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SECTION IIL-FORECASTS. 
FOBECASTS AND WABMNQS FOE A m ,  1916. 

By EDWARD H. BOWIE, Supervising Forecaster. 
[Dated: Wather Burwu, Washington, M3y 19,1916.] 

During the first sis days of t.he month tlie baroniel.ric 
readings were 1Jglier than nornial over eastern and 
sout.liern Alnska, and after t.he 2Ot,li readings werc again 
much above the normal over the ent.ire Alsskari area: in 
the internal froni t,lie 7t,h to the 19th, inclusive, t,lierc> 
wns a prolon ed depression of tho bnromet.cr. Tliv 
reports froni dloiiolulu show a steady pressure nbove t.he 
normal froni the 1st to the 19th and a period of subnormal 
pressures from the 19th to the 30t.11, inclusiw. The 
subpernianent4 area of high barometer .over tlw. At.lnntia 
Ocean, as shown by t8he barometer readings at the Azores, 
was well above the sensonal arerage froni t,he 3d t.o the 
19th, inclusivc, and ill-defined before and nfter these 
dates. In the vicinit of tho Berniudas, the pressure 

norma.1 in this region during t,he nionbh. 
As might be expectcd from the variations in the great. 

centers of action over the iniddle latitudes of the Atlnntic 
Ocean and the Alaska and Aleutian Islands area, the 
migrato7 low pressure and high pressure systems shown 
by the aily weather maps of the United States and 
southern Canada, were not confined to m y  particular 
region as to their first appearance on these charts nor did 
they follow well-defined paths. The lows were 14 in 
number, 5 of which belonged to t.he Alber:.ii., 4 t.0 t.he 
Colorado, 1 to the South Pacific, 2 to the East Gulf, 1 to 
the South Atlantic and 1 to t.lie Central Type. The 
highs were 11 in number and of these 7 first. made bheir 
appea.rance off t,he Pacific const nort.11 of San Fritncisco, 
3 entered the ITnited States from the western Cniindian 
Provinces and 1 formed over the northern Rocky Mount>ain 
region. 

fluctuated frequently fy ut  wn.s near or slightly above the 

WASHINQTON FORECAST DISTRICT. 

On the 1st of the month a LOW of considerable intensity 
was central over Texas, whence it nioved eastward 
across the Gulf States to the Carolina coast, by t,he morn- 
ing of the 4th, and from this region its center traveled 
north-northeastward off the Atlantic coast to Ncwfound- 
land during the following 48 hours. This disturbance 
caused strong shifting winds on the east Gulf coast during 
the 2d, warnings of which were ordered the niorning of 
the 1st on the Mississippi, Alabama, and northwest 
Florida coasts. This was the only storni warning 
required on the east Gulf coast during the ni0nt.h. On 
the morning of the 4th when this storm was central off 
Ca e Hatteras, storm warnings were ordered 011 t,he 
A&ntic coast from Delaware Brealmat.er to Boston, 
and during the afternoon and niglit of this day winds of 
verifying velocity occurred in tlie region where warnings 
were displayed. As the storm advanced rapidly, the 
duration of the storm winds was not prolonged niid no 

I 

damage to shipping occurred. 

River formed over the cent,ral Rock 
The next low of importance east of the Mississippi 

Mountain region 29.35 inchk was over western Kansas. This st'rm 
on the 5th, advanced southeastwar J to Tesas on tlie advanced slowly northeastward to the Great Lakes on 

6t,h, moved oastward acrods the Gulf States during the 
7t,h, aiid during the Sth advanced rapidly northeastward. 
On the morning of the 9t,liJ the center of this disturbance 
was near Cape Cod. where the pressure was as low as 
29.34 inches. When this storni was central over the 
Ceroliiias storni v;:u-nings were orderml for the Atlantic 
con.st from Delawarc Brcnkwater bo Enstport, Me., and 
winds of gale force occurred within tlic succeeding 36 
hours in the region where warnings were dis ltlyed. 

Gulf and south Btlaiitic coast,s in coiiiiection with this 
clist,urbn.nce, but, as they were not of sufficient, force to 
just.ify stmm warnings, special advices for the benefit of 
small crnfts were sent t,liesc regions at  t,lm t h e  the storm 
w8s piissing t,l~ougli t.he Gulf States. This low was 
followed by an extensive area of high pressure froni the 
Northwestern St,nt,es, a.nd as it ndvniiced sout,liward over 
tlie Gulf and South Atkntic Stat.es it was att,ended by 
generill frosts on t,he gth, loth, and 11th in these regions, 
esce tin$ the Florida peninsula. Frost warnings were 

Gulf States, Georgia and South 8molina; the morning of 
the 9th in the east Gulf and South Atlantic States, escept 
the Florida peninsula, and on the mrne day warnings of 
frosts and freezin teniperature were issued for Tennes- 

t,he morning of the 10th frost warnings were repeated for 
t.he Middle Atlantic and South At,lantic States, escept 
the Florida peninsula. arid t.he 11 per Ohio Valle . 
nient of storm conditions within a region of ow pressure 
that premiled over the Great Lakes, and on the morning 
of the 14t,hJ when the center of the disturbance was over 
the lower Lnke region, storm warnings were displa ed 
on t.he Atlantic coast from Norfolk, Va., to Eastport, &e. 
The storm under consideration niovetl sout.heastward 
from the lower Lakes and t.he evening of tlie 14th its 
center was near Cape Cod, where the pressure was 29.20 
inches. Winds of ale forqe occurred t,he afternoon and 
niglit of the 14th 3ong the Atlant.ic coast north of Cape 
Hatteras. The highest velocities, in miles per hour, 
were as follows: Norfok, 60 west; Washington, 44 north- 
west; Delaware Breakwnt,er, 6s northwest: Sand Hook, 

northwest ; and Nantucket, 48 northeast. 
On the 16th a low of marked intensity was over the 

Great La,kes, and storm warnings were displayed on the 
Atla.ntic coast froni Sandy Hook to Cape Cod; but the 
center of the Great Lakes storm kept well north of the 
St. Lawrence Valley and tlie expected storm winds did 
not occur. The display of warnings wa.s ordered discon- 
tinued tlie morning of the 17th. 

With the pressure high over the plains States and 
the Mississippi Valley and on the Pacific coast and rela- 
tively low over tho intervening region, conditions were 
favorable during the 16th and 17th for the development 
of a storni over the middle Rocky Mountain region. This 
developniont took place during the lsth, and the evenin 
of that dav a storni center with barometer reading. o 

Moreover? st.rong westerly winds occ.urred on t P ie east 

widc !i - disseminated the mornin of the Sth in the east 

see, t.he Ohio Val f ey ant1 t81ie Middle At,lnnt,ic. States; on 

During the night of April 13 t. R ere was a ra. izdevelop- P 

44 northwest; New York, 72 northwest: Block I s f  and, 46 

! 
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the 21st, remained central in that re ion for several days 

28th. ai moviiig from western Ihnsas to the Great 
Lakes this storm was attended by numerous thunder- 
storms in the middle Plains States and the Great Central 
Valleys and local wind stornis and tornadoes within these 
regions. On the niorning of the 20th, the day of resump- 
tion of storm warnings on the Great Lakes for the season 
of 1916, storm warnings were ordered for Lake Su erior 
and the morning of the 31st for Lakes Michigan, $uron, 
Erie, and Ontario. The storm diminishsd after reach- 
ing the Up er Lake region a d  the storm winds wcro 

there were si lis of the development of a secondary storni 
center over f irginia, and storm wanlings were clisplayed 
on the Atlantic coast from Sandy Hook to Boston. ’he 
disturbance developed. as espectecl, and the morning of 
the 22d it was central off thc New Jersey coast and the 
evening of that date off Ca e Cod. Strong, shifting winds 

It is of interest to note that at  the time the storm devel- 
o ed over Ihisas on the ls th  the synoptic. cloud chart 
ofthat date showed a g.eneral flow of upper clouds toward 
the northeitsb over a widespread area extending from the 
Mississippi Valley westwagl over the Plains States and 
the Rocky Mountain region. The northeast movement 
of the upper clouds in advance of lows that form over the 
southwestern States is conimonly observed, but it is 
uiicommoii that this movement ot the upper clouds not 
only prevailed in advance of the storm center but as well 
in the region of the storm center and in its m-cst,eni quad- 
rants. 

Warnings of frosts were issued for sout.hern Indiana 
on the 22d, for the Olio Valley and the niouiitaiii dis- 
tricts of the Middle Atlantic States on the 23d, for the 
Ohio Valley and the Middle Atlaiit,ic States on the 34th, 
for the Ohio Valle on the 25t11, for the region of the 

and for the Ohio Valley on the 28th. 

and finally assed eastward off the 1 tlantic coast on the 

confined to E alce Superior. On the evening of the 31st, 

occ.urrec1 in the region w P iere w-anlings were displayed. 

Great Lakes, the 0 K i o  Valley and Tennessee on the 37th 

DISTRICT WARNINGS DURINQ APRIL. 

C’7~icugo dist,rict.-The month was unevent;ful as far as 
the issuing of special war~iiiigs is conceriied. The period 
was between what might be termed the cold-wave and 
the frost-warning season. No frost warnings were issued 
in the first half of the month, and those issued in the sec- 
ond half were few and of little importance, on account of 
the lateness of the season.-I€. J. C‘ox, Professor of dfete- 
orolngy . 

Dewver d.istrict.-Warniiigs of frost or freezing tempera- 
ture were issued for some part of the district on 19 days 
during the month. The largo number of warnings issued 
was due to the prevalence of threatening pressure distri- 
bution and the fact that the development of fruit and 
vegetation was unseasonably advanced in parts of the 
district. The month opened with a disturbance over 
southern Tesns and another forming over southern 
Nevada. Frost warnings were issued for eastern New 
Mesic0 on the mornin A heavy frost oc- 

temperature at the freezing point in eastern New Mesico. 
On the 2d warnings of frost or freezing temperature were 
issued for northwestern Utah. Freezing temperatures 
occurred the following morning in the estrenie northwest 
portion of Utah only, as the high pressure nioved well 
to the northward before crossing the Rocky Mountains. 
The morning weather ma of the 3d showed increasing 

of the 1st. 
curred a t  Roswell the B oliowing morning, with minimum 

pressure on the eastern s Y ope in Wyoming and freezing 

temperature warnin were issued for eastern Colorado. 
They were fully veri !? ed. warn in r  of freezing tenipera- 
ture were again issued for eastern olorado on the morn- 
ing of the 4th and also for northern New Mexico, and 
frost warnings for portions of Arizona and Utah. Freez- 
iiig temperatures occurred in eastern Colorado aiid a por- 
tion of New Mesico; although it cleared aiid the tem era- 
ture fell in southern Arizona and southwestern &ah 
frosts did not follow in these sections. On the 5th, 6 t i  
and 7th frost or freezin temperature waniiiigs were 
issued for a large part of tm f le district, as the southwestern 
disturbance was steadily moving southeastward and a 
ridge of high pressure was develo ling over the northern 
parts of the Rocky Mountain and 4 lnteau regions. These 
warnings were verified over a large portion of the area 
for which issued, and by the moriimg of tho 7th freezing 
temperature, w-ith local frosts, had spread over the entire 
district, escepting the southern ortions of Arizona and 
New Mesico, and on tho Sth ki IiI ’ng frosts extended as 
far southward in New Mesico as Roswd. On the 9th 
the pressure decreased ra idly throughout the district 
and temperatures were we Jp nbove the normal on the loth. 
Another disturbance developed over Nevada on the 10th 
a i d  11 th, attended by nbnorniall high tcmpemture. 
It moved rapidly eastward to the dains  States and was 
followed by tlti antic clonic area of considerable intensity 
from the Pacific. daniings of frost or freezing teni era- 
tures were issued on the 12th for Colorado and 8ttah. 
They were verified escept hi southern and western Colo- 
rado and southeastern Utah, where a disturbance that 
developed over northeastern Arizona caused overcast 
skies and rain. From the 11th to the 19th temperatures 
were generally above the freezin point in this district. 

ward across the North Pacific Statesin the wake of a 
disturbance that had formed in the middle Rocky 
Mountain re ion and moved eastward to Iowa. Warnings 

Utah, Colorado, and eastern New Mexico were verified 

On the 19th, however, ari anticyc 7 onic area moved east- 

of frost or P reezing temperature issued on the 19th for 
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New 0Tle.ans District.-On the 1st storm warnings were 
ordered for the Galveston section of the Texas coast and 
for the Louisiana coast as follows: 
H& southeast storm warnings 8.40 a. m., Velasco, Tex., to Salmen 

(SIideIl) La. Disturbance centered over southwest Texas wiI1 move eastward and cause moderate to stro southerly winds on the Louisiana 
coast and southerly to westerly a s  on the Texas coast to-day and 
to-night. 

The storm showed considerable intensity over Texas, 
where it caused a wind velocity of 42 miles from the 
southeast a t  Galveston, but it moved eastward less 
rapidly than was antic.ipated, diminished in intensity, 
and did not give a storm velocity at  New Orleans. 

Frost warnings were issued on the 1st for western 
Texas, Oklahoma, the intmior of eastern Tesas, and nort’h- 
ern Arkansas, but on acc.ount of the slow movement of the 
storm area from Texas the high pressure from the Plains 
States did not move southward and frost occuiTed only 
in western Texas and the western portion of Oklahoma. 
Frost warnings were repeated on the 2d for Arkansas. 
Oklahoma, northern Texas, and northwestern Louisiana, 
but the hi h ressure area did not move southward into 
the west 8 u l r  States, partly cloudy to cloudy weather 
prevailed and frost occurred only in Oklahoma and 
the northwestern portion of Arkansas. During the night 
of the 6th-7th an area of low ressure moved rapidly 
eastward from the Rio Grande 1; alley and gave severe 
local storms in the vicinit of New Orleans between 3 

but the disturbance did not give a storm wind at  the 
Weather Bureau office. (These local storms have bee11 
made the subject of a s ecial report.) This disturbance 

The rapid eastward movement of this disturbance fol- 
lowed by an area of high pressure from the northwest gave 
freezing temperatures in the Texas Panhandle and north- 
western Oklahoma. F’rost warnings were issued on the 
morning of the 7th for the interior of the district with 
freezing weather over the Texas Panhandle and northern 
Oklahoma. The high pressure area from the Rochy Moun- 
tain region moved southeastward until the cmst on the 
mornin of the 8th was over Nebraska and the warnings 

northern portion of the district and frost nearly to the 
coast were issued on the 8th. The crest of the high 
pressure moved from Nebraska southward into Texas 
and the warnings were fully verified. F’rost warnings 
were repeated on the 9th for the west Gulf district, 
except the western coast of Texas. The high pressure 
area moved rapidly eastward until its crest rested over 
the South Atlantic States on the mornin of the loth, and 

district no general frost was reported. A storm area 
centered over Kansas on the morning of the 19th with an 
area of high pressure moving eastward from the north 
P a a c  -on, were the occasion of frost warnings for the 
Texas Panhandle and northwestern Oklahoma for the 
20th, and frost temperature prevailed. On the morning 
of the 20th frost warnings were issued for the northern 
portion of western Texas, Oklahoma, except the south- 
eastern portion, and the extreme northwestern portion 
of eastern Texas. The high pressure area did not move 
southeastward with the intensity anticipated and the 
warnin was only partly verified. An area of high pres- 
sure wkch was over the eastern Roc Mountain region 

frost for the northern portion of western Texas, Oklahoma, 
Arkansas and the extreme northern portion of eastern 
Texas. h d e  no general frost was reported, conditions 

a. m. and 3 a, m., ninetiet % meridian time, on the 7th, 

was attended by genera Y rains, which had been forecast. 

were f lfi y verified. Warnings of freezing weather for the 

while frost temperatures occurred over t % e interior of the 

and the Plains States on the morning o k9 the 26th indicated 

showed that the warnings was justified, except in Arkan- 
sas, where the temperatures remained too lugh for frost. 
The crest of high pressure being over South Dakota on the 
27th, frost warnings were repeated for Oklahoma and 
northern Arkansas, and frosts occurred on the 2St11. 
Frost warnings were issued on the 30th for the Texas 
Panhandle and for Oklahoma, except the southeastern 
portion. The temperature fell to the frost point, but 
general cloudiness prevailed and no frost was re orted. 
The long-range forecasts issued from the central o B ce are 
given wide distribution and are proving very valuable 
to agricultural and shipping interests.-1. M. CZ.ii7i e, Dis- 
tiicf Forecnstw. 

Portlucl,d (Ortlg.) D~isiiicb.-Aprilwas an unusual nionthin 
this district, largoly because of the abnormal tracks taken 
b four high-pressure areas during the middle decade. 
d ide r  iiorninl conditions this month, which covers a large 
part of the transition period between the wet and the dry 
soasons, requires more than ordinary attention on the 
part of the forecaster, as in many localities the diurnal 
range in temperature is sufficient to cause the formation 
of frost on clear nimhts under alniost any type of pressure 
distribution. Hi&s a t  the be inning and near the end of 
the nionth pursued their usua s path from the California 
coast north to westorn Washington, and thence east across 
the Rocky Mountains, but those durinc. the middle decade 
only went as far  north as Oregon, wf;en they advanced 
either eastward or northeastward, with the result that 
unsettled conditions prevailed a good portion of tho time 
in the northwestern portion of this district in consequence 
of the proximity of lows over the Alaskan bight of the 
Pacific Ocean. Seven frost warnings for the entire dis- 
trict and 9 for local sections were issued, of which number 
3 for general frosts were fully verified and 4 were part1 
verified. Of those partly verified, temperatures s u d  
ciently low for the formation of frost occurred in prac- 
cally ever instanco, but no frost formed in some of the 
localities g ecause of cloudiness. In the case of the 9 
forecasts of frosts for local areas, 5 were full verified, 1 
was a failure, and 4were partlyverified. The s ailureswere 
due to cloudiness which either prevailed all night when it 
was espected to clear up or it clouded up in the early 
mornin after having been previously clear. No frosts 

in places where protective measures are taken. Not so 
much protective work is being done as formerly on acoount‘ 
of the espense, as well as owmg to a difference of opinion 
existin among horticulturists as to the effectiveness of 
oroharfi-heating methods now in general use. 

One storm warning was issued to stations at  the mouth 
of the Columbia River only, which was fully verified. 
Small-craft warnings were issued on 4 occasions for ex- 
posed localities in the district, but it is not known whether 
they were versed or not. No maximum wind velocities 
were reported by stations a t  or in the neighborhood of 

laces where the small-craft warnings were displayed. 
buring the night of the’ 16th-17th and the afternoon of 
the 21st, velocities slightly exceeding those necessary to 
verif a warning were re orted at Seattle, Wash., but it 
is bdeved they were in t f e nature of squalls and of short 
duration. No warnings were displayed at the time of 
their occurrence. The wind also attained a maximum 
velocit of 64 miles per hour from the southeast at North 
Head &ring the evening of the 26th, without warnings 
being displayed. This was a sudden squall and lasted 
onl a few minutes. 

Jour “sets” of warnings were issued for cold, wet, and 
wind weather for the benefit of the live stock industr . 
The &st was on the 3d, followed by another on the 4tt,  

occurre % without warnings, and they were of value only 
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and the h a 1  one was sent on the 5th. These warnings 
announce (1) when the bad spell of weather will begin: 
(2) any changes to better or worse that are antici ated 
during its prevalence; and (3) when the bad spelf will 
break and be followed by fair and warmer weather. The 
second “set” of warnings for the live stock people was 
sent on the 10th-11th and 14th, the third on the 17th- 
19t.h and 21st, and the last on the 26th and 29th. They 
were all fully verified and were greatly appreciated by 
the stock mbn. The Prosser State Bank of Washington 
wrote on April 39, 1916, as follows: 

As far as I am advised, the shearing season is about closed in this 
vicinity. Your weather reports have assisted us very much in the past, 
but I do not believe they would be of any particular value nom, unlesa, 
of c o r n ,  something very severe should appear on your chart. 

-E. A. Beah, District Forecaster. 
Snn Fraibrisco Di.sts<ct.-There were no forecasts or 

warnings of marked Importance issued during the month, 

except the “ fire-weather ” forecast issued to the district 
forester on the 29th. The forecasts of weather were en- 
erall .  satisfactory, except the li h t  rain in northern bli- 
with doubtful period, and indefinite forecast forshowers for 
the district on the 17th was a failure except h the extreme 
northwest and in the mountains from which no regular 
reports are received. The temperature forecasts were in 

eneral satisfactory, althou h the rapid shifting of the 

Nevada on the night of the 17th-18th and in the southern 
portion on the 29th were not predicted. 

The first warning of warm weather with north wind and 
conditions favorable for forest fires was issued to the 
district forester on the 29th and was timely, as several 
small fires were reported during the day of the 30th in the 
forests --G. H. Willson, District Forecaster. 

fornia on the 11 th was predicted f or only the extreme north 

8isturbances caused some fa1 9 ures. The cooler weather in 


