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INTRODUCTION. 

The REVIEW for April, 1894, is based on reports from 
3,215 stations occupied by regular and voluntary observers. 
These reports are classified as follows: 153 reports from 
Weather Bureau stations ; 41 reports from U. S. Army post 
surgeons ; 2,165 monthly reports from State weather ser- 
vice and voluntary observers; 30 reports from Canadian 
stations ; 323 reports through the Southern Pacific Railway 
Company ; 567 marine reports through the co-operation of 
the Hydrographic Office, Navy Department, and “New York 
Herald Weather Service ;” weekly or monthly reports from 

36 U. 8. Life-Saving stations; 18 reports from navigators 
on the Great Lakes; monthly reports froni local servicee 
established in all States and Territories : and international 
simultaneous observations. Trustworthy newspaper extracts 
and special reports have also been used. 

The WEATHER REVIEW for this month has heen prepared 
under the general editorial supervision of Prof. Cleveland 
Abbe. The statistical tables are furnished by tlie Division 
of Records and Meteorological Data, in charge of Mr. A. J. 
Henry, acting chief of that division. 

CHARACTERISTICS OF THE WEATHER FOR APRIL, 1894. 

The most notahle feature of tlie weather was the slow nio- 
tion of the storm center off the coast of New Jersey and New 
England on the 11th to the 15tli, and the attending estensive 
snowfall in the Middle States. The temperatures 11 ere cle- 
cidedly above the normal in tlie Lake region and the entire 
eastern slope of the Rocky Monntains. The precipitn tion 

w:is above the nornid on the north Pacific coast and in North 
Dakota, Imt wns generally helow the normal. 

Thp rivers were high in Arkansas and Louisiana and were 
rising in Oregon ond Washingt,on. 

The ice on t,he coasts of Kewfoundland and Nova Scotia 
~ t i a  driven far west of the ordinary liniit and was unusually 
hlnvy. 

- 

ATMOSPHERIC PRESSURE. 
[It& i t r c h r ~ ~  l t t ~ d ~ ~ d t h . ~ . ]  

The distribution of mean atniospheric pressure reduced to I now reproduced. As compared with the normal for ApriI, 
level for April, 189.1, as deterlnilled from o1)serv:itions the mean 1)ressure for the Current month was in excess a t  - -  

taken daily a t  8 a. ni. ancl 8 p. m. (seventy-fifth meridian 
time), is shown by isobars on Chart 11, which also gives the 
so-called result,ant wind direction for this month ; these re- 
sultants are also given numerically in Taldes VI11 and IS of 
the present REVIEW. The pressures here cliarted are those 
shown by mercurial barometers as ntiected hy local gravity 
and need to be reduced to stanclnrd gravity. That. part of 
this reduction that depends on 1:ititnde is shown by the niini- 
bers printed on the border of Chart I1 : it should be applied 
and new isobars drawn by those engaged in special researches. 

During the current month of April the pressures a t  sea 
level have been highest (30.17 to 30.10) on the comt of north- 
ern California, Oregon, aiid Washington, and nearly aa high 
(30.19 to 30.10) on the coasts of Florida, Georgia, South 
Carolina, and North Carolina ; these two regions of high 
pressure. evidently represent, respectively, the northeastern 
border of the high pressure over the Pacific and the south- 
western border of the high over the Atlantic. The regions 
of low pressure were 29.90, or less, from Ynma, Ariz., south- 
ward, as also 99.90, or less, in eastern Montana, and north- 
ward over Alberta, Assiniboia, am1 Saskatchewan. 

The nornial distribution of atmospheric pressure and nor- 
’mal resultant wind direction for t,he month of April were 
approximately shown on Chart VI11 of the REVIEW for 
April, 1593, as computed by Prof. H. A. Hazen, and are not 

all station; in the Pacific and Atlantic States, the Lake 
region, the Jliusisaippi Valley, and the Gulf States, but was 
Idow the norninl on tlie east mid north Rocky Mountain 
slupea. The principal excess \vas 0.10 to 0.15 in New Eng- 
lnncl, Nova Scotia., and New Brunswick; also 0.05 to 0.09 in 
\V\’ashington mid Oregon. The principa.1 deficit was 0.05 to 
@.lO in Assinihi~in. The line of no cleparture passed from 
d1ljert.a southeast to New Mexico. thence west into southern 
California ; i t  reappeared in central Tesas nncl ran iiorthmard 
t,ci the cent,er of Lake Superior. 

As co~iil>ared with the preceding month of March the mean 
pressure of April was lower a t d l  stations, escept in a portion 
of the Lake region and Washington and Oregon. The line of 
nu clia.nge passed throiigh Nova Scotia, Maine, northern New 
Tc~rk, western Pennsylva.nia, sonthern Michiga.n, northern 
Illiiiois, central Wisconsin, Minnesota, and Manitoba; it 
reappeared in western Alberta, passed through central Idaho, 
Nevada, and northern California westward to tlie Pacific. 
The principal fall was from 0.10 to 0.12 in eastern Montana, 
and the principal rise was 0.10 t.0 0.17 on the coasts of 
Oregon and Washington. 

The systematic perioclic diurnal variations of pressure are 
shown by the hourly mea.ns given in Table VI. 

AREAS OF HIGH AND LOW PRESSURE. 

The following sections give details as to the general phe- 
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Number. 

noinena attending the individual areas of high and low pres- 
sure; the storm warnings officially issued by the Weather 
Bureau are also enumerated in connection with the respect.ive 
dis tnrhaiice 8. 

MOVEMENTS O F  CENTERS. 

The following table shows the date and location of the 
center a t  the beginning and eliding of each area of high or 
low pressure that has appeared on the U. 8. Weather Maps 
during the month, together with the average daily and hourly 
velocities. The inoiithly averages will differ according as 
we consider each path as a distinct unit, or give equal weight 
to each hour of observation; in the first case the monthly 
average is taken by paths, in the latter case by hours : 

Novemeuts of oeirters of areus of high airti low ureasiire. 

- - 

I, a.m. 52 ; 90 
7 , a . m . ,  44 ~ 129 
7 a.m. ss 

iz,a.rn. 53 114 

16, a. 111. , 42 
24. a. ill. I 86 
24, p.m. E I 115 

- 1  go 
25, a. 111. 

11:a. 111. :! 1 127 

12,a.m. 46 I 

27,a.III. 43 I I29 

.......... I..... Sums .........I I 
M e a n  o f 1 2  ...... 

paths.. .... .I... .... ...I.. ......... 
days..  Mean o f  4 1 ,  I i  

I ................ I, a. 111. 66 
11.. ............. j I, 8.111. 54 I 115 

I V  
V ............... 
111 I.  a. in. 

VI .............. 7, p.111. 43 ! 1 0 1  

IX .............. x ............... I 13, R.111. 53 117 
XI .............. I 16. a. 111. 41 I la3 
XI1 ............. i 22, a. in. 41 ! 74 

XIV ............ 21, a. 111. 52 

.............. 

XI11 ............ ' 17, p.111. 48 . 113 

xv ............. I 22,p. 111. ~ 32 . 
XvIL ........... I 27,p.m. 
XVI ............ 26, a . m .  49 ~ 123 

I Sums 
M e a n  of14 i 

days ..... ..... 

Last observed. 

IO, R. I l l .  
12, a . m .  49 

22, a. 111. 43 
29, a. in. I 30 [ 
25, R. 111. I 

jo, a. ni. ! 
jo, p.m. I 36 I 
........ 
......... 
........ , 
2, a. 111. 
6, a. ni. 
I ,  p. 1 1 1 .  

7. a.m. 
IO, p.m. 
9, p. 111. 

14. a. in. 
13, 1'. 111. 
16, H. 111. 
21, p.111. 
25. n. ni. 

25. a. ni. 

........ 

........ 
25, P. n1. 

P. 
P. 

7s 

41.0 5.487 i .... ...... i IS,OOo ...... 

I , I j 439 i 18.3 

i I 

.... ...... ........ ...... i I 1 457 i 19.0 
! I  ......................... 

..;.I ... ;..!.......I 

..... 
......... ........ 
............................ I ; !  

.. .......... I ...... 
4.5 356 I 15 

4.5 I 2% ! 12 

2.5 I 4% 20 

3.0 i 3m I 13 

45.0 6,812 I...... 
...... \ 487 1 2o. j  

....../ 452 18.8 
8 8 ,  

HIGH AREAS.  

I.-This was apparently the eastern end of tlie so-called 
tropical area over the Pacific Ocean. After pushing enstw;rrd 
over the Rocky Mountain plat,eau on the lst, tlie highest 
pressure seenis to have retreated to the west and extended 
northeastwa,rd toward Oregon, hut by the iiioriiing of the R d  
it had again puslied eastward over the Rocky Mountains, aiid 
on the morning of the 4th the highest pressure extended from 
British Columhia southeast over Wyoming, and was entirely 
east of the Rocky Mountain Divide. Severe frosts occurred 
on the niorniiigs of the 3d, 4th, and 5th in northern Califor- 
nia, Washington, Oregon, Idaho, and western BIontana. The 
highest pressure moved south and east, being ceiit,ral on the 
Sth, a. m., in Kansas.; 6th, a.. ai., in Tennessee, with severe 
frosts in adjoining States, and on the 7th, a. m., oft' the south 
Atlantic coast, with light frosts in North Carolina, South 
Carolina, and Tennessee, after which this high area disap- 
peared over the ocean. 

11.-This was a continuation of high area No. X I S  froiii 
March. It appeared on the let, a. in., in Manitoba, while low 

area No. I1 wa.s developing between it and high area No. I ;  
it nioved rapidly southeastward : the 2d, 8. in., it was central 
near Lake Superior ; 3d, a. in., in enst,ern Pennsylvania, and 
!id, p. in., \\-as off the middle Atlantic coast, wl?ere it disap- 
pen red. 

III.--(311 the 7th, a,. in., pressure rose off the coast of Ore- 
gon, appurently due to t.he niotion nort~liea.st~~ard of a high 
mea froin t.he Pacific Ocean. Jiist a.s in tlie case of high 
mea No. I, we have here also a low area, No. V, developing 
ttppmmtly in Brit,isli Colunil:lia., while the high area, No. IV,  
rlevelops t.o the eastmard of i t  and high area No. I11 t,o the 
southwest.. During the 7th and 8th the high pressure pushed 
mstmard into Idaho nnd bIoiita.nn, and by t,he Sth, p. in., was 
centml in Ut,ah : 9th, a. in., Colorado ; Zkh, p. ni., the area of 
high pressure exbended froin Oregon and Idaho to Texas 
wit,liont iiiiic.li c1ifYerenc.e of pressure over th i s  region, and this 
very rapid sou thenstward extension was accompanied hy high 
nort,li and nort.hwest winds as well as by low pressure to the 
mit,li a.1~1 east, one of which developed into low area No. VI, 
which was central on the niorning of the 10th in southern 
JIichignn, while high area KO. I11 was then ceiit.ra1 in western 
Texas, after which it disappeared.' 

IV.--Oii the 'ith, a. in., pressure was rising with iiort,heast 
winds on Lake Superior, while low No. V was central in Sas- 
kst.chen.an. . Hubsequent maps show that an area. of high pres- 
siire iiiiist a t  that. time have been ceiitral over Hudson Bay 
an11 ni~.wing sout,heastmn.rd, so thnt by the Sth, a. in., it was 
sout.li of .Jniiies Bay, while the cent.ra1 region of high pressure 
m i ~ e d  eastward. An area of low temperature nioved inore 
rapidly southward : on the 8t.11, a. in.. pressure continued 
highest in Ontario, but teniperatnre had fallen niost decidedly 
in North Carolina : hy tlie lOth, a. in., pressure was highest 
in the St. Lawrence Valley, M?iiie, and New Brunsaick, but 
kmprra.ture had coil tinued fnlling in North Carolina. On 
the l l th ,  R. ni., pressure was highest over the Gulf of Rt .  Law- 
rence, :rnd hy the 13th, a. in., over Newfonndland, after which 
this high area disappenreil in the presence of low KO. VIII, 
which wns at  that time nioving along the Ken England coa.st. 
V, VI, niicl VI1.-On the l l th ,  a. ni., pressure was hjgliest 

iib the c m s t  of Oregon, hit  a t  the same time the extreme 
western portion of area No. IV, reaching from ilIanitoba into 
Minnesots, began its sont,liward nioveinent and may be called 
a.ren No. VI1 ; by t.he 12th, a. in., beside these two arms of 
high pressure, there was also an appreciable rise, with northerly 
winds ilnd cooler air, in -4ssinil)oia and Sn~skntcheaan, which 
is called area No. VI, so that presenre was a t  or a.l)ove the 
iiiirinal across the entire continent from Oregon to Nova 
Scotia., while t.o t,he southward pressures were low in Tesas 
and on the middle Atlantic coast. The high pressure over 
Oregon (No. V )  disappeared IYy the 13th, a. in., but that in 
Minnesota (1711) continued and wa.s joined by that from 
Paskat.chewnn (VI), so that hy the nioriiing of the 14th a, 
moderate high prevailed from Lnke Superior southward. 
This high pressure nioved ea.stward, passing over the niouth 
of t.he St.. Lawrence on the leth, a. in., after which i t  disap- 
peared. 

VII1.-The high area over the Pacific west of Oregon hegan 
preesing enstwsrd on the lGth, a. in., while low area. No. SI, 
which had for several clays heeii prevailing throughout the 
Rocky Mountain region, advanced eastward, reaching Iowa on 
the 18th. p. 111. From the 16th to the 18th pressure was high 
over northern Chlifornia, Wa.shington, and Oregon, apparently 
as the eastern edge of the high pressnre on the Pacific, but 
by the 19th, a. in., preesure was highest in Idaho and stretched 
southenstward as a ridge that reached from Wyoming into 
Texas and the Oiilf of Mexico by the nioriiing of the 3Oth, 
while a t  the suine time stretching northeastward into &Ian-. 
itoba. By the inorniiig of t,he 21st the highest pressure was 
iii hliniiesota, extending thence sout,liwest t.o California., south 
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into Texas, and southeast over Florida. By the 22d, a. ni., 
although the highest pressure was in Iowa, yet pressure WRS 
80 uniforni tha.t we niust consider high a.rea No. VI11 as having 
disappeared. 

I X . 4 n  the 21st a,nd 33d pressure rose in Saskatchewan 
and Manitoba, in the rear of low area No. SIV, which \vas 
moving southward, and on the 24th, a. ni., pressure was highest 
north of Lake Superior ; the front moved rapidly sout.heast- 
ward, and by the 26th, a. ni., the highest pressure was central 
in North Carolina, and remained on the south Atlantic roast 
until the 28th, a. in., and over Florida on the 39t.h, a. in., 
after which it disappeared. In  connect.ion with this high nrea 
high northeast winds occurred on the Atlantic coast, a.nd 
signals were ordered, on the 25th, 3.30 p. ni., for northeast 
winds from Norfolk section to Savannah. 

X . 4 n  the 23d and 2i th .m area. of high pressure pushed 
eastward froni the Pacific, and on the niorning of the lat,ter 
date a ridge extended froni southern IYtali to Washington, 
while low area No. S I V  was central in hiont,ana. On the 
24th, p. m., this ridge of high pressure was central in Iddio, 
and on the 25th, a. in., in Wyoming. By the 25t,h. p. in., this 
areaof high pressure had entirely disappeared, evidently owing 
to the decided rise of temperature in the full sunshine over 
the Rocky Mountain plateau, and the rapid extension south- 
eastward of the low pressure, No. SVI, that wa.8 t.lieii approach- 
ing Oregon. 

XI.-On the 27th pressure rose decidedly on the Pmific 
coast, while low mea No. S V I  nioved eastward over Brit.ish 
Columbia, and from that dat.e until tlie 30th, a. ni., pressure 
rose steadily and slowly throughout the Pacific States and 
Rocky Mountain plat,eau region. As tlie highest pressure 
continued always off the coast of Oregon this general rise 
represented the northeast.erly extension of the high pressure 
over the Pacific Ocean. During this period themens of rain- 
fall that were at  first nea.r the Pacific coast were gradually 
pushed further eastward, so that on the last day of the month 
the Pacific coa.st and Rocky Xountain plateau generally had 
clear dry weather, and the rainy areas were east of the Rocky 
Mountain Divide. 

X I I . 4 n  the 28th pressure rose north of Lake Superior, 
while low area No. SVI extended froni Athabasca southeast 
to Colorado; 29th, a. ni., the central high pressure had moved 
mutheast into the St. Lawrence Valley, and 1:y the 30th, a. in., 
still further southeast, until it was ob  the middle Atlaiit.ic 
coast, after which its progress was inore southerly. 

LOW ARE.45. 

I.-This was a continuation of low area No. SSI of t.he 
March REVIEW;. i t  was central on tlie 1st.. a. in.. a.t, the month 
of the St. Lawrence; t.he Sd, a: in., qqmrently northeast of 
Newfoundland. Signals for high southwest, winds were 
ordered on the Hth, 11 a. in., a t  Eastport nncl Narra.panset,t,. 

I I . 4 n  the lst, R. in., the weather imps show a high pres- 
sure over the Rocky 3Iount.ain platen.u, a slight diminution in 
eastern .Texas, and a definite low in dthnba,scn.; these two 
depressions represent., respectively, the edges of the Mexican 
or tropical low and the Bering Sea or Alaskan low, and 
from these two regions there continued t,o eni~nate  during the 
month a series of areas of low pressure which generally, a t  
first, stretched toward each other along the ea.sterii Rocky 
Mountain slope and then niored ea.st,warcl. 

On the lst., a. m.. pressure was lomest. in dt~habasca : this 
depression stretchecl rapidly sontheast., while the center moved 
af first southeast into Minnesota. and thence east over New 
Brunswick. On the 2d, p. ni., its southward estension into 
Kansas, fornied oiie or nmre suhsiclinry lows, and ni-irt.li- 
westerly gales prevailed from R1ont.aim to Texas and K:insas. 
On the 3d and 4th t.he ceiit.er passed over Lake Superior, and 
southeast to southwest ga.les prevailed over the Lake region. 

On the 4th and 5tl4 while the center was moving eastward 
through Ontario, severe southwest and northwest gales pre- 
vailed over tlie Lakes. I n  connection wit.h t.his storni center 
8pecial warnings of severe local stornis were sent on the 3c1, 
10.30 a,. in., to the observers a t  Chicago, Ill.; 8ault Ste. Marie, 
Mich. ; Des Moines, Dubuque, and Keokuk, Iowa ; La Crosse, 
Green Bay, aiid Milwaukee, Wis. ; and Duluth and St. Paul, 
Minn. On the &h, 2.30 p. in.,. a special warning, ‘LDangerous 
storm on t.he coast,,” was sent to tlie secretaries of the Mari- 
t.iine Exchanges at  New Sork and Philadelphia, and also to 
the local observers between Baltimore, Md., and Emtport, 
Me., inclusive. In connection wit.11 this low area signals for 
high winds were ordered as follows: 3d, 10.90 a. in., south- 
west a t  Grand Haven, Mich.; 3c1, 11 p. in., southwest at 
Woods Holl section to Atlantic City, N. J. ; 4th, 10.50 a. m., 
a t  Boston, RIass., to Eastport, Me.; 4t,h, 11 a,. ni., continue 
southwest a t  Cirand Haven, Mich.; 4th, 3.45 p. in., southwest 
a t  Norfolk section to Breakwater. 

111.-This slight depression was central on the niorning of 
the lst, in Arkansas and eastern Tesas; it soon dissipated 
into an area of rain over tlie interior of the Gulf States on 
the afternoon of that day. 

IV.-This represent,s the low pressure that frequently ex- 
tends up t.he Gulf of California into Arizona and Mexico; 
t,he pressure was lowest a t  Sunia, Ariz., on the 3d, 7th, 
l l th ,  14t.h, %th, 37th, and 30th. Froni the 6th to t,he 11th 
pressure was also low to tlie northward, even as far as 
Athabasca, aiid the low area that hac1 moved southeastward 
over British Columbia on t.he 5th and wa.s central in Atha- 
Imm~ on the Oth, 1). in., seems finallg to have joined with the 
northward estension of low area No. IV: forniing the well- 
defined depression No. V. 

V and VI.-This area, No. V, passed over British Co- 
lumbia on the 5th, extending rapidly southeastward over the 
Rocky Mountain plat.eau, and on the 6th, p. ni., ~ a . 8  central 
in Alberta, while a niinor depression, No. VII, was central in 
Iowa, where it had apparently developed during that day. 
During the 7th the former depression, No. V, c.onsidered as a 
distinct whirl, virtually disappeared in Manitoba, but a t  its 
southern extremity a new depression a.nd cyclonic whirl, No. 
VI, developed in western Nebraska and South Dakota, while 
the minor depression, which is numbered VII, moved from 
Ohio into West Virginia and began its more important de- 
velopment. Meanwhile the depression No. I V  also deepened 
and increased its area, so that it, together with No. VI and 
what remained of No. V, virtually constituted a large depres- 
sion which est.endec1 froni Mexico t.o Manitoba. No.- V I  
iiioved to the south-southeast, renchiiig Oklahonia. on the Pth, 
p. ni.; its northern end was, on the %h, a. m., central in 
Missouri, and on the 10th it, paesecl northeastwa.rd over the 
1,ake region as  a very severe s t ~ r n i .  After the loth, p. ni., 
this mea, No. VI,  \vas rnpiclly lirokeii up. 

In connect.ion with mea No. VI signals for high winds were 
ordered ns fCJllOwS: Sth, 11 p. m., southeast a t  Grand Haven; 
9th, 11 p. in., continue Grand Haven sont.heast and order 
niilwaukee northeast; %li, 11.20 p. in., southeast a.t all sta- 
tions on lakes Erie and Huron ; 9th, 11.30 p. ni., northwest 
a.t Chicago ; lOt.h, 11.50 a. m., sout.heast 011 La.ke Ontario; 
10t.11, 11.50 a. ni., sout,heast. Baltimore to Newport section; 
10t11, 1 p. m., snut.heast~, Boston and Bost.on section ; lClth, 1 
1). in., southeast, Res t  Point, Vn., t.0 Wilniiiigton section ; 
loth, 1 p. ni., change to northwest a t  Milwaukee, Grand 
Haven, Lake Huron, and Lake Erie. 

VII.-Ori the 8th, a. m., No. VI1 was o b  the middle AtJan- 
tic coast, while high area No. IV \vas central north of the 
Lake region: tlie flow of t.he cold air froin the nort.heast 
over New England and New Tork, with ra.in and snow dur- 
ing the Sth, cnusecl No. VI1  to rapidly develop into a well- 
111 a.rkec1 cyclonic s torrii, which in ovecl iior th eastward a.long 
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the coast, and was central on the 9th, a. ni., south of Halifax, 
but on the 9th, p. ni., east of Halifax, after which i t  disap- 
peared from our coast. 

In connection with this low area, No. 1 7 1 1 ,  signals for hiih 
winds were ordered as follows: Sth, 10.1s a.. ni., southeast, 
Boston and section to Eastport; Eth, 11 n.. in., northesst, 
Sandy Hook to Narragansett section, except New Tork : 
9th, 10.50 a. in., continue sout,lieast at, Eastport; 9t.11, 11 p. 
m.: continue northeast a t  Roods Holl. 

VII1.-This depression appeared on the loth, a. in., as a 
special local disturbance southeast of the center of No. VI. 
At that time, while an area. of 39.55, with cyclonic winds, 
heavy rain, and snow, prevailed at  the soat-liern end of Lake 
Michigan, the isobar of 29.5 passed through eastern Tennessee 
and western Virginia. By the 10th,.p. ni., this line of 29.8 
inclosed two low areas, one central in Michigan the other 
central on the coast of Virginia, into which position i t  had 
evidently moved froni the western port;ion of that State, at- 
tended by high southwest winds a t  Wiliiiingtoii and Hatterns. 
From this time on area No. VI rapiclly died ~mny,  while KO. 
VI11 moved slowly up the coast as a violent, whirling storm. 
On the 12th, a. m., No. VI11 was central some distance east 
of New Jersey, hut afterward moved more rspiclly enstaitrd 
than northward. From tlie lltli ,  a. in., until tlie 13th, a. m., 
the storni center seems to have moved only froin near Cape 
May, N. J., to near Cape Cod, bIass., ancl the heavy sno\v mid 
rain from New Jersey to hIassachusett,s with high northeast 
and northwest winds inade this the most niemoralde storni 
for this season of the year since Ma.rch, 1SSS. 

In connectioii with low area KO. VI11 signals for high 
winds were ordered as fonows : loth, 11 p. in., Boston, blass., 
and section, changed from sont.lieast to northeast ; 10bli. 11 11. 
rn., northeast a t  Portland and Eastport., hIe. ; llt,li, 10.15 i i .  
ni., West Point, Va., to Atlantic C!it,y, N. J., changed fr~:)ni 
southeast to northwest; l l th ,  10.15 a. in., Sandy Hook, N. J.? 
to Woods Holl, Mass., section, cha.nged from southeast t,o 
northeast; l l th ,  11.10 p. in., Boston, Rla.as., t,(> Eastport, Me., 
continue northeast.; 12th, 11 a. in., Randy Hook, N. J., to 
Woods Holl, Mass., section, continue northeast. ; l%h, 11.10 
p. m., Boston, Mass., and section to Eas tpr t ,  hie., conbinue 
northeast; 13th, 10 a. ni., Ath i t ic  City, N. J., to Portl;ind, 

,Me., change northeast to northwest ; 13t.11, 10.20 1%. in., north- 
west from Delaware Breakwater to Norfolk section ; lsth, 
10.30 p. ni., Eastport, Me., continue northeast. 

IS.-On the 9th, 11. ni., presslire began to fall in British 
Colunibia and Allierta, and by the 10th, a. ni., was lowest, a.t. 
Edmonton. This center moved southeastward over Assini- 
boia, thence southward into Montana, where it wns ccntrirl on 
the llt.h, a. ni. ; meanwhile pressure had fallen far to the 
southward over and beyond Texas and northern hlesico ; 
therefore, evidently, this central depression is to be connid- 
ered only as one spot in a trough of low pressure, extending 
indefinitely north and south, possibly forming part, of one of 
those great waves that innst exist in the upper atmosphere 
and whose niovemen ts have been studied iiiatheinatica.lly by 
Helmholtz and Margules. By the lltli, 11. m., tlie principal 
depression was central in Colorado ; lzth, a. ni., northern 
Texas; 12th, p. m., wester11 Texas; 13th, a. m., southwest 
Teras; 13th, I?. m.. southwest Texas. In  connection wit,li low 
area No. IS signals for high winds were ordered as follows : 
12th, 11.10 1). ni., southeast a t  Corpus Christi, Tes. ; 13t.li, 
10.30 p. in., continue southeast a t  Corpus Christi, Tex. ; 13th, 
11.00 p. in., southeast a t  Galveston, Tex. 

It can scarcely he thought that t.his rapid sciuthward move- 
ment represents either the movement of a whirling system 
of winds with low pressure or the niovenieiit of the trough 
of a single wave of low pressure ; it, is more rea.sonable ti, look 
upon it as the inovenlent of a locus or node of int.ersection 
and interference of waves and troughs of pressure that are 

slowly changing their positions in the atmosphere at  some 
dist.ance above tlie earth’s surface. The resistances which 
the a.tniosphere experiences in its eflort to move over the 
txirth’s surface imy be descri1:ietl ns follows : ( 1) By imping- 
ing 011 t,he irregulnrities of the coiit,iiient.s and the waves of 
the ocean a certain amount of forward motion is annulled 
and n portion (.if tlie at~mosphere receives a vertical or even 
I I  l~ackwnrd motion, so that the advnncing air is mixed with 
d h e r  sir nioving more sluggishly forward or even backward ; 
8.8 a result the advancing air gives up a port.ion of its mo- 
mentum to the sliiggidi air and hoth combine to niove with 
txn intermediate velocity. (3) By the heat,ing of the surface 
of t.he earth aiid the ocean the sluggish-moving lower stratum 
is ninde t.o rise, the inore rapidly inoving upper stratuni 
descends t,o t,ake its place, and t.he resulting intermixed nt- 
inosphere mows wit.Ii an iiitermechte velocity. As a result 
of t.liese two influences. the movement of the middle port.ion of 
t.he atmosphere experiences a retarcla tioii that depends upon 
the miount of vertical convection that is det,ermined by the 
roughness of t.he ground tlnd the intensity of insolation ; this 
aniount, is, of course, greatest over the continents and in sun- 
light, Imt lenst over the ocean and in darkness. Above the 
region of st.rong vertical convection the atmosphere nioves 
wi t.11 much greater smc)othness, possihly even with what. is 
known a.s st,eady flow, while lxtmeen these two portions of 
the atmosphere may esist a third separating layer in which 
cylindricnl atmospheric rolls with horizontal ases may exist. 

The lowest st.rat~im is suhject to violent coniinotions, which 
are, hnwever, contained lwlow the se1)arating surface, tpchni- 
cnlly called R discontinuous surfa.ce. This intermediate layer 
of rolls, separathg the lower from the upper atmosphere, 
lieares like the hilloms O r  the swell on the surface of the 
occnii, 21nd occa.sional1-y simulates the formation of breakers. 
Orer certain regions zlnd a t  c!ertain times of t,lie c1a.y and the 
yenr this layer is absent, but a t  other times and places it is 
well developed. The upper layer 1)resent.s far swift.er horizon- 
t.al iiiot.ions that are aflectecl only by the esceedingly feeble 
viscosity of cold air, by the slight gradients up and down which 
i t l i n s  to more, by the rotation and thegravity of theearth, and, 
finally, hy the tidal action of the sui1 and inoon. Under these 
forces t,lie upper portion of the atmosphere, resting as i t  does 
upon t.lie lower, at€’ect.s the latter principally hy slight varia.- 
t.ioiis of pressure, and can cawe areas of high and low pressure 
to move in a inaniier different from what would have been con- 
sidered prolmlde when studying only the lower atmosphere. 
In t.he lower at,mosphere, which is that studied by Espy and 
his disciples, we cvnsider the eflects of vertical convection, 
the condensat,ion of vapor, the formation of sniall whirlwinds, 
such as waterspouts and tornadoes, hut in studying the upper 
atmosphere, which is that to which the mathemat.ica1 st.udy 
of hydrodynamics has generally applied, we have to deal not 
only wit.11 la.rge whirls but with forced and free tidal waves 
ancl with the standing waves due to the overconiing of obsta- 
cles. \ re  even consider the possibility of a wave on the lower 
surface of the upper layer as breaking, as i t  were, a t  it,s in- 
vert.ed summit niid forcibly mixing its foam, viz, the upper 
air, with our lower atmosphere, thereby setting up temporarily 
~liicli mixtures as facilitate the .formation of lows and violent 
wiiids a.nd rain over large areeRs of the lower atmosphere. 

From this point of view, the phenomena observed a.t tlie 
surface of the earth become complex conibinatioiis of those 
peculiar to the upper and lower atmosphere respectively, and 
it beconies possible to see that froin April 9 to 13, a trough of 
low pressure, passing soutlieastward high a.bove the Rocky 
hlountnins, might be interfered with in such a way as to 
leave a t  it.s southern end only a s i n ~ l l  depression, as a locus 
iiioviiig southward and gradually filling up. A very similar 
occurrence took place from the 14th to the lSth, except only 
that, in t,he former case the winds inclnced at  the earth’s surface 



APRIL, 1594. MONTHLY WEATHER REVIEW. 153 

were not able to develop the low pressure into a storm c.eriter, 
whereas in the latter case they found the lower atniosphere in 
a more favorable condition and did develop rain and an 
increasing cyclonic whirl. 

From the sanie point of view it is evident that tlie areas of 
high pressure over the eastern portions of the North Atlantic 
and the North Pacific niay be, in part, due to the obstruction 
offered by the Eastern and Western Continents, respectively, 
to the general southeastward movenieiit of niasses of de- 
scending cold, dry air. The large estent of the Pacific Ocean 
and the abrupt height of the Rocky Mountains combine to 
make the high pressure over the Pacific Ocean a little more 
pronounced than the corresponding high prmsure over the 
North- Atlantic Ocean. These high areas owe their existence 
partly to static aiid partly to clynaiiiic influences : they rep- 
resent a sort of standing wave of pressure due to resisted 
motion, where the pressure accumulates until i t  becomes suf- 
ficient to overcome the increased resistances. 

X . 4 n  the 12th pressure fell in British Colunihia, aiid on 
the 13th it was lowest in Alberta, with high pressure in Pllani- 
toba. This depression estended, like its predecessor, rapidly 
muthward, and on the 14th, a. iii., pressure had fallen 
throughout the Rocky Moiiii tain region and tlie blissouri 
Valley, the lowest heing in Sa.skatcheman, with a trough ex- 
tending into Kansas, where a iiiiiior depression wns central. 
By the 14th, p. ni., pressure wa.s lowest at. Ynnia, and a gen- 
eral depression prevailed from the Mississippi Valley to M i -  
fornia and Oregon, and to an unknowii extent iiorth ancl 
eouth. By the 15th, a. ni., this area. had begun to fill up nt 
ita northern, and especially its northwesbern d e ,  ant1 the low- 
est pressures were centra.1 in North Dakota nnd northern 
Texas, respectively. By tlie 16th, p. ni., the eastern edge of 
the depression, or the isobar of 39.90, had nioved n little enst- 
ward and lay between W. SS0 and 90°, while on the 1iort.11- 
western side this isobar had nioved more decidedly southeast- 
ward into Manitoba, North Dakota. and Idaho : pressure had 
fallen, especially in Arizona, while the original lorn pressure, 
which was now central in Minnesota, was less conspicuous. 
It does not seem proper to consider the lowest pressure iiow 
in Arizona a.8 in any way tlie direct result of the southward 
movement of a low pressure from Alberta. It may ha.ve Iwen 
the result of a northeastwmd iiioveiiieiit of the low area off 
the coast of Mesico, or more likely was clue to a combination 
of the, as yet unknown, conditions esisting in tlie upper 
atmosphere. A comparison of the maps of the 13t.11, 1’. in., 
and the 15th, p. ni., ~hows that so far as concerns surface 
temperatures and winds, no change had occurred in the lower 
atmosphere sufficient to cause the great change of pressure 
that had been brought about in t,hgse two days. The princi- 
pal characteristics of this change of pressure were the develop- 
ment of the low in Arizona, the filling up of the low in hlani- 
toba and Minnesota, and tlie rapid approach of an area of 
high pressure from tlie northwest to tho coast of Oregon nnd 
Washington. By the 16th, a. ni., the original area of low 
pressure, No. S, had nioved over Lake Superior, and by the 
16th, p. ni., had disappeared. On the other hand the trough 
of low pressure over Arizona and Utah had become an iso- 
lated depression, central in northwestern Colorado, and its 
eubsequent history is given below, while the high pressure, 
No. VIII, on the Pacific const had pushed its northerly winds 
southward to the Gulf of California. 

XI.-This depression was central in northwestern Colorado 
on the 16th, a. ni., and may be considered either as an inclosure 
of the northerly end of the pernianent depression of low area 
No. IV, or as a new formation in connection with tlie adva.iicr 
of high No. VIII. By tlie l’it.h, a,. ni., i t  liad lxcoine an oval, 
stretching from northern Tesns to Minnesota, having wirni 
southeast winds with rain on it.s east.ern side, and cold nort,li- 
erly winds with snow on it.s aest.ern. A t  t.his tiiiie two centers 

of low pressure esisted, in the southeastern part of Colorado 
and South Dakota, respectively ; the fornier area then disap- 
peared as such, while the high northerly winds advanced due 
southward into west.ern Tesas, and on the l‘itli, a. m., the 
lowest pressure was central in western Nebraska, where it re- 
mained nearly stationary for twelve hours and then moved 
slowly northen.stwarc1, reaching Lake Superior hy the 19th, 
p. m. ; here again it, was nearly stationary for twelve hours, 
aiid by the 20th, p. ni., liad become a loiig oval over the 
northern portion of southern Michigan. By the 31st, p. ni., 
the lowest pressure was central in the St.. Lawrence Valley, 
and the st.orni of wind and rain hac1 been generally broken up. 
On the other hand, the cold northwest winds in the rear had, 
hobh on the 20th nnd fllst., procluced a. minor local whirl and 
depression, which lisd, :q)parently, moved eaetward, through 
Iowa on the 19th, into Ohio on the BOtli, ancl into the niiddle 
Atlantic Stat.es, where i t  disappeared on tlie 30th. 

In connection with low area No. SI, a special warning of 
severe local Rtornis was sent, on the lcjth, p. ni., to the ob- 
servers a t  Wic1iit:i and Concordia, Kans., Sioux City, Iowa; 
Topeka, Kans., Tankton, S. Dak., a i d  Columbia, Mo. Again, 
on t.he 17th, 11.20 a. in., special storm warnings were sent to 
the observers a t  Fort Sniith, Ark., Keokuk and Dnbuqiie, 
IOWI, Minneapolis, Minn., and Springfield, Xlo. Finally, on 
the litli, p. in., local storm warnings were sent to Springfield, 
Ill., Springfield, Rlo., Cairo, Ill., Hannibd, Mo., Davenport 
and Keokuk, Iowa, Coliinihin, pllo., and Fort. Sniith, Ark. 

In connection with this depression sigiials for high winds 
were ordered as follows : l T t h ,  10.40 a. in., southeast on Lake 
Michigan : 18t,li, 11.10 a. in., cont,iiine southeast on Lake 
l1ichig:in : 18th. 11.20 a. in,, southeast a t  Red Ring, Blinn. 
(Lake I’epin ) ; lSth, 11.20 1). in., sont,lieast a t  Sault Ste. hlarie, 
Midi., tu C!leveland, Oliio ; 19t,h, 11.50 a. in., change Red Wing, 
,\Iinn. froin iwrtheaet, to southwest : 19th, 11 a. in., southeast 
froin Erie, I’n.. to C)s\wgo, N. Y. : 19th, 3.45 p. ni., change Sault 
Sty. Marie. hlich., Green Bay, Wis., and sect,ion, Milwaukee, 
\Vis., ~ i i d  src t.ion, Grand Haven, hlicli., aiid Mackinaw sec- 
t,ion. Alpenn and Port. Huron, hlich., Eandusky, Ohio, to 
Bulfrdo, N. T., f r ~ m  sout.heast t,o southwest; 2Oth, 11.50 a. in., 
~ont.iiiiie southwest a t  Chicago, Ill., Grand Haven, Mich., aiid 
section, llackinaw. hIich., and sect.ioii ; 2Ot.h, 3.30 p. in., sonth- 
west from Wiliningtoii, N. C., to Fortress Monroe, Vn. ; 2Oth, 
8.30 1). ni., cwitinue southwest a t  Sault Ste. Marie, Mich., 
Greeii Bay, \Vis., t.0 illilanultee, Wis., Grand Haven, Mich., 
1:tkes Huron, Erie, and 0nt.a.rio. 

SI1.-On the 33d another special depression developed in 
New Jersey. which moved northeast and disappeared on the 
coast of Kew England on the 23~1, IJ. in., hut revived on the 

SII1.-On the l i t h  pressure fell in British Columbia and 
a. trough of low pressure developed in Alberta, as this nioved 
ea.st,ward i t  rapidly disappeared on t.he lSth, or possibly 
merged with No. SI. and was cpGAily followed by cold north- 
erly winds. 

S I V  a.nd SV.-On tlie 20th pressure fell over British Col- 
umbia and southern California, and low pressure developed 
in Allierta. where i t  wis central on the 21st, a. ni., at  which 
tinie, also, a trough of low pressure extended thence south- 
ward t.lirough Nevada to the Gulf of California : evidently 
we lia.ve here a very loiig depression, while on its eastern side 
n corresponding long ridge extencled from the region north of 
Maiiitolin t.o Texas aiid beyond, and on its western side an 
iiren of high pressure over the Pacific Ocean was beginning to 
push east.ward. During the Slst and 32cl :~ii indefinite area 
uf low pressure, with several sulmdinute centers, prevailed 
wer the Rocky Pllountain plateau and tlie eastern slope. 
Low area No. S I V  had disnppeared hy tlie 23~1, a. in., in Mon- 
tana, but areit No. S V  took c1efinit.e shape in Texas on the 
southern 1Jorcler rJf t.he general depression. By t.he Wh, a,. 

34th off the coa.st of Nova SCtJtiiL 
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The normal barometric pressure for April over the North 
Atlantic Ocean. as deduced from international simultaneous 
observations, is highest, 30.10 to 30.14 (764 to 766), in a belt 
extending from the west coast of Africa hetween N. leo and 
N. 28O, westward to W. 49O; a corresponding so-called tropi- 

ni., area. No. S I V  again appeared central in hLontma, but by province a.nd southenstward into nort,hwestern Nebraska. 
the 25th, p. in., i t  fina.lly disaplwared in ~ h n e s o t a ;  i t  had, of I Rain continued during the 2'7th at  n l ~ J S t  statioris in t,he Pa- 
course, during these three days gra.dnally filled lip m n. h r o -  j cific States, with increasing westerly ainds and rising barom- 
metric depression and 1:lroken iip as a cyclonic whirl. A t  the ' eter, and t h e  central depression reniniiied in Alberta, while 
sonthern end of this general depression t.lie lowest pressnre ' t.he trough st,eadily iiiaintaiiied its dimensions, and, by the 
that occurred a t  Yzzina, Ariz., on the SOtli, 1). in., stretchecl I%t.h, p. in., had begnn tlie format.ion of two separa.te whirls 
nort,hward into Nevada on the Fed, a. ni., at. which time, I and k J W  areas, respectively located in eastern Tvyoming 
however, an indefinite low, with opposing winds, existed in ~ ( S V I I )  and in Alberta (SVI) .  The lat,ter reniaiiied nearly 
western Tesae : this Iat.ter niav lie called low No. S V  and. ljv 

annual means for each individua.1 station show a deficit of 
0.10 over the Atlantic Ocean south a.nd southeast of New- 
foundland, and extending thence over Spain, France, and the 
Mediterranea.n, snd in general a deficit exists froni the equa- 
tor northward to N. 50° around the whole earth, but  an excess 

the 25th, a. ni., it  had disappeitred in southrrn Texas. 
The indefinite nature and unimportant phenomena attend- 

ing lows Nos. S I V  and S V  do not make them less worthy of 
study and of numeration in our list of lows, since under 
slightly different circumstances similar unimportant areas 
develop into the severest stornis, and the reabpearance of No. 
S I V  on t.he 24t11, a. in., is a crucial test of iniperfect theories 
as to the cause of low pressiires. 

SV1.-Pressure fell rapidly on the 35th in Oregon and 
Washington, aud a decided depression was evidently moving 
eastward or southeastward toward that coast, but as i t  was 
central in British Columbia on the 26th and was then iiioving 
southeastward, it, is likely that on the 25th, a. ni., the main 
depression was far northwest of Oregon. This depression 
was the most important of the month for that section of the 
country and brought heavy rain, with high southerly winds, 
on the 25th and 36th to northern California, Oregon, and 
Washington. A notable feature was the occurrence of a tor- 
nado at Seattle-a very rare plienonienon in Washington. By 
the 26th? p. ni., pressure had begun to rise on the Pacific 
coast and the lowest pressure was central a t  Calgary, in 
Alberta, and extended as a narrow trough throughout that 

diminished since February and .are, in April, just about 
to disap1)ea.r and he replaced by low pressures in June. 
These pressures are as given by the merciirial haroniet.er 
under the influence of local gravity, and need t.o he increased 
by.0.07 in order to lie expressed in terms of s@idard gravity. 

As compared with March the iiornial pressures in April are 
lower by 0.10 in a zone extending froni Saskatchewan north- 
west, to the mouth of the hkKenzie, a t  N. 70@, 17.'. 135, and are 

stat.ioi1ar-y until the 38th, p. ni., as far as can he judged from 
the few reports that, we receive froni this region, but by the 
29t.h, a. ni., i t  had moved decidedly eastward and subsequently 
inoved sclntheastwa.rd, extending as a long trough so as to 
niaintain its connection with area No. SVII. 
In connection with low area No. S V I  on the 26th, a. m., 

the special dispatch, " Condi tioris favorab:e for severe local 
storms during Friday," was sent to the ohservers a t  Bis- 
marck, Williston, Sioux City, Valenbine, Rapid City, Yank- 
ton, and Pierre. 

SVI1.-The southern area, No. SYII,  which was in Wyo- 
ming on the 27th. p. ni., moved slowly eastward; it was 
almost entirely obliterated on the 29th, but was replaced on 
tlie 30th in Colorado hy a new whirl in its own previous 
location, which by the 30th, p. in., was central in eastern 
Nebraska, and is to be considered as included in the same 
general depression that then ext.ended northward, and also 
covered KO. S V I .  

In  connection wit.11 the beginning of t.his low area., and on 
the %th, p. ni., when i t  was central in western Nebraska, a 
special wrning  of severe local stornis was sent to observers 
a t  Des hloines, Sioux City, Omaha., Yankton, Huron, and 
Valentine. 

The nornial velocity of storni cent.ers during April is 36 
miles per hour in the United Rta.tes. 20 i d e s  over the Atlan- 
tic Ocean, and 18 niiles in Europe. 

KORTH ATLANTIC STORMS. 

The following pragraphs give some account of the areas 
of low pressure and stmng minds on t.he At1nnt.i~ Ocean dur- 
ing April, 1994. Da.ily charts a,re compiled at  t.lie Reather 


