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ON STORX-FREQUENCY CHANGES IN THE UNITED 
STATES. 

SECTION II.-GENER 

By HEYRYH ARCTOWSKI. 

[Dated: Hastings-on-Hudson, March 3.1815; Received by Editor, July 15, 1915.1 

While, wit-li the assistance of Dohrmvobki, Aiiiuiidsen, 
and Lcc.ointe, I was ninliing hourly ni(:t,eorolo&xd 
observrtt.ions on hoard the HuZym, the ordinary cycronic 
oxplsnat,ion of the subantarct.ic storms seoincd most 
unsatisfactory to me. 

I of ten t$ought thnt  t8he barometric cleprcssious of the 
circunipo1:ir belt of low pressuru wore more or less 
renuliir waves, est,ended hetwecn t,lie Sout,li Pncific and 
polw anticyclonic centcrs of action, nnc~ tliltt tliose 
wares travcled enstmarcl around hnt8nsctic.n, SIVW i n g  

the north as well as froiii the south, nnt,ioyclonic crest.s 
were wedged bet\i~eii. this rot,nt+g syst.t.!ni of furrows. 

Such 11 wave-motion h!-po ti:cais wis too dil-fi:sliioucd 
(1)’ iuid a t  the smii! tinie too rnilicd bo bc. tliscussod 
OH the basis of on(! yo:ir’s ohscrv-ntions :L$ mi iIhso1uk:ly 
isolritcd st rttion. Convinced, howover, of t,he fnct t.Ii:it 
our knowlrrlge of ntniosphcrin c:irculnt,ion coulcl l x  
gre;itly ntlvanced by a syst.emr,tic, study of sulsnnt:n.rct.ic 
weather conditions, I darcd to ]>rcqmst? a t  the Bril,isli 
Associntion nitwting :it# Dover in lS!)S, t-lie orgnniznt.ion 
for the yciws of tlie Diseotrer!/ xllcl (;Cl,7EPI e!spcvlitjions, 
of meteorologicnl st,:it.iona iiisbnlld on t,he islands het,wtwi 
South Aainricii, Austrdh, mil tlic A\it:%rc.tic c.ontinent. 

reject, canio 60 nothing, hut sooner or lntor it 

iiifips of the Sout.her11 Ht?nl.isphere, attrliipt,d hy the 
Ropnl Society (2). as wt4l os the elnborirte discussions 
of Mc!in:..rdus and MIocking (31, giw stmill more wigli t  t u  
this dosiilera.tuin, nnd now it appoars lwrffcctly clear tmliat8 
an est,ensive study of the nicti?orological conditions of t,he 
Southern Hemisplicre b d t  of lo\w wodd very grcn t.ly 
advance our kiion-ledpo of the modo of formation and t h o  
Orientation of ilisplncenieiit of storms. The intoresting 
and iiiost snggestive nienioii of W. J. S. Lockycr (4 )  on 
the Southern Hemisphore surfixe-cir circubbion and 
Merecki’s extensive rcsei..1.clics on baromctrric waves (5) 
also point t’o thr? same c~onclusion. 

In  the Nortlierii Hemisphere tlic ilistribuiion of at- 
mospheric pressure is more coiiq~licnt~cd than it is about 
the iIntfirct,ie continon b, t’hereforn t.he 1 0 ~ s  are greatly 
deforiiied and follow cliff orent bc!lt,s of prevalent st,orni 
tracks. In  Europe, the superposition of all obsen-ed 
trncks of 101vs gives the inixcssion of a iiiost intricat,e 

may be cited as exaniple. 
The charts 

of relative storm frequency published by Finley (7) in 
18S.l plain1 show the predominance of the belt, of lows 
along the &reat Lakes. The chart of aggregate st.orni 
tracks traced by Dunmoody (8 )  from the International 
Siiiiultnneous Observations taken a t  Noon, Greenwich 
time, during the years 1875 to 1837, shows that “the 

on both sides tlic hi@ pressur(? iircas, niiil t h t ,  ! roni 

This 
sliouild P )R roalizcd. The publicrition of d:iily ~vc-c?ilther 

network. The ninps publis f ied by Gen. Rykatc.hew (6 )  

lh North America conditions are simpler. 

----- -- -- 
IBlacli-laced numbers in CUTYCS reler to the list 01 references at end of the paper. 

AL METEOROLOGY. 

region of greatest s t o m  frequency in the Northern 
Heniisphmc! is inchclcd in an area which estends froin 
eastern Lake Superior to the Middle St. Lawrence 
Valley." It limy be of interest to notice that the 
monthly chart,s by Dunwoody show that “for the s rin 
months t,he nvcmge track of storms over the Iforti  
Aiiicricnii continent is fxther south than during the 
v.-iiit,c!r season. 

Later Bigclow (9) classified the different American 
types of storm t rach  and studied their seasonal varia- 
tions of fsequcncp, hit it is only recently that the rela- 
titrne bctween storm niovenients and the pressure dia- 
tributions have been estensively investigated by Bowie 
(loj. 

Of the cent.ers of artiim that a f f d  t!:e weather conclitions of t,he 
United St:it.m enst of the !.oc.by Alou:-,tains. tlie aulrpermanent high 
over t.lic niidd!r lniitxiles of the Xwt.11 A t.1:uit.i~ Ijcean is perhaps most 
iA i :enh l .  Klicn this is well developed a i d  stablc temperatures 
Jmve tlie sewi1ii:d :weni~,e itre to :.IC& espectcd over the great cen tm1 
va.!leys ai?d the E;l.st.eru a!?d Sontl~ern States, ai?d areas nI  hi:rh and low 
prcwiirca (.*rrwk)g the Iiriited States ail1 niove in 1ii;li latltudes and 
pass CJII to t.hc uct‘ail IJY way of the 8t. Lawrcnce Valley (11). 

As enrly as lSGS Molin expressed the opinion that, in 
general, l O \ i s  have a tendency to c.irc.date around high- 
prcssure arms, lice ling the niasimuni to the right. I n  

the highs, and in 1S7G C‘lcment Ley pointed out that the 
ccnter of ii Im-oiiictric depression inoves generally at a 
rig11 t niigle to the greatest haroiiictric gradient (12). 

C’oiiiing back, iiow, to tlie probleni of sub-Antarctic 
storms, lct us estrnd the experience gained from the study 
of the d d y  weather ninps to werage cliiiintic conditions. 
We 1lii:y vcntnre to suppose that wliercves there is ta 
inore or leas permineat area of high pressure with strong 
temperature and moisture gradients conditions will favor 
tlie forinidon of stornis and that these stornis will have 
a tcntlcncy to trnvel around this high-pressure area. 

This workins hypothesis may bo zipplied to abnornid 
climatic conditions, e. g., such as I lime called the plei- 
oninn variations of clininte. I n  the case of atmospheric 
pressure, in psrticiilnr, I have shown that when we chart 
the departures of annual means from quasi-normal val- 
ues we rerenl extensive areas of hyper- and hypo-pressure 
linviiig niore or less resemblance to wave crcsta and 
troughs. I n  case of tein erature the areas of ositive 

of nna1og.y in the nomenclature of these climatic mom- 
dies we mag cnll the areas of liy erpressure h‘wopleions. 
I n  the United States the same f!mropleion may be ob- 
served for several years in succession, but on different 
areas and with a change of orientation of the crest of 
highest positive departures (13). 

come - 
tion of the sub-Antarctic storms-and renienii!erin. t%e 
general conclusions gained by Bowie from the stu y of 
the United States claily weather maps-we may suppose 
that a haropleion will have a tendency to act upon atmos- 
pheric circ.ulation as the Antrtrctic Continent does. If so, 
the baropleions will be surrounded by a belt of waves, 
accentuated on the side of the steepest gradient of 
temperature. ‘ 

1 S i O  Prestel fount I tlint the lows go clockwise arouncl 

departures have been ca fi ed thermopleions. 2 or sake 

C’oniing back again to the purely iniaginar 
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Leaving completely aside for the present this question 
of a possible correlation between observpcl clinnges in 
the distribution of storm tracks :uicl bnropleions, I will 
restrict myself in this esstiy to the study of thc vari:it,ioiis 
that occur in the frcquency and geo-rapliicd distrihu- 
tioii of lows niid shau eiicleavor to est&lisj:i t'lie fnct that 
these variations are in Cnriiioiiy with the plcioiiiaii c p l e  

ANNUAL TARIATION OF THE FREQUENCY OF LOWS. 

Utilizing t.lie nin s published in the hfoNTIIL1' WEATI-IEE 

1913, the nuniber of t.rncd<s of lows t,h:it crossecl t.hc 10Uth, 
the 90tmli, and the sot.11 meridians. If II given low, llaying 
a coniplicat.ec1 c.ourse, crossed one of those iiiericlmis 
twice or three times, its it, soiiictinlos occurs, t.his lorn was 
count,ecl for oiie and not. for two or t,hree. 

The t,otal numbers of lows tlintv crussod t,lio 100 t.h, 
Cloth, nncl SO th meridinns duriig tho :3 1 yews condered, 
are 3,044, 2,S43, :md 2,875, respcct,irclg. Tho nionthly 
tot& divided by 31 [nuniher of yews) nail reduced to 
month  of 30 clnys clur:t t,ioii, give the follrlwiiig t,al )le of 
mealis: 
TABLE l.--;Ucan frcyiwiirv of lows crosuiiig ~mr~diii i is  $0, 90, cold 100 

~ i t h i u  thc Ziiiittd 8tictc.s. 

REVIEW I COUllt~Cc P lllOllth by lii~llt~h, for tho YetWS 1s%- 

Mean.. 9.44 9 30 9 23 7 4S 6.95 5.S6 6.41 ti 3s 1 G . S I  17.12 8.49 I 9.35 I 1 .  I '  I .  I I I I .  I 

It is evident tliat t.liese figures cxprcss the nrernw 
aiiiiunl variation more corrcc t,ly tlian tlie t,:tl.)lea of ti% 
nuniber of storiiis a.s given by W'ixltlo (14) or Bomie mid 
Wei htniaii (15). Tablr 1 sli!im t!i:it, 011 t.hc avcrn.go 
the k o w  observed in tho United Stat.es m e  most8 frqucnt  
in Jnaiu:iry a11tl leil.st frocluei~t in Juiic, i i i i t l  t h t  t h  
frequency in June is 3s per ccnt smnl!or than t,he tot,nl 
for Janu:~ry. Of P O U ~ S O  the figures of 'l':iLlo 1 give :i 
grenber freclue11c.y. of lows thaii \v\roulrl rosolt, froiii count- 
ing t.lic wm-es re,qist,oreil by A ba.rogr:ij,li ;Lt ,  sonic st :it.ion, 
:i.nd this for the sniiple reason t,liab 111) t all t , h  lows cross- 
ing the nieric1in.n norbh or south of t,liat, st.nt.ion iiiflue1ic.e 
the nren where tlie stmation is locat,cd. This fact, does not 
grent,ly affect the aiiiplit,urle of tlie nnnuol .rarint,ion ns 
giren nbove. 

I t  is thorefore of intnrest t.o conip:wo thim figyres with 
the resu1t.s obt,sined by comit,ing tiic. lmroiiict,ric waves 
recorded at  I11 t,he c w c  of t.lie C: h p i t u .  
observations f obbnincd (:16), couii ting t,ht? w:tves of 1% 

miniinuni nmplitudc of 5 iiiiii., R nimn ilurat,ioa of S3 
hours for t'he iiioiitlis May-July niid of 301 hours for 

respec tirely. This gnw for the sou thmi suiiiiiier iiioii t h  
41 ier cent of the nunihr  of lows for tho wiiiter Iiiontlis. 

Sbntes n nienn of 9.3s lows niid for Jciie-August~ 6.32 
per month, wliicli ni:i.liiw the nmnber for tlie ncu-them 
suninier SS per cent of t.lint for the wiiibcr. The annunl 
vnriat.ion of the freqnmcy of lows must., therefore, be 
very niucli iiiorc cccciitunted in the Sitnrc.tic regions 
than it is in tlio United Stat,es. 

The interest,ing fnct, however, is tlint tlie frcc ueiicy 
variation of bwomctric waves is not everywhere c G nrac- 

iven st.rit,ions. 

Noveliibt?r-Jaliuar~, OP S.9 NICI 3.7 \V\\.YCS ~ICT nio11tli, 

Ta i le 1 gives for Dt?comLer-Fo't>ruar~ in tho United 

terizecl by (t simple oscillation showing a well-pronounced 
niininiuiii during the suiiiiiier moil thy. For esample, in 
Wnrsnw the nienii duration of the waves, expressed in 
days and fractions of H, day, is, according to Merecki (17): 

Jan. Feb. Mar. Apr. 1 May. 1 June. July. 1 Aug. Sept. Oct. I NOV. DW. 
- ------ 

5.7 1 5.7 1 B.B 1 5.7 1 5.s I 5.8 5.6 I 5.7 I 5.5 I 6.8 I 5.7 I 5.1 

This t.able shows (t ninsiniuin frequency of waves in 
March nnd another ninsiniuni in Ockoher, n niiiiiinum 
during t,hn winter and n niore pronounced niiiiiniuin in 
Ahy nncl June. 

Now, t,rrtciiig from 'l'ul.de 1 t,he curvo of the iiiean fre- 
qiiencies of lows ol>servecl in the Stntss (n in fig. 1 )  we 
notice that t,liti figure 0.23 for Mnrch, which seeins too 
high, RS w-cll as the figure 5.SG for June, which seem 
too low, niny have beeii influenced by the supyosition 
of n doublo oscillat.ion, siiiiilpr to thot observed in War- 
SRW, upon tlic simple iioriiid oscillation. 

~~ ~~ 

I J F ai A I J J A s o N 0 1  
FIG. 1.-Curve of mean frequencies of lows in the United States. (Curve a and right- 

hand scale.) 

Curre of mem meridional tern ewturc gradient ("F) in the IJnited States, based on 
Bnrtholornen's Atlas of Aieteororogy. (CUT6 b and left-hMd scale.) 

A furthor study of these slight unonidies, esninined 
p a r  l y  yeitr, would certainly bu of soiiie interest. The 
second curve ( b  in fig. 1:) proves it very well. This curve 
rcpresonis the nion t,hly vulues of t,ho riienii t.emperature 

Bnrt,liolomew's Met,oorologicd At,lns. The clistribution of 
t,lie is0 therms ci-ossing the 100t11, Cloth, and SOth meridian 
is very recwlnr. so t.liat it, is sufficient, to tnlie t,hs differ- 
elices of tfiie iiieaiis for the 50th and the 30th nrallel, 
and in the case of the SOt,li ineridinii, t,ho di f! erences 
bet.wcon the crossing of Moiitmd River nncl the 1at:it.ude 
of Cnpe SJilo. The tot& of these differences divided 
by G 1  give t-he followinv figures for the mean nicridiond 
gmdient por clegree of Tatitude: 

ient (OF.) in the United Stst,es. Tho figures have 
ob taiiicd from the moiitlily charts published in 

The great similarity between tlie curve (b  in fig. 1) 
espressitig these fiaures raphically and the frequency 
curve of lows (a in f!g. 1) sfows that n correlation between 
t.ho gradient of temperature and the occurrence of 
storms may bo admitted. It seem to be a question of 

ient. It can not be that the storms are less frequent 
summer siiiiply because tempernbure is higher. 

figures for the annual variation of the barometric 
waves observed in Warsaw show indeed that there the 
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Februar April .............................................. 
August-bctnber.. ............................................ 
November-January ........................................... 
LIsy-JuiE.. ................................................. 

lows must be less frequent clurilig the winter as well 
as during the summer. It aiust. he the same through 1111 
Russia and Siberia (17b). The tablc of "relatiw frc- 
ueiicy of st oiiiis in various seas for clifferent nioiit lis of 

t a o year" compilccl by W. Doberrk (18) shows alsci p a t  
regional differences. It woultl therefore bo of sonic' 
interest to study the 1)roblciii iiiore in cletnil. 

TABLE Z--iIft*an tanperotzcre obsuived o n  bowd the Belgicii atid n i m n  
duration of the barotnctric osrillntiom. 

OC. I Hjrtrs. - i .3  ; 13s 
s3 

- 3. XJ 

Period. 

There is a great advantage in eniploy.ing the num1)ors 
of barometric waves observed at  intl irdud stations, 
instead of t4he frequency of lowrs of the weather iiiaps, 
both because of gmnter precision and J s o  of tho regional 
differences in the distribution of lows. We will scr now 
what these cliflerencos are. 

According to the latitude considercd the nnnual 
variation in the frequency of lows niay be yxy cliffereat 
from that of the mean values of a given meridian. 

The ma s accompanying the recently published report 
of Bowie Weightman (11) demonstrate thls fact very 
clearly. 'l'lie statistics of Bowie &. Weightman's mcninir 
favor m investigation of trhe annu:d displacenient,s of tlie 
zone of greatest frequency of !OWS, but i1-9 thRt rcport was 
published tift.er my computatlons wem finishecl I regret, 
that I can not here discuss that problem inore fully. 

The fioures for the 100th and SOth rneriilims, diicli I 
collectecr from the MONTHLY WEATHER REVIEW maps, 
may serve ns m illustrxttion of z t  method of research 
which seems especially suited to pcclago.&d purposes. 

Taking the monthly totals of t$he nuiii%ers of lows t,liat 
crossed the 100th nieric1i:m during tlie years 1 SS.7-1913 

respectively, I plotted these fiwres in columns imcl drew 
into this table lilies of ecluaT frequency ; the resulting 
diagram is shown in figure 2. A more accurate dlustrn- 
tion of the tumua.1 vmiatioa could be obt,ainecl by equal- 
izing the nioiithly values and espressing the numbers in 
per cont of the total nuniher of lows; hut for niy resent 
purpose this is not necessary. The inspection of [pro 3 
shows at, once that along the 100t,li meridi?n.thre.e ty es 
of distribution 

between tlie 55-50tsh, 50-45th, . . .  30-35th paridlels, 

of lows arc distingulshil x le, 
the November-January 

month5 of June, 

:Tho forecasters of the Weather Bureau feel some doubt of the correctness of this 
lnference.--c. A. jr. 

In A q m t  there is a progessive decrease in ths num- 
1:iors of cd;scrn?il loms frcm the iinrth t,ow-rircl t,he south. 
Dtrcc.ni?w diiiws :I ;nnsimum in the north, another 
niniixini  oil t.!ic 33 t h p:~r:ill~?l, :uid A snconrlary minimum 
h:t.w:c.n the t.-xr, mnsImn. In A p 4  tlir! niasiinuni is well 
pr~.m~iiiiw! and c-~cciiirs nnrt'h of the 35th p:x:dlel. 

dlo:ig the ?;[Mi meridi:tn tlhe c.onclitions. ns figure 3 
sh~ws, itre eiitirP1)- cliflmwt. This is 1)~rtl-y because of the 
dtdectiiip tictinii of t,h!? :!ppalachiaii Mountains. 0ct.ober 
ahox-s a slightly ncceiituat.cvl secondnry ninsinium between 
:30*--35' htitucle, hu t  wlt,li this exception the greatest 
frquencics are ~ . i h s w d  iiorth of t'he 45th parallel all 
tho yw through. 'Ihe mcciit is steepest in ,Tuly, when 
immerlint,dy I~akiw thc fivure i.:?5 we notice only 45 lows 
o1mm:e~ 1wtweoii ~;;'-4{Ye Intitucla. During the winter 
niicl tlic spring. part9ir*ul:wly in February and in March, 
tht? lows h:wc a t,emlcncy to t,r:irel farther south than 
during t.hc suniiii~r montmhs. 

'rho high figures for latitudes 1flo-3.jo in Bu ust, Sep- 

observed at  I-hv:~ii:i (1Q). A. PoPy found that 67 per 
cent of tho ohsc.rwxl cycl~mes occurred during these 
months. 

tember, and October coiifirsii Poi'y's statistics o s cyclones 

THE .4lt'NUAL AIASI3ITTBT AND ATINIITUM OF FREQUEXCY OF 
LON% I N  1)IFFERENT LATITITDES. 

There is n r i d i d  diffcrcmico hetween the annual 
changes in tlie tlistrihiitinii of laws alonq the 100th and 
the Sl)th meridians, mliirh fails to appear on the rececl- 
iiig diagrams. This tliffercncc coiicwiis the P atitude 
shift of the time of owiirrence of the anni!al niininiuni 
and mnsimum of frqucivy of loma. In  other words, 
the niiiiiniuiii mtl the iiiaxiimini of the annual variation 
do not oc.cur in t h  saiiie mon th  in different latitudes; 
t h y  occur earlier or later in the year, accordin to lati- 

S1lt.h iiieridi,zn is entirely different from what it is dong 
the 100th. 

I n  order to rleinonstrnte this fact more plainly than 
would be possible wit,li words I reproduce in figures 4 
and 5 the 1iioiithly departures from the averages, as 
giwn in the first cd11niil of fig ire:^. 

Wo see in figurc 4 that along the 100th meridian the 
annual iiiasinimii of frequency of lows occ,urs in February 
near the 30th cleuee of iiortli latitucle, in March between 
30" aucl 35', in hprll hetwcen 3.5' and 40°, in Ju l  near 
tlie 45th 1mrnlle1, in August between tlie 45th anJ5Otli, 
finnlly, in 0c.tol~er or December, between 55' ancl 50' or 
north of the 55th parllel. The minimum occurs in 
June between 35" axid 30', in July between 35' atid 30'? 
in AAugust between 49' and 35', in Deceniber north of 
the 4Oth,, in Fchruary hotween the 50th a d  4Fith, and 
in .April north of the 55th pr:illel. The mnsimnm 11s 
well as the minimum are therefore clisplrLce!l northmarcl 
as the year ntlvances. Along the Wth meridian (fig. 5) 
we notice also n well proiiI)unccd ilisplnccment, hilt it  is 
clirected southward. Here tho plicnommon is however, 
more coni dicated, since in latiturlcs 30'-:30 ' tlie annunl 
variation has two masinin aucl taw minima. 

Conipariiig these two clingrams with the charts giving 
tlie mnntldy distribution of ntnioapherie. prcssiirc+ (20). 
or, better, with the nionthlg dopnrt.ures froni the aniiual 
nieans (21), oiie is tcnipt,od to :ulmit that, in their annual 
variation, the storm trncks displny n tendency to I ~ O W  
cloclwiss around tho sliiftiiig high pressure U C ~ .  

tude, ancl the chnrwtcr of this displacement a s ong the 
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FIG. 2.-Isopleths of lows crossing the 100th meridian from 1883 to 1913, by latitudes and months. 

FIG. I.-lsopleths of monthly departures from the average number of lows crossing the 100th meridian (1SS3-1913) 3t different latitudes in the Uiilted Statw. 

TM arerage number of lows for each latitude zone is stated by the figwe in oval 3t theldt; shaded areas indicate seasom of posItiv@ departures. 
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Fro. I.-Isopleths of lows crossing the Nth meridian Irom US3 to 1813, by Iatltndes and rnontlls. 

me. 6.-Impleths oI monthly departures from the average number of lows crossing the 50th msnirlisn (18U-1913) at different Intitudcs in the United StstcS. 

The average number oi lows for ench latitude zone is stated by the fi~ure In oval at the left; shaded areas indicate sensons of positive departures. 
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YEARLY FREQUENCY OF LOWS. 

In  Table 3 I tabulate my counts of tlie iiuniher of lows 
that crossed the YOth and tlie 100th nieritlians duricg 
the years lr3S3-1913. 

It is ini ortaiit to remember thnt tlie figures given in 

frequency of lows that crossed the Nort.11 Xiiiericnn Con- 
tinent, but silii 11 the t,racks that were indicated on tlie 
maps published zy  the United States Wcat81ier Bureau. 
The Cnnadinn lows, of course, are not all taken int'o coii- 
sideration. The maps of the t,racks of Canndian low 
areas for January, 19OS, published in the MONTHLY 
WEATHER REVIEW for Janunr , 1909, n1a.y be tnken t1.s 

lacking. The figures for the 55tmh to 50t)h p;ar:i,llels in the 
case of lows crossina the l0Ot.h nieridi:i.n, and for t,lie 
50th to 45th parall& in the C;:LS(C of t.hose crossing t'hc 
80th meridian must therefore he consitlered as slight 

Table 3 f o not represent the yearly os the nvcrage 

an esaniple serving to show P iow niucli mforniat,ion is 

........................ 
19 9 I! 18 
31 23 2b 18 
13 24 30 21 

Y 6 9 12 
9 1 .... 8 

25 26 32 3s 

has not influcnced, one way or tlie other, the compilations 
nindc .3 

Utilizing t,he data collected by Charles J. Kulliner, 
Ellsworth Hunt,inwton (22 ) cliscusscd at length the dis- 
t,rilmt,ion in lat,itucte of tlic frc?quc!ncy of 1ows t,lixt passed 
across tlie zoncs of 5 to 5 degrees in longit~ude. Hun- 
t,ingt,on conipn.rcd tho curves for t,lic! y c n ~  of sun-spot 
niasimn txnd  sun-spo t, iiiiiiinin with t,liosr! represent,ing tlio 
average conditions m d  nrriv-ed at most iiit,crcst,ing nix1 
far-rt!tw?iiing conclusions (23 1. 

Sincc 5'-zont!s of latitude widen from north to south, 
t,he figures ,may be affected in fiivor of southcrn lows. 
This cnuse of error would perhs 1s hnvc some influence 

But Hun- 
t.ingt,c.ni stmudied only nnnual data, and in tliis c:ise n re- 
tluct.ion t.o cquid :mas does not secni to he necessary. I t  
is obvious, lioyewr, tli.-.t there is an aclrnntngc in count- 
ing tlic lows that, crossed a cert,ain nieridii..n instmead of 
count,ing those thut havc bccn observecl in a zone betwoen 

on tho cliscussion of the somon:x t vnriat,ion. 

underestinintcs, while those for higher liit.itudes, h t h g  
completely u-rong, are omitted. 

two nic?$idinns. 

TABLE 3.-Nzinihcr nf loirs tho1 nnnunlly crosscd flit. 100th mid thc POtR nirrklia,is hctrcre,i 1 M 2  c i n d  1913. 

LOWS CRIJJRINO THE l W T 6  MERIDIAN. 

55-50 ............... 
5 N 5  ............... 
55-40 ............... 
40-35 ............... 
35-30 ............... 
30-25 ............... 
25-20.. . .  

Tot31 ......... 94 S6 76 S7 I 81 1 83 1 68 I I I I I lo8 I lo7 111 127 I 123 I S8 95 95 193 99 112 95 81 80 104 115 96 108 
I I 1  

LOWS CROSSING THE %TH M E X I D U N .  

- 
1 ons 
.- 

.._. 
34 
?" 
12 
24 
s 
I 

106 

._._ 

- 

I 1  
1909 1910 1911 191211913 
--- I I i-I- 

................ I ........ 
108 1 105 1 S2 1 S2 I.. 

Therefore we do not know whether t,he t.ot8al number 
of lows crossing t8he 100th meridian is highest betu-cen 
latitudes 55' N. and 50" N. The same is t,rue of the lows 
crossing the 80th meridian between 50' N. and 45' N. It 
may be that in both cases the zons of mnsiniuni frequency 
lies farther north, and even if this is not so on t,he average 
there can be no doubt that it is nct.ually true for pnrt,icu- 
lar years or grou s of ears. In any case t,lie correct posi- 
tion of the nortEern {elt of lows can not be ascertained 
from this table, although the cliscussions of ma s for the 

justify an assuniption of the esistence of su% a belt. 
On the other hand, one niay properly doubt the d i d i t m y  

of the assuniption that the niaps of tracks of lows pub- 
lished in the MONTHLY WEATHER REVIEW represent a 
perfect1 homogeneous series of observations. It is cer- 
tainly t 9 ie best niaterinl at our clisposal, but tlie personal 
factor of the meteorologist who conipiles the daily 
weather ma s in order to chaw the t,racks of lows has a i  

tliis personal factor has not undergone some changes and 

Northern Hemisphere published by the Siann 7 Service 

unquestiona !I le importance, and it is diGcult to acliiiib that 

Now the nclvnntnm of taking into consideration trlie 
seasonal variation oP the occurrence of lows is to c1im-e 
somowlint the discussion of the diff ereaces that niily 6e 
observed betwcen thc data of indi\-iclual years, such, for 
esnniple, ~ 1 s  the years of mnsimnuni and the years of 
minimum of sun spots. 

Figure 6 gires the curves of mean diatribut.ion of fre- 
quency dong the one hundredth meridian for the months 
of July, Deceniher, and April, which may be considered 
as represent,ing the t,ypicnl seasonal changes. The curve 

a The \Vcdtht?r Diireau ineteoro1o:ists are of the opinion thnt thr IJeKrOllsl equation of 
the nieteorolocist \vho draws the tl%ilr wmi.lier inap does not. cunstit.ute 3 vcrv im ortant 
lartor influmiing thc 1wp 01 the mi<. I t  is recognized. howevcr. that per6iinl &tor is 
quite important when it ruinps to sebc~inl: hizhs and lows PJI' tracing their paths during 
ewh month and also in t.hr aumal trwkiiig ofeach. 

As all studentsofour maps arc inore or IPSS rlirertlvintereste~ in rhismatter thefollow- 
ing list gires the rrpproxir~iatr t.criiis of svrvice or diiiereiit ortirials r dcsignated hy letters) 
in conuectioii with lhe plotting 01 highs and lows on Charts 11 and Ill, respectively: 

-4. 1SC&l!?i~l. 
U I  Jiin?. 1Wl-Janiiary. 1W.  
C. Fclruary mid hIni-rh, 1!.104. 
11, April. l!l01-Januarg. l!liJ.j. 
E Fe!iriinr\.-Deceiiil,er 15n3. 
F: 1 ~ - 1 ~ 1 b .  ~ a r c ~ i .  i~ijl--.iatc. 
I,, l'JlD-Fcbriiary, 131.1. 
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Years. Jon. Feb. Mar. 
- 

Y, obtained from aiinual clat,a, espresses the supcrposi- 
tion of these t,liree types OE curves. The first- ~iiasiiiiiun~ 
a, affects the inontlis June to February; the scc,oncl 
niasiniuin, b ,  the months of l'ehruary or CTOII Jimunry t.0 
May. If, therefore, during ti given year t.hc spring \\-as 
part iculerl y s tor ni y , in all pr ob d d i  ty  th t) frc c ~ u o n  c y  dis- 
tribution of lows for t,he yeilr will belong to the April 
t PO (IV). If, on the conbrary, lows occui~lxl prc- 
d70niinantly cluriiig tlie suninier nnc~ the mtiiiiiii, tile 
northern iiiasiniuiii will 11s more xccciituat,ed aud t,he 
second ninsiinuiii will be missing ; the curve will 11rlong 
to the July typc (VII). 

I 

Apr. Msy. June'July. -4ug. Sept 
I ---- - - ' FIG. B.--C'urres expressing the mean distrihution of frrquency of lows along the 100th 

mciiilinn in July (VII) ,  December (MI). April ( I Y ) ,  and :he Year (TI. 

Let 11s see now if really inil~ortaiit differences of the 
curves of yenrly data are principally due to the season 
during which iiiost of the lows occurred. Figure 7 
resents the curvcs of storm distrihution for those years E aving sunspot masinla mid minima. We notice a t  

once a radical difference, a t  least .between the curves of 
1S93 and 1906 and those of 1901 rtnd 1913. The two 
last-named curves are very pcculinr, indeed ; the curve 
for 1913 in particular, indicates alq~:irently nil uniiiis- 
takable shifting of the northern storin-belt i o m ~ ~ ~ l  t h e  
south. 

the curves for each year wc notice that i t  is 

mininin differ from the curvcs of the. years of sunspot 
nmximn; the curves for ycnrs before nnd ?ftcr those of 
sunspot Iiiasiiiirt or niiiiinia clisplnp n st,riking tciidency 
to similarity. T:~ble 3 cual~les one to t!ms trace. the 
curves for t,he indiT-iclurd years niid wc need not enter 
into the details. Sow? since the curves of tlie years 

'l'racin 
not accic f! ental that the curves of the years of sunspot 

I 

Oct.'Vov. Dec. i' -.--- 
4 I 6 13 

5 4 7 

15 13 12 
11 14 11 
Q 14 11 
7 6 10 
7 10 s 

i n  6 P 

i n  12 9 

lSS3-1YS5, 1592-1594, 190.5-1907, niny be considered 
as being siaiilar and ns representing the. conditions tit the 
sunspot inasinin ' for three consecu tive cycles, while the 
curves of the sunspot niininin years lYSS-lS90, 1900-. 
1903, 1911-1913, are dso mutudly similar but different 
from the other curves, the differences that mist between 
tlie averages of these two groups of years niny serve to 
test tlie conclusion idvenced by Kullnier and presented 
in form of a theory by Huiitington. 

&is 
._.__ .__.. 
..... -.... 
.___. .._.. ..... ____. ..... 

FIG. 7 .4urves  of mean distribution of frequmry of lows alow the 100th meridian dur- 
ing years ot sunspot maxima (1!5$3,181)3, 1906) aud suuspot minima (18S9.1901,1913). 

1SSY _........... 5 5 
1 0 9  _......_._._ 6 S 
1WJ _......_._.. s 11 
1!:f.1:1 ..._..._.___ 11 13 
1:;111.. . . . . . . . . . . 1 1 1 0  
l!Kl!?. . . . . . . . . . . . 
1011 ._....______ k s 
i w  __._.____.._ in 7 
P.413 __....._____ 13 8 

Total ..... 85 74 

Dii:erenro ...... -4 +J 
__ 

The monthly totals of observed lows are given in 
Table 4. 

7 9 8 s 3 5 4 
6 S 7 - 1 5  5 S 
9 8 13 7 9 G 

11 7 6 S 11 7 7 
9 6 5 7 4 3 5 

4 S S 4 7 6 7 0  
in r, 7 - 5 i n  s 
9 7 7 ; o 

10 8 7 S 9 

79 67 64 65 69 61 66 

-8 -10 -15 +8 +I +9 -9 
, .  

88 ' 18 

+4 1-19 

81 816 

-8 -64 

PEARS OF SUNSPOT MINIMA. 

4 Fur \-rim of sunspot masimo an1 niinima, according to WolI-WoiIer relative numbers, 
sco t h i s  Rlsvr~w, July, 1915, p. 313. 
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We ma first consider the difference between the annual 
totals. TKs difference is 54, or 6 storms less er year 
during the years of suns ot nliniina than during t ?l e years 
of suns ot masimn. &iis is in coniplete accorcl with 
one of P (ullnier’s conclusions, -ria, t’1ia.t yesrs of greatest 
frequency of sunspots are more storniy t,lim those cor- respond in^ to niininia of the solar cyde. The same fnct 
was state long ago by Pogy (241, Mleldruni (251, aiid 
Piddington (26) concerning the cyclones of the West 
Indies, the Indinn Occm, and the China Sea: in a more 
general way it. was also stated by Joseph Bttsendcll, 
who, already in 1871, reached the conclusion that the 
forces which produce the movenien t,s of the atmosphere 
are more energetic in years of niti.simuni thnn in yen.rs 
of inininiuiii sunspot act,ivity (27). 

An increase4 agitation of the terrestrial at.niosphPrc 
corresponding to illcreased disturbances of the solar n.t- 
mosphere niay therefore be considered as n fnct just RS 

LATITUDE DISTRIBUTION OF LOWS FOR THE DIFFERENT 
MONTHS DURINQ YEARS OF SUNSPOT MAXIMA AND SUN- 
SPOT MINIMA. 

Tablcs of the monthly nuiiiberv of lows observed in 
different l d t u d e s  during tlie 9 sunspot-mnsima yem . 
mid iluriiig the 9 sunspot-iiiinima years, when subtracted 
from one another give the clingrFni shown in figure 8. 
This cliagrniii shows thet, along t,he l0Ot.h mericliun, t.he 
nnnuctl variation of the distaril>ubion of lows in 1at.itude 
is very cliff erent during the years of sunspot masinin from 
that of the years of sunspot minima. As far ns annual 
d a h  are coiiccrned, it confirnis Kullmer’s conclusion: 
“ Whon sunspots are nunierous the iiinin storni belt shifts 
nort>liward” (28). Huntington n.rlds that “ at! such tinies 
tlie innin storni belt tencls to s dit. The iiiajor portion 

ward and oceitnward” (29). It may be, however, that 
~iio’ces nortliwnrd, while a sina I ler portion shifts south- 

no. 8.4ontrast in Wltude distribution of the frequency of lows c~ossing the 1Mth meridian during sunspot maxima and @n.ima. 
when the frequencies under sunspot maxima t.xcccd those under sunspot minima. 

Shaded 8re.m indicate seaqom and reglm 

well established ns the atmospheric temperature correla- 
tion. In the case of temperature, homewr, the increase 
during the years of a sunspot inininium is very small and 
the correlation that exists is n most complicated phenonie- 
non. The same may be saicl about storniness. First,, 
the average of the 1s years gives only G lows more per 
year, and, since the yearly mean of the number of storiiis 
that crossed the 100th ineridisn is 9S, it iiirnns only an 
increase of 6.1 per cent. 

Again, if we look over the cliff erences for the indiviclunl 
months we notice at  once that, t.ogether wit,h t,lie decrease 
or increase of storminess, a raclicd difference of the annual 

‘ variation appears to be n very much inore important 
characteristic than the variation of stornliness. 
The decrease of fre uency of lows specially n.ffects the 

months March to ?fay, Septeniber and Noveniber, 
whereas from June to August we notice an increase, a,s 
well as in February and October. 

this displacenient is only an a parent one. Bowie and 

of lows are distinguishable and that there is a prononnced 
annual variation in the geographical clistrilntion of the. 
occurrence of these types. Concerning the 100 t h  meri- 
dian, the numbers indicate that yenrs of suns ot niinima 
are characterized by a niore uniform lat,it,ur F e distrihu- 
tion throughout the year. During years of sunspot 
maxima, on the contrary, the latitude c1ist.ribution is 
more unequal: and in these years both belt:s of lows we 
more accentuntecl, the northern bclt during February, 
September, October, and nrticularly in November, and 

The shifting of the stonii belts in nccorclnnce with t e 
changes shown b Wolfer’s suns mt nuinhers is t,herefore 

upon the storms seenis to be primarily an actmion of 
coordinfition. Not only tho nnnud frequency of sborm 

Weightman show indeed very c P early that diffcrent types 

g the southern belt during t K e months of Fehruary to Ma . 

questionable. T l e  action of t 1 ie increase of sunspots 
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is slightly increased, but d s o  the paths t r h t  the staoriiis 
follow are iiiore definite nncl closely confined to tlie storm 
belts, in the southern belt from hlnrch to June, in the 
northern during the rest of the year. 

The conclusion to he c h w n  fsoni this coincidence is that 
the nnnu nl v nri n ti on in t;hs ge ogr n.pli ic a1 clis trihu t.i 011 
of at.iiiosphtlric prctssure niust he cssent.i:illp tliG:wnt in 
the years of sunspot innxiinn from t.li;i:, duiing y x m  of 
sunspot inininin. It. seenis probnblc thn t t,lie grn!.iicn t.s 
must be more pronouncccl or IPSS pro11 ou:ic:.il in 1i:i.r~nol;y 
with the coorchiiat,ion or lncli of coorctinntion of tdii. trnclis 
of b aronie tric lows. 

THE PLEIONIAN VSZIATION OF THE FREQUENCY OF LOWS. 

On the following cliagrniii (fig. CJi blic ci!rvrs A, is', and 
C espross graphically the orduppiiig t n t  nls of yo,zrly 

I 
2 8 9 5  

inny be occasionally. I shall insist upon this fact later. 
Conipnring the curves A, B, and 0 with 8, we notice at 
once tlint the variations in frequoncy of stornis corre- 
s mid but vagudy with the sun-spot vrziation. Some A p t ?  of corre1atio:i is ui ic lmix~e ,  ]>ut this coiTelation 
ir cl\rtninly :lot8 tlia mn!i f:r,ctor nifwting tlis variation of 
frt?cluciicp of hvs. Ti$ niust. adinit t h t  the iiinxilua 
of frequc?~ic~- of si111 s:,nt.s show cnrrosimicling niasinia of 
froc1uviic.y of lo\r-v : lmt nt sun-spnt inininin we observe 
d s o  iiinsinia of lows. Thri!fum tlic pwinc! of t,lic vsri- 
niioii of ntmosphoric. st.ornis----ns f:ir as idle TTiiitd Statcs 
are co:icerned-must be at least one-Id1 of the 1 I-yoar 
cycle. 

In order t.0 hnrnionize this fncb with solar variations 
x w  miglit imtlgino that the (1oul:ilo period of trrrcstrinf 
st,uriniips corrcsponrls t.0 the lmnvn mrint,ic>ns in t,he 
lat,itucle clistrihution of the solw proniiiiences, which are 

dl8 

8 

B 

E 
1915 

Ro. 9.-Yearly fmqurnries of lows c mpnred wi:h ihe curve 3f relslive sunsnot numhers (S) A B C curves of overlapping totals of yearly frequencies 01 lows wmslng 
100~ W., 90" \Y., m d  bo1 iv.. k?.p&ti&li. 

E, tlie yearly frequency or lows crossing PO" W. botween Go N. and 40" N. 

concentrated in two zones ai both tjhe times of niasinia 
itlid of liiiniiiia of sun spots? but lie in four zones during 
tdw iiit,c?rranin yt!ilrs (30 1. Again, 0118 mights imaginc that 
this tencstrinf double xriotl is r e l n t d  t.0 tho sc!coiid:iry 
ninsiniuni of sun-spot requoncy recognixc!cl by De la Ruo 
n i i ~ l  others (31). The curv'os of owrlnpping totals of 
lows clisplay? howevcr, ~<*~1111diiry riinsiinn I>ctweeii the 
so-fnr nclniittecl niasinia. If thorcfore we sctxpt as red 
t h  correspondence betmeon the solitr curve arid tho fre- 
qumc.-y curves of stornis, me must ndmitm that, upon the 
Il-yenr period is suporposcd n shortcr period of about 
3: years' duration and thitt this pcriod is prodominant 
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in its effect,s upon atmospheric phenomena. A solar 
eriod of 1,004 days (or 2.75 yciirs) has tilreiirlv been 

found by Bigdow (32 ), and ttho t~l>nvt? inforonce from 
the inspection of curves A, B, nitd C' of figure 9 hiwinonizrs 
per well with Bigelow's short, pcriocl (33 ). 

dowever, it may be that the ii1cnn duration of this 
most characteristic variation is shorter than 2.7 ~c?:LI'J. 
In studying the consecutive metxis uf atmclsphr!rk pres- 
sure, temperature, iintl sunshiile for Now .\ ork City I 
have found n nieaii of '35 nioiiblis (34). A siniiliir result 
was nlso ohtabiecl long ngo by 13. €1. C!liiyt.o~i (35). 
Moreover, it is only as n first nplrosiiiint,inn that we iiiay 
admit a correspondence of the niaxiniti of curves A, B, 
and C with t.hc principd niesiir~n and niiiiiiiiii of tho sun- 
s o t  viiriation. In reality the plic~nonienon is iiiore coni- 
p E 'cated. Wr. notice intlecd thiit thc mnsinium of 1900 
on curve 9 is ret.ardod on curm B ancl w r y  much niorc 
retarded on curve 6'. In the ( m e  of the mnsiiliuiii of 
1905 the sitme phenonicnon is again clcnrly ilemon- 
strated, but now curve Cis  in ndsance over B ancl d. 

Together with the geiiernl ttppenriinoe of bhc curves, 
this phenomenon of a progressive westward or ens t.w:ml 
displacement of a inasiiiium is prcvisely wliat c.harac 
izes the pleiollirtii variations. But it is not a simple qurs- 
tioii of andogy. On the cont.rzLry! tliorc is :i strong nrgu- 
melit in favor of the hypothesis t,liat the orcsts of the 
stom-frequenc,y curves are ploioninii crests; in other 
words, that the chan-es of tbc amount of observed lows 
are detorinined by t%e snine cnusos tis t,liose nffec.t,ing 
tem erature. 

I Kave shown that the tsnipertiturc variation ats Arc.- 
quipa, Peru, is typical and that t,hn curve of ovi?rlnpping 
year1 meniis observed at t.hat staiion may be used as a 
stan B ard for comparisons (36). Tlic thcriiiopleioninl1ii 
variations of inany other stntions corrcsponcl with the 
Arequipa variation. So do thu crests of t.lie frequency 
variations of lows in t8he Unitod Ytntcs. The crests of 
1900, 1905, 1907, and 1913 correspond in t i  very snbis- 
factory way with the tlic!rniol~llnionian crcst.s of Arequipn. 
The crest of 1909, however, is missing on the Aroquipa 
curve and a well-marked crest obsarved at  Brcquipa be- 
tween 1902 and 1903 is missing 011 curws B an(l 6'. But 
the reseiice of a small crest on curve d niitl the two 
snialf crests 011 curve B show thiit wc 1i~v.0 t,o cled with 
an anomaly. The dotted lines a t  1902.5 on C' and B 
indicate the portion of t,he curves which niay have been 
depressed. 

Of course only a detiiiled study of all the meteorologi- 
cal phenomena could serve ss a hasis for a further cliscus- 
sion. Previous to 1900, we observe in tropical regions 
(37) therniopleioninn crests in lSS3-S4, l S S ,  and 1SS9 
corresponding perfectly witah tlie crests of t,he frequency- 
curves of lows. For the years lS9l to 1899 I do not 
possess at present the nscessnry curves to niiike ositim 
statement.s; beaiclcs, the curves A, B, :md 0 d%sagree. 
Tho number of very satisf nctory corrcspondcmcos that 
have been notic,ecl is sufficient, Iimcvcr, to draw the 
conclusioii that the frerlu'?ii~'.v-~--ari:~t,i~)n of barometric 
lows in the United Stat.es is rcl;i.t,ccl to t,he pleionim 
variation. 

If this conclusion is correct-md remomhering the 
important yearly vnrint,ioii of tlie distribut.ion in lxt:lt,ude 
of the lows which must he due to the sensonn.1 differences 
in the distribution of ntmospheric prmstire-we must 
admit thnt in n siniilar wny t,he prt'.senc.e of a lm,roplloion 
on one Dart of t,lie c.ontincnt will influtmco tjhe wrcrnge 

pressure; if so, the shifting of the storm belt froin year 
to year must be clue to passing or pendulnting bwo- 
ple ions. 

Evirlsnt.ly a great amount of research work roii1:liils to 
11a clone in order to  verify this .liypc)t.hesia. First of d, 
the normal conditions of the circu1ntic.m of lows are far 
froiii being well known. Four most import:uit " conters 
of nctioii influence dircc tly tho ntmo,:;pheric disturb- 
ances obscrvctl in North ihierici. During the summer 
the North Piicific itnd the Iceltindic coiltors of iwtioii prsc- 
ticdly 'nin into one liiw mssure belt!: t,he high- mssure 

OT less coiinected froiii October to hiiircli, at least SO far 
us nveraw conditions are concernccl. l t  simiis to me 
tl int  in &e prosent state of our knciwledge i t  woulcl be 
difi-icult to decide whether i t  is v:trintions t i t  these centers 
of actio11 that determinc~ t,he observed plciniiiitn vtwia- 
t.iniis in frccluencp of lows or? 011 the co1ttriiryj tlie lows 
t,li:it influence the changes in >c:isit.ion iind est,ent of the 
cent.ers of ac.t.ion. It is (I dis- 
cussioii of tlie nctud facts u7iicli is necx~er . 

Tlie same reniark :q>plies to tahc s u  posed influence of 

tion of lows. How iiii >orknt t.liese :~iinmdios iiiny be 
is illustratecl 11y n stri \ ciiig fact!. Esprcssiitg tIie 'lows 
observed between latitudes 55" and 45' N. RS percent- 
ages of the tots1 iiumbcr of loivs ohserved crossing the 
100th nieridi,zn, we ha-re 63.1 per cent in 1893 and 34.5 
per cent in 1902, a differencw of 38.6 per ccnt. The per 
cent of lows crossing the Sot11 iiieritlian ?ietm-cen 50' and 
4.5' N. was 58.7 in l8OS and 33.3 in 1!)01, a difference 
of 53.4 per cent. The distribution of the tracks of lows 
for these particular years iiiust hare, been mdic.dly dif- 
ferent: a stronu concentration in oiic c:wc, n lnck of cou- 
centration in tKe ot.lier. NOW, the degree of concsntra- 
tion considered in the s:me w*tiy, from ycnr to  year, 
displays R long-range vnriation of mwh loiizer pcriodic- 
ity than the sun-spot cycle. Since long-rmge viwiations 
iii the distribution of atmospheric pressure niust also bo 
acliiiitbed, 8 possible correlnt.ion may be espoctd. 

areas ot' tlie Litlnntic mi<\ I! ncific ~ c e m s  i1are gc!ner:l I lg more 

i Keasoiiinv c \ ocs not he1 1. 

' 

bnroplcions on the tempormy :inoiii~~ F ics in thc. tlistribu- 

. 
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A UNIFORM THERMOMETER EXPOSURE AT METEORO- 
LOGiICAL STATIONS FOR DETERMINING AIR TEMPER- 
ATURE AND ATMOSPHERIC Hu116IDlTY. 

By VLADIMIR KOPPEN. 

[Sections translated Irom Met. Ztschr., 1913, 80: 4S5-4SS, 513423.1 

* * * All in all, we are at  last in a position to state 
definitely the errors clue to the customary thermometer 
exposures, to attack tlie problem of eliminating these 
errors, and to begin to work toward a uniform manner 
of esposing thermometers throu hout the world. 
Although it is much to be regretted t P a t  we still have no 

such series of comparisons in tropical and subtropical 
regions as are available for cent,ral and northern Europe, 
nevertheless the dready observed differences due to ’ 
sun’s nlt.itucle, clouclincss, and wind velocity enable us 
to h a w  quite approsimate conclusions for the Tropics 
also. 

The claily iiieans of temperature, so far almost the sole 
eleineiit employed for iiiaking climatological compari- 
sons, clo not vary gre:it,ly even for quite divergent 
methods of csposurc hecause their daytnne and ni h e  
time errors balance each other to a certain estent. %he 
latter is least true for great massive shelters such as 
those of Wild and Neumnyer, because in these th6 daily 
heating in the sunshine itnd the nocturnal clam ing due 
to  tho niass of wood upset the balance so that t ?l eir rec- 
or& yield too high daily iiimns. On the other side 
stancls t h o  English shelter, which, according to the Pots- 
clam coniparisons,’ gives a prevniling too low daily mean. 
lcor the ?&hour meillis in the English shelter during the 
long-night months of Noveiiiber to February were O.zo 
t o  0.3’C:. lower than t.liose in t.he [metallic window] shel- 
t.er, wliile froni k r c h  to 0ct.ober both esposures gave 
nieans ageeing within f 0.1”C. k!gain the niean tem- 
mature froin thrice dnily observations within the Eng- 
lish shelter llepnrts from tiint of the surrouncling air cleter- 
mined in talit! sniiie mmner by iiiore than 0.l”C. (at 
Pnvlorsk this holds for Julio tiliil July only; at Potsdam 
for tliosn saiiic months niicl also in January only). 

We must cle:iinnd, ~ O W R F W ,  that not only the daily 
means but d s o  the inilivitlutd term-ol?servations shall be 
coiii]>nrxhle, aucl this nleo both for our prevailingly 
cloudy climate nnd for clinintes of clear skies and strong 
radiation. In other words, the monthly means of the 
terin-observat.ioiis in such climates sh:d not show sys- 
tcmntic errors, i. e., iiiiluenccs clue to thennometer ex o- 
suru,.grenter tiim O . 1 °  or 0.2’ C. We must cleiiiand t P iat 
the miportants clirnntic dement of daily temperature 
range shall bc. BUSCC itiblc of coin laratire study. At 

clam, thi3 elemcnt is 30 pcr cent greater in June when 
mensurocl in the English shelter than if de termined in the 
Prussian window shdter nncl still greater if tlie French 
espo::ure is wed. 

Hellmann is right in tho closing sentence of his report a 
when he says, “It is quite inap wopriate to employ two 

sure, such as the window shelter and the ground shelter, in 
one and the same meteorological r&eau, for we thereby 
greatly reduce tlie compnrability of the observations and 
particularly of the inclividual term observations.” 

This statement, however, is to be estanded to the whole 
globe. We must endeavor to establish a network of 
compwahle o1:mrvatioiis embracing the whole globe, 
and must not be content with a Prussian, a French, a 
German-Colonial, aiid various other concepts of air tem- 
peratures. Naturdy, it will require many years to 
actually attain this ideal; therefore the sooner we begin 
to strive toward it the better for all. 

It will be in1 ossible to adopt a window ex oswe, or 

our uiiiversnl uniform exposure. To be sure, sue% an 
esposure most readily avoids disturbances due to  radia- 
tion, aiid in our climate it yields uite good comparable 

(1) The air in such a shadow is mi exception, while the 
air over an open surface is the rule; hence the former may 

present, evcii under so \ ected favord> I e rsposures in Pots- 

fundanieiitdy different methoc t s of thermometer expo- 

any other such B oration in the shadow of a bui .p din for 

means. But there are to be consi 3 ered- 

IHellmnnn in Rcicht Prruss. Meteorol. Tnstit 1911 pp. 64-W 
2 Hellmnnu in Berichti Preuss. meteorol. Instit:: 1911: p. 83. 


