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- Bureau and cooperating stations during

' Weekly Mean Valuesof ; Dally Total Solar and Sky Radlatlon

Introductwn

Thls paper presents in graphlcal form Weeklyf L
~mean values of daily total solar and sky radiation

received on a horizontal surface at Weather
the last
35 years. It also gives explana,tlon of the depar-
_ tures from normal.

“Description of stations which have been main-

tained less than one year together with the data '
from them is given in the MonTHLY WEATHER RE-

view : January 1981, p. 41; January 1940, p. 17;

September 1941, p. 287; and J anuary 1945, p 190,
~ Asthe data from some stations are for 1 year only
while other stations are represented by 30 or more
- years of data, the results arenot exactly compar-
~able. Nevertheless, for the purpose of complete-

ness, all data of 1 year or more are included even

though some of the values are identical with those -

- appearing in the MonTHLY WEATHDR REVIEW for
: December 1937 : ; ;

Instrumental Eqmpment -

- served as receivers with Leeds and Northrup [3]

micromax potentlometers predominating as re-

corders. In a few instances, Engelhard recording
microammeters [2—4] were used as recorders, while

~ the Weather Bureau at Blue Hill recently started -
- using the Brown Electronik potentiometer [5].

Moli pyrheliometers [6], manufactured by Kipp

and Zonen, Delft, Holland, were tried out at
British-made Callendar
equipment [7] was used by Dr 0. J Selplem at

- Fresno, and Mlaml

Belle Isle, Fla.
Nearly all the pyrheliometers used in determin-

. ing these data were compared with Weather

Bureau secondary standard pyrheliometers [8] at
Blue Hill Observatory, Milton, Mass.
reau secondary standard silver-disk was compared

frequently with Smithsonian standards at the As-
trophysmal Observatory of the Smlthsoman Inst1- .

tution in Washmgton, D C..

~cannot explam the exact cause.

- in view of the large volume of data.
~ amount of radiation at the time of the spring

The Bu-

values for New Otleans and La Jolla.

: Charts

Flgures 1~11 give the Weekly means of daﬂy
totals of solar and sky radlatlon on a horizontal

- surface, gram-calories per square centimeter =
~ (langleys [9]).
_thermal units may convert values in langleys to

Engineers who prefer British

B. t. u. per square foot by multlplymg them by the
factor 3.69. The number of years of observation
for each station is listed with the name of the

“station. Curves have been drawn through the
plotted data to permit instant v1sua11zat10n of the

annual march of radiation.
In figure 1, the curves for Honolulu and Pearl

,Harbor, T H [10] were smoothed considerably
~ because of lack of sufﬁ(uent data to determine
‘trends.
Fla., [11] beginning with mid-June is occasioned
by greatly decreased percentage of sunshine as in-

The marked dip in the trace for Miami,

dicated by the data in the annual meteorological

summaries for that station. The Gainesville, Fla.,

[12] trace is very smooth for the first 5 months,

but wavers considerably durlng the remainder of
o the year.
For the most part Eppley pyrhehometers [1- 2] o

Paucity of data is a contmbutmg cause
of the irregularities.

In figure 2, the curve for New Orleans, La.*
[18] shows a curious tendency, that is, a maximum
in mid-June followed immediately in July by lev-
eling off caused by increased cloudiness associated
with thunderstorm activity. Riverside, Calif.,

- [14] has a maximum early in J uly with a seoond~
~ary minimum in late June. As no other meteoro-

logical data are available from this station, we
The curve for La
[15] shows quite a few fluctuations
The smaller

Jolla, Calif.,*

equmox as compared w1th the tlme of the autumn o

#There is some questlon as to the rel1ab111ty of Weekly mean
‘Therefore, monthly mean
values were used instead. These values agree with values ob-

tained at other stations when evaluated as a function of percent
of sunshine as shown by Slgmund Fritz and T. H. MacDonald
of the U. S. Weather ‘Bureau, in a paper titled ‘‘Average Solar

' Radiation in the United States’”’, published in Hea,tmg and Ven- -

tilatmg, Yol. 46, no. 7, July" 1949, pp. 61—64
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equmox is due chleﬂy to the larger number of fogs, :

“in spring.

~ Based on a lalge mass of dftta the curve for -
T resno, Calif.,, [16] in figure 3'is the smoothest and-

 highest trace of the group. The trace for Nash-
ville, Tenn., [17], with far fewer data, is compara-

tively smooth cons1der1ng the use of bituminous
coal in the vicinity. ' The values of Albuquerque,

N. Mex., [18] show extreme irregularities, due
chiefly £0 ‘paucity of data, but also to fluctuations
in cloudiness and dust storms

~illustrate these effects.

~ The trace for Davis, Cahf [19]):in ﬁgure 4 is
rregular, owing to the small number of observa-

tions, but.on the Whole indieates thata vast amount

of solar energy is received throughout the year.
The trace for the first 7 months for Columbia,

Mo, [20] is smooth, but a secondary maximum
The Washington, -
- D. C. [21] trace was drawn close to the actual

appears i early September.

plotted pomts with less smoothing than with most
‘other traces.

side of the time of the summer solstice.
 Industrial smoke and short record account for
~most of the irregularity of the curve for Pitts-
burgh, Pa. [22] in figure 5. The long period of
‘observations at New York N.Y.[23] has smoothed
out the irregularities to some extent, although the

curve is not nearly as smooth as those for cities -
where there are sufficient data and only slight

atmospheric contamination. The Jirregularities

~ for Salt Lake City, Utah [24] are owing clueﬂy to
‘the brief period of observation, but also to stagna-

tion of smoke from metropolitan industrial plants
and nearby copper smelters. Most of the city
proper lies in flat terrain hemmed in on the east
by the Wasatch Mountains and on the west and

“south by the Stansbury, Oquirrh, and Onaqui

' ‘ranges. -~ As a result, smoke accumulation over
the 01ty greetly depletes solar radiation at tlmes
- [25].

In figure 6, the trace for State College, Pa., [26] '

is surpmsmdly smooth and uniform. The curve
for Lincoln, Nebr,, , [27] also is smooth with a dis-

£ tinet bump in late June and early J uly, at which -

time the percentage of sunshine is at a maximum.

. Boulder, Colo., [28] is situated at a hmh elevation,

~but portions of the Rockies create a h1gh horizon
‘in certain directions. With a longer series of

observatlons, we normally Would expect that this -

- trace would smooth out.
~ Newport, R. I. [29], and East Wareham, Mass.
- [30], are only 36 miles apart; however, Newport

18 dlrectly on the Atlantic Ocean while East Ware-
ham is a few miles inland. Their traces in figure

7 almost parallel each other and both are quite
- smooth and uniform. The curve for Put-in-Bay,
Ohio [31], is fairly smooth and also shows the
effect of meater peloentage of sunshine in mid-

2

Cambmdge, Mass.
. ference in latitude of only 8 minutes, have ir-
‘regular traces.
ities are caused chiefly by smoke and other indus-

The plotted points
were followed closely in this particular curve to.

Neveltheless, the curve is very uni-
form with the single exception of 2 or 3 weeks each -

summer,. (/onsulerlng that there is cons1derable,
atmospheric pollution over Chicago, IIL [321,
that trace is fairly smooth, having been evened
out by a large mass of data. The atmospheric
contamination is the chief contributing cause of
the smaller amount of radiation in that metropoll—'

- tan city as compared with the three other stations
- which are close to the same latitude.

In figure 8, Blue Hill [33], Boston [34], and
[357, W1th 2 maximum- dif-

‘Boston and Cambridge irregular-

trial atmospherlc pollution, and the small number
of observations. The atmosphere over Blue Hill

ordinarily is comparatively free of smoke and

dust, but occasionally with a wind having a north-

erly component smoke blows over the observatory

from the metropohtan area 11 miles distant. This

and more frequent fogs than cover Boston and

Cambridge, accounts for the irregular trace.
Twin Falls, Idaho [36] and Ithaca, N. Y. [37]

~are on the same degree of latitude; East Lansing,
Mich. [38] is only one-quarter of a degree north of
these two stations.
~Fallsin figure 9 clearly shows the difference in ele-
‘vation and cloudiness between the east and the

Therefore, the trace for Twin

west. This. western station receives on the aver-

~age 36 percent more radiation than East Lansing

and 29 percent more than Ithaca. However, some
of the loss in radiation at the two eastern stations
is caused by cloudiness induced by the Great Lakes,
while the higher values at Twin Ialls are partially
owing to mnearly mile-high elevatmn above sea-
level and less cloudiness.

- Anyone familiar with Mount Washmgton, N H
[59] We‘l,thel’ will not be surprised at the irregu-
larity of the trace for that station in figure 10,

- particularly as there are scarcely 11 months of
-data.

tremely smooth, but that statmn has been in opera-

~ tion for 85 years, resulting in smoothing out the
effects of local cloudiness’and fogs caused by the

The trace for Madison, Wis. [40] is ex-

adjoining lakes, amid which the city is situated.
Toronto, Ont. [41] is a comparatively new station

~and hence, the 1rreguler1t1es should lessen Wlth an
'mcreasmg number of data.

Figure 11 clearly mdmatesthe effect of lat1tude :

The maximum radiation value for San Juan, P. R.

[42] is only 1.7 times the minimum, while at Fair-

.banks, Alaska [43] the value of the maximum is.

135 times the value of the minimum. Also, the

 maximum for San Juan, which is south of the

Tropic of Cancer, occurs in late spring, with a’

secondary maximum in July. Secondary minima
- occur in late May and late June with another dis-

tinet falling off in August Although Friday Har-

. bor, Wash. [44] is the most northerly station of'

the group in continental United States, the com-
paratively low values in winter are due in large
part to cloudiness and Wmter fogs.




: Flgure 12 is a comp051te of the followmg 30 
: statlons

Miami, Fla.
.Gainesville, Fla.

~ New Orleans, La.
La Jolla, Calif.

" ‘Riverside, Calif.

“Albuquerque, N. Mex;
Nashville, Tenn.-
~ Fresno, Calif.

 Dayis, Calif. .

- Columbia, Mo.

~ Washington, D. C.

Boulder, Colo. e
Pittsburgh, Pa.
“Salt Lake City, Utah

“New York, N. Y.

10.

11

State College, Pa.
Lincoln, Nebr. = -
Newport, R. 1. -~
Put-in-Bay, Ohio-
East Wareham, Mass

vol. 58, No. 7, July 1930,p 297.

- Blue Hill, Mass. Gih

~ Boston, Mass

Cambrldge, Mass.

Tthaca, N. Y

Twin Falls, Idaho

. East Lansing, Mich. .

Madison, Wis.

- Toronto, Ont.
- Friday Harbor, Wash

While values for Toronto ha,ve been 1ncluded itis
thought that data from this station are representa—
tive of conditions along the northern New York
State border. The geographlcal mean of these 30
stations is at latitude 89°14’ N.; longitude 91°07"
W., or a point a few miles south of Bowling Green,

Mo,
Mo. :
The curve is qulte symmetrlcal but does show

- The mean without Toronto is at Sunlight,

slightly more radlatlon at the fall equinox than at
the spring equinox. The maximum occurs about.
2 weeks following the summer solstice, Whlle the

Solar Observatmns, M onthly Weather Revzew, o

: 'Chlcago, Ill , mmlmum also shovvs a slight lag
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~ Graphs Showing Solar Radiation Received on a Horizontal Surface

~ Figure 1 through 11.—Weekly means (plotted symbols) and annual march
 (smoothed curves) of daily totals of solar and sky radiation received on a
~horizontal surface. ©~ S L
Figure 12.—Composite curve made from the arithmetic mean of the weekly
' mean values for 30 stations. (For list of stations, see page3.)
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- NotTe . Plotted;symbblsﬁ for La Jolla, Calif., and New Orleans, La., show moﬁfhly mean values, see footnote pa“ge 1.
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Weekly Mean Values of Dally Total Solar and Sky Radlatlon

Supplement No 1

Fromktlme to tuney requests are made for the type
“of data appearing in Technical Paper No. 11, Itis

“therefore desirable to keep that pubhcatmn up to date '
~ both by the addition of data from new stations and by'~
"~ the 1mprovement of the curves already appearmg in

Technical Paper No. 11, :
.2 In order that the averages in Techmcal Paper No. 11
~ should be relatively stable, the mean values for sta-

‘tions which already appear w111 probably be recom-
. puted after ‘approximately 10 years of ,data have been g

accumulated from each statl n. | orde
improve the dlstrlbutlon over the Umted States by add-

- ing new statlons, five stations have been selected, each -
of which has approx1mate1y f1ve years of data. Thls
seems especially timely now in view of the proposed'f::

World Symposium on Applied Solar Energy which is

plannmg to meet in Phoenix in November 1955,

The map in Figure 1, shows the location of stations

for Wthh data already appear in Techmcal Paper No.

"11, plus the location of the five stat1ons which have

been added here. The add1t10na1 ‘five stations are:
Phoenix; Ariz., Charleston 8. C., El Paso, Tex. (for
which data appear in fig. 2), and Rapid C1ty, S. Dak.
and San Antonio, Tex. (fig. 3). Figure 2 shows that
both Phoenix and El Paso have higher values of '

~radiation than Charleston throughout the year.
This is mainly due to the prevalence of higher

percentage of pOSSlble sunshine at the former stations

by comparlson with sunshine at Charleston :
- According to Flgure 3, San Antonio and Rap1d Clty
‘have similar values of solar radiation during summer

months; espec1ally in May and June. In winter, as
mlght be expécted from the relatlve latitudes, the
radiation at San Antomo is greater than 1t 1s at Rapld
City. ,
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