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An at tempt is made in this paper to analyze the vari-
at ions of c l imate in the Northern Hemisphere. For this pur-
pose we have used the temperature observat ions of meteoro-
logical s t a t i o n s whose period of Observat ion e x t e n d s at l e a s t 
f rom 45 to 50 y e a r s beg inning with 1860—1870. In Table l 
are g i v e n the names of the Observation points wi th their 
geographic coordinates and l e n g t h of their period of Observation. 

In order to g i v e a better s u r v e y the d i s t r ibut ion of the 
meteorological s t a t i o n s is shown in Fig. l . 

The var ia t ions of tempera ture have been deduced f rom 
the a v e r a g e monthly t e m p e r a t u r e s g i v e n in the Meteoro-
logical Y e a r Books. It m u s t be noted that the a v e r a g e 
monthly t e m p e r a t u r e s of the North American Meteorological 
Stat ions have been calculated f rom the daily max. and min. 
temperatures . The whole period of the o b s e r v a t i o n s of each 
Station is d iv ided into two halves and the a v e r a g e temperature 
for each month has been reckoned for each half-period separa-
te ly . On the basis of the abovement ioned a v e r a g e t e m p e r a t u r e s 
for both half-periods we are able to determine the Variation 
of the monthly mean t e m p e r a t u r e for the whole period with 
its mean error, which has been reckoned by means of the term 

n (n — 1) 

w h e r e ct denotes the deviat ions of the monthly mean tempe-
r a t u r e s from the average for the f i r s t half period, ej — the 
corresponding deviat ions f rom the a v e r a g e tempera ture of the 
second half period, and n — the length of the half period 
in years. Table 2 g i v e s the determined var ia t ions of tempe-
r a t u r e (At) with their mean error (e) for J a n u a r y . 

The temperature v a r i a t i o n s for the North American 
S t a t i o n s have been determined separate ly f rom the a v e r a g e 



Name Latitude Longitude 1 Years 

Tartu  58° 23 N 26° 43' B 1866 — 1930 
Helsingfors  60° 10 N 240 57' E 1881 — 1934 
Oulu  65° Ol N 25n 28' E 1881 — 1933 
Haparanda  650 50 N ; 240 09' E 1873— 1932 
Stockholm  59° 21 N 18° 04' E 1873— 1932 
V ardö  70° 22 N 310 06' E 1868 — 1934 
Bergen  60° 24 N 50 19' E 1861 — 1934 
Copenhagen . . . . 55° 41 N 120 33' E 1874- 1933 
Königsberg  540 44 N 200 34' E 1870— 1932 
Hamburg  530 38 N 10° 00' E 1876— 1932 
Munich  OO

 0 O
 

CO
 

N 110 34' E 1879— 1933 
Aberdeen 570 10 N 2° 06' W 1869- 1934 
Valentia  51056 N IO0 15'W 1869— 1934 
San Fernando . . . . 3 «28 N 60 12' W 1870— 1932 
Ponta Delgada . . . 370 44 N 250 40'W 1867- 1934 
Vienna  48° 15 N : 16° 22' E 1864- 1929 
Graz  

0 0 C- N 15° 28' E 1886— 1929 
Budapest  47031 N 19° Ol' E 1870— 1933 
Milan  45027 N 9° 15' E 1851 —-1933 
Prague  50° 05 N i 140 25' E 186Õ- 1932 
Warsaw  520 ] 3 N i 210 02' E 1870— 1931 
Moscow  55° 50 N 370 33' E 1879 — 1930 
Sverdlovsk 56" 50 N ! 60° 38' E 1871 — 1930 

1 

Name Latitude Longitude Years 

Bogoslovsk . . . . 59° 45 N 600 Ol' E 1871 — 1930 
Barnaoul  530 20 N 830 48' E 1871 — 1930 
Touroukhansk . . . . • 60055 N 87° 38' E 1878— 1930 
Verkhoiansk . . . 6/0 33 N 1330 24' E 1884— 1920 
Thorshavn . . . . 620 02 N 60 45' W 1874- 1924 

660 3 3 N 170 58'W 1 375— 1934 
Stykkisholm . . . 65° 05 N 220 46'W 1874— 1934 
Ivigtut  61° 12 N 48°10'W 1875— 1932 
Jaeobshavn . . . . 69° 13 N 51° 02' W 1874— 1932 
Upernivik . . . . 720 47 X 56° 07'W 1874— 1932 
Toronto  430 40 N 79° 24' W 1841 — 1930 

420 5 3 N 78° 50' W 1885 — 1934 
42021 X 830 03'W 1885- 1934 

Chicago  41047 N 87035'W 1885— 1934 
Savannah . . . . 

O
 

O CM 
CO X 81° 08'W 1885— 1934 

New Orleans . . . 29° 57 X 900 04' W 1885— 1934 
Bismarck . . . . 46° 47 X IOO0 38-'W 1885 — 1934 
Portland  450 32 N 122° 41'W 1885 — 1934 
San Francisco . . 37°48 X 1220 26'W 1885— 1934 
San Diego . . . . 320 4 3 X 1170 10' W 1895— 1934 
Bombay  18° 54 X 720 49' E 1847 — 1933 
Batavia  . ' 6° 11 S 1060 50' E 1866—- 1930 
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Fig. 1. Disti'ibution of Meteorological Stations 
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Table 2. 

Xame 
I 
I 1 Jl 
\ 

;• Xauie Jt T 

Tartu 

I 

0.7 0.5 Bogoslovsk . . . ().7 0.7 
Helsingfors . . . 0.(i 0.7 Baniaoul . . . . 2.7 OJi 
Oulu 0.3 Touroukiiansk . . 4.0 OJj 
Haparanda . . . 1.6 o.u Verkhoianslv . . 4.2 1.0 
Stoclcholin . . . . 1.2 O.fi Thorshavn . . . 0.1 
Vardö 1.4: 0.5 Grimsev  0.9 0.7 
Ber »eil  2.5 0.5 Stykkisholm . . . 1.5 OJi 
Copenliagen . . . 1.0 0.5 Ivigtut  1.4 0.7 
Königsberg . . . 1.3 0.7 Jacobshavn . . . 1.6 1.3 
Hamburg . . . . 2. Ii 0.« Upernivik . . . . 1.7 1.3 
Munich  4.4 0.7 Toronto - 0.1 
Aberdeen . . . . 1.2 0.3 Buffaln  O.S O.H 

Valentia  0.7 0.3 Detroit 1.1 O.S 
San Fernando . . 0.1 Chicago 2.1) 1.0 
Ponta Delgada . . 0.5 0.2 Savannah . . . . 2.3 OJj 
Vienna  3A O.fi Xew Orleans . . . 2.0 0.6 
Graz  3.1 0.7 Bismarck . . . . 3 Jj 1.4 

3.5 0.6 Portland . . . . 1.2 0.6 
Milan  2.(> 0.4 San Francisco . . — 0.2 0.4 
Prague  2.0 OJi San Diego . . . . 0.2 0.4 
Warsaw  2.3 0.7 Bombay  0.4 0.2 
Moscow  2.1 1.0 Batavia  O.!) 0.1 
Sverdlovsk . . . ; 2.0 O.S 

max. and min. temperatures . In TabJe 2 as well as in the 
f o l l o w i n g tables we f ind the ar i thmetical m e a n s of the 
v a r i a t i o n s determined f rom the a v e r a g e max. and min. 
t e m p e r a t u r e s . 

The var ia t ions of t e m p e r a t u r e s for J a n u a r y g iven in 
Table 2 are g raphica l ly represented in Fig . 2. The r e g i o n s 
w h e r e the r i se in temperature s u r p a s s e s its double mean error 
a re märked with thin lines, w h e r e a s the dots denote the r e g i o n s 
w h e r e the fa i l of t e m p e r a t u r e s u r p a s s e s i t s double mean error. 
Tne reg ions where the Variation of temperature s u r p a s s e s i t s 
f o u r f o l d mean error are märked with thick lines or corresponding 
thick dots. As seen f rom the map a considerable r ise in tem-
perature is observed in W e s t Europe and North-East A s i a . 
The Br i t i sh Is lands, Spain, the Azores, Iceland, Gleenland, the 
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W e s t e r n Coast of North A m e r i c a as wel l as the W e s t Indies 
s h o w but a s l ight rise in temperature. 

Temperature var iat ions can also be determined by means 
of f requency-curves 1J. The calculation of temperature f requencies 
being very troublesome the latter have only been reckoned 
for J a n u a r y for Hamburg (Fig. 3) and Vienna (Fig. 4). 

In c o m p i l i n g the d i s t r i b u t i o n of temperature the three 
daily observat ions have equal ly been taken into cons iderat ion. 
One degree C. was taken as a u n i t for the d iv i s ion of tempe-

Fig. 2. Variations of Temperatures for January. 

ratures into groups. In d e t e r m i n i n g the c l imatic c h a n g e s 
the f r e q u e n c i e s of air temperature have been composed Ior 
both the a b o v e m e n t i o n e d hal f-periods a n d expressed in a 
percentage of the whole n u m b e r of observat ions for each 
period. Both temperature d i s t r i b u t i o n s are g r a p h i c a l l y 
represented by broken l ines. The solid Iine denotes the 
f r e q u e n c y for the f i rs t half-period, the dotted Iine — for the 
second. The mean error of f requency for the f i r s t half-period 
has been calculated b y m e a n s of the f o r m u l a 

a = 1 0 0 ] / f 

where .S' denotes the w h o l e number of observat ions, p — the 
probabil i ty that an Observation b e l o n g s to the i group, q — 

1J K. Kirde, Meteorologieul Elements characterized by Frequency-Curves. 
Scientific Papers of the Meteorological Observatory ot the Lniversity of Iartu .N? 1. 
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the r e v e r s e probabi l i ty (<j = i—p). In order to obtain a 
clearer s u r v e y of the d i f ference in the dis tr ibut ion of tempe-
ratures in both half-periods a four o broad dotted stripe has 
been drawn in the f i g u r e s . W e see that the Iine of f r e q u e n c i e s 

p-C 

-10 

Pig. 3. Frequency of Temperatures for Hamburg in January. 

for the second period lies severa l t imes beyond the four o 
str ipe. 

These o u t l y i n g par t s are m ä r k e d by circles in the g r a p h s . 
W e know f rom the theory of probabi l i t ies that 9 5 % of all the 
c a s e s must keep within the l imi t s of the four a and only 5°/ 0 

of all the cases m a y Iie outs ide provided that the o u t w a r d 
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conditions remain unal tered d u r i n g each trial. As seen from 
Fig. 3 the dis t r ibut ion of temperature for H a m b u r g is divided 
into 33 d i f f e r e n t g roups . The f r e q u e n c i e s of the second 
period can Iie outside the four o but twice. In real i ty w e se*-» 

5 

-20 -10 0 10 
Pig. 4. Fiequency of Temperatures for Vienna in January. 

that the f requenc ies of temperature for the second half-period 
Iie 19 t imes out s ide the l imits of the four o. * 

By means of P e a r s o n ' s term 

OO 

J c~ Z2% n~l dx 

P= 7 

j dy. 
«/ 0 

we can eas i ly f i n d the possibi 1 i 1 y that such a d i f f e r e n c e in the 
d i s t r ibut ion of t e m p e r a t u r e s for both half-periods has taken 
place accidental ly wi thout any ext raneous inf luence. In the 
above term e i s the bas i s of the natural l o g a r i t h m s , // — the 
number of g r o u p s Iess one, 
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where d is the d i f ference b e t w e e n the f r e q u e n c i e s for each 
group and ta the f r e q u e n c y for the correspond ing group of the 
f irst period. We obtain for the required probabi l i ty for H a m b u r g : 

P = ( ) . 1 0 - 7 1 

w h i c h means that such a d i f f e r e n c e can take place acc identa l ly 
on ly once i n a period of 5 . I O 7 1 years. For V i e n n a the correspon-
d i n g probabi l i ty P = 3 . 1 0 - M and the n u m b e r of years — 10Õ!'. 

The var iat ions of temperature for the other months have 
been oalculated in the same w a y . Table 3 g i v e s the var iat ions 
of temperature for February. 

We see in Fig. 5 a considerable rise of temperature in 
Iceland, Middle North Amer ica, and Java. A fall of tem-
perature is observed in Thorshavn, Ireland, Spain, Eastern 

Table 3. 

Name * i- Name Jt £ 

Tartu  0.3 0.7 Bogoslovsk . . 1.1 0.9 
Helsingfors . . 0.6 0.8 Barnaoul . . . 2.4 0.8 
Oulu 0.8 1.0 Touroukhansk . 1.1 0.7 
Haparanda . . 1.9 1.0 Verkhoiansk . . 1 o.o 
Stockholm . . . 2 2 0.7 Thorshavn . . . - 0 . 6 0.3 
Yardö „ 0.9 0.5 2.8 OJj 
Bergen . . . . 1.5 0.4 StykkishoIm . . 2.4 0.6 
Copenhagen . . 1.1 0.5 Ivigtut . . . . 0.8 0.9 
Königsberg . . 0.4 Jacobshavn . . 2.7 1.5 
Hamburg . . . 0.4 Upernivik . . . 2.8 1.2 
Munich . . . . 0.9 0.8 Toronto . . . . - 0 . 6 0.4 
Aberdeen . . . 0.7 0.4 Buffalo . . . . 0.8 0.8 
Vulentia . . . . — 0.8 0.4 Detroit . . . . 2.3 O.s 
San Fernando . - 0 . 3 Chicago . . . . 4.7 0.8 
Ponta Delgada . 0.0 Savannah . . . 2.0 0.« 
Vienna . . . . 1.2 0.7 New Orleans 2.4 0.8 
Gra/  1.3 0.7 Bismarck . . . 7.2 1.0 
Budapest . . . 2.4 0.6 PortIand . . . 1.6 OJi 
Milan  0.7 0.5 San Francisco . 1.4 0.4 
Prague . . . . 0.1 San Diego . . . 0.5 0.4 
Warsaw . . . . 1.3 0.8 Bombay . . . . — 0.6 0.2 
Moseow . . . . —2.5 0.9 Batavia . . . . 0.7 0.1 
Sverdlovsk . . - 0 . 2 0.8 
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CT 

Fig. 5. Variations of Temperatures in Febvuary. 

Europe, and India. The fall in the a v e r a g e tempera ture sur-
p a s s e s i t s f o u r f o l d mean error only in Moscow. 

The f r e q u e n c y curve of temperature for F e b r u a r y has 
been composed for Stockholm (see Fig. 6). 

10-

5 -

-20 -10 

Fig. 6. Frequency of Temperatures Ior Stockholm in February. 
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The calculation s h o w s that such a fall in low t e m p e r a t u r e s 
can occur accidental ly only once in a period of 4.IO22 years . 

A s r e g a r d s t h e variat ions of t e m p e r a t u r e i n March, we s e e 
from Fig. 7 (Table 4) that a r ise of temperature took place in North 
America (except the Eas te rn Coast), in Greenland, Iceland r 

Europe (except the Brit ish Islands), and in Java . The g r e a t e s t 
rise is observed in Greenland w h e r e i t s u r p a s s e s its mean 
error 6 t imes. A considerable fail of temperature (—4.7°) w a s 
o b s e r v e d only in Siberia. 

Table 4. 

Name Jt i- Name Jt l-

1.2 0.5 Bogoslovsk . . . 
I 

0.0 
Helsingfors . . . 1.8 0.7 Barnaoul . . . . o.o : 

Oulu 2.0 0.7 Touroukhansk . . — 4.7 0.6 
Haparanda . . . . 3.7 0.7 Verkhoiansk . . . 3.7 1.2 
Stockliolm . . . . 2.2 0.6 Thorshavn . . . . 0.3 
Vardö 1.2 0.4 Grimsey  4.3 0.7 
Bergen 2.1 0.4 Stykkisholm . . . 3.2 0.6 
Copenhagen . . . 1.5 0.2 Ivigtut  1.4 0.8 
Königsberg . . . 2.0 0.6 Jacobshavn . . . 6.2 1.2 
Hamburg . . . . 1.6 0.5 Upernivik . . . . 5.1 1.1 
Munich  1.9 0.6 Toronto 2.0 0.6 
Aberdeen . . . . 0.6 0.4 Buffalo  0.1 
Valentia  - 0 . 1 Detroit 1.2 0 8 
San Fernando . . 0.0 Chicago 2.1 0.8 
Ponta Delgada . . —0.4 0.2 Savannah . . . . —0.8 0.6 
Vienna  •) O 0.5 New Orleans . . . - 0 . 8 0.6 
Graz .  2.1 0.5 Bismarck . . . . 5.4 1.2 
Budapest . . . . 2.8 0.5 Portland  1.4 0.6 
Milan  1.6 0.3 San Francisco . . 2.6 0.4 
Prague  2.2 0.5 San Diego . . . . 1.6 0.4 
Warsaw  2.0 0.6 Bombay  —0.3 0.2 
Moscow  1.4 0.7 Batavia  0.6 0.1 
Sverdlovsk . . . 0.3 0.7 i 

The f requency c u r v e (Fig. 8) represents the var ia t ions of 
temperature at Jacobshavn, w h e r e a märked w a r m i n g has been 
reg i s te red . 

The r e c k o n i n g of the corresponding probabi l i ty (P = IO" 5 4) 
g i v e s for the accidental occurrence of such w a r m i n g a period 
of 3.IO55 years . 
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Fig. 7. Variations oi Temperatures in March. 

5-

-10 -1io 
Fig. 8. Frequency of Temperatures for Jacobshavn in March. 

-30 -20 

The data of the variations of temperature in Apri l d i f fer 
considerably from those in March (Table 5). 

Table 5. 

Name At £ Name At £ 

Tartu  1.2 0.4 Bogoslovsk . . . 3.1 0.6 
Helsingfors . . 1.2 0.4 Barnaoul . . . . 1.4 ! 0.7 
Oulu  —0.3 Touroukhansk . . 2.i ; 0.3 
Haparanda . . 2.0 0.4 Verkhoiansk . . . 2.4 I 1.1 
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Name Jt >• 
i 

Name Jt 

Stockholm . . . . 1.2 0.4 Thorshavn . . . . — 1.6 0.3 
Vardö 0.4 0.4 (irimsev 1.4 : 0.5 
Bergen 0.4 Stykkisholm . . . 0.6 0.5 
Copenhagen . . . 1.2 0.3 Ivigtnt  0.5 
Königsberg . . . 1.7 0.5 Jacobshavn . . . 3.1 1.0 
Hamburg . . . . 0.3 11Peniivik . . . . 2.1 0.8 
Municli  O.õ 0.4 Toronto 2.4 : 0.4 
Aberdeen . . . . —0.4 Bullalo  - 0 . 6 0.6 
Valentia . . . . . —1.5 0.2 Detroit 0.4 
San Fernando . . 0.0 Chicago 2.0 0.6 
Ponta Delgada . . — 1.5 0.2 Savannah . . . . 1.3 ; 0.4 
Vienna  - 0 . 2 New Orleans . . . 0.8 : 0.4 
Graz  1.0 0.4 Bismarck . . . . 0.7 ! 0.8 
Budapest . . . . —0.1 Portland  1.2 0.6 
Milan  0.2 San Francisco . . 1.3 0.4 
Prague  0.4 0.4 San Diego . . . . 1.0 : 0.4 
Warsaw  1.1 0.5 Bombay  0.4 ; 0.2 
Moscow  2.5 0.() Batavia  0.7 j 0.1 
Sverdlovsk . . . 3.7 0.8 i 

V a s t r e g i o n s of a r i s e in t e m p e r a t u r e s p r e a d o v e r N o r t h -
E a s t E u r o p e , N o r t h A s i a , J a v a , a n d G r e e n i a n d ( P i g . 9). T h e r e g i o n 
of d e c r e a s e t a k e s t h e f o r m of a s t r i p e s t r e t c h i n g f r o m t h e A z o r e s 
a c r o s s t h e B r i t i s h I s l a n d s to t h e P a r o e I s l e s . In W e s t E u r o p e 
w e o b s e r v e o n l y a s l i g h t w a r m i n g . T h e f r e q u e n c y c u r v e of 

' U 

i 1 ^ • ' 

> 

j 

9C 

i f ° 

• %0 16 0 

Fig. 9. Variations oi' Temperatures for April. 
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Haparanda (Pig. 10) s h o w s a r i se of h igh — and a decrease 
of low temperatures . 

The probabi l i ty of such a Variation is only 2.IO - 2 4 which 
s h o w s that the accidental occurrence of such a Variation is 
poss ib le only once in a period of IO25 y e a r s . 

10-

5 -

-20 10 0 10 
Fig. 10. Frequency oi' Temperatures for Haparanda in April. 

Table 0 and the c o r r e s p o n d i n g Pig. 11 show that the 
regiori of the w a r m i n g in May lies in Middle Europe, w h e r e in 
many places it s u r p a s s e s i ts four fo ld mean error. 

Other reg ions w h e r e the t e m p e r a t u r e has r i sen are found 
in North America, Greenland, and Java . A s l i g h t cooling has 
taken place in the Azores, Paroe Isles, and in E a s t Europe. 
The Variation of temperature on the b a s i s of Ihe f requency 
curve is g iven for H a m b u r g in Pig. 12, which s h o w s a s l i g h t 
diminution of the low — and a r i se of the high t e m p e r a t u r e s . 
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Table (j. 

Namc J/ £ Xame At £ 

Tartu l.s 0.4 Bogoslovsk . . . —0.4 
Helsi ngfnrs . . 0.2 Barnaoul . . . . 0.7 0.5 
Uulu —0.6 0.5 Touroukhansk . . 1.2 0.3 
Haparanda . . 1.3 0.4 Verkhoiansk . . . —0.1 
Stockholm . . . 1.2 0.4 Thorshavn . . . -1 .4 0.3 
Vardii . . . . . 0.6 0.4 Grimsey  1.2 0.4 
Bergen . . . . 0.4 Stykkisholm . . . 0.6 0.4 
Cupenhageii . . 1.7 0.3 Ivigtut  1.4 0.4 
Königsberg . . 3.3 0.5 Jacobshavn . . . 2.5 0.5 
Hamburg . . . 2 2 0.4 Upernivik . . . . 2.6 0.5 
Munich . . . . 3.0 0.5 Toronto 2.3 0.4 
Aberdeen . . . 0.8 0.2 BuffaIo  —0.3 0.4 
Valentia . . . . 0.0 Detroit 0.4 0.6 
San Fernando . 0.6 0.2 Chicago 2.3 0.6 
Ponta Delgada . - 0 . 9 0.2 Savannah . . . . - 0 . 4 0.4 
Vienna . . . . 1.3 ! 0.4 New Orleans . . 0.3 0.4 
Graz  1.6 0.5 Bismarck . . . . 1.0 0.8 
Budapest . . . 2.2 0.4 Portland  1.1 0.6 
Milan  1.7 0.3 San Francisco . . 1.3 0.4 
Prague . . . . 3.0 0.4 San Diego . . . . 0.7 0.4 
Warsaw . . . . 2.5 0.5 Bombay  0.2 
Moseow . . . . —2.0 0.7 Batavia  0.6 0.1 
Sverdlovsk . . i - 1 . 6 . 0.6 

Fig. i l . Variations of Temperatures for May. 
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10-

Fig. 12. Frequency of Temperatures for Hamburg in May. 

Such a c h a n g e of temperature can occur w i t h o u t any 
extraneous i n f l u e n c e s accord ing to the above-ment ioned pro-
babi l i ty (P = 3.10-1") only once in IO17 years. 

The data of the var iat ions of temperatures in June (see 
Table 7) d i f f e r f r o m those of the p r e c e d i n g m o n t h . 

Bes ides the r e g i o n s w h e r e the rise of temperature sur-
passes its f o u r f o l d mean error, there are also some places 
w i th an equa l ly in tens ive d i m i n u t i o n of temperature. 

Such a cool ing is observed in the Azores, Faroe Isles, South 
Finlatid, and Estonia. (Fig. 13). T h e r e g i o n s w i t h a n increase of 
temperature Iike that of the p r e c e d i n g m o n t h spread over 
North America, Greenland, Siberia, and Java. Only in Port-
land, Touroukhansk, and Java (Batavia) does the increase of 
temperature exceed its f o u r f o l d mean error. 

The f r e q u e n c y curves for June are g i v e n for Tartu 
(Fig. 14) and H a m b u r g (Fig. 15). 
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Table 7. 

A X X X I I I . 5 

Name Jl £ Name Jt t 

Tartu - 1 . 7 0.2 Bogoslovsk . . . 1.4 0.4 
Helsingfors . . . — 1.8 0.4 Bamaoul . . . 0.1 
Oulu — 1.5 0.5 Touroukhansk . . 2.0 0.4 
Haparanda . . . —0.3 0.4 Verkhoiansk . . . 2.4 0.9 
Stockholm . . . . - 1 . 2 0.4 Thorshavn . . . . - 1 . 0 () '> 

Vardö 0.4 Grimsey  1.0 0.4 
Bergen — 1.2 0.4 Stykkisholm . . . 0.8 0.3 
Copenhagen . . . - 0 . 3 0.3 Ivigtut  0.6 0.4 
Königsberg . . . 1.4 0.4 Jacobshavn . . . 0.7 0.4 
Hamburg . . . . — 0.6 0.4 Upernivik . . . . 0.9 0.4 
Munich  0.2 Toronto 2.6 0.3 
Aberdeen . . . . — 0.4 0.3 Buflalo  — 1.2 0.4 
Valentia  —0.9 0.2 Detroit . . . . . 0.4 0.6 
San Fernando . . 0.0 Chicago 1.4 0.6 
Ponta Delgada . . — 1.5 0.2 Savannah . . . . 0.1 0.3 
Vienna  0.4 New Orleans . . . 0.8 0 2 
Graz  0.3 Bismarck . . . . 1.7 0.8 
Budapest . . . . 1.0 0.4 Portland  1.8 0.4 
Milan  0.8 0.3 San Francisco . . 1.4 0.4 
Prague  0.4 0.4 San Diego . . . . 0.6 0.2 
Warsaw  — 1.5 0.4 Bombay  0.6 0.1 
Moscow  —0.8 0.5 Batavia  0.9 o.l 
Sverdlovsk . . . 1.4 0.4 
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Fig. 13. Variations of Temperatures Ior June. 



19 

Both f i g u r e s show a considerable increase of the low — 
and a decrease of the high temperatures . 

The lengths of the periods for the accidental occurrence 
of such changes according to the above mentioned probabil i t ies: 

Tartu P = 7.10 , 
jr i and Hamburg P = io-2<) 

are 4.IO26 years for Tartu, aud Ji.io-1 years for Hamburg. 

1 0 -

5 5 -

Fig. 14. Frequency oi' Temperaturen Fig. 15. Frequency of Tempera-
for Tartu in June. tures for Hamburg in June. 

The picture of the var iat ions of temperature for Ju ly i s 
s imilar to that for June (Table 8). 

Here also we see some regions wi th an in tens ive cooling 
s u r p a s s i n g its mean error at least four times, but bes ides the 
Azores, w e must also point out W a r s a w and Moscow (Fig. 16). 
A m o n g the stations with an augmentation of temperature 

2* 
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Table 8. 

Name 
" 

Jt £ Name Jt £ 

Tartu - 0 . 1 Bogoslovsk . . . —0.6 0.5 
Helsingfors . . . 1.6 0.5 Barnaoul . . . . — 1.0 0.4 
Oulu 1.3 0.5 Touroukhansk . . 0.4 
Haparanda . . . 1.6 0.4 Verkhoiansk . . . 2.2 0.8 
Stockholm . . . . —0.4 0.4 Thorshavn . . . . —0.5 0.2 
Vardö 1.0 0.3 Grimsey  1.2 0.5 
Bergen . . . . - 0 . 3 Stykkisholm . . . 0.6 0.2 
Copenhagen . . . 1.0 0.3 Ivigtut  0.2 
Königsberg . . . 2.2 0.4 Jacobshavn . . . 0.1 
Hamburg . . . . 1.2 0.3 Upernivik . . . . 0.6 0.3 
Munich  0.2 Toronto 2.0 0.3 
Aberdeen . . . . —0.2 Bui'falo  - 0 . 4 0.4 
Valentia  —0.1 Detroit 1.0 0.4 
San Fernando . . 0.0 Chicago 1.7 0.4 
Ponta Delgada . . — 1.7 0.2 Savannah . . . . 0.2 0.3 
Vienna  0.2 New Orleans . . 1.0 0.2 
Oraz  : 0.5 0.3 Bismarck . . . . 1.4 0.6 
Budapest . . . . 0.8 0.3 Portland  0.9 0.4 
Milan  ' 0.1 San Francisco . . 1.6 0.4 
Prague  ! 0.7 0.4 San Diego . . . . 1.0 0.4 
Warsaw  —1.1 0.3 Bombay  0.5 0.1 
Moscow  j - 2 . 5 0.5 Batavia  1.2 0.1 
Sverdlovsk . . . ; —1.0 0.5 
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Fig. iß. Variations of Temperatures for July. 
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Table 9. 

Name At £ Name At 

Tartu —0.5 0.3 Bogoslovsk . . . — 0.1 
Helsingfors . . . 1.0 0.4 Barnaoul . . . . 0.0 
Oulu 0.1 Touroukhansk . . 1.3 0.3 
Haparanda . . . 0.6 0.3 Verkhoiansk . . . 3.0 0.6 
Stockholm . . . . 0.0 Thorshavn . . . - 0 . 7 0.2 
Vardö 0.4 Grimsey  0.5 0.4 
Bergen - 0 . 4 Stykkisholm . . . 0.8 0.3 
Copenhagen . . . 0.6 0.3 Ivigtut  1.2 0.2 
Königsberg . . . 1.9 0.3 Jacobshavn . . . 1.7 0.3 
Hamburg . . . . 0.3 Upernivik . . . . 2.3 0.4 
Munich  0.6 0.3 Toronto 0.9 0.2 
Aberdeen . . . . 0.2 Buffalo  - 0 . 2 0.6 
Valentia  0.0 Detroit 0.8 0.4 
San Fernando . . 0.7 0.2 Chicago 0.8 0.4 
Ponta Delgada . . — 1.3 0.1 Savannah . . . . 0.4 0.4 
Vienna  0.7 0.4 New Orleans . . 1.0 0.2 
Graz  0.0 Bismarck . . . . 0.4 
Budapest . . . . 0.9 0.4 Portland  1.6 0.4 
Milan  1.0 0.3 San Francisco . . 1.2 0.4 
Prague  0.7 0.3 San Diego . . . . - 0 . 2 0.3 
Warsaw  — 1.2 0.3 Bombay  0.4 0.1 
Moscow  — 1.0 0.5 Batavia  0.9 0.1 
Sverdlovsk . . . —0.7 0.4 

Fig. 17. Variations of Temperatures for August. 
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only Batavia shows an increase surpassing 1 i ts fourfold mean 
error. A sl ight warming is observed in North America, Iceland, 
Finland, and Middle Europe. 

Table 9 and the corresponding chart for A u g u s t (Fig. 17) 
show an intensive warming at a large number of stations, 
such as Greenland, North America, Siberia f and Java. 

Fig. 18. Frequency oi' Temperatures for Upernivik in August. 

Among the stations which show a fail of temperature, 
Moscow alone is characterised by a comparatively small mean 
error. The frequency curve for Upernivik in Greenland (Fig. 18) 
shows a märked increase of temperature in almost all groups. 
Oii the basis of the reckoned probability 

P= 3.10~7B 

this may happen only once in IO77 years . 
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The data for September are almost identical with those 
for A u g u s t (see Table 10). 

Table 10. 

Name 
I 

Al, 1 
£ Name At fc 

Tartu - 0 . 2 0.2 Bogoslovsk . . . 0.5 0.5 
Helsingfors . . . 0.2 Barnaoul . . . . —0.7 0.3 
Oulu 0.1 Touroukhansk . . 2.6 0.3 
Haparanda . . . 0.0 Verkhoiansk . . . —0.2 
Stockholm . . . . - 0 . 8 0.2 Thorshavn . . . . — 0.4 0.2 
Vard ö 0.7 0.3 Grimsey  —0.6 0.4 
Bergen - 0 . 4 Stykkisholm . . . - 0 . 4 0.3 
Copenhagen . . . 0.0 Ivigtut  1.0 0.3 
Königsberg . . . 1.3 0.3 Jacobshavn . . . 1.4 0.5 
Hamburg . . . . - 0 . 1 Upernivik . . . . 1.9 0.3 
Munit-Ii  0.4 Toronto 2.2 0.4 
Aberdeen . . . . - 0 . 2 Buffalo  0.3 0.4 
Valentia  —0.1 Detroit 1.0 0.4 
San Fernando . . 0.9 0.6 Chicago 1.8 0.4 
Porta Delgada . . - 1 . 0 0.2 Savannah . . . . 1.7 0.4 
Vienna  - 0 . 5 0.4 New Orleans . . . 1.8 0.3 
Graz  —0.5 0.4 Bismarck . . . . —0.7 0.6 
Budapest . . . . 0.5 0.4 Portland  0.6 0.3 
Milan  1.:; 0.3 San Francisco . . 1.2 0.4 
Prague  —0.2 San Diego . . . . —0.4 0.4 
Warsaw  —0.8 0.4 Bombay  0.4 0.1 
Moscow  0.6 0.4 Batavia  0.9 0.1 
Sverdlovsk . . . 0.3 

Fig. 19. Variations of Temperatures for September. 
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In North America, Greenland, Java, and Milan a conside-
rable r i se of temperature has taken place, whereas a decrease 
has been observed only in the Azores and Stockholm (Fig. 19). 

A s l i ght cooling is also seen in Iceland, the Brit ish Isles, 
and the Faroe Isles. In Upernivik (Greenland) the augmentation 

Fig. 20. Frequency of Temperatures for Upernivik in September. 

of temperature is as s t rongly märked in September as it w a s 
in A u g u s t (see Fig. 20). 

The reckoning g i v e s for the mentioned probabil i ty 

p = lo-" 8 

and for the occurrence of this change, when the o u t l y i n g 
conditions remain without alteration, a period of 2.1 Ofi9 years . 
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Table 11. 

Name dt e Name dt 

Tartu 0.2 0.4 Bogoslovsk . . . —0.5 0.7 
Helsingtors . . . - 0 . 2 Barnaoul . . . . - 0 . 4 0.6 
Oulu —0.1 Touroukhansk . . 2.3 0.4 
Haparanda . . . —0.2 Verkhoiansk . . . 2.3 1.1 
Stockholm . . . . 0.6 0.4 Thorshavn . . . . 0.6 0.4 
Vard ö 0.0 Grimsey  0.1 
Bergen 0.9 0.3 Stykkisholm . . . 0.4 0.4 
Copenhagen . . . 0.9 0.3 Ivigtut  0.5 0.4 
Königsberg . . . 1.4 0.4 Jacobshavn . . . 0.1 
Hamburg . . . . 0.7 0.4 Upernivik . . . . 0.1 
Munich  2.2 0.4 Toronto 2.8 0.4 
Aberdeen . . . . 1.1 0.3 Buffalo  1.1 0.4 
Valentia  —0.9 0.4 Detroit 2.4 0.6 
San Fernando . . 1.0 ' 0.3 Chicago 2.8 0.6 
Ponta Delgada . . —0.5 0.2 Savannah . . . 2.2 0.4 
Vienna  - 0 . 1 New Orleans . . . 2.7 0.4 
Graz  0.9 0.5 Bismarck . . . . 0.7 0.8 
Budapest . . . . 1.2 0.4 Portland  0.7 0.4 
Milan  0.5 0.3 San Francisco . . 1.2 0.4 
Prague  0.9 0 4 San Diego . . . . 0.2 0.3 
Warsaw  0.3 Bombay  0.7 0.1 
Moscow  : - 0 . 5 0.6 Batavia  0.6 0.1 
Sverdlovsk . . . • —0.7 j 0.8 
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Fig. 21. Variations of Temperatures for October. 



K. KIRDE A XXXIII. 5 

The variations of temperature in October di f fer from those 
of September and A u g u s t by the fact that Greenland shows 
only a s l ight rise of temperature (Table 11). 

Onlv the stations of the Eastern part of North America, 
Siberia, and Java are characterised by a rise surpassing its 
fourfold mean error. 

The region of cooling spreads over the Azores and British 
Isles, but the decrease of temperature surpasses only its double 

1 0 -

5 -

Fig. 22. Frequoncy of Temperatures for Munieh in October. 

mean error. The frequency curve of Munich (Fig. 22) shows 
a s l ight increase of high temperatures. Such a change can 
occur according to the reckoned probability 

P = 2.10 u 

only once in a period of IO15 years. 

There is no great difference between the variations of 
temperature in October and November (Table 12), except for 
a more märked w a r m i n g in Greenland. 
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Table 12. 

Name U 
j 

Name 
" 

Ji ;• 

Tartu 
i 

1 .('> 0.4 Bogoslovsk . . . 2.2 0.9 
Helsingiors . . . 0.2 Barnaoul . . . . 2.6 0.9 
Oulu O .4 Touroukhansk . . 3.0 0.5 
Haparandn . . . . 1.4 0.8 Verkhoiansk . . . 3.2 1.1 
Stockholm . . . . 0.4 0.5 Thorshavn . . . . —0.6 0.4 
Vard ö 1.4 0.4 Grimsev  0.7 0.4 
Bergen 1.2 0.4 Stykkisholm . . . 0.6 0.3 
Copenhagen . . . 1.0 0.4 Ivigtut  1.1 0.5 
Königsberg . . . 0.4 Jacobsliavn . . . 1.3 0.7 
Hamburg . . . . — 0.1 Upernivik . . . 2.3 0.7 
Municli  1.1 0.4 Toronto 1.8 0.4 
Aberdeen . . . . 0.4 Buffalo  0.8 0.4 
Valentia  —0.5 0.3 Detroit 0.9 0.6 
San Fernando . . 0.2 Chicago 1.9 0.6 
Ponta Itelgada . . —0.7 0.2 Savannah . . . . 0.1 0.4 
Vienna  1.2 0.5 New Orleans . . . 0.6 0.6 
(ira/. 0.3 Bismarck . . . . 2.6 1.2 
Budapest . . . . 1.6 0.5 Portland  0.6 0.4 
Milan  1.8 0.3 San Francisco . . 0.9 0.4 
Prague  0.0 San Diego . . . . 0.8 0.4 
AVarsaw  0.1 Bombay  0.7 0.2 
Moscow  1.0 0.7 Batavia  0.6 0.1 
Sverdlovsk . . . •) •) o.s 
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Fig. 23. Variations of Temperatures for November. 
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The regions showing a considerable rise of temperature 
Iie in North America, Siberia, and Java (see Pig. 23). 

The frequency curve of Upernivik (Fig. 24) again presents a 
s trong warming, which on the basis of the corresponding probability 

P = 8 . I O - 5 9 

can accidentally take place only once in 4.1059 years. 

1 0 -

5 -

-20 

Fig. 24. Frequency of Temperatures for Upernivik in November. 

The data for December (Table 13) show a considerable 
warming in West Europe, North America, Siberia, and Java, 
where in many stations the rise of temperature surpasses its 
fourfold mean error. 

Table 13. 

Name At e Name At t 

Tartu 1.8 0.4 Bogoslovsk . . . 0.4 
Uelsingfors . . . 2.2 0.8 Barnaoul . . . . 1.2 1.0 
Oulu 1.7 0.9 Touroukhansk . . - 0 . 4 
Haparanda . . . 3.ß 1.0 Verkhoiansk . . . 1.2 1.3 
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Name At e Name At £ 

Stockholm . . . . 2.0 0.6 Thorshavn . . . . 0.5 0.4 
Vardö 3.2 0.4 Grimsey  0.8 0.5 
Bergen 2.4 0.5 Stykkisholm . . . 2.0 0.5 
Copenhagen . . . 1.8 0.4 Ivigtut  0.8 0.7 
Königsberg . . . 0.8 0.6 Jacobshavn . . . 3.0 0.9 
Hamburg . . . . 2.5 0.5 Upernivik . . . . 2.8 1.0 
Munich  3.6 0.7 Toronto 2.6 0.4 
Aberdeen . . . . 1.5 0.4 Buffalo  0.3 
Valentia  —0.2 Detroit 0.6 0.6 
San Fernando . . 1.1 0.3 Chicago 0.8 0.8 
Ponta Delgada . . 0.0 Savannah . . . . 1.8 0.6 
Vienna  2.5 0.6 New Orleans . . . 2.1 0.6 
Graz  3.1 0.5 Bismarek . . . . — 0.2 
Budapest . . . . 4 5 0.7 Portland  - 0 . 4 0.4 
Milan  2.7 0.4 San Francisco . . 0.2 0.4 
Prague  2.0 0.6 San Diego . . . . —0.7 0.4 
Warsaw  2.4 0.6 Bombay  0.2 
Moscow  1.2 0.8 Batavia  0 9 0.1 
Sverdlovsk . . . 3.2 1.0 

The regions with a cooling do not contain any stations 
at which the decrease of temperature exceeds its twofold 
mean error (Pig. 25). 
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Fig. 25. Variations of Temperatures for December. 
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The frequency curves are composed for Haparaiida and 
for Jacobshavn (Pig. 26 and Fig. 27). 

-10 -20 - 3 0 

Fig. 26. Frequency of Temperatures for Haparanda in December. 

Thev both show an increase of high temperatures, which 
gives the corresponding probability for 

Haparanda P = 3.IO - 3 3 and 
Jacobshavn P= io~51. 

5 -

10 -30 -20 •10 0 
Fig. 27. Frequency oi Temperatures for Jacobshavn in December. 



A XXXIII. 5 Change of Climate in the Northern Hemisphere 31 

The accidental occurrence of these changes requires for 
Haparanda a period of 10:!1 years, for Jacobshavn — :3.1052  

years. 
In order to determine more exactly the change of tem-

perature for the discussed period, we have reckoned the 
variations of yearly amplitudes and the shift ing of the maximal 
and minimal points in the yearly range of temperature. Fo r  

this purpose the whole period of Observation was divided into 
groups of 10 years each. By means of the polynom 

IJ = CIQ -J- (ij X ~j— (II) X" -j - Clg X'J 

we have calculated for each ten years' period the moments of 
the highest and lowest temperature in the yearly range for 
each Station. Harmonie analysis was not applied because it 
takes all the average monthly temperatures equally into con-

Table 14. 

Name 
I 
: fd !• N aine Jd l-

Tartu  10.° 1.« Bogoslovsk . . . — 4.1 ! 2.2 
Helsingfors . . il.:» 1.8 Barnaoul . . . . i —0.9 l.s 
Oulu  7.3 1.2 Touroukhansk . . 9.6 3.0 
Haparanda . . 3.1 2.0 Verkhoiansk . . . 13.5 2.0 
Stockholm . . . 9.« 2.0 Thorshavn . . . . 0.0 
Vardö  — 9.1 4.2 Grimsey  4.5 2.8 
Bergen . . . . 15.1 4.0 Stykkisholm . . . 1.3 2.8 
Copenhagen . . -1-1 2.8 Ivigtut  19.« 6.2 
Königsberg . . 11.3 3.0 Jacobshavn . . . 15.7 1.8 
Hamburg . . . IT).« 4.2 IJpernivik . . . . 5.2 1.8 
Munich . . . . 0.1 Toronto  —4.7 1.4 
Aberdeen . . . I 7.8 2.0 Buffalo  5.0 1.6 
Valentia . . . . — 3.0 3.4 Detroit  11.8 1.8 
San Fernando . ! 7 - ° 3.0 Chicago  10.0 3.8 
Ponta Delgada . 0.0 Savannah . . . . 3.0 1.4 
Vienna . . . . 3.2 4.2 New Orleans . . 2.0 1.0 
Graz  1.1 2.6 Bismarck . . . . 4.8 4.0 
Budapest . . . ' —0.9 1.6 Portland  —0.8 1.6 
Milan  : 9.6 2.0 San Francisco . . —3.7 4.0 
Prague . . . . 2 2 2.0 San Diego . . . . — 18.2 3.4 
Warsaw . . . . ! 16.1 3.0 Bombay  5.0 2.6 
Moscow . . . . 2.4 3.6 Batavia  0.3 0.7 
Sverdlovsk . . ! —9.5 1.6 
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Table 15. 

Name Jd 
I 

e Name 
' 

Jd £ 

Tartu  I 9.6 6.4 Bogoslovsk . . . 9.4 5.2 
Helsingfors . . I —16.8 2.6 Barnaoul . . . . —4.2 2.8 
Oulu  3.2 5 8 Touroukhansk . . - 2 . 2 3.6 
Haparanda . . j —3.8 3.4 Verkhoiansk . . . 4.4 4.8 
Stockholm . . . j - 1 1 . 1 4.4 Thorshavn . . . . — 15.0 6.6 
Vardö  ; —2.0 2 2 Grimsey  —43.8 11.2 
Bergen . . . . 1 —16.6 6.4 Stykkisholm . . . —41.1 11.2 
Copenhagen . . ; 6.3 2.4 Ivigtut  —17.8 4.0 
Königsberg . . 4.7 5.8 Jacobshavn . . . — 17.4 3.0 
Hamburg . . . 26.2 4.8 Upernivik . . . . —8.6 6.8 
Munich . . . . 12.0 4.6 Toronto  — 3.5 2.4 
Aberdeen . . . 29.6 11 2 Buffalo  —9.6 2.2 
Valentia . . . . 17.5 15.2 Detroit  — 10.5 1.2 
San Fernando . —4.4 6.0 Chicago  - 2 5 . 2 4.0 
Ponta Delgada . 0.0 Savannah . . . . 0.8 5.0 
Vienna . . . . 22 9 5.2 New Orleans . . . 0.9 6.4 
Graz  7.4 5.2 Bismarck . . . . —31.8 4.2 
Budapest . . 14.4 4.4 Portland  —21.9 2.0 
Milan  12.0 3.0 San Francisco . . —21.0 3.4 
Prague . . . . 20.4 2.8 San Diego . . . . - 0 . 2 0.8 
Warsaw . . . . 14.4 5 0 Bombav  7.4 3.2 
Moscow . . . . 5.7 4.2 Batavia  0.1 0.7 
Sverdlovsk . . 5.2 5.6 I ; 

sideration. whereas in our case we are interested only in the 
maximal and minimal temperatures of the annual range. The 
coef f ic ients in the abovegiven polynom were determined by 
means of least squares. W e find the moment of the h i g h e s t 
temperature from the monthly a v e r a g e s of May, June, July, 
A u g u s t , and September; the moment of the l o w e s t t e m p e r a t u r e 
is found from the averages of December, January , February, 
March, and Apri l . On the basis of these moments for each 
ten years ' period the sh i f t ing of the h i g h e s t and lowest points 
in the yearly range of temperatures has been reckoned for 
each Station by means of least squares . For the s tat ions 
of America the monthly average max. temperatures have been 
used for determining the Variation of the maximal points and 
the monthly average minimum temperatures for the Variation 
of the minimal point. These data expressed in days (Ad) are given 
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in tables 14 (Shilling of max. temperature) and 15 (Shifting of 
min. temperature) with their corresponding mean errors (e). 
In both tables a minus sign (—) is put before the number of 
days showing a premature occurrence of the extreme points oi 
temperature in the yearly range. In order to obtain a better 

Fig. 28. Shifting of Max. Temperature. 

survey the variations of the maximal and minimal points expres-
sed in days are represented graphically. In Fig. 28 the thin 
lines denote the districts, where the retardation of the max. 
temperature surpasses its double mean error, and the thick 
lines —• the districts, where it surpasses its fourfold mean 

Fig. 29, Shifting of Min. Temperature. 
3 
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error. TIip thin dots mark the regions, where the premature 
occurrence of the max. temperature surpasses its double mean 
error, the thick dots — the regions, where it surpasses i t s 
fourfold mean error. In the same way the sh i f t ing of min. 
temperature is represented in Fig. 29. 

As can be seen from the f igures the maximal point of the 
temperature in the yearly range is Iate in Europe (except 
Vardö), partly in Siberia, India, Greenland, and on the East 
Coast of North America. An advance of the maximal point is 
observed in the Eeast of North America. As regards the 
shi f t ing of the minimal point, a considerable retardation is 
seen in Middle Europe and an advance is märked in North 
America, Greenland, Iceland, and Scandinavia. 

The change of the amplitude of the annual range of 
temperature has been found in the same way by means of 

Table 1(1. 

Name f- Name Jt £ 

Tartu —2.0 0.7 Bogoslovsk . . . — 1.1 0.8 
Helsingl'ors . . . 0.2 1.0 Barnaoul . . . . — 1./ 1.2 
Oulu — Ü.2 1.4 Touroukhansk . . 0.2 
Haparanda . . . 1.7 0.8 Verkhoiansk . . . — 1.7 0.4 
Stockholm . . . . 0.9 0.0 Thorshavn . . . . - 0 . 4 0.2 
Vardö 0.0 0.5 Grimsey  —4.1 0.3 
Bergen —1.() 0.4 Stykkisholni . . . -1 .7 0.2 
Copenhagen . . . - 0.7 0.4 Ivigtut  0.« 0.6 
Königsberg . . . 1.8 0.7 .larohshavn . . . --1.() 1.3 
Hamburg . . . . ---0.8 0.0 Upernivik . . . . 3.4 1.0 
Munich . . . . : - 3.5 0.7 Toronto 2.3 0.4 
Aberdeen . . . . 1.7 0.5 BuCfalo  — 1.8 0.5 
Valentia  -0.2 : 0.4 Detroit - 0.6 0.6 
San Fernando . . 0.2 0.3 Chicago — 1.9 0.2 
Ponta Delgada . . i.:', 0.2 Savannah . . . . —1.0 0.5 
Vienna  — 1.0 0.9 New Orleans . . . —0.8 0.5 
Graz . . . . . . : • '•<> 0.6 Bismarck . . . . —3.6 0.7 
Budapest . . . . —2.8 0.1) Portland  0.4 0.4 
Milan  — 1.0 0.4 San Francisco . . 1.8 0.2 
Frague . . • . . — 1.4 0.6 San Diego . . . . —0.3 0.4 
Warsaw  -2.6 0.0 Bonibav  0.2 0.2 
Moscow  Ui 0.9 Batavia  0.0 
Sverdlovsk . . . . 2.0 0.0 
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least squares. These data (M) with their mean errors F are 
given in Table 16. 

The oorresponding Fig. 30 shows a decrease of the yearly 
amplitude (märked with dots) in the greater part of North 
America, Greenland, the Azores, Iceland, Siberia, and East 
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Fig. 30. Cliange of Vcarly amplitude of Temperature. 

Europe. An augmentation of amplitude (märked in Fig. 30 
with lines) is observed only in North Scandinavia, Königs-
berg, and the Western Coast of North America. 

The aim of this work was only to show the variations of 
temperatures that have taken place during the last 60—70 years. 
Ttie causes of the variations are not diseussed, because the 
analysis of that question requires a much thicker net of cli-
matic and hydrologic observations in both hemispheres. 
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