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maximum of but 60’ F. This evidently re resents the 

transition to an “occlusion,” when the warm sector is on 
the point of &sa pearing from the surface. The sharp 

from the Washington record obtained less than 40 miles 
awa?, but on the other side of the track, while the other 
portions of the curve are very similar at both places. 

The lon est duration of the (‘warm sector” is to be 

and Nantucket (4 a. m.-6 p. m.). Although situated not 
more than 80 miles apart, these two stations have rather 
different thermograms durin the time the warm sector 

sidering the local conditions at both stations. Whereas the 
station a t  Block Island is situated on a very small island, 
Nantucket lies on a larger one, and-what is in this case 
of special importanceon the northwestern side of the 
island. 
As we have already mentioned, the warm sector current 

from the southeast contained a shallow fog la er pro- 
duced by the cooling in contact with the codcoastal 
waters. This fo must dissolve a ain when arriving over 

expose the fog la er to direct insolation. This is the 
phenomenon whici we may observe on Block Island 
and Nantucket. At the latter place, where the air has 
passed over land surface before reachin the station, 
the fog vanishes shortly after sunrise, an C f  the tempera- 
ture nses, under the influence of insolation, to 68’ F. 
At the former, the fog does not dissolve until some two 
or three hours after sunrise, and the structure of the 
curve-ra id small tem erature fluctuations-is a sign of 

patches drift over. It is not until the last half of the 
warm sector that the fog disa pears erfectly, unveiling 

tropical current on the first maps considered. (Figs. 
1 and 2.) 

The cold front leaves a very marked trace on the 
thermograms (Block Island 2 p. m. and Nantucket 6.30 
p. m.). The arriving cold wedge has apparently a rather 
entle slope as it is not until some time after the cold 

front passage a t  the ground that the warm air has been 
lifted sufEciently to give precipitation. Once started, 
however, the rain lasts rather long. 

Boston, Hartford, New Haven, and New York provide 
good examples of thermograms with the passage of a 
‘warm sector, ” the m a m u m  temperatures reaching 
(part1 assisted b the diurnal effects) 70’ F., 68’ F., 
67’ J, and 65’ B., respectively. Portland represects 

type of thermogram which must be obtaine B during the 

maxlmum in the B altimore thermogram is entirely absent 

found on t % e two stations Block Island (4 a. m . 4  p. m.) 

passes. This may, however, % e accounted for when con- 

land, especially i f the higher cloud 91 ayers break up so as to 

alternate ?l eating by t Yl e sun and cooling as new fog 

the almost cloudless sky, whic 7 l R  was c aracteristic of the 

the same type with, however, a markedly depreciated 
warm sector temperature on account of the fog. Harris- 
bur represents the t pe of thermogram to be expected 

lifted awa from the ground, and Pittsburgh (on the 
western siie of tho track) shows the presence of rather 
uniformly cold air during the whole cyclone assage. 

The complete mechanism of the depression in a i  layers, 
the rules for its growth , Prop? ation, etc., can of course 
not .be anal zed without an a ditional aerological d i q -  

kind we must confine our attention to the conclusions as 
to the mechanism of our retrograde depression which may 
be drawn inerely from surface observations. The results, 
which may seem partly hypothetical, receive, however, 
additional support from their concordance with those of 
numerous other cases. 

The movement of the depression, although surprising 
when considered in relation to average tracks, appears 
quite normal when it is seen in relation to its thermal 
structure. The motion of the center is, a t  each moment, 
a proximately parallel to the instantaneous direction of 

displacement of the extremit of the warm tongue where 
the lowest pressure is locatedl The warm current in the 
present case is originally from almost due south, but later 
acquires a component from the east, at the time when the 
depression curves toward the northwest. (See track, 

The depression continues its northwestward propagcc 
tion also after the warm air has been lifted off the ound, 
probably governed by the southeast current o p a  still 
existin%“u[per warm sector.” This view is alao con- 
firmed y t e fact that the upper clouds in front of the 
depression were moving from southeaat. From the 
moment when the warm air nearest the center is lifted 
a*ay from the ground the depression begins to fill up 
being from now deprived of the supply of potentid 
energy-in the form of temperature contrasts-for the 
maintenance of its kinetic energy. Farther east, where 
the “warm sector” still exists, potential energy is still 
available and ives rise to the. formation of a secondary 
depression. !he first si n of it is to be seen on Figure 

day over northern Massachusetts and reaches final1 the 

Quebec on the morning of the 25th. This center from 
now on becomes the main one, and the dying “mother 
cyclone” over Lake Ontario behaves as a secondary, 
while they both move off the map toward Labrador. 

a t  t 5 e place where t x e warm sector air has just been 

nosis. In t Tl e absence of adequate information of this 

t % e warm current. It is this current which decides the 

fig. 5.) 

3b in the re ion of New Yg ork, a t  the extremity of the warm 
tongue. 7% e formation is more accentuated the next 

stage of an independent center between Montrea 7 and 

VARIATION IN SOLAR RADIATION INTENSITIES MEASURED AT THE SURFACE OF THE EARTH 

s5/. 5z By HERBERT H. KIMBALL 
[Wfather Bureau, Washington, Dee. 19241 

This aper brings u to date a communication on the 

to 1901 no afditional data are available. Revised data 
have been obtained for Warsaw, Poland, for the years 
1901 to 1918, inclusive. Data have been added from 
Kew Observatory, England, for the years 1908 to 1921, 
inclusive, and from Helwan Observatory, E t, for the 

same su i ject ublishe B in 191s.‘ For the years previous 

6. C., Madison, Wis., and Lincoln, Nebr., have ashinqbtol‘J een 
ears 1914 to 1923, inclusive. The data f o r w  

1 Kimball Herhert H Volcanic eruptions and solar radiation intensities. Mo. 
WEATHIE krv., AUGUS< 1018, 46: 355-356. 

revised and brought down to the end of 1923. That for 
Santa Fe, N. Mex., ended with hlarch, 1922. 

In Table 1 there are given for each station the month 
and year of the beginning and ending of the record, and 
reference to a footnote giving the character of the data 
that hnve been made use of in this pa er. In the 

were fragmeiitmy in character. There has been improve- 
ment in this respect in the records of later years. 

The monthly normrrls of the solar rtdiation intensities 
for Hew Observatory and also for stations in the United 

previous paper it was noted that some o P the records 
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States have been obtained by dividing the sum of all 
the radiation intensities measured in the respective 
months by the number of measurements. The normal 
monthly maxima of radiation have also been obtained 
in this wa . All other monthly normals are averages of 

TABLE 2.-Durdion and character of solar radiation intensity 
reeords 

the month s y means for the respective months. 

station I 

x Month1 mean of noon solar radiation intensity + Monthrv maximum of solar radlntion intennitv: 
o M o n t h l ~ ~ & n ~ ~ s ~ &  d&UininteaS%~i;-,jih the sun at reyth distance 60 0. 

Monthly mean of solar radiatlon lntenslt with the sun at zenith distance 54 O. 

f Averaga of monthly maximum and mont6y mean of noon solar radiation intensity, 

The monthly means or the monthly maxima of radia- 
tion for the different stations have been expressed as a 
percentage of their res ective normals. Then for each 
month an average of t 1 ese percentages has been com- 
puted, and smoothed by the formula a+2 +‘, where 
b is the average ercentage for t-he month in question, 

ing and following months, respectively. The smoothed 
percentages have been plotted in Figure 1. 

In the previous pa er attention was invited to the 

were available for only one or two stations, the plotted 
monthly values are somewhat scattered. As the num- 
ber ‘of stations increases, the difference between succes- 
sive monthl values becomes markedly less, and it is 
possible to &aw a freehand curve that represents the 
variations in the smoothed monthly values fairly well. 
This has also been done for the earlier years but with 
less satisfactory results. It is thought that the available 

and cc and c are t E e average percentages for the preced- 

fact that m the recor B for the earlier years, when data 

data do not justify a closer graphical representation 
than is given by this free-hand curve. 

The main features of this curve-namely, the three 
great depressions following volcanic eruptions , Kratatoa 
111 1883, Pelbe, Santa Maria and Colima, in 1902, and 
Katmai in 1912-are ractically the same as shown in 

depressions in 1888-9, and 1907-8. The curve has 
been modified to coincide more closely with the low 
values for December, 1890, to March, 1891, inclusive, 
a.nd the depression shown in 1917-18 has disa 
as was antici ated it might do when data from a!E:::i 

From July, 1914, to the end of 1923 the plotted monthly 
values show little variation, the extremes being 97 and 
105. During the same period the annual mean values 
vary between 100 and 101. Since the be inning of 
systematic pyrheliometric measurements in B ecember, 
1882, the only eriod comparable with the above in 

tember, 1892, to October, 1902, inclusive, or the 10 
years preceding the volcanic eruptions of 1902. 

There is a slight depression in the plotted monthly 
values between October, 1920, and March, 1921, or 
about at the beginning of the depression in Abbot’sa 

The depression 
goes not persist as does the depression in Abbot’s values, 
however. 

The following are the sources of the radiation data 
that have been utilized: 

Montpellier, France. Eon, L. J., Intensit& calorifiquee de la 
radiation solaire et  dude  de l’insolation B Montpellier. (AnnBe 
1900 et dsum6 de la s6rie 1883-1900.) (In bulletin m6tBorologique 
du Department de l’HBrault, annee 1900. 

Pavlovsli, Rasia.  Savinov, S. I. [The maxima of solar 
radiation at Pavlovsk since 1892. The decrease in the intensity 
during the second half of 1912.1. [Russian.] Bull. Ac. Imp. des. 
mi., St. PBtersbourg, 6 me dr.,  1913, No. 12, p. 707-720. 

Biihrer, C. Q Dufour, Henri, RRsum6 
des observations actinom6triques de l’dnn6e 1903. (Arch. sci. 
hhys. net. GBnBve. 4 p6r. Tome 19. 1905. p. 388-390.) Dufour, 

(Arch. sei. ph 8. nat., 
GBnBve. 4 Br. Tome 16. 1903. p. 417-434.) Dufour, Genri & 
Buhrer. C. !&insolation en Suisse. 2 partie. (Arch. sci. phys. nat., 
GBnBve. 4 p6r. Tome 16 

Warsaw, Poland. %rczy&ki, Ladislas. Valeurs pyrh6lio- 
mbtriquea et lea sommes d’insolation 9 Varsovie pendant la pBriode 
1901-1913. Publications de la SociBt6 scientifique de Varsovie. 
II!. . Classe des sciences math6matiques et  naturelles. com- 
mission MBtBorologique. Varsovie, 1903. L’intensit4 de la 
Radiation Solaire et  l’insolation B Varsovie endant la period 
1913-1918. Annuaire de l’institut Central &Bt4orologique de 
Pologne, Annde, 1919, p 1+8. 

Washington, D. C. Eulletm of the Mount Weather Observa- 
tory, 3: 85-96; 5: 182 302-303. Mo. WEATHERREV., 1914, 41: 
648i 1915, 112. jhonth ly  thereafter.) 

Simla, India. 
Paris, France (Parc St. Maur.) La Nature (Paris) SupplBment, 

annBea 35-42, 1907-1914. 
Mount Weather, Va. Bulletin of the Mount Weather Observa- 

tory, 5: 303-311; 6: 215-219. Mp. Weather Rev., 1914, 42: 139, 
310 520. 

dew Observatory, England. National Physics Laboratory. 
Report of the Observatory Department, Richmond, Surrey. 
1908, 1909, 1910. Watson, R. E. Pyrheliometer comparisons at 
Kew Observatory, Richmond. Geophysical. Memoirs, No. 21 
(First number of Vol. 111). Meteorological Office London. 

Madison, Wis. Bulletin of the Mount WeatLer Observatory, 
5: 173-183. Mo. WEATHER REV., 1916, 44: 3, 9-12. (Monthly 
Bhereafter.) 

Santa Fc, N. Mer. Mo. WEATHER REV., 1915, 43: 439-443, 
591. (Monthly thereafter.) 

Helwan Observatory, Egypt. (Transmitted in manuscript by 
the director H. Iinox Shaw, in letter dated March 16, 1924.) 

Lincoln, Nebr., Mo. WEATHER REV., 1916, 44: 4-8. (Monthly 
thereafter.) 

the previous paper. &l is is also true of the two minor 

and more wi B ely scattered stations were received. 

the uniformity o F the radiation intensities is from Sep- 

ublished values of the solar constant. 

Montpellier, 1901.) 

Lausanne, Switzerland. 

enri. L’insolation en Suisse. 1 partie. 

. 526-540.) 

Indmn Monthly Weather Review, 1906-1915. 

‘Abbot, C. O., and colleagues. Values 01 the solar constant. 19-102. MO. 
WEATHEB REV., February, 1923,s; 71-81. 
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