
UNITED Srmw D i w a i r r n r ~ ~ : ~ ~  OF AGIIICULTURE, 
'~;~TEATIIER BU~~EAU,  

0I"FICE O F  TIIE ClIlEI", 
Wasliiington, 1). G., GeptemBer $7, 191Y. 

SIR: 1 h ~ v e  the lionoi- to submit herewitli :L report oi' the opera- 
tions of tlie Weatht?r I31irenii diiriiig the fisc:il y w r  ended June  30, 
191'7. 

Very respect f till y, 
C. F. MAIIV~N, 

Chief of Bureau. 
I-Ion. D. I?. HOUSTON, 

Secretary of AgricrrZtus*o. 

In addition to the chily worlt of the Weatlier Bureau in its com- 
Prclieiisiw and iniportant servict: io tlie public, :L prominent fen- 
!lire of t ~ i c  bureau's activities during tlic year has been t lie link- 
!ng OS its \\~orIr with the inilit ary opcr:itions of thc (ioveriiment 
In the great war. This cooperation h a s  been secured through 
; U ~ q p n e n t s  for forcc:~st ing the weather over the region of actual 
h & r e  ill Ii'rancc, the estcnsion of aerological work t,o irovide for  

W L t O r s ,  b:~lloiiists, u n d  :irtillerists; nnd nssistancc to  the Govern- 
Qcnt :III(I iii;i~*iiic j n t c ~ c s t  s b,v \ ~~ssc l - r~~por~ing  : i u t l  w:icwst sht ions 
and coiniiiuiiication facilities in nid of coast patrol. 

Never in the history of conflicts of the world has the wenther 
Pro17c.d such :I potent f:irlor as  in the wnr thnt is now in progress 

$hrope. This: is 1:irgely diie l o  tlic? use ol' t~eroplaiies, dirigibles, 
Q1 cnpt ive balloons, to  the hig1il-y perfected and powerfnl :irtillery, 
?nd to  the modem methods of varfnre first brought into practicu 
111 this conflict. li'orcltnowledge of existing and cxpccted w c d i e r  
Co1lditions, both in the air and on the siirftLcc has, tlicroforc, bccoinc 
Of tlic utlriost import:inco. ~ 1 i e 1 i  active preparations for the mili- 
tWy prcpiLredness of this comitry were begiin-when the derlnrntioli 
h~ inado by Ilie TTiiitecl States that a state of w:ir esisletl wit11 
the Goriilnri Govcrnmcwt-it was apparent t hn t  tho Weatller I3nrea11 
bad an importt~nt paint to play. In recognition of this fact tho 
Secretary of hgricnltiire commiinicat ed with the Secretnry of M7ar 
W invi'tcc~ attention to  tho service whicli might, be rendrred by tho  eath her Biirean in fm.nisliiiig the fullest possible informttt,ion can- 
cerning the meteorological conditions in the TJnitcd Statcs and ndjn- 
Ctnt regions: He also indicntecl Ihr service that  trained met eorolo- 
@sts could Ipnder as aids to commnidcrs in planning military opera- 

the maltilig of iipper air observat ions for the benefit o f' the Army 
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tions. The Secretary of War  heartily accepted the suggestions and 
preparations were niade a t  once for the fullest cooperation in Car' 
rying out the plan. 

It was obvioiis t ~ i a t  the  :Lcti\+itiw of tlie bnrcwii for. t1ie t i m e  being 
at  least \vo1I1d necessarily 11c extended to two primary projects: (1) 
The forecastiiig of the wc~athcr for purely iiiilitary oper:it ions, 
the sountling of the iipper a i r  for the benefit of ayiators, bdlonlstsr 
and artillerists. 

In connection with the first project. one of the foremost fo~w+erq 
of the b ~ ~ e w i i  has  bccn comniisioncd imjw in the Signal OfflcerS 
lieserve Corps and has  Iwen granted a. f u r ~ o u g ~ i  froin tlie We:itlleP 
Unrenn for that purpose. I n  the fiirthcrance of his d11iic.s it is ex- 
pectccl t11:it the closest cooperntion will exist vit1i tlie I+encli and 
Engljsh meteorologicnI services in thc  use of data ol)tained by tbern, 
suppleinented by additional o1)scrv:it ions in i l i e  field :wl cnble re- 
ports from the TJnited States ant1 its possessions. 

The official in chnrge of the acm)Io~icnI investigations of ill: 
biirean 11as also been C O I I ~ I I I ~ S ~ ~ M Y ~  :L mtjor in tlie Signa] OfficerS 
I ~ C S C ~ W  ~ o r p s  :md placed in  cliarge of tlie rriilit xry :ierologic:Ll \vo1+. 
The acrological work heretofore performed by the Weather Bureau 
will be continued, in. addition to the enlarged acCivities made pOSsl- 
blc by the appropriation of $IOO,OOO for  this work, 11s cont;iined in 
the Army bill, which became n l aw  M t ~ y  12, 1917. This item rellds 
as follo\vs : 

For the estublisliment :ind muinteiiance by the Weather Uureiiu of ndditionnl 
aerological stations, for observing, nierixuriug, ant1 investigutiiig ritniosphel*lc 
~)henoiiieii:i in lli(> :lit1 of :ieroii:\utics, iiic.lutliiig s : I I : I I . ~ c F ~ ,  tr i ivd,  c i i i t l  olllcr t!'- 
peiises in the city of Wasliinatou and elsewhere, $lOO,OOO, to be expended under 
the direction of the Secretary of Agriculture. 

I t  is planned that, for  the duration of the wtw, the tle~ologica* 
work of the Weather 13ureau m d  the Signal Corps slinll be closelY 
coordinated, and tlint such of the free-air observations macle :tt tbe 
six primary stations to  be operated bjy the Nrentliei* Bureau, as 11M' 
be required, sliall be made te legrnp~i ica~~y tivtiilable to  tlie military 
authorities, supplei~ienting similar observations made at thc v : ~ r l o u ~  
militnry stations conducted indepcndently by the Signal Corps. 
of the data sccuretl u t  the Weathcr I3ure:iu m d  military sttitions .Wll' 
be turned over to the Weather Burem for iabulation and study. 

Some details of the work of thc bureau during the past year a1.q 
briefly summarized ancl discussed under separate topics, as follo1vs * 

FORECASTS AND WARNINGS. 

DISTRIBUTION OF WEATHER FORECASTS. 

There was f~ considernble increase during the year in the number 
of cooperating rural telephone lines, tlnd a corresponding extenslO,'l 
of distribution to the farming coinniunities. The forecasts by thls 
irieans reach the farmers in neiirly all instances by noon of tho day 
of issue, ancl reports show that the service is ver:y,liighly d i e d .  
Distribution by wireless, which was expected to be extended, W?s 
abridged .or suspended through the control of all wireless comrnunl' 
cations exercised by the Governinont as a military necessity. The 
distribution of the meelrly forecasts was materially extended by tide- 
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P-aphiiig tliern to the rciitr:il ofiices of :Lbout 250 rum1 telephone 
lln(‘s in tbe 13 cciitr:il grain-growing States, by which they were 

available to all tho subscribers on those lines by noon of tho 
day of issue. 

WEST INDIAN AND CARIBBEAN SEA SERVICE. 

Tho cxtcnsioii :lnrl iinprovemciit of tEie wcntlier service in this 
’%ion was accomplished, at alrcntly estitblislicd stations, by the par- 
%t,ing of :trrangemants for t:ilcing ttnd te~egrapliing two observa- 
‘Ws R day dining tho period Junc 1 to Noveiiiber 80, :md the taking 
‘f one ohkcrvation a day diiriii. the remainder of the yrar, Ncm 
Stations ware established Rt~ ReTim, British Hondnras ; Rlncfiolds, 
Nica~:igun ;. Colon, Carin1 Zone y Gunnt,tin:uno Bay, C ~ b a  ; and St. 
?homns, Virgin Islands. Thc ~ ~ o r k  of the csleiisioii of this scrvicc 
‘s still in progress. 

ALASKAN SERVICE. 

A full me,ttcorologicaI station was establishcd f i t  J ~ i e : t i ~ ,  Ala+, 
‘nd nrrangements effcctcrl whereby twicc-dnil y rcports are reccived 

all Alaskan stations. 

STORM-WARNING STATIONS. 

The number of storm-warning stations on June 30, 1017, mas as 

Paid stations, 150 ; a decrensc of 35 during the year. 
Cooperrhtivc stations, 146 ; nn incrpase of 32. 

~‘llows : 

- wcather Bureau stations displaying storm warnings, 58; n (IC- 
“ease of 2. 

Tho decrense in the pnid stations and the increase in tho coopcrn- 
‘:V@ stations :ire almost wholly due to the taking over by the United 
States Coast Guard Service of the duties of clisplnyiiien whorevor 
Practicable. 

VESSEL WEATHER STATIONS, INCLUDING LIGHTSHIPS. 

At the close of the yycnr 4.7 of these mcre in operation, someyhat 
less than last pear, oivirig to war conditions. TWO lightship statlolls 
‘@re added ; namely, a t  Diamond Shoals and ITeald Bank. The re- 
ports from these vessel wonther stations wore of grent onlue during 
the hurricane season. 

SPECIAL METEOROLOGICAL STATIONS. 

T\VO special meteorologicnl stations for forecast purposes were es- t fblished during the year, namely, at Needles, Cnl., and nt  Midway 
t le ld ,  in the Pacific Oceiin. Reports from the last-nnined station 
,&We been found to  be of great value in connection with the prepara- 

t l ~ n  of the weelsly forecasts. 

CONSOLIDATION OF FORECAST DISTRICTS. 

Thc San FranFisco (Cal.) and Portlsnd (Oreg.) forecast districts 
!ere ConsoIidated during the year, with headquarters at San Fran- 
c Q ~ ~ ,  Cal. 
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SEVERE STORMS. 

Four tropical storms, for which hurricane warnings were ordered, 
occurred during the year-two in Ju ly  and one each in August and 
October. The first of these, that of Ju ly  1-10) developed in the west 
Caribbean Sea and moving northward passed over Mobile, Ala., 
July 5 ,  causing a maximum wind velocity of 106 miles per hour at 
that station and 104 miles a t  Pensacola; these velocities being the 
highest on record a t  those stations up to that  time. The unusuallY 
high tides and torrential rains attending this storm caused enormous 
losses in central and southern portions of the east Gulf States. The 
second, that  of July 12-15, developed in  the Bahama Islands and 
moved northwest, passing over Charleston, S. C., on July 14, With 
a velocity of 64 miles per hour from the northeast. No severe losses 
attended this storm. The third, that of August 12-18, was first ob- 
served in the vicinity of thc Barbadoes and moved northwest through 
the Yucatan Channel and across the Gulf of Mexico, passing inland 
bctween Corpus Christi and Brownsville, Tex., on the 18th. Con- 
siderable damage was caused on the west Texas coast by the high 
winds, the highest velocity, estimated a t  90 miles per hour, occurring 
at Corpus Christi. Some of the 20 vessels held a t  New Orleans O? 
account of the warnings probably would have encountered the hurr1- 
cane in the Yucatan Channel and might have met the same fate as 
the Admirat Ctarlce, which was lost on the night of the 16th. Vessel 
masters and agents who held their vessels until the routes were de- 
clared safe expressed the highest commendation for  the manner In 
which the Weather Bureau kept them advised. The  fourth, that  of 
October 9-19, develo ed over the central Caribbean Sea, moved west 
across the Yucatan %cninsula and then northeast across the G?lf, 
passing over Pensacola on the morning of the 18th. Maximum wind 
velocities of 120 miles from the southeast a t  Pensacola and 128 miles 
from the east a t  Mobile, the highest on record a t  these stations, at- 
tended this storm. The storm did little damage, comparativeb' 
speaking, as ample precautions had been taken as a result of the 
advance warnings. 

A storm of marked intensity, for which whole- ale warnings were 

reported that  these warnings were so thoroughly distributed through- 
out the region that  no vessels left port until after the severe gales 
subsided; and further, that the absence of wrecks and loss of life Is 
evidence that  the marine interests generally heeded t,he -\lrarninP 
issued by the Weather Bureau. 

ordered, passed over the Lake region on Novem f or 23-24. It was 

SEVERE COLD WAVES. 

A notablc feature of the meteorological history of the year .\Vas 
the severe cold wave, which, reaching the Mississippi Valley by the 
night of +January 31, overspread the entire eastern half of the country 
during F$ebruarv 1-3.. On the latter date the temperature fell.to 
16" at  dacksonvillc and below f reezing throughout the Florida Penln- 
snla, Miami rq-mrting a minimurn of 2S0, the lowest of record at 
that station. This WRS the most severe freeze in Florida since 
ruary, 1899. Ample warnings of the cold wave were issued well In 
advance, the accurate forecasts of expected minimum temperatureS 
in Florida proving of great value. 
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STORM-WARNING SERVICE. 

The work of improving the storm-warning service by the installa- 
tion of the three-lantern system has gone forward, thle installation on 
the Great, L d R s  having been coinpleled in the fall of 1916. Prelimi- 
nary plaiis for the installation on the South Atlantic and Gulf coast 
have been completed and material is either on the ground or  en route. 
Phiis for  the extension of the system to the North Atlantic coast 
we w cll underw ,I y. 

AEROLOGICAL INVESTIGATIONS. 

The i v o r . 1 ~  of obtaining Pree-:iir olxw-vntions by inciiiis of kites 
has been continued at  the Drexel twological station during the past 
Soar. The (lata thus obtained include atmospheric pressure, tem- 
Pel*:~tixrc, hnmidity, wind velocity and direction, electric potential, 
and cloud altitude and movement. Flights were made on all but 11 
days during the year, and n daily telcgrain giving the atmospheric 
conditions at, one or two selccted levels in the free air has been sent 
to the forecast centers of the Wenther Bureau a t  Washington, D. C., 
and Chicago, Ill. I n  addition to  the daily observations, series of 
observations continuing for  a period of 30 to 36 hours have been made 
whenever conditions were favornble. The  data thus obtained enable 
the biireizu to  follow atmospheric changes in considerable detail. In 
all, 516 observations have been made during the year-July 1,1916, to  
?June 30, 1917. Of these 160 were made in 21 different diurnal wries, 
the remaining 356 being made as daily observations. 

Plans have been made for more practical application of the results 
of free-air investigations to  problems connected with aeronautics 
and the firing of projectiles. With t,his end in  view the bureau 
furnished an exhibit a t  the Acron:iutic Exposition held in New York 
c i ty  Februarv 8-15, 1917, and also participated in the discixssion 
held a t  that &me under the auspicEs of the Aero Club of America. 
A paper on “Aerology in Aid of Aleronautics ” was presented at, the 
symposiiim on aeronautics before the Amprican Philosophical So- 
Qety in Philadelphia on April 13,1917. Thls  paper is to  be published 
by that  society. 

Since February, 3917, considerable work has been done in  the 
Preprmition of a manna1 or handbook for aeronauts. It will include 
a s11rvcy of the different parts of the TJnited States, shoming relative 
slIitability of various localities for  the establishment of aeronautic 
stations and will also contain a snmm:iry of free-air conditioqs most 
llkely t,o be met with under different types of pressure distnbntion 
a t  the earth’s siirface. Copy for this book has been nearly completed 
and will soon be ready for  publication. Frequent conferences have 
been held with officials of the aeronautic branches of the W a r  and 
Navy Departments with a view to establishing closer cooperation 
between these services and this bureau. As a result of these confer- 
ences, plnns are being perfected for miikinq fwe-air observations in 
aid of :Leronaiitics and the firing of projectiles a t  several of the 
training camps, inchiding those at  Snn Diego, Cal., I’ensacoln, Fh., 
Mineola, N. P., Rampton, ~ a . ,  ant1 others. Frrr-air mind dnta, 
as observed n t  the Drexel aerological station, are furnished daily 
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for the information of the balloon training school a t  For t  Omaha* 
I n  addltion to this, the officers and men at  this school have on 
occasions used the kite field a t  Drexel in  connection with the1r 
experimental work. 

STATIONS AND OBSERVATIONS. 

New, regular, full-reporting stations were established :It Juneau, 
Alaska, in rented quarters; and a t  Por t  Arthur, Tex., in the Federal 
Building. No :id& tiontd stations have been established, and there 
are now 203 principal or  fully equipped stations. 

OBSERVATORY BUILDINGS AND STATION OFFICES. 

After several years of litigation, a decree was finally handed down 
on January 6, 1917, by the United States district court, Fargoy 
N. Dak., in the case of the United States v. Northern Pacific Railway 
co., confirming title to Weather Bureau reservation a t  Bismarck, 
N. Dak. This decree gives to the TJnited States (Weather Z3nreuU) 
all that part of the property north of the railroad tracks, inclidln& 
projections of Second Street and Manclan Avenue, with the trl- 
angular pieces of land a t  the extremity of same, and secures for the 
Weather Bureau a valuable tract of land of about 3 acres which d 
insure the continiiity of meteorological observations for the future 
as has been maintained since June  1,1894. Action has been talcen to 
change the location of the residence building and effect desired la- 
provements a t  that station. 

Pursunnt to  authority containetl in uppropritition act of thc ne- 
partment of Agriculture for  the fiscal year 1917 a site for the pro- 
posed Weather Bureau observatory building ai, Cape I-Ienry, Va.7 
was purchased on the water front,, consisting of lots 5 and 6, block 7, 
in all I ~ ~ , O O O  square feet. Drawings and specifications were prepared 
for a building adapted to the special requirements of a fully equipped 
vessel-reporting and meteorological station and us the northern ter- 
minus of the Cape 1Ienr.y-Hatteras telegrnph line, and bids inv i id  
for  the erection of the building, but without results, as all bids were 
too high. The  appropriation being continnous into the next fiscal 
year further attempt will be made to secure the erection of a suitnblo 
building within the appropriation made therefor. 

By decision of the judge of the United States district co1?1% 
Seattle, Wash., dat>ed June  12, 1917 the bureau is grunted possession 
of lot No. 1, block 82, town site 02 Por t  Angeles, Wash., litjgatlon 
in regard to which has been in the courts for  some time. 

COOPERATIVE CLIMATOLOGICAL WORK. 

Tlie incrensing demand for inf’ormtition n s  to past and current 
weather conditions for all parts of the country, and from practicall3’ 
every standpoint of business, pleasure, health, etc., clearly indic?tes 
the great value to  the public of the weather information now being 
gathered through the voluntary services of our corps of unp:aid 
observers, located in nearly every county of the Union. 
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INSPECTION O F  COOPERATIVE STATIONS. 

A recognition of the great benefits to be derived from a more 
frequent inspection of rooperative stntioiis by the trniried oacials 
Of the burenu resulted in it considerable increase in  this n-orlr during 
.the past year, and provisions liavc been m:tde wliereby n11 cooperative 
stations are to be visited at 1east.once in each three years if possible. 
~Inprovement is always noted in the records from si ations tlint liavc 

inspected ; more uniforiii niethods of exposllrc are :idopted, 
points: of doubt :IS to the nitinner of observing :id recording tlie 
'ndications of the instruments are cleared lip, the observers become 
QQre enthusiastic in their work, and frequently the continnation of a 
Station, where tho observer had grown tired of the ~ o r k ,  results from 
the personal appeal of the inspector. 

NEW ,CLIMATOLOGICAL SERVICE IN ALASKA. 

Beginning with the new calendar year provisipn h:ls been inride for 
the establishment of a full climatologicnl sen-ice for A41:is!~a, with 
headquarters u t  Juneau. Reports are nom being received with more 

less regiilnrity from aboiit GO points in that Territory, rind printed 
slllnniarics similar to those for tho States nre bring prepnrerl. 

An anriiial suiiimary of c1ini:itoIogicaI dntn, 1915, for the Territory 
h s  prepared nininly at, the central office of the bureau ant1 printed 
at the Seattle station. Action has also been talren la proptire a siini- 

report for 191G, which will lilrewise be printed a t  the Seattle 
office. 

ATLAS OF AMERICAN AGRICULTURE. 

The preparation of climatological dnta. for the proposed atlas of 
Alnerican agriculture has progressed, and the precipitation section, 
Qoilsisting of about, 80 separate charts and. d y p m s ,  illiistrating in  
great detail the distribution of tho precipitation over the entire 
Country, together with nbout 15,000 words of text, have been for- 
karded to the Ptiblic Printer. Work on t h  ten1 and mis- 
cellnneoils sec.tions, embrncing about the saiiie 
appropriate test, has also been nearly cqmpleted and iri~lrli of the 
matter has already been forwarded for prmtmg. 

SNOW AND ICE BULLETIN. 

The iveelrly bulletin showing the snmv nnd ice condit;ions o ~ e r  
the coixntry (juring the winter season was soinemhat enlarged IIJ~ addi- 
tional reports from the high mountain regjons of tho Tlrest, thereby 
Permitting better estimntm of the prospective wtttcr stlpply for irri- 
fation and other irnportsnt uses. A new base d in& shoming the 
atest attempts at depicting the topography of the country, put, 1n 

be.  during the past winter, hns added greatly to a proper luterpre- 
tatlon of the snowfall values appearing on the chart and in tho accom- 
panying tables. 

The snow bulletins issued for each of the westmri nionntnin States 
here also considerably enlarged by the addition of reports from 
Points in the mountains. 

- 
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OCEAN METEOROLOGY. 

Action has been talceii during the year to increase inatel-ially the 
number of vessels reporting over the No&h Pacific Ocean, where 
hitherto but little information has been available. 

The charting of these reports has been taken up, and it is believed 

greatly to  our knowledge of the origin, development, and I m p s s  
of the storms entering the western par t  of the country. 

TELEGRAPH SERVICE. 

a comprehensive study of the weather over this vast area will ad d 

Weather reports (in cipher) are  transmitted to and from abo"' 
200 Weather Bureau stations twice daily-at 8 a. 111. : ~ n d  8 p. 111.7 
and approximately 800 forecast telegrams are sent daily from this 
office. I n  addition, there are antliked a t  the Weather Burean all lele- 
graph, telephone, and radio accounts, amounting to nearly $300,00° 
annually, dealing with about 60 companies, also all Weather BureP' 

business. Repairing and rebuilding of Weat her Bureau lines IS glso 
supervised by the central office of the bureau. 

Further  revisions of circuits were made and put into operatioa 
during the past year, by which a yearly saving of over $1,000 was 
effected, in addition to increasing the number of reports to sever$ 
stations. A considerable saving also was effected by having certal* 
contracts reduced. 

telegraph and telephone lines and other line tolls for colm~ercla 1 

BLOCK ISLAND-NARRAGANSETT SECTION. 

The Weather Bureau owns the cable, three conductors 103 miles i* 
length, and the land lincs are owned by the Providence Telephone ,% 
Telegraph Co. For  the iisc of two conductors in  the cable thO 
Providence Telephone & Telegraph Co. 'furnish I5 miles of Innd 

This  line affords telegraphic communication between Narragansett 
Pier  and Block Island. Observational reports from the lattcr place 
are  of inestimable value to  the bureau. Block Island is also a storm 
warnin display station. 

Telegraph receipts during the year : 

lines, connectin with Narragansett Pier and Block Island ends 0 f 
the cable, in ad  3. ition to paying $600 annual rental to the bureau, 

A lea 7 c in the cable was repaired last August a t  a cost of $1,750. 

For coinrnercinl twsiness _ _ _ _ _  1 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  ~ R S S ,  3.9 
For rental of coniluctors (2)  ______________________________________  ~00.0'  

Totril wce[pts _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  + 
Ort1innr.y _____________________________________________: _ _ _ _ _ _ _ _ _ _ _  $4- 0' 

-- -__- _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  - 1,750. O0 

Cost of repairs: 

1lcp:iirin.g ciible 

NORFOLK-HATTERAS SECTION. 

This  line is l@2+ miles in lcngth, including three cables-one across 
Pamlico Sound 3 miles in length, one three-fourths of a mile IICW~ 
Oregon Inlet, and one three-fourths of a mile across New Inlet* 
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This line connects with the Western Union Telegraph Co. at  Norfolk. 
?he United States Coast Guard Service telephone wires are attached 
to the Weather Bureau poles. During the year this line was almost 
Completely rebuilt. The work of rebuilding was done by employees 
of the Coast Guard Service. Communication was interrupted for a 
total of 26 days during the year. The line is in first-class condition 
at the present time. 

' h ta1  ~iuinl~cr of inessngw ~ i i i i i t ~ ~ r t l ,  30,232. 
2\elegr:l1)11 recaeipts. $2,70534. 
Cost 01' rqmirs, ordiqnry, $08.23. 

MOUNT WEATHER-BLUEMONT (VA.) SECTION. 

(Tclephone and telegraph.) Length, 5.9 miles. This line is not 

No expense; no receipts. 
QCW in use. 

KEY WEST-SAND KEY SECTION. 

(Telephone.) Cable; no land lincs. Length, S a  miles. Used for 
"esse1 reporting and display of storm warnings a t  S m d  Hey. This 
cable w i s  laid in 1903 and is in poor condigon. A new cable should 
be provided ; probable cost, $25,000. Interruptions during the year : 
JUly, 1916, and December, 1916. 

Coat of repairs, $443.17. NO receipts. 

GLEN HAVEN-NORTH AND SOUTH MANITOU SECTION. 

ALPENA-MIDDLE ISLAND-THUNDER BAY ISLAND SECTION. 

(TcIcpI1one.) 'This Iinr is 82 inilcs in  lrincl lines :ind 54 iniles in 
QlhIe. I t  :iffords coirimunicstion 
k \ w n  t11r above-nnmcci places for tlic rlispltty of storm warnings, 
alld connccts with Const Gunrd st ations tit tlicse p la~es .  I t  iyas inter- 
"11ptccl for fonr clays and sewn hours during the p i r .  

It wa1-lrc~1 we11 cliii-ing I hc 37ear. 

Cost of repairs, $128.70. 
Receipts, iione. 

GRAND MARAIS-WHITEFISH POlNT SECTION. 

(Trlcpbonr.) This line is 10 miles in length and connects with 
Coast Gunrcl telephone a t  Vermillion Station No. 9. I t  is used 

to obtain meteorological reports from V\TliitefisIi Point and for tlic 
disp~ay of stgrm warnings. interrupt ions during the year. NO 
expenses. No receipts. 

lG5.3-17-2 
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BEAVER ISLAND SECTION. 

(Telephone.) Broin Ch:irIevois 1 o St. James, Deliver I~lt111~~ 
Mich., 38& miles cable, I t  miles 1;intI ; coniiects with tlie & l i c b i P  
State Telephone C0.k excliange at  C‘hsrlev~oix ; is used for the tr;lns- 
mission of storm wainings displt~yed at  and for obtaiiiiiig meteoro- 
logical reports from St. .James, tinil for  commercial business. TIiis 
cable was fouled by ti steamer on April 22, 1917, and repilirs \y!re 
completed June 25,  1917, at  an :~pproxi~n:tte cost of $1,900; 91 rides 
of cable having been carried :iway by the steamer. 

Cost of’ repciii-s. $l .50(~. 
Itt’c’rlpts, $4!35.SO. 

(Telegraph.) Length, !)6 miles. This line runs through a w ~ o ( l e d  
country wliere lumbering operations :ire carried on wry errtensl\’elS* 
As fast as  the ltirid is cleared and ro:ids built, the line is moved t0 the 
public roads. Several miles have been moved during tlie last Yenr’ 
and it is expected that considei*uLlc work of this kind wi 1‘ 1 be d?nz 
during the coming year, costing approximately $750 for rebnilc1lae 
and removing the line. $ was interrupted for  n total of 15 days alln 
20 hours during the past year. 

Besides the use of the line for transmitting observational reports 
from and the display of storm warnings at Tatoosh Tslancl a n d  of 
commercial business between the stxtjons and the interior, I I I : ~ ~ ? ‘  
commercial messages are haiidled to and from ships at sen t l i rod ’  
the United States naval wireless station a t  Tatoosli, which has dir(’ct 
communication with the line. ‘L’ntoosh also reports all vessels th:lt 
pass in or out of the Straits of Jiirin de Fuc,z. 

TATOOSH-PORT ANGELES SECTION. 

Cost of relmirs, $718.50. 
Receipts, $1,564. 

(T$egraph.) 

NORTH HEAD SECTION. 

Length from North I-Iend to  For t  Cnnby, TVaS11.7 
24 miles land lines; from Por t  Canby to For t  Stevens, G miles catlea 
By a working agreement with the Western Union Telegraph LO** 
direct communication is afforded with the Weather Bureau office lEt 
Portland, Oreg. The line also connects with the United States nat7fi1 
radio wireless station a t  North Read, which station is the relay point 
for Alaskan reports. I n  addition to giving the radio service a direct 
outlet for their business, this line is used to  obtain importunt mete- 
orologicsl reports from and transmission of storm wvarnings to Nortll 
Head. The cable was foiiletl on June  9, 1916, and repaired at II cost 
of approximntely $2,300. Communication was restorcd on 
19, 1017. 

Total cost of repiirs, $2,348.74. 
Ileceipts, 11011~‘. 

(Telephone.) 

SAN FRANCISCO-POINT REYES SECTION. 

Len th, 70 miles, 20 of which ape leased froiil tbe 
Pacific Telephone & !kelegraph Co. Fif ty  miles are owned by tilr 
Weather Bureau, 22 miles of which are attached to the West,ern TPnlon 
Telegraph Co.’s poles. No charge is mnde for  these tlttaclime1lts* Tlie line is used for the trnnsmission of observational reports nn d 
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storm warnings illid for vessel reporting. The portion of the line 
Omed by the Weather Burrnu is in good condition, having been 
p @ h i l t  during the pust year. 

Cost or repairs, $?,I 42.37. 
Iiweipts, I K ~ .  

RIVER AND FLOOD SERVICE. 

As foreshadowed in my lust annual report,, the work in connection 
W h  the issue of flood w:irnings lias been strengthened during the 
YP;fLr and extended to disti*icts not hitherto covered. Two new river 
d1Ftricts ]lave been orgnnizecl in ~ n ~ i f o r n i n ,  one for the 110s Angeles 
R?ver, with 1ietLclyu:Lrter.s in Los Angeles, Cal., the other for the Eel her, in Iluniboldt Count y, ~7itl1 hotidquarters in Eureka, Cal. The 
flood-warning service in Alttbama lins been extended during tho year 
to include the CnhnbtL Tiiver, a tributary of tlie Alabaina in the con- 
tral portion of the State. In times of flood the rich agricultural 
lands along this strenin :ire overliowed, greatly to tlie detriment of 

damage may be minimized. 
A rcnrrnngclncnt of t1ie sn1,st:btioiis in 3fontan:i niid the establisli- 

bent of three ncw &tat ions  long the Missouri in North Dakota has 
l%m cffcctetl. l'hcsc c1l:tiigc.s h v e  emtbled the burr:~u to rcnder inore 
@ficient service tl1iiiiig the spi*iiig bret~knp of tlic ice in the Missouri 
tlWi~gl;llout the D:ilwt:is. 

A sinall number of rtiinfall stations, reporting by inail and tole- 
graph, have 11cm est :iblislied (luring the yew in  the watershed of 
the Lalie of the Woods in the United States. The reports furnished 
by tliese stat ions tire for iiw of tlie Int ornational Joint Commission, 
?hich, it 1 1 1 1 ~ ~  IN reiririiib~~rec~, lias jurisdiction over all cases involv- 
lng the use or obsti*nc*tion or diversion of waters forming tho inter- 
llational boiintlry, or crossing the boundry between tlie United Stntes 
and Cunncln. 

farming interests. It is tile purpose of tlic bureau to antici 
far as possible, floods in this strenin, in order that the resu 

LOSS BY FLOOD IN THE UNITED STATES DURING THE CALENDAR YEAR 1916. 

The ngpcgnte loss by floods, con;llpiit~ad as nccnmtely as the cir- 
CUnstances will permit, W I I S  $35,9G7,000. As in former years, a great 
share of this loss fell upon the ngricultnrnl interests. This unusunlly 
large loss was due principally to the movement over the east Gulf and 
South Atlantic Stntes of two tropicnl storms, during July, 1916. 
yellowing these two storms there was tin nbsencc of destructive floods 
111 all p u t s  of the country, which Instcd nntil Mnrch, 1917. 

HYDROLOGIC WORK IN SOUTHERN CALIFORNIA. 

Progress in this work lins been slow because of tho fact that the 
1Wuntuin rcgion of Los Angeles County, Cnl., where the work is 
being done, is racf ically uninhabited. It lias been possible to estab- 
]ish 1 G  rninfafi st:ition$ in the foothills and at  points within the 
mountains accessible by trail. Four of the stations in this studly are 
@quipl>ed with automatically recording rain gages that are visited 
O?ce ti week or oftenor, when possiblr. Twenty-eight rainfall sta- 
h i s  are now in operation. 
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INTENSIVE SNOW SURVEYS. 

Jntensive snow surveys wwe conducted on Cottonwood Creek, a 
tributary of tho Boise Eiver, of Idaho, also in the Paradise Cr@li 
Valley, in the headqnnrters of the White River of Arizona. These 
surveys were in addition to the series of daily measurements of the 
amount of snowfall made a t  elevated stations in the Western States. 
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Annual Report of the Chief of the Weather Bureau, 1915-16. 282 Pages’ 
charts. January, 1917. Gov. Print. Ofice. 

Description of cloud Forms ; revised edition. 1 sheet, illus. JaniiarY, Ig1‘* 
Weather Bureau Print. 

Types of Anticyclones of the United States nnd Their Average Movements* 
25 pages, illus., churts. 
No. GOO. February, 1917. Gov. Print. Office. 

Aerology No. 2. 59 pages, illus. Supplement No. 5, Monthly Weather Re* 
view. W. B. No. 603. April, 1917. Gov. Print. Office. 

Weather Code for West Intlirtri and C:iribbenn Sen Observers. 33 Pages* 
May, 1917. W. B. No. 612. Gov. Print. Office. 

Relative Huinitlities and Vapor Pressures over the United States, Incl~lcling 
n Discussion of Data from ltrcordirig Hair  Hygrometers. 61 pages, illus*’ 
charts. Suppleinent NO. G ,  i ~ o n t ~ y  Weatlier Iteview. w. B. NO. 609. IlfiJ’, 
1917. Gov. Print. Omee. 

June, 1917* 
Weather Burenu Print. 

Supplement No. 4, Monthly Weather Review. Jq. 

The Daily Weather Map, with explnnntion. 8 pages, 4 charts. 

EXPENDITURES OF THE WEATfIER BUREAU AT THE GOVERNMENT 
OFFICE DURING THE FISCAL YEAR 1916-17. 

PRINTING 

Copieu. cost. 
Blilnli €orms ant1 rnnps _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  10, 058, 800 $10,722- ;: 
C:l1.tls-________-_____----______-__--__-_-_--___--- 6,000 I”. 

Binclina__-______-________________________--_____- 2,256 2,775.85 

Pnbli~i~t ions,  ni is t~el l t~~~eor~s ___-_______-_-___. . - - 17, !I45 7 .  D S ~ .  60 

C0ngl’essioll:ll _ _ _  _ _ _ _ _  _ _ - _  _ _ _  _ _ - _ _ _  _ _  

Amount allotted ________________.___-____----_-_--_. _ _ _ _ _ _ _ _ _ _ _ _  $35,000. Oo 
Arnount expended _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ _ - - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  34,999. IG 

.84 

Rltinlr boolts ______________________________________  234 225 .OG 

Posters. ~>lacm-ds, <*harts, etc . . . . . . . . . . . . . . . . . . . . . .  7, 100 553.19 
Sepnratps iiintl ptimphlets . . . . . . . . . . . . . . . . . . . .  . _ _ _ _  35, 000 1,317.84 

I’iiljlications. ptJl’iotlitx1 __----_---_--_-_____ - - - 19, 10:) ‘i, 189.48 
1,009 41 178. 63 _ _ _ _ _  ---- 

10, 147, 244 34, 999. 

I 
Unexpendetl___ _-  _ _ _ _  _ _ _  _ _ _  _ _  - _- _ _  - -. _ - _ - - _ _. _ _  _ _ _ _ _  _-_ _ 

LIBRARY. 

During the year, 827 books and pamphlets were added to the li- 
brary, bringing the total strength of the collection up to about 
36,300. On account of conditions abroad there was a rnarlrecl de- 
crease in the number of foreign publication% received, and the files 
of many importmt foreign periodicals arc serionsly in arrcars. 

Considerable progress has been made in strengthening 1 he station 
libraries, especially that a t  Chica 0, which serves as a depository for 
a reserve collection of important B oolrs available for transfer to the 
central office or elsewhere in case of need. 

SEISMOLOGY. 

The work of collecting and publishing earthquake data, 11epII 
December 9, 1914, has been continued during the  past year. These 
data are of two kinds, noninstrumental reports of earthqualres felt 
and instrumental rccords, often of quakes wholly impercep’tible to the 
senses. The‘ noninstrumental reports are rendered by all the regular 
stations of the bureau, about 200 in number, and also by nearly 
all the bureau’s 4,500 cooperative observers. The instrumental rec- 
ords published by the bureau have been obtained in part by instru- 
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lnents owned and operated b the bureau itself, one a t  Washing- 
'?n, D. C., the other Northiiel I J  , Vt., and partly through t,he coopera- 
tlon of 18 :Ldditional stations distributed from Panama to Alaska 
and from the Hawaiian Islands to I'orto 1Zico. 

h r i n g  the calendar year 1'316, 131 earthquakes were fclt within 
the borders of tile United States proper.' The grcat majority of 
tllese produced no damage whatever, and only six or seven were 
Severe enough to produce even slight damage. 

SOLAR RADIATION INVESTIGATIONS. 

Solar radiation ineasurcments of much thc same charact ex- :is those 
for 1915-16 have been obtained throughout the year a t  Washington, 
D. C., Madison, Wis., Lincoln, Nebr., and Santa Fe, N. Mcx., and 
the results have been published each month in the Monthly Weathcr 
Review. The iiistruiiieiital cquipmrnt a t  Washington has been in- 
creased by the purchase from tho Smithsoninn Jnstitution of n 
PSranometer, \vhich will be i ised principdly in rcstnndimdizing re- 
('ording pyrheliomet crs. 

Excellcnt obscrv:itions were obtained of a cloud layer of h i41  
haze that overspread the TJnited States from tlic At1:uitic const sout%- 
'%tward to soutliern Chlifornia at tlw end of July,  1916. These in- 
c!uded measiireiiients of the height of the hnzc layer, and its direc- 
t!on and velocity of inovciiient, ancl (~escriptions of t ~ i o  1)rilliant twi- 
k h t  coIors, especially the piirple afterglows, that  accoiripiinicd. it. 
The niensurements of height and movement arc in accord with similar 
Qeasiirements of the mowment of bnlloons above a height of about 
16 ~ri~ometers, and are confirmatory of the csistence of air currents 
froin thc?" east a t  thesc high levcls. I n  C:Llifornia and Arizona the 
haze nnd the brilliant :~Stei*g1ows wcre observed until after tlie end 
of 1916. 

Photometric inensureinents of the intensity of twilight previoiisly 
Qde a t  Mount TVeatlier, Va., have been supplemented by further 
Qeasuremcnts at, Salt Lake City, Utah. These arc summarized in  the 
b v ~ m v  for Novrmbcr, 1916. I n  connection therewith nro published 
tables showing the duration of both civil and astronomical twilight 
at different latitudes; and tho twin " civil twilight," which does not 
allpenr in  English diction:iries, is definitely defined. 

At  Salt Lake City photoinoti*ic ~neasnremcnts hr~ve also been made 
of the intensity of twilight illumination on a cloudless day with a 
clear sky nnd on :i siniilirr day cxcept, for tho presence of a denso 
layer of siirface smolrc. The nieasuremcnts include illumination 
from direct siinlight, from diffiise skylight, and from the two com- 
bined, which ]:it t r r  is thc total daylight illnmination. They show 
that the totql ilhiminntion nveragcs about one-third less on a smolry 
day than on :I clrar dnp and t h d  the illiimination from direct sun- 
light averagcs one-half less. 

A study hns been made of thc shnding ctffect of wira insect cnges, 
Qlch a s  are cmployed by thc I3nrenu of Entomology to protect plnilts 
from insect pests, and also of various kinds of shade cloth emploped 
by tobacco growers jn certain sections to improve t,Iie quality of the 
tobacco leaf. The shading may be expressed by a simple mnthemati- 
cal formula, as has bcen shown in  the REVIEW for September, 1916. 
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The shade cloth is also used a t  the Arlington Farm by the Bureau 
of Plant Industry to determine the relation betweell sunlight in- 
tensity and the development of certain standard plants. ’In these 
investigations the solar radiation incasurements for %Tashington, re’ 
ferred to above, are also utilized. 

AGRICULTURAL METEOROLOGY. 

The Division of Agricultural Meteorology was established reb- 
ruary 21, 1916, for  the purpose of condncting studies of ev~rY 
character of the relation of weather to crops a d  the collection Of 
statistical data required in such studies, including the d imt ion  and 
supervision of cooperative relations with the State experiment sta- 
tions and other contributing organizations. The clivisioli coiidUcLs 
investigations of the effect of weather and climate upon the g r c d h  
and yield of crops> determines the distribution of frost warnings and 
forecasts for  special tigricnltural interests, conducts studies for  
protection of crops and orchards from frost, has general supcrvislo” 
over all special services and, in  general, supervises the activities of 
the Weather Bureau which relnte particnlnrly to agriculture. 

CORN AND WHEAT REGION SERVICE. 

This service covers the 16 priiicipal grain States, andxits organjza: 
tion, as well as the service given, is indicated by the following table. 

1 
13 

Region center (Chicago, Ill.) _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
District renters__--__________-___-__--_--___-______-__-___-__-_------ 
Special reporting stations _______________________________________ _ _ _ _  

9 
Stations opened during year____-_______--____-________-___-__-----__- 
Stations closed during year 
Stations issuing daily corn and wheat region bulletin _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  l8 
Total number daily bulletins issued ___________________________________ 2, 964 

This service has been improved during the year by the cstnblisll- 
ment of additional stations in tlic western grain districts. Also by 

wheat region bulletin a t  the region center; the issue of these b d e -  
tins began the first part of July, 1917, with a list of tlpprosirnately 
600 addresses. 

% 

the completion of nrrangements for publishing a wee1rl-y corn nn a 

COTTON REGION SERVICE. 

This service covers the principal cotton States, and its organiza- 
tion, as \vcll as the service given, is indicated in  the following table: 

3. 
13 

Region center (New Orleans) ________________________________________ 
District centers_----___-c_-_-__-_-___-______-_--____-__-__--___---_---- 
Special reporting stations ________________________________________-_-_ 16: 

0 
Stations opened during year____---____-____---__-_-_-__---__---__-__- 
Stations closed during year_________________-_---____-_____-_-__-__-_- 
stations issnirig r~nily rotton region 1)1111etin~ ___________-_________----_ 26 

(In ndditioii to this Galveston, Tex., publishes the cotton informn- 
tion on a large glass map.) 

Total number daily bulletins issued ___________________________________  2,3@ 
As will be seen froiri the foregoing table this service ~ n s  mpr- 

ganized during the spring of 1917 by tlic estnblishment of a regon 
center at New Orleans. The  telegraphing of the district averages 
was discontinued, and in their place a suininnry is being telegraphed 
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the region center to  26 different points and there published in 
the form of daily bulletins and given to the press; this information 

pko used at  New Orleans in the same m:znner. Data coveringatha 
!amfall a t  each of the 1G7 stations, and temperature at 5 stations 
‘n each State are telegraphed to the region ccnter, nnd after being 

and charted the summary nientloned above is prepared. 
addition to the general weather conditions heavy rainfalls at 

lndividunl stations are included. 

SUGAR AND RICE REGION SERVICE. 

This service covers the rice-growing region of Texas and Louisiana 
and the sugar-cane-growing sections of the South. The stations 
covering these crops are sellen in number, and the information is 
gblished in the cotton region bulletins. The district center is a t  
@W Orleans. 

There is one district center, located at Aparillo, Tex., with 11 
stations covering this service ; in addition to these. special 

reports are received from 20 other points in western Texas and Olrla- 
horns. This cattle-region service co\’ers southeastern Colorado and 
Central and enstern New Mexico, in addition to western Texas and 
Oldnhoma. A second cattle-region bulletin distributing point was 
established at  Roswell, N. Mex., during the year. The number of 
daily bulletins published at  these two points is 657. Proliminary 

CATTLE REGION SERVICE. 

are under way for the establishment of a new district center 
Ariz., ns well as at Salt LrLke ‘City, Utah. 

CRANBERRY WARNING SERVICE. 

Special cranberry-wnrning services are maintained in eastern 
Massachusetts, southern and northmesteril Wisconsin, and central 
Qnd southern New Jersey. Ten special stations are maintained in 
these districts, from which daily ivcather reports nro sent to the 
forecast centers to aid in mnking frost and minimun~-temporature 
forecasts. 

SPECIAL FRUIT-WARNING SERVICE. 

Special frost and minimum-temperature warning services, with 
Jpecial reporting stations, are maintained as follows : 

CelzteY. Distrirt cot~cred. 
Columlms, Ohio _ _ _ _ _ _ _ _ _ _ _ _  .__________ JIost of State. 
Meclfortl,  reg _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  ~tojiue 1tivc.r I’tilley, Oreg. 
kvalla Wnlla, Wash . . . . . . . . . . . . . . . . . . . .  Uppc~r Colinnblii River Valley in Wash- 

bise ,  1ila1io _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  noise-l’tiyctte clistrict. 
Do ‘I’win Falls district. 

Salt Lake City, Utnh 
nelta, cola _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  (:nniiison Itivcr ~ n ~ l c g .  
Grand Junction, Colo _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  Grnntl Itiver Valley. 
Pueblo, COIO _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ _ _  ~ t i i i o n  City, cola., district. 
W1 I’aso, Tes _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  liio (:rrintk Pnlky. 
Roswell, N. Mex _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  Pecos Vnllry.. 
120s Angeles, Gal______________________ SoiitlicJrn Ctiliforni:i. 
Snn l~rancisco, tal____________________ C>cntrnl Califorlh. 
Portland, Oreg _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  stilem, Oreg., vicinity of. 
Jncltsonville, Fla _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _-_C!eiitriil r i n d  soutlicrn I~’Iori(1n. 

ington tint1 Oregon. 

Northern Utnh. 
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Recent studies of methods for making more defihi te mixiimum-tern- 
perature forecasts, based on mathematical hygrometric :md tli!rlno' 
metric formulcc, have proven very helpful, and these studies ~ ~ 1 1 1  be 
continued. These local offjcials tire studying the topographic :Ind 
other conditions, and give expert inform:) tion to those orchardists 
who are prepared to prevent frost damage by artificial ~neans. 

Special frost waimings are also distributed from a 1:u.g~ nun1be1' 
of Weather Rnreau stations for fruit and truck interests, nlthoW1' 
no special station reports may be received. 

ARTIFICIAL PROTECTION OF ORCHARDS, GARDENS, ETC.. PROM FROST- 

The service described in the precedino section has been lilaintnined 
for rhany years. Beginning with the f?scal year July 1, 1917, Con- 
gress made available a specid appropriation for the study of the 
efficiency of methods of artificially protecting orchards, gardens, 
Preliminary preparations for the inauguration of tliis work were 
begun before the close of tlie year, in order to take advantage of the 
spring frosts of that season, and the work will be carriecl forward 
during tlie year with the appropriation available. 

FROST AND TEMPERATWRE STUDIES IN NORTH CAROLINA. 

In  1912 the burertii inaiigiirated :L stndy of the very interesting 
atmospheric phenomenx and anomalous climatic featiircs wliich ha]'@ 
been designated thermal or frostless belts and verdant zones, ! i d  
which are strikingly developed in some of the rnoi1nt:Linous sections 
of western North Carolina. 

The observational prograin of this project was brought to a c01n- 
pletion December 31,1916, with nearly five years of accumu1:ated ddil 
from about 68 stations. 

This project has been supervised by Prof. H. J. Cox, who is now 
engaged in the completion of his report, which will doubtless supply 
a. much more compreliensive and detailed account of these climatlc 
phenomena than ever heretofore attempted. 

ALFALFA SEED-WARNING SERVICE. 

A minimum-temperature forecast service is maintained a t  Salt 
Lake Ciky, TJtnh, for the benefit of the alfalfa seed growers in central 
Utah. Four special reporting stations tire in operation and the in- 
formation from ihese is used as an aid in making the minimum tell? 
perature predictions. The plan of the seed growers is to leave their 
last stand of alfalfa for seed; if freezing terni>erature occurs ~vhlle 
the matured or nearly matured plants are standing the seed is riiined; 
if the warniii can be received a sufficient time in advtlncc to cut the 

run their mowing innchines all night long preceding :I dangerous 
temperature. 

A similar service has been put into operation during the present 
season in western South Dakota, with Rapid City as t,he distributing 
point. No special stations have yet been established, however. This 
service is susceptible of expansion. 

alfalfa, only t 7 le top layer will be damaged. The growers frequently 
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ALFALFA HARVEST SERVICE. 

Special three- or four-day forecasts are being made for the benefit 
Of the alfalfa growers throughout the tvhole western part of the 

Information of fair or rainy weather periods is telegraphed 
from the district centers to the large alfalfa-growing sections, to 
‘nab10 harvesters to cut and cure the alfalfa to best ad\-:llltnge. 

POTATO FROST-WARNING SERVICE. 

. I n  tliu fall of 101~ special freezing.-tempcratllre forecasts were 
issued by the district forecaster at  Denver for \\.est ern, south-central, 
and north-central Colorado, a t  the rLquest of the State Potato Grow- 
ers’ Association. These warnings are of valuc and will be continued. 

RICE HARVEST FORECASTS. 

A three- or four-dtiy forecast, especially in connection with heavy 
‘&ins, is sent froin New Orleons to the rice growers in hrlransns. 

SPECIAL STORM WARNINGS FOR SHEEP INTERESTS. 

Special rain and temperature forecasts are made a t  Portland, Ore$., 
dllrlng the shearing and lambing season, for wide distribution in 
Oregon, Washington, a i d  1d:iho. This  service fosters enrly shear- 
lng and lambing by enabling the ranchmel~ to  lreep t.he newly sllorn 
sheep and young Iambs near shelter when a cold storm is anticipatcd. 
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