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before the time of the tornado, 10:40 p. m. The passage 
of the tornado was accompanied by a terrific down our, 

tornado. This heavy rain continued for sonie 
afterward and gradually slackenin ceased altoge t,lier 

of the night, the clouds hanging low and driving fast 
before a hard wind that followed the storm and persisted 
throughout the remainder of the ni ht. After midnight 

the noise of which tended to deaden the roar o F the 

before midnight. The sky remaine B clouded for the rest 

ew colder rapidly and the next % ay there was a light, 
fa itf of snow. 

T in 
mar E ed V-shaped cyc s f  one see figs. 7 and S) it  would be 

DISCUSSION. 

Since this tornado was followed by a sha 
tem erature at the assa e of the wuid-shift ine of a 

natural on first thought to esplain the storni as the result 
of cold air running over the mountains in advance of the 
wind-shift line a t  the earth’s surface, and entrapping 
below it some of the warm, moist air on the Piedmont. 
This would cause intense local convection, and the result- 

~ ELKINS, W. VA. 
in turbulence might be sufficient to produce a tornado. 

%uch an e s  lanation, however, does not seem to be 
justified b d)e facts. At Lynchburg, about 40 miles 

till 7 hours after the storm (see fig. lo), although some 
humps in the pressure curve might le itimately be 

dense air 

north-nort I east of Gretna, there was no rise in pressure 

expected if a considerable stratum of cod, 9 

arrived aloft. AtElkins, W. Va., rain began a t  7:40 p. m., 
the temperature fell 6’ F. a t  about 7:50 to 8:OO p. m., 
and there was a temporary, sharp rise in pressure 
amounting to 0.03 inch a t  about 8 p. m. (See fig. 9.) 
‘l’his is the oily intimation that there may have been EL 
cold wind front doft which could have reached Gretna a t  
the time (10:40) the tornado occurred. 
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LY NCHBURG , VA. 
Other conditions indicate that this tornado may be 

e s  lained without assuming the arriva.1 of a widespread 

cool air left from the anticyclone which was over this 
region the SSth was dissipated rather slow1 

29th. (See fig. 7.) It is evident from the high tempers- 
tures and souther1 winds a t  a11 surroundin stations, 

during the day, that the warm, south wind was riding 
over this mass .of cool air. Gretna seems to have been 
on the southern edge of the stagnant air until shortly 
after sunset, when “it cleared and a warm, g-mtle, spring- 
like wind began to blow.” This li ht wind nding up over 

beginning there a t  9:05 p. m. 
At about 9 p. m. a severe windstorm of several hours 

durntioii began a t  Gretna; and 25 minutes later this wind 
reached the surface a t  Lynchburg, causing a remarkably 
rapid rise of temperature (see fig. lo).* When the 
temperature had reached its masimum of 70° F. a t  
Lynchburg the first thunder was heard at Gretna (10 
p. m.), and 40 minutes later the tornado occurred there. 
Whence came the cold air necessary to produce such an 

cod P wind running over the mountains. The stagnant 

Lpcliburg and robably westward to beyon 8; the and Blue at 
Ridge some of t E ‘s air remained till the evening of the 

and from the clou (9 iness and light rainfall a t  E ynchburg 

the cold air still at Lynchburg pro Q ably made the rainfall 

*a. abstract on next page. 
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intense thunderstorm and tornadoa The cold air which 
was over the Piedmont 
have ridden back over the 
produced a thunderstorm coming 
southwest. Anyway, there is 
for such cold surface air to 
running warm air. 

The most reasonable esplanation seems to be that the 
cold air remained in the valle behind the Blue Ridge 

that when this cold air was pushed out bodily, beginning 
in the southwest, it spilled over the Blue Rid e on top 

produced in this way might be exceptionally intense and 
would be confined to a relative1 small strip of moderate 

to 0.58 inch from 9:05 to 11:45 p. m., and it was followed 
later by a characteristic shower of 0.13 inch on the arrival 
of the wind+hift line.-C. F. Brooks. 

for an hour or two after it was b P own off the Piedmont, and 

of the much warmer wind on the Piedmont. .fi he storm 

length. At Lynchburg the rain 9 rom this storm amounted 

ABNOBMAL CHANQE OF TEDSPERATURE AT TOKYO 
AND SmAGAWA. 

By K. SIGETOHI 
[Abstract.] 

In the August, 1918, issue of the Journal of the Me- 
teorological Society of Japan (pp. 49-54) there is nn ac- 
count of abnormal changes of air temperatuie n t  a nuni- 
ber of Japanese stations on March 20, 1918. At Sina- 
gawa, 9 Inn. south of Tokyo, the 
m 50 minutes, and there was a 
An extreme case is 
9.8’ C. in 20 minutes at Tokyo in 1912. On March 20, 
1918, the land was overlain by a cold wedge of air, thick- 
est in the north; and rtbove this cold air there was a 
warm current from the south. As the outer margin of 
this cold mass of air vaned back and forth; there were 
correspondin ly extreme changes in tem erature-now 

of the norther1 one. The morning weather map and 

produced. 
Dbcussion.Cudden rises in air temperature not in- 

frequently accom an the aiTival of a warm wind, the 
lower boundary of w&ch has gradually descended till i t  
reaches the surface with apparent abruptness. Simi- 
larly, if a wedge of cold air is slow1 {rushiig under a 
warm wind, there will be an abrupt m tern erature 

such currents there is usuall a mixture fo “he per- 

period of many hours shows how slowly two currents of 
air of radically different tem eratures affect one another 

notes on similar occurrences in the United States, see (1) 
page 463 of this issue of the REVIEW, (2) note on Three 
ice-storms, Science, August 8, 1913, and (8) Ice storms of 
New England, Annals, Obs. Harv. Coll., volume 73, 
part 1, 1914.-0. F. B. 

to the warmt fl of the southerly wind and t f en to the cold 

the thermograp z and wind records a t  10 stations are re- 

when the cold air arrives. On the boundaries g etween 

sistence of the occurrence o 9 such abrupt c %- anges for a 

when the denser one is beow f the lighter. For some 

MAJOR COXTBOLS OF TEE CLXMATBS OF THE 
UNITED STATES.’ 

By ROBERT DE C. WAED, P m f m r  of Climatology, Harvard University. 

Climate in generaL4limate is accurately and briefly 
defined aa average weather. But means, or averages, may 

be made up of very different values of the elements which 
go into them, and therefore a satisfactory presentation of 
climate must include more than mere averages. It must 
also take account of regular and irregular daily, monthly, 
aad annual changes, and of the departures, mean and 
extreme, from t,he ayerage conditions which may occur 
at. the sanie place in the course of time. This estension 
of the definition of cliiiiate is especially iniportant in any 
region where irregular c,yclonic Fanations of weather 
conditions are frequent, as in the so-called “ temperate” 
latit,udes of bot,li northeim and southern hemispheres. 
Therefore, just ns wpather types chnnge from day t.0 day, 
and froin season to’ season, under p ng controls, so 
climat,e is the resultant of many variah T es. One climate 
differs from nno t,lier because of a different conibination 
of these cont,roLq. While it is a relatively simple matter 
to enuiiierate t.lie Iactois which coiiibine to roduce any 
giren dimate, it is difficult., if not iinpossibe, P to deter- 
n+e, quantitativeJy, the relative iniportance of these 
different, controls, so intimately are they connected and 
so comples are their effects. 

The mwjor co)~trols qf ch.ctfe.--TIie sun is obviously 
the fundamental control of climate. The general distri- 
bution of temperature oyer the earth’s surface, as well 8s 
the diurnal and seasonal chnn es, depend upon variations 
in the intensity and in the f uration of sunshine. This 
solar control of climate is c.oninion1y kuown as the control 
by (1)  Z&itude, arid stands first. If the sun alone were 
concellled, all places on the saiiie latitude circle would 
have the same for the inteiisit and amount of 
sunshine depend upon the angle of inci B ence of the sun’s 
rays, and upon t,he length of the day, and both of these 
depend on latitude. 

buch a condition is Fer>- decidedly n:odified by the 
distribution and influence of (2) 1a .d  and water; (3) 
mountniie bu:rrimY, (4) altitudf, (5) prevailin uinds, (6) 
ocean mtrrc?ts, awl temporary (7) stwms. 4 he reaction 
of the physicd features and condit.ions of the earth’s sur- 
face upon the atmosphere resultas is what is termed 
physical climate. According to t.he dominant control in 
each case we may have continmtal, marin.e, or mountuin 
diniates. In  the first, land is the essential control; in 
t.he second, the ocean; in the third, dtit-ude. An ex- 
treme development of the continental type is a des& 
climate. A transitional type between continental and 
inarine, is a. Et tod  cliniate.3 The relative iiiiportance of 
t,he above-mentioned niajor controls of climate, and the 
types of cliniate which result from their interaction, 
inevitably vary greatly in different places accordin to the 
geographical location, and the physical, topograpkc, at- 
mospheric, and other condibions pecuhar to each district. 
For the United States the outstanding facts re arding 
each of these major controls are here bnefly state % . 

Latitzrde.-The difference in latitude between the north- 
ern and the southern portions of the United States is the 
fundamental control which determines the important. 
fact that t.he mean annual, the seasonal, and the monthly 
isot.herms as a whole show prevailin ly lower tern eratures 
in the north than in the south? Q et these is0 tp ierm do 
not run east and west a.cross the continent, as the would 

latitudelinesshow theinfluenceof othercontrols, such, e. ., 
as land and water, mountains, ocean currents, win di s. 
If winds have a freesweep across n country they inevitably 

were latitude the sole control. Their deflections 9 rom the 

%Solar clinaate is the term for a climate wliich is controlled solely by the amount of 
solar radlstim which any place receives by r e m  of its latltude alone. 
: For fuller details re rding the characteristics of these dlffereremt types of climate 

sea R. De C. Ward: L‘Cfmate amsidered especially in relation to mgn,” So, ad ed.; 
4 Sea e g the charts of monthly and annual Isotherm8 in Bartholomew’s “Atlas of 

Metaorhcg’99 1888 PIS 7 aud 8- also the mesn annual Jan and July isothermcrl 
cham in 
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