitate Water Survey personnel in the initial installation of
the delicate equipment, and in their routine visits for maintenance,
calibration and checking of the instrumentation. However, the site should
not be directly adjacent to high-use areas or traffic corridors where it
may become subject to theft, vandalism and/or tampering.
(5) It would be beneficial to have experienced and sympathetic personnel
living and/or working near the site. This would greatly enhance the
security of the instrumentation and provide an "on-site" observer who could
notify Water Survey personnel promptly in the event of such abnormalities
as equipment malfunction, damage or theft, thereby reducing periods of data
loss.
(6) It would be preferable to have a 115 V AC power source nearby to
reduce distances through which cabling would have to be installed.
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(7) It was also considered preferable to locate these sites at places
where the data could be utilized to assist with on-going operations or
research.
It was decided to co-locate these sites with those for a wind energy study
also initiated by the Water Survey, and in addition to include equipment to
monitor temperature, humidity, precipitation, soil temperature and soil moisture
at the same location.
After much discussion and searching it was determined that the most
appropriate places to locate the equipment would be at the University of
Illinois College of Agriculture Research Centers. It was felt that they could
provide a reasonable well-spaced network of sites giving a good state-wide
coverage during the first year; having good instrument exposure, accessibility
and long-term availabiltiy; offer good security against the threats of vandalism
and theft; have experienced staff on location; and the data would be useful to
agricultural researchers.
A proposal was submitted to the College of Agriculture and approval given
to establish sites at 5 of their Research Centers. In addition to the Water
Survey site at Bondville, about 5 miles SW of Champaign, this provided the
necessary 6 sites for the first year. The location of these sites is shown in
Figure 1, and Table 1 provides detailed information of their exact longitude,
latitude and height above sea-level. Initially the Bondville site was not
instrumented, the pyranometer instead being installed on the Water Survey
building in Champaign in order to recalibrate an actinograph used previously to
provide estimates of solar radiation for Champaign, but now in need of
considerable maintenance. The Champaign actinograph has been in continuous
operation since July 1966, providing a relatively long-term record for
evaluation. The simultaneous operation of the pyranometer and actinograph for a
period of months at this location will allow an assessment of the quality of the
long-term actinograph data.

Description of Instrumented Sites
The following is a general description of the actual instrumented sites
which shall for the remainder of the report be referred to as DeKalb, Monmouth,
Perry, Champaign, Brownstown, Dixon Springs, and Lemont.
(1) DeKalb:
This site is located in DeKalb County at the University of Illinois
Northern Agricultural Research Center between Shabbona and DeKalb and has a
resident farm manager. The site has a slight east-facing slope (<3°) and is
open in all directions except for a coniferous windbreak of about 12 m height at
about 100 m to the NW and the farm manager's residence of about 10 m height at
about 100 m distance to the WNW. The immediate surroundings are grassed verges
and agricultural experiment plots planted in corn in 1981.
(2) Monmouth:
This site is located in Warren County on the newly acquired University of
Illinois Northwestern Agricultural Research and Development Center about 4 miles
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Figure 1:

Location of solar radiation sites, 1901.
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Table 1

Sites selected for year 1 of the Illinois
solar radiation monitoring network.1

Latitude

Longitude

Height
Above
MSL
(m)

DeKalb

41° 51'N

88° 51'W

265

Monmouth
Perry
Champaign2

40° 65'N
39° 4.8'N
40° 03'N

90° 45'W
90° 50'W
88° 57'W

229
206
219

Brownstown
Dixon Springs
Lemont 3

38° 57'N
37° 27'N
41° 42'N

88°
57'W
88° 40'W
87° 58'W

177
165
221

Site Name

1

It is anticipated that a more spatially homogeneous
network will result from additional sites to be
initiated in year 2 of the project.
2

This site is anticipated to be relocated slightly SW
to Bondville (40° 03'N, 88° 22'W, 213 m above MSL) during
year 2 of the project.
3

This site is at the Argonne National Laboratory and
has not been instrumented by the Water Survey. It was
established in 1950 with equipment compatible with that
used in the network. It has obvious benefits of a longterm record.
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west of Monmouth. At present there is no resident worker, but a farm manager is
to be appointed shortly, and will reside on the property. There is no
detectable slope at the instrumented site, although there is a shallow SW to NE
oriented gully about 100 m to the SE. The only obstruction within 600 m is an
unused cattle-shed of about 6 m height at about 50 m to the NE. The surrounding
land is cropped in soybeans this year.
(3) Perry:
This site is located in Pike County at the University of Illinois Orr
Agricultural Research Center between Perry and Fishook, and has a resident farm
manager whose home is adjacent to the site. The instruments are located on an
upland area dissected by a NE to SW oriented gully of about 10 m depth to the NW
of the site, and with an east-facing slope of about 5° (see Figure 2 ) . The site
is open in all directions, with the only obstructions being the farm manager's
residence of about 7 m height at 100 m distance to the NW and the Center's
office, implement shed and new classroom/laboratory complex over 250 m to the
ENE, with a pond lying between them and the site. The immdediately adjacent
area serves as the Center's meteorological site and an experimental plot planted
in corn.
(4) Champaign:
At the moment the pyranometer is situated on a stand on the penthouse on
the eastern end of the Water Resources Building occupied by the Water Survey on
the corner of Springfield and Sixth Streets, Champaign (see Figure 3 ) . The
exposure is excellent with only a few buildings and odd trees any higher than
the sensor, and these are all at considerable distances. The instrument has
been placed here temporarily to permit calibration of the previously installed
actinograph for which some years of uncalibrated data are available. The
instrument is to be reestablished at Bondville on flat land cropped in soybeans
as soon as a satisfactory calibration has been completed.
(5) Brownstown:
This site is located in Fayette County on the University of Illinois
Brownstown Agricultural Research Center, about 5 miles south of Brownstown.
There is a very slight S facing slope (<2°), and apart from a wooded area from
the ESE to the SSW and at 300 m there is no obstruction. A large pond lies well
to the south and between the wooded area and instrument site. The adjacent area
is used as experimental crop land; wheat and irrigated corn and soybeans this
year.
(6) Dixon Springs:
This site has been incorporated in the meteorological enclosure of the
University of Illinois Dixon Springs Agricultural Research Experimental Station,
between Glendale and Dixon Springs, Pope County in an undulating, partially
wooded area typical of southern Illinois (see Figure 4 ) . The instrument site is
located near the top of a knoll with a shallow-west-facing slope. The nearest
obstructions are a timbered area and house to the east and a house and isolated
trees to the north. The area is quite open from the SW through W to the N.
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Figure 2. Perry site, August 1981. Eppley 8-48
pyranometer on horizontal boom attached to anemometer
tower. Integrator-printer system in insulated white
box on tower. View towards SE.

Figure 3. Champaign site, August 1981. Eppley 8-48
pyranometer on left-hand stand and actinograph on
right-hand stand. View from top of penthouse on eastend of Water Resources Building, looking NE.
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Figure 4. Dixon Springs site, August 1981. Eppley 8-48
pyranometer on near stand, recording system in white
box attached to far tower which serves as support for
anemometer. View looking towards north.
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(7) Lemont:
This site is operated by the Argonne National Laboratory just north of
Lemont and the Illinois and Michigan Canal, in western Cook County. The
pyranometer monitoring solar radiation is located on the top of a tower of about
8-10 m height, and has an unobstructed exposure.
Instrumentation:

Purchase and Calibration

Six Eppley 8-48 or black and white pyranometers (illustrated in Figure 5)
and six matched Eppley electronic integrators and digital printers (shown in
Figure 6) were purchased from Science Associates Inc., N.J. to serve as the data
acquisition systems at each of the sites. This instrumentation was received in
March 1981, and given a variety of laboratory tests to ensure operating
compatibility, to check calibration values, and to check for any inherent
problems. During April, 1981, the six pyranometers were transported to Boulder,
Colorado to be calibrated over a 2-3 week period at the national calibration
laboratory maintained at the National Oceanic and Atmospheric Administration
Environmental Research Laboratory.
This calibration phase at Boulder proved very beneficial, and a number of
fine-tuning adjustments were able to be performed on the sensors to make them
respond more accurately to the incoming solar flux, or to provide correction
factors to modify their signals to give more appropriate solar radiation values.
In particular, it was found that 5 of the 6 sensors required at least a slight
alignment of their sensor surfaces to make them exactly horizontal when the
pyranometer body was exactly horizontal. In the worst case a 5-7% error in the
output signal was occurring before the alignment was made. A cosine response
curve for the instruments was able to be developed from the data collected, and
a measure of the impact of rotation of the black and white sensor surface upon
the output signal was determined. This led to a consistent method of exposure
of the sensors so that at least their output signals were comparable under
similar conditions. Finally, variable calibra-tion values for these sensors were
developed to permit their signals to be equated with those from high precision
pyranometers.
The net result of these tests and adjustments, is that given no other
malfunctioning, the output signals will provide solar radiation values within
±3% of actual values under most circumstances. Only at fairly low intensities
is the signal error likely to exceed this value, and fluxes of this order are of
little value as an energy source. Consequently we can have high confidence in
the data being provided by the network.
The integrator-recorder systems were pre-calibrated at the Eppley
Laboratory, and were checked using constant millivolt input sources at the Water
Survey. They were found to have been adjusted precisely, and no further
preliminary adjustments were effected.
Instrumentation:

Installation and Performance

The actual installation of equipment at the various sites commenced in May,
1981, following a period of final site selection, fabrication of support
structures and recorder shelters, and cable preparations. In all cases, signal
cables were kept as short as possible (maximum of 10 meters) to keep resistance
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Figure 5. Epply 8-48 (black and white) pyranometer
mounted on horizontal steel plate, Champaign site.

Figure 6. Eppley integrator (top) and digital printer
(bottom) housed in insulated recorder box attached to
a tower, Perry site.
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at a minimum, and shielded cable used to avoid interference to the signal by
other electromagnetic fluxes. Power cables installed were trenched, with 12
gage cable used if less than 15 meters long or 10 gage if longer. Circuit
breakers were installed at each site.
Two systems were devised for the support of the pyranometers. The first
method utilized a horizontal steel plate attached to the top of a pole and
positioned at a height of 1.75 meters. This was used at Dixon Springs and
Champaign where it was beneficial to locate the pyranometer away from the
anemometer tower to improve the conditions of instrument exposure to achieve the
necessary standards adopted (see Figures 3 and 4 ) . The second method utilized a
horizontal steel plate attached to the end of a 3 meter horizontal boom which
was bolted at a height of 1.75 meters on the anemometer tower with necessary
support struts. The horizontal boom was pointed towards the south from the
tower (see Figure 2 ) . This system was adopted at Bondville, Brownstown, DeKalb,
Monmouth and Perry. Both systems have functioned well, and will be adopted for
further sites in year 2.
A standard insulated recorder shelter was developed (see Figures 2, 4, and
6) and consisted of a 1 m × 0.6 m × 0.5 m painted box lined with R11 styrafoam
insulation and equipped with ventilation ports and thermally controlled fans and
light bulbs to maintain internal temperatures well within the operating range of
the recording systems. These shelters have proved themselves at all sites under
spring and summer conditions.
The first site completed was Champaign, with the first set of usable data
being recorded on May 8. All sites had been completed and were providing usable
data by June 24, 1981. Table 2 provides a summary of the performance of the
equipment at each site. Overall performance has been satisfactory to good, with
a total of 7380 hours of usable data recorded for the six sites to mid-August
(90.3% of the possible hours).
In general the Eppley 8-48 pyranometers have performed quite well,
requiring only that their glass dome be cleaned regularly with methyl alcohol,
and that their silica gel be refurbished occasionally. However, two of the
sensors, those at Monmouth and Champaign, had a faulty seal that permitted
moisture that had condensed on the external body of the instrument to be
ingested to the interior. This moisture rapidly expended the silica gel,
saturated the air inside the instrument, and then as the air in the dome cooled
due to radiative loss at night, condensed on the inside of the dome and ran down
onto the sensor surface, staining, it and thereby changing its sensitivity to
the incoming solar flux. This condition occurred at Monmouth in early July and
at Champaign in late July. These damaged instruments were still under
guarantee, and so were returned to the Eppley Laboratory, R.I. for correction of
the fault, repainting of the sensor surface, and recalibration. One pyranometer
was sent to us on loan while repairs were being effected. The Monmouth sensor
has been returned, but we are still awaiting the Champaign instrument.
The Eppley integrator-printer systems have also performed quite well with
only one annoying internal feature: that being, that whenever there is a power
failure or disruption (even for a few seconds), they turn off, resetting their
clocks and integrators, and requiring manual resetting before they will again
print data. This one poor feature has resulted in at least half of the data
loss that has occurred to date. The other large data losses have resulted from

Table 2.

Record of period of monitoring of solar radiation at each of
the six sites instrumented and problems encountered.
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two sources; frequent power shut-downs at Perry during the construction of a new
classroom/laboratory facility; and the impact of a nearby lightning strike at
Dixon Springs, leading to extensive damage to the electronic components of both
the integrator and printer. This has now been repaired at the Water Survey
laboratories, and has been returned to operation. Two other minor electronic
component malfunctions have led to minor data losses at Perry and Brownstown
respectively, but these were able to be rectified quickly.
Personnel
cooperative in
requested, and
administrative

on the Agricultural Research Center farms have been very
their response to the project, and willing to assist whenever
the support of the University of Illinois College of Agriculture
personnel involved has been solid throughout.

Data Collection and Evaluation
The integrator-printer systems have been set to provide integrated hourly
data at each of the sites, with accumulated hourly solar radiation data in
W/m2 being printed on paper tape, and values being reset to zero after the
midnight printing. These data have been entered onto disc files (one per site)
on the University of Illinois CYBER 175 computer in Champaign. A FORTRAN
program has been developed to appropriately calibrate and process these data and
provide tabular listings of hourly data by days for each month. Daily and
monthly totals and maxima and minima values are also calculated and printed.
The output can be in any one or more of 3 sets of units; W/m2 and MJ/m 2 ,
cal/cm2 and kcal/cm2, or BTU/ft , thus being immediately useful to a wide
range of potential users without the need for unit conversions.
Examples of the output provided by this program are listed in Appendices A
and B. Appendix A provides the Champaign record from May to August in each of
the 3 types of output, while Appendix B provides the Perry data in W/m2 and
MJ/m2 only. The complete data listing will appear in a separate report.
Distribution and Variation of Solar Radiation Over Illinois
Insufficient data have yet been received from the network stations to
provide any useful insight into the spatial and temporal variation of solar
radiation over the State, but estimated data presented in Knapp et al.(1980)1
have been combined with records from Lemont, Columbia (MO), Indianapolis (IN),
and Madison (WI) to provide tentative spatial patterns of mean monthly solar
radiation received on a horizontal surface over Illinois (Figures 7A and 7B),
and Figure 8 provides comparable annual mean data. Once data from the Illinois
solar monitoring network becomes available these relatively simple patterns will
become modified, and with the more reliable data some changes could become quite
significant.

1

Knapp, C. L., T. L. Stoffel, and S. D. Whitaker, 1980:

Insolation Data

Manual.
Long-term Monthly Averages of Solar Radiation, Degree Days and Global
KT for 248 National Weather Service Stations.
Solar Energy Research
Institute, Golden, CO, SERI/SP-755-789, 282pp.
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F i g u r e 7A
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F i g u r e 7B
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Figure 8
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A latitudinal gradient in solar radiation exists for all months, with the
lowest values in the north. Additionally, all months, and particularly January
through September, exhibit a west to east decrease in solar input in response to
the increase in cloudiness over the region as you move eastwards away from the
Mississippi River. Also in the northeast there is. a distinct minimum in solar
energy related to increased cloudiness associated with Lake Michigan and the
urban and industrial influence of the greater Chicago area.
Assuming these mean data to be fairly close, the network data collected to
the present give some indication of a reduction in solar radiation below normal
during the months of June and July at most sites (see Table 3 ) , and indicate a
similar trend for August, although the full month of data has not yet been
collected. These data fit expectations in view of the cloudy and wet summer
months most of Illinois has experienced this year.
Figure 9 provides monthly mean, extreme and percentile values of solar
radiation received on a horizontal surface at Lemont. While these data cannot
yet be provided for other areas of the State, it does give an estimate of the
likely variability in monthly means of daily values.
In the absence of available measurements of solar radiation, daily or
monthly estimates can be made by using simple empirical equations of the type:

where Q = solar radiation on horizontal surfaces;
QA - extraterrestrial radiation impinging on the top of the atmosphere
(in same units as Q ) ;
n = hours of bright sunshine;
N = maximum possible hours of bright sunshine;
a,b = regression coefficients - vary with site and season, but approximate
values for Illinois are:

These values of regression coefficients a and b were evaluated using data
for Columbia, MO and Indianapolis, IN, and should provide reasonable values for
solar radiation estimates over Illinois where sunshine data are available.
Long-Term Trends in Solar Radiation
The only data set which can be used to provide long term trends of solar
radiation received on a horizontal surface for Illinois is that for Lemont.
Table 4 presents monthly means of this data for three periods; namely the whole
period of 1950-1978, and two subsections of the whole period, 1950-1964 and
1966-1978. Data for 1965 have not been included as they were not available in a
validated form at the time. This clearly indicates that there has been a
downturn in the annual mean between the two subsections of 7.2%, and also in all
monthly means except those for January and February, and with a maximum decrease
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Comparison of solar radiation
measured during June and July, 1981
to the estimated mean values used
in Figures 7A and 7B.
% difference of measured value
from estimated mean value
June, 1981

July, 1981

DeKalb

+3

-17

Perry

-4

-15

-11

-15

-6

-13

-9

-11

Champaign
Browns

town

Dixon Springs

Table 4:

Monthly and annual means of daily total solar radiation received on
a horizontal surface at Lemont, IL (Argonne National Laboratory) for
the periods 1950-1978, 1950-1964, and 1966-1978 in BTU/ft2.
J_

F_

M_

A_

M_

J_

J_

A_

S_

854 1145 1440 1790 2010 1944 1729 1396

O_

N_

D_ Year

1950-1978

596

996 588

460

1244

1950-1964

601 856 1163 1470 1858 2104 1973 1785 1500 1049 635

498

1289

1966-1978

585

416

1196

852 1125 1408 1716 1910 1914 1668 1275

935

534
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Figure 9: Monthly mean, extremes and percentile (10th, 25th, 75th,
90th) values of daily total solar radiation received on a
horizontal surface at Argonne National Laboratory,
Lemont.
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of 15.0% for September. Figure 10 displays annual and some monthly mean data
for each year of record at Lemont from 1950 to 1978 and it is obvious that for
some months, although there is considerable interannual variation, a continued
and significant reduction in solar radiation received at the surface is
apparent. Lines of best fit were computed for each month and the annual case
using a least squares analysis, and coefficients for the regression equation
determined. These lines have been plotted for the months displayed using
dashes. There has been no change for January or February, and only small
decreases evident for both March and April which are not statistically
significant since they are swamped by the wide scatter in the data. However, in
each of the months from May through December, there has been a significant
decrease with r2 >0.20 in each case, and having a maximum value of 0.50 for
September.
A closer scrutiny of the monthly and annual data reveals that for years in
which one month is significantly different from the line of best fit, there is a
tendency for succeeding months to have the same type of variation. Thus, for
annual means that are significant peaks or lows, there tends to be 9 or more of
its constituent months that vary in the same way.
This general downward trend for Lemont probably results from the interplay
of at least two factors. The urban/industrial effect of the Chicago region as
it has expanded towards the Lemont area has resulted in an increase of aerosols
in the local atmosphere, thereby reducing its transparency to the solar beam,
and also leading to an increase in cloudiness and precipitation. The increase
in contrails over the same period has resulted in an increase in cirrus cloud
and hence greater reflection of the solar beam before it reaches the surface.
Shifting weather patterns leading to changes in the patterns of cloudiness and
atmospheric water vapor, and possibilities of undetected calibration drift in
the instrumentation may also be contributing factors. A review of available
data for Columbia, MO and Indianapolis, IN revealed similar trends in the case
of Indianapolis, but no significant changes for Columbia.
Thus if solar technology is to be implemented as a major strategy, it is
imperative that we investigate these urban/industrial effects and long-term
changes in incoming solar radiation in more detail. This is very important in
the case of Illinois since such a large proportion of its population lives in an
urbanized environment that may be subject to such reductions in incoming solar
energy, thus making it potentially less cost-effective, or requiring different
technology to achieve the necessary energy levels.
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Figure 10:

Annual and monthly (February, June, September,
December) means of incoming total solar radiation
"received on a horizontal surface at Lemont,
1950-1973.
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APPENDIX A

The hourly solar radiation record for the Champaign site, May to August,
1981.
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The following tables provide the hourly record of total solar radiation
received on a horizontal surface at the Champaign site from the commencement of
measurement on May 8, 1981 to the end of August, 1981. Daily and monthly
totals, means, and extreme values are also included, and the data are presented
in three unit formats so as to be immediately useful to a wide spectrum of
users. The tables on pages 26 to 29 have the data in W/m2 and MJ/m 2 , those
on pages 30 to 33 provide the data in cal/cm and kcal/cm2, and the tables
on pages 34 to 37 use units of BTU/ft2.
The general format is the same in all cases, with each page providing the
data for one month. The body of each table provides hourly data for each day of
the month in units of W/m 2 , cal/cm2 or BTU/ft2. The right hand columns
list daily totals (TOTD) in MJ/m 2 , cal/cm2 or BTU/ft 2 , and the number of
hours of acceptable data for each day (#H). The rows across below the hourly
data matrix provide monthly mean, maximum and minimum values of solar radiation
received for each hour period, labeled as AV, MAX, MIN, respectively and each in
W/m , cal/cm or BTU/ft , and the number of days in the month (#D) for
which there was acceptable data for that hour period. The row entitled TOT
provides the total solar radiation received through the whole month for the hour
period in MJ/m 2 , cal/cm2 or BTU/ft2. The small table at the bottom
provides corresponding values for the whole month, using only days with a full
24 hours of acceptable data, and in the units specified within the table.
The Champaign record provides a good example of uninterrupted data,
allowing the highest confidence in daily and monthly totals and monthly means
and extremes. The maximum daily values for each month are typical of a clear
day solar energy receipt on a horizontal surface, while the monthly average
value tends to be representative of the energy receipt on most days of the
month.
A full listing of the data for all sites will be presented in separate
reports expected to be issued on a regular basis.
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APPENDIX B

The hourly solar radiation record for the Perry site, June to August,
1981.

-39The following tables provide the hourly record of total solar radiation
received on a horizontal surface at the Perry site from the commencement of
acceptable data on June 18, 1981 to the end of August, 1981.

The format of the

tables is identical to that for the Champaign data (see Appendix A ) , but the
data are presented in units of W/m2 and MJ/m2 only.
The Perry record provides an example of a record with very frequent
interruptions, in this instance resulting from power outages due to a
combination of a building project at the site and electrical storms. In the
case of the July data, 15 days were omitted from the monthly computations
because of at least one hour of missing record, while 12 days were excluded from
the August computations. Consequently, the monthly values are more questionable
than those for Champaign. In the future, if situations of this type arise it
may prove desirable to develop estimates based upon the partial daily records.
It is expected that in the near future, with the completion of the building
project at Perry, that data losses will be much reduced.

