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Dakota, and Wisconsin, where the damage of the early 
period was quite insignificant compared with that of 
ihe later period. 

Service is continuing. 

- ~ 

The canvass of the country by the Climatological 
The synopsis for 1934 has not 

et (May, 1935) been pre arid, but enough is already 

propert loss from tornadoes than that of an one year 
e in dol ars will be 

a larger one; it will probably be t e highest figure for a 
year in the countrys history. Furthermore, 1935 has 
ahead mtnessed (March 1s) the most serious single 

hown to make sure that t R e year will include a greater 

covere B by Table 3, that is, the fi 

torna B o ever known, and so the 1925 death toll is ex- 

T 8" 

pected to exceed that of any previqus year, save perhaps 
1SS4, and its figure for damage will very likely surpass 
that of 1934. 

In  handling the reports of tornadoes the writer has 
at  times noticed how narrow1 a violent storm esca ed 

tornadoes, though probably not many, still occur in 
s arsely settled arts of the country without any news of 

In  closing, the writer wishes gratefully to acknowledge 
the advice and assistance iven by inany Weather 
Bureau colleagues, particulajy by Prof. A. J. Henry 
and Mr. P. C. Day; also by Dr. Charles F. Broob. 

being entirely unreported. 6, is thought that .a f ew 

t em reaching t Y le Weather Bureau. R 

T H E  11-YEAR PERIOD OF TEMPERATURE IN T H E  NORTHERN HEMISPHERE IN RELATION T O  T H E  11-YEAR 
SUN-SPOT CYCLE 

By Dr. FRANI BAUR 
[Wetter- und Sonnenwarte, St. Rlasian. Germany, October, 19231 

The analytical method for investigating the periods in the relation between the phases of the 11- ear tem era- 

graphical method which has hitherto been almost ex- by &ppen and Mielke, can not be accepted, being in- 
clusively adopted. Its application to the annual mean sufficiently proved. Such a relation can only be estab- 
temperature for the period 1876-1919 of a number of lished by a strictly mathematical method. 
European and North American meteorological stations One of the best mathematical methods of investigating 
shows that the maximum of the 11-year tem erature eriodicities is the representation of the given function 
period on the whole earth in no way coincides wit R regard !y a Fourier series. There is, in general, no real diffi- 
to time even a proximately with the minimum of solar culty in resolving any empiric numerical function into a 
activity as has een assumed u to now. In  1 e areas Fourier pro ession since the convergence of the pro- 
of the Temperate Zone of the gorthern Hemisp ere the gressions, w 1ch are of the general form 
maximum of the 11-year temperature eriod occurs b e  

in some continental European ons i t  even coincides 
with the maximum itself. of the phases of is determined in large measure by mathematical the0 
the two periods seems to be determined by the latitude 
and climatic position of the place of observation. It is since it is a matter of compound functions of the form 
very robably a physical reality and due to the differ- 

atmospheres. The greatest amplitudes are shown by the whose terms are not of definite number but, in general, 
11-year temeperature period in those regions in which of any number of incommensurable periods. Even if, as 
its maximum falls about on the minimum of the sun- in the given axample, it is only a matter of calculating a 
spot cycle. In  the other regions, it has but little hpor -  single period, the am litude and base resulting from 
tame with regard to the annual mean temperature and 
falls far into the background compared with other periods. by the coexistence of other incommensurable periods. 

The widespread opinion that the maximum of the 11- For each ordinate of the unsmoothed course of a phe- 
year temperatnure period coincides approximately on the nomenon subject to periodic oscillations is the sum of 
whole earth with the minimum of the 11-vear sun-spot several ordinates belonging to different periods. In order 
cycle is based in the first place on the work of KOp en to eliminate the influence of other periods in determin- 
and Mielke? who, in deducing their results, adoptel the ing the amplitude and phase of a period by means of 
graphical method of representing the course of tempera- Fourier's analpis, it is necessary either to examine a 
m e .  A work on the sun-spot terrestrial temperature very large series of observations such as hard1 yet exists 
relations in the United States which has recently t~p-  in most cases for meterological purposes, or e f se a period 
peared is also based on this method. The graphical of tinie must be made the basis of the calculation which 
method is, however, littsle suited to the investigation of is, at  least approximately, a multiple of each of the exist- 
periodic phenomena, for with it are necessarily connected ing periods. 
smoothing processes in order to eliminate from the gra. h Since in previous works 4 I have come to the conclu- 

investigation. These smoothing rocesses tend both to tuations of temperature both a 2.4 and a 7.2 year period, 
~bscure some really existing PerioKand to make apparent I chose, for the determination of the phase shiftings of 
LI nonexistent one. But more important is the fact that the 11-year tenlperature period, a period of 44 ye-, for 
these smoothings of the graph than e in most cases the this is approximately a multiple of 2.4, 7.2, and 11 years. 

have been feasible, for the reason that the period is not 
The choice of a still longer period of time would not 

the course OI the weather is essentially superior to the ture eriod and those of the sun-spot cyc ? e as set 1 orth 

?% f? 1 
f(t .>=~u,,+al sin t+a2sin 2 t + - - - - - -  

+b, cos t + b z  cos 2t+ - -  - -  - _  tween the minimum and maximum of t R e sun-spot cycle; 

. 
In  meteorology, however, the problem becomes difficu Y t, 

ence getween the &athermancy of polar and tropical f (O = ?'ir0 + '1 sin ( T ~ t  + &) + '2 sin ( T ~ t  + $2) + - - - - - - 

Fourier's analysis for t R is one periox may yet be falsified 

!mer periods than the required one, or the one un a er sion that very probably there are contained in the fluc- 

phase of the required period consi 3 erably. Therefore, 
1 KiJppen W.. Ueber mehrjilhrlge Perioden der Witterung. inshesondere uber die 

11-jiihrige Periode der Temperatur. Zeitsabr. der Oesterr. (fesellschnlt fur hIeteoro1. 
VIII, 1873, XV, 1880, S,VL 1881: Meteorol. Zeitschr. VIII. 1 1 1 .  T X X I ,  1914. 

a Mielke Johannes, Die Tempraturschwanliungen 1870-1910 in h e m  Verhllltnis zu 
dcr 11-jiihrlgen Sonuenfleckenpenode. Archlv der Deutschen Seewarte, XXXVI, No. 3, 
1913. 

a Henry A. J Sun Spots and Terrestrial Temperature in the Unlted States. Mo. 
Weather Revie;, M a y  1923. vol. 51, pp. 243-249. 

exactly 11 yeam, but 11.1-1 1.4, SO that in dividing the 
Of l1 years 

4 e. g., F. Baur. Die Verilnderlichkeit der Temperntur aule,inanderlolgender Monate 
nud die perlodischen Schwankungen der Jahrestemperatur in Deutschland, Abstract 
in Mo. Weather Review, April, 18?2. 

period Of Observation into 
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51.3 
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51.3 
49.8 
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52.8 
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.----- 

53.1 

each, the phase of the oscillation in the fifth interval 
com ared. with that in the first would already be shifted 

according to the following sclienie in 4 rows of 11 ternis 
each, and of the 4 values in each column the average 
(M, M,, etc.) was obtained. From the 11 mean values 
thus obtained are then calculated the amplitude and 
phase of the first term of Fourier’s series by the known 
method. 

Yll Y1 
Y 22 
Y 33 Y?, Y24 
Y44 Y31 Y35 

8 1 1  4 1 

8, 8 2  

311 J f 2  

by a \ out a year. The 44 yearly averages were arranged 

ya . y3 _ - _ _ _ _ _ _  - -  - -  - -  - - - -  - -  - - - _  _ _  
yl, - - - - - - - - - - - - - - - - - - - - - - - - - 
ya5 - - - - - - - - - - - - - - - - - - - - - - - - 
‘y3/38 - - - - - - - - - - - - - - - - - - - - - - - - - 

Y12 Y 13 
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55.4 
56.4 
57.0 
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51.7 
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53.8 
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58.7 
53.7 
57.0 
55.4 
63.7 
53.5 
S a 4  
53.6 
54.4 
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Besides tlie annual mean temperatures given in Table 1, 
there were also analyzed the annual temperature devia- 
tions for 10 districts of the United States, given in Table 
4 of the above-mentioned work by Alfred J. Henry.5 
The position of the respective districts is shown in 
Figure 1. The deviations for the tenth district were 
not used, since in the table published by Henry, they 
are, apparently in consequence of a mistake, absolutely 
identical with those of the fourth district. 

The results of the calculations have been arranged in 
Table 3. The phases in brackets (southern Italy, Ponta 
Delgada and Batavia) were obtain’ed from a different 
period from all the others. Th,e am Etudes were all 

table teaches first that the temperature maximum coin- 
changed into degrees Centigrade. Tp he study of the 

c. 
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17.0 
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TABLE 1.-Annual meatis of temperaticre 
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c. 

5.8 
5.25 
6.66 
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5.15 
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6.85 
7.05 
5.9 
6.05 
6.55 
5.45 
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7.35 
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6.8 
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5.6 
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7.05 
5.95 
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7.45 
6.75 
7.35 
7.70 
5.35 

(1% 
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A=Bouth Italy (averages of the 3 stations: Naples, Lecce. 
PalermO). 

B=Qeneva (Switzerland). 
C=Austria (amrapas of the Istations: Vienna and Krems- 

miinster). 
D-Paris (Franre). 
E-Qermany (averages of the 10 stations: Khigsberg, 

Berlin Hamburg Breslau. Leipzig Manster i. w., 
Bamdrg, F r a n k f h  a. m.. Munich,’ Karlsruhe). 

c. c. 
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F=England (averages of the 8 stations: York Cheadle, 
Rothamsted, Oxford, London, Mrulborougd, Ventnor. 
Plvmniithl - __ ___, . 

Q=WarsaW (Polandl. 
H-South Norway (averages of the 2 stations: Chris- 

tiania and Bergen). 
J=Helslnglors (Fluland). 
K=North Norway (averages of the 2 statlons: Bod6 and 

-4lten). 

The numbers which are taken as tlie basis for these 
calculations are arranged in Table 1. For most laces 
the same period 1876-1919 could be taken as agasis. 
For southern Italy, according to the material available, 
the period 1874-1917 had to be taken; for Ponta Del- 
gada (Azores) the period 1887-1919; and for Batavia 
1876-1908 were chosen. For each of these eriods the 

in the manner indicated above, so that in each case the 
difference between- the phases of the temperature period 
andsun-spot period couldbe calculated for the same period. 

phase of the 1 1-year sun-spot period was also a etermined 
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tides with the sun-spot minimum by no means in all re- 
gions of the Northern Hemisphere, but that-at least in 
the period 1876-1919-in the northern and continental 
parts of Europe, both maxima approximately coincide. 
A close study of Table 2 gives for the period 1876-1919 
the followin relations between the 11-year temperature 
period and t B e sun-spot period of the same duration. 

(1) The temperature maximum coincides a proxi- 
mately with the sun-spot minimum only in the ‘hopics 

5 Monthly Weather Review, May, 1923, Vol. 51, p. 249. 
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(Batavia), and in the Subtropics (Abbassia, Ponta Del- 
gada, Charleston); in the Tropics it falls rather before 
the minimum. 

(2) In the Temperate Zone, except the western dis- 
tricts of the United States, the tem erature maximum 
falls after the sunapot minimum, an tso ,  in general, the 
higher the latitude of the place, the later the temperature 
maximum. The increase in the hase shifting with the 
latitude is shown clear1 in the fo E owing groups: 

(a) Charleston, R ew York, Milwaukee; 
(b )  Godthaab, Upernivik; 
(e) Abbassia, southern Italy, Germany; 
(d)  England, southern Norway, northern Norway. 

~~~ 

FIO. 1.-Subareas in the United States used in computation 

TABLE 2.-Phase differences of the 11-year temperaticre period 

District or station 

-4. United Slate8 

1. District No. l - - -  
1. District No. 2 - - -  
3. District No. 3. - - 
4. District No. 4. - - 
5. District No. 5- - - 5. District No. 6--- 
1 .  District No. 7---  
8. Distrlct No. 8. - - 
9. District No. 9- - -  
10. I l l i lwdwe,  Wis 
11. New York, N.  Y 
13. Cincinnati, Ohic 
13. Charleston, 8. C 

B. Atlantic Ocean 

14. Upernivik _ _ _ _ _ _  
15. Godthaab- - _ _ _ _  
16. Bernfjord..- _ _ _ _  
17. Ponta Delgada- 

C. Europe 
18. South Italy.-.-- 
19. Geneva _ _ _ _ _ _ _ _ _  
20. Austria _ _ _ _ _ _ _ _ _  
21. Paris _ _ _ _ _ _ _ _ _ _ _  
22. Germany _ _ _ _ _ _ _  
23. England _ _ _ _ _ _ _ _  
24. Warsaw -... _ _ _ _  
25. South Norway- 
26. Helsingfors----- 
27. North Norway- 

D .  -4jrita 

3. Abbassia _ _ _ _ _ _ _  
E. !Tropics 

29. Bstavia _ _ _ _ _ _ _ _  

Am- of tem- 

-6O 11' Llo83'(22 M) 159 j I 1 I -__ 

Time of temperature maximum 

1% years beforesun-spot minimum. 
!6 year before sun-spot minimum. 
bi year alter sunspot minimum. 
A t  time ofsun-soot minimum. 
21; yearabeforeku-spot mioimum. 
% yearbcloresun-spot minimum. 
h' year before sun-spot mjnimum. 
Si year alter sunspot minimum. 
5 year before sun-spot minimum. 
36 year after sun-spot minimum. 
P f  year after sun-spot minimum. 
Y j  year after sun-spot minimum. 
% year sftar sun-spot minnmum. 

a].' years before sunspot maximum 
&yearsbeforesun-spot maximum. 
lljyearsbeforesun-spot maximum. 

year before sun-spot minimum. 

I~yearsheforeaunspot maximum. 
At time of sun-spot maslmum. 
56 year after sunspot maximum. 
1% vearsbeforesun-swt masimum. 
*i-$ear before s u n i o t  maximum. 
314 years beloresunspot maximum. 
U year before sun-spot maximum. 
2% years before sun-spot maximum. 
2 years after sun-spot maximum. 
1% years after sun-spot maximum. 

At time of sun-spot minimum. 

9; year before sun-spot minimum. 

(3) The greatest amplitude is shown by the tempera- 
ture period in those regions in which the maximum coin- 
cides ap roxiniately with the minimum of the sun-spot 
period fabbassia, Cincinnati, New York, Milwaukee, 
western and eastern sea regions of the United States). 

(4) Besides -the latitude of the places, the degree of 
their continental or oceanic positions is of importance for 
the phase shifting. In  the oceans and in the western 
coast regions it is less. On the continents the tem era- 
ture m&shurn is dela ed from west to east. T6s is 

(a) Districts No. 1, 80. 2, No. 3 of the United 
States; 

(6 )  Districts No. 5, No. 6, No. 7, No. 8 of the 
United States; 

(c) Paris, Germany, Austria; 
(d) England, Germany, Warsaw; 

clearly shown in the fo IiT owin groups: 

e belongs &lost 
ar regions. The 

place only a 
further proof that the 11-year temperature maximum is 
delayed with increasing lahtude. At the same time, even 
with places of the same latitude, the m&uimum (or 
minimum) of the 11-year temperature eriod in North 

of a year after the sun-spot minimum; in southern Italy, 
however, one and one-tenth of a year after. 

America seems actual1 to precede that o P Europe. Thus, 
for esample, in New 9 ork the maximum occurs two-fifths 

/b - Zrnpero/um maximum / year before sunspot minimum 
m- " dhme of I 

/a - - /year alrer = - 
/b --- * /yearbefore mowimum 
M -I- I f f t h m e d  ## 

/u--- /year uner I 

FIQ. 2.-Linea of equal phase of the 11-year temperature period 

The chan e of the 11-year temperature phase with the 

Asia, as well as from Canada, no long homogeneous series 
of temperatures could be obtained; unfortunately, there- 
fore the survey is still somewhat incomplete. 

ossible explanations of these phase 

mathematical calculation being influencezby still other 
periods, which influence the course of temperature- 
periods which are not the same in all places and which, 
as far as they are of like duration, are of different ampli- 

change of p f ace is shown in Figure 2. From Russia and 

shiftings. It may %I e that they are mere1 the result of 
There are two 
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IS-year _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
l%yenr _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
IO-year _ _ _ _ _ _ _ _ _ _  ~ _ _ _ _ _ _ _  I I - Y ~ W  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  

tudes and phases in different places. The second possi- 
bility is that a ph sicd importance may be attached to the 
phase shifting. $he fact that extensive terrestrial regions 
show quite opposed phases of the 11- ear temperature 
period, makes it probable that phase szifting is no mere 
result of mathematical calculation, but has physical 
causes. If one assumes with Abbot that in the 11-year 
period increased solar radiation corresponds to increased 
sun-spot activit , and if one further niakes the assump- 

parency of the atmosphere to solar radiation is diniinished 
by increased solar activity, then one can imaggne that the 
temperature maxiinum in high latitudes coincides approxi- 
niately with the sun-spot niaxiniuni, for the reason that, 
at that time, radiation is stron er and the diminished 

lower latitudes, however, the diminution in transparency, 
in consequence of the greater humidity of the atmosphere, 
overweighs the increase in radiation, so that here the heat 
minimum corresponds to the maximum of sun spots and 
vice versa. The idea that the disagreement between the 
11-year temperature period in higher and lower latitudes 
is caused by the different quality of the air, is su ported 

regions which come chiefly under oc.e.anic. influence, the 
phase is also in higher latitudes siniilsr to that in the 
Sub tropics. 

If now, however, the quality of the air, especially its 
Iruiuidity, is of influence on the time relation between 
sun spots and tlie 11-year temperature period, the latter, 
even if one disregards the inequality of tlie t,inie periods 
maximum-minimum and minimum-iiitisimuni, can not at  
:dl be a siniple function, 

tion, credible a 9 ter recent investigations, that the trans- 

transparency of dry polar air is 0 .  f minor importance. In 

by the result shown in Figure 2, according to w Ill ich, in 

0. Sb 
0.43 0.06 

0.34 0.15 
n.37 0.10 

1 
2 y=-- u,+sin 

%year _ _ _ _ _ _ _ _ _ _ _  ~ _ _ _ _ _ _ _  n.31 
%year _ _ _ _ _ - _ _ _ - _  ~ - - _ - -_ -  1 0 . 4 0  
7.2year _________._______ 0.43 
&year _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  1 0.18 
5.1-year _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  0.25 
4.5-year ____-_ -___-_ - - -_ -  0.08 
cyear ________.--_-__--_- 0.81 
3.Gyear _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  0. I 1  
3.3-year _ _ _ _ _  ~ _ _ _ _ _ _ _ _ _ _ _  0.6b 
).&year _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  0.16 
2.Syear _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  0.17 
Zbyear .________________ O . P  
2.4-year _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  0.80 
2.25-year _______________. 0.44 
2.1-year ______._________. 1 0. I? 

rl= _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  0.34 
_. - I-- 

but there must result, at least in the Temperate Zone, B 
different relation between sun spots and temperature in 
winter from that in summer. In  order to test the truth 
of this, I ha-re examined separately the t,eniperatures of 
Germanya and New York' in the period 1876-1919. 
The result is as follows: 

Germany,winter temperatures : Aniplitude(cr.) = 0.144OC. 
phase (pp> = 147' 12' (masiniuni % years after sun-spot 
maximum). Sumnier temperatures: a = O.06O0C. (p = 
309' 34' (maximum 4% gears before sun-spot masimum). 

New York, N. Y., mnter temperatures: a=O.72O0C. 
1p=330' 38' (s year after sun-spot minimum). Suninier 
temperatures: a=0.314'C. q =  12' 20' (x years before 
sun-spot minimum). 

In Germany therefore, the 11-year temperature period 
has actually, in winter and sumnier temperatures, 
almost opposed bases; in winter, the phase corresponds 

the tropical or oc.eanic one. In New York also the 
maximum of temperature in winter occurs distinct,ly 
later than in summer, but the difference, corresponding 
with its more southerly and coast situation, is of course 
only slight. In  Germany, as well as in New York, in 
consequence of the greater mean variability of winter 

to the type of R igher latitudes, in summer, almost to 

0.M 
0.23 
0.14 
0.27 
0.40 
0.29 
0.24 
0.40 
0.20 
0.13 
0.06 
0.02 
0.N 
0.10 
0. 15 

0.19 
.__ 

Mitteilungen der Wetter- und Sonnenwarte, St. Blasien, Heft 2. . 14. 
1 Complled from "Annual Meteor. Summary, I C l ,  wlth eompara8ve data of N. I-.. 

p. 9. 

o. 107 

temperatures, the amplitude of the 11-year period is 
greater in winter, so that the phase of the annual means 
is nearer to that of winter temperatures. To sum- 
marize, it can be stated that the different qualit of the 
atmos here in the Tropics, over the ocean, in t E e sum- 

the Polar Regions, over the continent, in the winter 
of the Temperate Zone on the other hand, seems to 
exercise a determining influence on the relation of the 
1 1-year period of temperature to the sun-spot period. 

TABLE O.--ll.ieat, amplitudes, r ,  in OC. jor different periods 

mer o P the Temperate Zone on the one hand, and in 

0. 15 joxI?o.;i 

The italicized amplitudes are greater than 1.5: rl. 
Upernlvik and Qodthsab, 1Bs.L-1919. 

b Berufjord, 18&1-1919. 
0 Switzerland. 11147-1918. 
d 10 stations, lW-lBl9. 

I District No. Y of Uoibell States, I N -  
Egypt. 1884-1YlO. 

4919. 

In conclusion, it may be pointed out that only on a 
small part of the earth's surface has the 1 1-year tempera- 
ture period an amplitude worthy of mention. As 
already stated, it is greatest in the Subtropics, in the 
North American lake district and on the west coast of 
Greenland; hut even in the Subtro ics (e. g., Charleston, 

large anip1it.u B e on the west coast of Greenlsnd is evi- 
dent1-y connected with the fact that, in relation to the 
high latitude. of Greenland, the phase shows here a 
strong approach tao the t,ropica.l type. It is urgent-iy 
necessa,ry to express a warning against the overestima- 
tion of the 11-year period of temperature, or even, 
as has already unfortunately been done, to build u on 

beniperature of coming ears. In Table 3 the result of 

the method of the periodogram-analysis * is shown. 
From this it can be seen that the 11- ear period of 
temperature in relation to other periods fa6s considerably 
into the background everywhere." 

S. C.), it in laces almost comp P etely vanishes. The 

this periodicity alone a forecast of the character o Y t.he 

several investi ations o P different series of temperature 
observations w % 'ch have been carried out according to 

8 Cf. Mitteilungen der Wetter- und Sonnenwarte St. Blasien, Heft 2. p. 20. 
0 See also for a similar conclusion with respeet to rainfall: ,Alter, Diirmom, Applica- 

tion of Schuster's Perlodogram to Long Rainfall Records. beginning 1748. Mo. Weather 
Rev., Oct., 10%. 51: 470-483.-B. M. V. 


