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Ill'i'fi'.ODUCTIOl'i' 

The i:-dr:1 of this projoct wr· s to select fron Northern ITo1;isphere che.rts r,ll 

ca ses of deep winter l a.vs during the post 40 years , r..nt! then study the effect 

of such deep lovrs upon nol'r.181 pressure patterns of tr·c ::or thorn .r:e,·.is;ihero . 

It wns intended thi' t this project be part of a larr;er study of Nort:i--•ern r=eni­

sphere weo.ther e.nc. S? noptic pe tterns . '.fave l engths of unusual l ens th . i ntensity, 

and synmetry accompa:nying the a.bnor ::u::.lly deep l ows vrere to be stuc.ied Rlso . 

C. I . T. s'eteorolocy 
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1 fter n prelimin•· ry oxP~,inrtion of D./. roxi:•lf tely 10,~ of th; tote l nu,:1ber 

of i..'.cep lm·rs • the followi!Jf rr.tl·.er rbi trary limits vrerc set in or,ler to 

goven1 selection of cc.sos: 

1. :Sccnde .. ncvir.n lcr'-!s : 5 dee; . to 55 dee . 
., . . u • 

') (,'.reenlnnd- Icelc.nd lovrs , 5 dee; . to C5 deg . I ~- .. . . .. 
3 . ,:;.ulf of Jlaska l01'TS : 115 de;; . to 175 de; . -

I • I ' • 

4 . Ke.r:1.chc,tkr. lows : 175 de,; . -'d_. to 125 deg . 3 . 

On enclosed s}:eets are trbulated o.11 observed dee-o lows for c1anuo.ry , leb­

rue.ry , r.nd /f,rcl1 fror.1 1899 to 1D39 . u,,J.ess the pressure of the lo·w was 960 or 

less • in Junue,ry or February • am1 SCS or less in i,.:nrch , it vff.s not -c:-bulnted . 

L8.t::. tudo nnd lon.;i tude anc. nw JJer of doys tl:e 13ress~1re of tlie lmv stcyed below 

960 or SC5 ::nb . resp . are e.lso civen in the o.cco:1pnn:;inr, tebles . 

In certain rnid - 1,vinter :.1onths , there were r:tfirry noro cr>ses of deep lows 

vrithin thoso li;.1its , in one or ,nore of the four clr-sses above , thon could 

be s-t"diod in t!'.is prclirunr-ry invosti,-,;etion . Therefore in certr..in cHscs , us 

·,ri ti.--. tho Gr0ey,_le.nc- Iceland low in Jo.:c.uarJr e..r1d. Februcry , only those exc.r1plos 

":rl:ero the pressure fell to 950 r:1b . or less r ·\'!ore usoc1 for further study . In 

1.f,rch , t110r0 vrere r.;onere.lly hi;her pressures than i!J Jr-.nuo.ry 2nd F'obruc.ry , so 

lov:s ~s sh2..llow as ~C5 ':'.b . in the Gulf of Pla.sJ,-a and Kr.mchHt!:n sectors were 

user . • 

~;or,rrnl sea level pressure chc.rts for tr•e 1;orthern l'<->mspl-:ere ( after 

Sh:::.._-.) ,·:ore ol.Jtv.ined ::or e1;1.ch r,1onth of t}:e year . '.Chon for Jf'ml:'r:r • the nor--r_al 

pres2ure_ and position of each center of r..ction (high or low cell) vras noted 

on sepo.rc.te SF.all blank heriisphore clinrts . Upon ono of thes0 , the pressure and 

position of each high and J.ovr i'ro.'.l im old synoptic hemisphere che.rt contain­

ing an unusually deep (960 rrl.b . or less) lmv cell was noted . If' the hichs and 

lows thnt o.ctuo.lly occured were in positions ncc.r 11 n0r:ne.l che.rt;' highs and 

lows previot;_sly recorded on the s0.L1e chart # then the intensit;_,r o_~ the actucl 

c. 1. ~. ,etoorology 
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:'.::C r1o. Tees • . , 30 de TC8S , • , imi.icates n high coll 10 1'1b . stron,,'cff t}~[·n tl,c 

dO'.\'r. to P.S fovr f'S ho.lf !l dozen crscs , Here plotter} on corrccipo12dinc C!'i~rts 

:·o:- F'otrw ry r.nc. . rrch , r.nr.~ for Ear'lchutka. end ]ulf of Alnsrn r1 een lows . -::.'he 

ti:osc hi;;hs c.nd lons tret ':JG re bunc:,ccl closel:; toi;oth-•r Yrero circled to ;;ive 

Grei tor w~phe.sis , e.:nr) to shovr Yrhio~ t1ro2s showed i_;ron·ccst pressure rise or 

:'rll , (dt;o to an ndjrccnt l'lmor: .. nlly deep lo· .. -. ) BccN1so such r,rers of :m.f'xi2::u!". 

f'.lso since such r,rer-s of nn.x Pnd nin lcy flt t1iffe rcnt lon ;itu'os , sut<ivisions 

lit hi~;}: lntitudcs this wc.s too nr r-ro,.-r c.r. i·0 tervr 1 c.nd cnuso,} so,~e difficulty , 

i:~ c. fc.sr.io::1 si··:ilcr to the fcco of r. 24 hour cJ.oc]r , such c.s the nilitrry forces 

use . Furthcrn.orc tho ':;idth of ee.ch such division , rt :-:-.ir~t1.lc latitudes , is 

··bout W[lH".l to one tl0 ird o;.' tho distrnce bet-.-men r~.ccn pressure troughs (on 

S C.f':l or 5 clay nerrn pres sure chc.rts) . 

:f2.shion , s tcrtin~ nith tho ccr.ter line of tl:c ze2·0 zone bisecting the center of 

the ;:rou:i of t'.b:::l'Jr::-:1.-:1.lly deep 101.vs . Then coch chr.rt •,ifs checl:cd to see in w},o. t 

zones end vrhat lf\ti tudinc.l bends the pressures scor,1ed to bo pc rticulnrly e.nd 

the:1.sclvcs in ['. sir-;i 7 cr if not aL-1ost i,'entic:::.l frstion, even ·,·hen tr.o posi-

tion of tho c.bnora·.lly deep low lo.y in u different sector . This in:.",icctod thr:.t 

the effect of the lo--~v u.pon tho I)rGSS1lrG prvtterr.. or the ndjt'Ccnt portions of 

C. I . 1' . .otsorol ogy 
.'.!'oorrn .. ry 7, b46 



s.t' lee.st slic;htly ir-1 sono ct scs . 2'P :cticulur note v:f' s :.,t.de of ct sc-s in ,.rl1ic1: 

pros::;ures ros e or fell rc'onorrw.lly on cech side of unusunlJ y deep lovrs, and note 

of the distrrco r-::my of such rises or f:"11s , wns r.mdc r.lso . l'bscrv:: tions U at 

':rrtor . 

C. I. 1' . ~.otc orol o'ry 
" 0 re...;ruu~; 7 , 1~46 
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Results 

In nor rly nll cases durinc J['nu~ry , Februe.ry, nnG arch , th1:: •}ulf of 

i lasl:r , Klc1c::rtkn , and Icelor.dic u::nisually deep lows occ urcd 1'.t the si:'Tle tine 

th&.t }1iz;her than nornal rm<l often ~-mch hi0her t},nn nornrl· prcsf'ures oc~ured 

over lond _rers to t~e East a dist~~cc of 4 to 1: zones (60 to 68 de~rees 

~.01:.t.~i tudc) • -..,e.st of the unusuo.lly deep lon , tl-:is area. of' stronc; hi~;h lay et 

:r:idc1le lP.ti tude . In t:·e cnses of the Xf.lnchnthl deep J.ows there wes usually r~n 

CCl -iitiona.l very btcnse high cell that 0.p~1enred Pt },i;.:;1-:. 1£>ti tudc about 3~ to 

4 zonos ~ast , over 11:,nd . 3ubtropicr,l hi6hs over v;rter a.recs rit low l~titudes 

',%re observed :1.n co•.·:e cu sos , but v,ere dee1:1ed ,"'uch loss significant , even when 

-:,:.oderatcly into:cse . ft s: to 9 :- zones Ee_st of tho unusur lJy deep lo·w , nnd at 

hi,:::h lnti tude over ':,rter r.re2.s , c_ socoulrxy low arer. v1os obsen,oc .• So,:,etit!los 

this fceturc apµea.red nt middle 1£titude or f'.t both ,~1id. ' le and hit;r· lntitude. 

If it c.ppee.rod over land insto: d of water , co11tiner1 t0l effects see:--:oc1, to domin-

ntc o.nd obscure it . .fpproxi:rtetel:r 10 zones East of the deer lovr, A low lrtitude 

or oc ::asionally ,:riddle lntitucJe 1°.i.gh cell of only slif}' t}y ~reater than norrriEl 

inte~si t:r usur~lly developed . J.p~roxirw.tel~r t.•,o to three zones .:est of the 

deep low, a sho.lJ.ow low trour;h wc.s present in many or.ses . l-pp:roxinntel;{ 5 to 

r.1 
o-:~ zones iest of the 1.musur:.L1.y deep low a continontr,l hi~~h usur.lly in middle 

but occo.sionP.Ey in lo-:r or high lo.ti tudo ap., eo.red . In winter, becc.uso of the 

Continent£.l effect, deep lows n.re loss deep over lo.nd than over. ,retor, so none 

of the cP_ses cor-.s.idereu in this report occurod over 1£..nd . Lmrever relati vcly 

spercJ-:inr; , a D75 ::...,b . lOiv over tho center of a oontino;it is very d.ecp , a.ud when 

on<: such case occurod near Chio['_r;o in the wi.rter of 1940, thorc v.ra.s a strong 

uid,ilo lP.ti tude higr. 3 zones to the west centered just off the Pecific IJW 

coo.st , and a verJ strong high letitude high cell 5 zones to the 1.'est in Ala. ska 

·:.ri th a strong ucci.6e to the SE into Ce-.nada . There ,"liu; no shs.lloYt trough apparent , 

2 to 3 zones West of the pril;iary lmv loceted near Cr_icn.zo . P. few cnses in this 

report, especiall;.1 in the Sormdc,:1~.vinn urea , did occur very near land , or over 

reletivel~r small pen~, insulo.r land. o.ree.s le.rt;oly surrom1c'.ed by woter . In the 

Q. I . T. i'..e~orolog;y 
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i'.s~u't:1in1~; the i:tost Din:.ple c~.so (c. , .. •rr·ter covorcr-l fe'!·~sp}10re •n.rith unif.01~'.. 
i 

J-,ortinc and friction n.lor.:.g htitudo lines) every ;5rc lo:nr;ih,1inrtl zone (ci'ch 

zone 15 dei_;ro,,s in ·width r,t :dd,1le lr ti tudos) -c;ould be r, zcne of lowering 

pres;,uro ·:Tith incrensinr; pressure r _id,,-rc,y inbe-tvmcr. . .. hen ho,·rovcr continont1:.l 

ef.:'ects arc incluried, the si"~plc c::u:::e bc;ir:s to 1:lr.-.cJ- do 0:;n to t' ~.,o re co.:,plex 

series of .ri C::.~cs f~nd trot.!chs (aloft) or hi,:hs e.nd loy;s (surfrcc) . ,hon fur­

ther , the pressure fi'.11s ubnor:.1,clly low i r. s0,:1.e zone (u8uc..11y over vmter in 

,Y:1.nter) duo to o.n exce:Ytional1y deep lovr, then air r0r1;over! f'ro:11 the low is 

piled up on b oth sidos of the low. /, df"ltr.i l ed cx:plaination of tho doepenin,c; 

of extn- t ropicr.l cyclones is beyond the scope of' tL.:.s pnper , bt:t is treRted 

in consideral,le actail by J . Jjer}:2 ess in t},e 1C40 suppln,10nt of tho qu,,rtP-rly 

journr-.1 of t}:c °Koyc 1 i:eteoroJ.or;icc. l SocietJ . Ee svy'l, '''i'},e u:::ivrard F,ction over 

the warn front of the cyclor:ic ,,,rve or wr.vos of the coop low builds up tbe 1.irr0r 

rtir wedce of hi;:;h pressure to the Le.st , so thcrr:i'cire the u2rer perturbc.tions 

c.re r·~-chl':r r:L;;i<Uy conrectcc :ri th tho pol: 1· front rrr.Yc of tho low, e..:nd invar­

iably cnuso e. field oi' c·,ivcrgcnt flov, over tl,e deo:Jonine; cycl0!1:i.c center or 

cantors of tho deop low ::,t the cround . In e.n old do0p low·, the vertico.l u:xis 

losos its ·,,estWt'. rci tilt end beco,1or. nerrly vortic0l (ufter the vmrr: i>.ir is n.11 

lift0d c..J.oft end dcc}ier:ing hes s-::op;iod) . The nn:rrowing of the ,van:1. sector is 

co:rr1ccted •'rith the horizontc.l sprcrdin[; end d:)sccmt of' tho pol"'r air in tho 

reer of tho c:,rcl one , nn.d the tropico.l r:i r above the s1ll1si(l~nr colt t'ron~ 

,;ed,_;e f'.lso hGs to descend . it hi;;l1 8.ltitude c.owrrwrrd " 1otior.. of 0ir 'iiest of 

the o:{olonc cm1t0r is incticntecl by LJYrering of the tropoi)P.use , ·.:un,1ins of the 

strotosphere to :,r xh"Ul"i tei_-1,ts br,lJ oom1 con rePch, and ':.)y Ozone mcxinum. n 

!,head of th-0 deep lows ( on their Er:st side) thc,t were exP:,uncd o:c this project • 

it wes observed thet the eccu ·ulPtion of' nir o.dvected fro~, the low caused the 

thi r d z onr .. l trouc;h to be p·ef,tly wce.J.·oned o,nd 1,dninized , s' ifted fv.r northward , 

or obscured nlnost comp1etely . In its st0v.d , it was ropln.c0c lsrgoly , by hi0h 

pressure often :·.uch obove nornnl , 

C. I . T. L:eteoroloey 
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of) the unusually deep low, tho nressuro incrocses ·.vorc Rf;nin evident . !To-aever 

the nesrest theoret::i.cnl throo dn:f troui:;l': (of the 21st zone:) w8s not rrrininized 

in ·.;1ost cases , but r·cnained quite ti.;?·'r rent . Insteo.d the 2nd trou3h West i11 the 

18th zone was t;reotly v:en.kcned nnd 2inir:1ized , shifted for rorthv-r.:.rd , or obscured 

nb1ost co2"1.pletoly by the lar1~e hi6h which centered e.s a -rule at about the 19th 

zone ( 5 zones ~?est or 75 degrees Lo116 i tutle :1est) of' the doE,p low. At first 

sight , this would soem to indiceto t11r,t this hie;h to the :est W'P s both lctrger 

thc.n the one to tho Er.st of the deep low, 0.nd tr-r.t the slope of' the pressure 

cells wns rr:ore gentle then tht>.t to tr.e Er st . 'l'his in turn vrot~ld contraniot th0 

norr1al prossu:re p:::..ttern of -the earth since it ':',ould nec•~s.sito.te a t•.-e.r!t t:.rpe 

high behind rr~ther th~.n nhenc"i of the doep low. However it is the present opin-

ion of the vrri ters thf'i~ this 0.ppP.rent :i.nc-or:sistnncy C(lr; ho avoided if the 

considered e. pa.rt of the huge low center or systfJrn . If it is locrted over 

lvnc, it r:te,y be ":cn-1.;oned by the presence of stronr, c 'ir:.tiner.tPJ_ hir;hs I ie , 

contiYi.entr,l cf foe ts (espoc::.nlly str-::m,; in winte r ,·.onths ), nnn n1JpetT I'tO:t"c 

t\S c.n upper cold front trouE;h then as a doop surfece d.ovolopncnt . ul though 

cyclone is dependent on "the uppor air trough being 'behind t!:e center at the 

;;round . J:'t0u two or more cyclonie centers are prosont , forming a cyclone 

fn.r.tily, but gcmero.lly if one low becomes c..bnorme.lly deep, other s.djvcont 

closed centers tend to be absorbecl into the pri"nary circulc.tion , lose their 

individual identity , nnd. remRin us we£'1:er troup;hs superimposed upon the larger 

cyclonic circu.lr:.tion . In very old doep lovrs , fronts often tend ~o -,:eaken or 

diseVi'1ear towr,ro the conter of the low, and then weak fronts ne.y be observed 

tra-veling a.bout the outer periphery of tho low. Suoh cases ere 1~ost con on in 

the i,:rg Atlantic nnd NV{ Europe , uut also oc cur in the 1'E hcific an(1 elsewhere . 

Somotines the weak fronts in the outor por-iphery of the old low see111 to be 

stnble open vn:.ves tra.·.relin6 at hif;h velocity. Such cnses SO!'!ctimes oc:iour near 

the Dri tish Isles. Sometiraes le.r6e and deep low pressure oentera have secondar y 

C. I . T. I.':eteorolog;y 
Fubruary 7 , 1946 
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of ctn'::rr l inu1cc or Gen ,o: ;:r r• s there ri.rc no t:i.ountr- ins to hinder . I'hon ';he wer.ther 

Ir t}- o ve;ry c;:":; ro:10 

continentt.l high to tllo ::.E over • .. est n:ussit. r:£.y ~ us:0 tr1c 6cep lovr (reJ_rtivol1r 

l tlnntic , brin.~;inc snow fr r South of ::orn:-c 1. A :~006 cnse occ'.cred tho lust ten 

clr;,',0 of ·:,,cl,rutr:',' , H1(4 , and wJ '3'1 tr.e strong higl'. ce.ch,red neo.r Leni:1_3:rcd finally 

split , hnlf of it __,,,oved 'Jest an<l built up to over 1055 mb . c ontering near Iceland. 

In tl;_c.t C['so the , ' 
of' 

itlrntic stor~ track re~~ino<l f~r :orth on r line fro~ doutt ~rosnlrnd to 

S2itzhff0en . .. it'r :.c6 rtive Inc.ox in uJ_trc, extreme cr.ses , t}:c .cop .. e0ito1Tr,nirn 

tc_·,10s of tl1is re)ort , m,c h ven ' t l,eon s·cudiod·in detr•.il b~r tho ,vriters . The:' 

t re cons-iderod i,1portnnt enou6h ho-.1evcr to warrant r::.ention in pr.ssing , and 

perrnps f'urtrer stuc.:r ut r_, lrter dc.te . '.:.':,.pe D lows off Vancouver Island r.re 

of s:i;htl~ si~il~r n~ture , they also nrc relatively deep rnd presistant , in place . 

C.I.T . :eteorololy 
/c brur.ry 7, lS.t:,6 
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sirn.pl~r didn 't coirtcido ct any o'Gl .,:i· plrc~t than those listed in £1.p~1cna.iz C wi. th 

tr.o result that otrer fcotors suet· a.s continc:n cc.li ty dctcr::i.inerl '::hether hit:h or 

lo·;, pressure exis±cc . In ot},or •:;ords, if ocrb:.in zones were ovor lrmd, c?!J.tinente.1 

<'ff·0cts ter1ded to p ro <li..;ce high pressure , but ii' tb.,sc sm::e zo::-ics we re ov:;r tho 

sea , lo-:mr nor,w.l pro~ c•v.re.c; tor.decl to c, use lo::Pr 2ch1c.l pressures c.nd p~rhaps 

CJclor,ic distur:::ic·;-~ces to occur ir. sue} Z·)nes • .B'ro,_: t•' e standpoint of the oho~:J.st , 

tt0se zo:"es "'m re not 11 .Dt:f..:'ercd" in advance by t 1 e ;'_onrl~r Lcnisphero \Ude· influence 

of e.n ntnor;nally deep 10\'iJ upon }:0rther11 }'.c:nispher pres~ur0s . Froc1 the st:.:,ndpoint 

of U:.0 phy sicist, those zones fell at node..1 points v.n<l thus ' Vore c.i'i'ecteci by 

sm~ller ex'.:;,gi-nr l i'o:rces ,;,ore stro11cl:1 ( io , forces sue 1: as C~:i:rtinent?,li ty). 

Looking r,t tr.e picture e.s a -,v-Yole , n certain r;.:,ugh al· 0 ost tri - clinic sort 

of s7="lr:etr1 may bo obscrv-,3<l . P.ir sc01v,t..la",es .:.ore conipnctly , nhce.d of' the d0ep 

low ths.n behind it (so,··le depletion occurs ir:r-.. ,ec~ie.t,jly to tho /es": of t":13 low) where 

it forns ftnother stror,: }1it~l: c0J.l f•.ir-thor to the -.-,-est . About 2/3 of the a.t-:1l.ospho r e 

trow;h, ~-ri th decpeni::1.; c:e/clonos ,:-cvinG inshrord r ccordinr: to J . Jjc1+::noss . J' 

remove 1 of air will ta};c ·J lt· .. cc f'ro:"'! the ror;i::m behind the trout;h r.ncl tl-.o r:rocced-

trouc;h and tho follo-.:.-in,::; wodc;e '!' l line dr,-\·.-n li:-:o e. chord , cross the l:enisphere 

-but not idcntice.l h11.lvos . Tho ·:rlves ',7ottld bo r·l:0 ost mirror im~\;cs if trie re "W-US 

no dif'['crcnce in the spree ding out o.f f'Ccu1r-uleted e.ir rn0 :,0s i tion of moderate ly 

i:-~d:Ji tional r.1iddl0 or hii;h lnti tudo 1orrs t-Nice ns f'1u· s:wo.y from the deepest low. 

o.bout -,:vhicb r~::i.rro:r ir.~a[;es or stereosco?io iPlG.ges cP,n be resolved ·.rore th1J cr:rsta.l 

to be di vid.ed into t-wo hnl vcs. '::']1e sarrie :,.:;cmg to uo true oi' the Gneur.1onic or polar 

projection of the 1:orthern Hemisphere wn:-:.-~l:0r pn?ssure L,attorns contP.ining unusuc.lly 

deep lo·:rs . Thay are not coM.pletel;/ syn; ,etricc.l 'Ni. th ench other • o.i~d cl though the 

• Hetcorologisohe Zeitschrift Dec., 193'7 , P.,126 C. I . T. L'.cte,01·olo6y 
l"0brunry 7, 1846 



,, t . 
.L--'C'.S , :.!.S rmc. is c,• t.c _in~; up with 

It is sort of lile Sound vre.vcs . :'r.u'· ,r:'en a hailroH.i tr~ i.n ;_,oes by • the sound 

os tho Lr2in .:.s ::-p_ roechinc , spree.ci 

the very deep lows v:e,re trrnsitory '.'nd f' i l"od 'ii.l.~c:~ly to r,orc norr.-e.l l evels , 

once Lo.st of the ver~ c.oep but r.orc slow :"",ovinr; 3 or 5 L't:Y !1:cnn lo"r trouz;:h (a s 

dn.rrr:. on 3 or ~~ df'-J' r:tcc.n pressure c:,a. r ts ). Then f r o1uentJy a n◊>': 10\'!' f rom the 

::est, woulJ. boc017'.e r.s deep or even r',ore clc ep the.n the ori::.;inal -.,.-h:m it reucl:cd the 

s o.me area . In such cnses ti,c dee;:, n.cen low ( c s drnwn on o rr,en...'1 pr es:Jure cher t ) lis 

f'o.st moving r:msh tl roo dey pressure vmves ., Y..rh::.ch ~:~r:c-y 'Le ov.t-·ri: rdly lar sely 

o'.::,;scu r f.ld i::-i the stronger ciroulction e.boi,,;t t1)c very deep la::: ~nd e,djoining 

stronr: hi6hs or ar<)flS of' stronz;ly bllilt up preszures . Sud: Z, cliw p:rBssure vroves 

vsuo.1. ly ,:ion ' t s},ow up e.t ell in trc deep low cir c~le.tion RS s 1·0,·m on a. 3 or 5 

C. I . T. ·: ;e~no:rolo0v 
tcorurr:' 7 , 1946,,., 
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vrrvo lenrrth, fron the priic.rr-;-r dcen low, (]no those ..,rcssure eel 7" :i.n low J.Pti tude 

i'1Jr7:r.er stvch rnc invcsti.~rtion ro'~r>iris to be c..,rriod ouJ~ ir. 01·c•cr +;o proc1uce 

f'. vrell hnl l nncec sh,dy of o'iorlc"\ s•rcnthcr . OrlA t")-,j_17.,· thrt is ir1;--0::---trnt is th,.t 

tho 

c.: . :. et~o~clocy 
i·'o, • rue r~r 7, l ... 1t~ 



lr stcd rn.oro ~h::n tvro dt\;:s , nnd noGt lv.stod or1ly or.o • .:'Lose tLrt c1.it: lfst 

C. I . T . ~ c•;.:_:,_;Qrolor;:;r 
~"'chr·wt~ry· ? , l.,,,.~(i 
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Only the features ap,:--licnble to the ceso of the existrmce of e.n cxtr(wiely 

r-.bnorrnal pressure phenomenon ha.Ye been studied in this pc per, ri.nci a fmv theories 

have been formule.ted to covor the observntions ::10.de. The next step would be to 

tnke another type of flbnorI11al fcc.ture , such as very intense hir;h pressure, e.rd 

then invest:i.[n.te in !:t roughly si.n.ilar fashion a reprnsontc ti ve sar.i.ple of casPs 

charts containinp; o.t least one very in+ense hi2;l: pressure cell. 

to bo made for the faot that in Siberia there is a very 

into:a.se hi[sh cell on the nor:mal cha.rt already . 

1iiddle le.titude blocked lows a...nd so called polar 

Southward or in other uncommon or err&tic ways with no 

structure apparent iu some cnses , offer another line o:£ ::.tu<;~r• 'J--~no~c.lly there 

is an c,bnornnlJf ~me high pressure at very hir:L le i-i t1:de c.ccomp£1.nyiru_; 

such blocked and polar lows the.t lie in middle l ~titude . 

Si tuntions that arc marked by strong polar outbrea.;r i:; J!'f'cr another very 

l s. rge and comprehensive line of study. The Russian metoorolor;ists have based 

one line of long range forecasting upon the l\ction of pol a r outbrcd:s and 

atron;:; ·nir;h pressure cells, but dispute among themselves r.>.s to whether the 

metbod works. Even if it does not , it offers new methods of or£;anizing els.ta 

for co,nparison and study , 1 ie, offers e. new wo.y of olas:::ifying synoptic situa­

tions. All elf' szif'ice.tion schemes tho.t are based upon her..ispLeric neather 

patterns are potentially val't}9le for a study of this t-rpc, ie, a study of 

world i.•rea.ther. 

The ul ti.mate e..ll'.l of all meteorologists that take n keen interest in 

forecnsting, is to forecast accurately for longer periods in the future. If 

exhfnrntive study of World weather• first of abnormal situations, nnd then 

secondly of more normal situations , will extend the period of accurate 

forec£,sts, and extend the area for which such forecasts can be me.de, so as 

to meet tha new der.w.nds of globe circling airlines , then more meteorologists 

should undertake such studies ; and publish their findings . 
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J.,p•)endix A IcclEl!ldic Reference Low 

Date r· ... res sure Le.t. Lone;. Pe:rsistuncc ROJ11nrks 

Jan 10. 1900 960, 651{ l'N l da.y ..... 
It 1, 1899 955 65H 30W 3 II 

11 14, 1900 950 65N 28W 2 II 

II 19., 1901 950 601T 49W 4 11 940 21st to 22nd on 
II 2 1902 960 551; 40W 1 II , 
If 14, 1903 950 60N 47;; 1 II 

II 27 , 1904 960 63H l?W 4 11 

n 16., 1905 960 611: 27W 1 II 

II 11, 1906 950 6411 ~2W 4 n 
fl 24, 1906 960 651) 151\f 1 " 
ll 15, 1909 955 831: 15W 3 II 

II 5, 1911 960 6217 35&55Vf J. fl two centers 
II 14, 1:::12 960 51N 37;J 2 " 955 on 15th 
II ZS , 1913 950 63li 42W 3 II 2nd center of 955 at •._)GE. 55-\~: 
I! l ,;, 1914 960 54:r,; 45Yf 1 II ..,, 
" 20, 1814 960 c:: .•••• 42W 1 II 

Dtni 
!I 1, 1315 955 54L lOW 2 II 

II l <' j 1916 960 65rl 20Yi 2 11 ~, 
II 23, l:lG 940 6,:lJ; 227{ 2 II 

n 30, 1:16 950 64h 35W 1 II 

" 25, 1917 960 6H' so··, 1 II 

!l 6, 1919 960 55N 18W 2 11 

II 13, 1919 955 62N 37,7 1 II 

It 11, 1020 D55 6on 10~; l " 
II 23, 1920 960 Ei4:: 28W 1 II 

II 28 , 1820 960 64f, 15W l IT 

fl 15, 1921 960 61N 33W 1 II 

II 7, 1;;22 960 6Hi 25W 2 " 
" 14., 1922 960 65N 4OW l 11 

ti 21, l'.)22 950 50N 35W 2 " 
If 24, 1922 955 50I~ 35\-V 2 II 

ti 23, l \.i24 960 65N 42W 2 11 

:1 23, 1926 945 55H 50W 4 fl 

11 30, 1926 960 55N 35V'i 4 II 

II 24, 1927 G60 60}1 35W 2 ft 955 on 28th 
II 17., 1928 955 61N 45W 1 II 

II 20 , 1928 940 64N 23W 1 ll 

II 22, 1928 960 67H 55Yf 4 II 955 on 23rd 
II 4, 1929 955 661-7 37W 1 " 
rt 7, 1929 960 57N 63W l II 

II 20., H29 960 521i 46W 3 II 950 on 21st 
11 00, 1830 955 53:, 17.V 2 " 9b0 on 31st 
:I 12, 1S32 96u 58N 25Yi 3 It 

II 17., 1932 950 60H 25W 2 ft 

II 1, 1933 945 55U 40W 4 II 925 on 2nd 
950 661{ 25Yf 

II 7, 1933 960 65!1 2ff'N 1 II 

ll 11, 1833 955 61N 39f! 2 I! 

040 59H 25W 
" 14, 1933 945 70N 12W 2 11 

If ll, 1937 960 62ti 30W 2 II 

It 20, 193'1 955 57N 25W 4 !I 2nd center for.'led on 23rd and deepened 
11 24, 1937 945 521'< 18W 2 11 to 945 on 21th 
n 13, 1938 855 G41~ l1i1 1 If 

II 15, J.039 955 541:; 17~' 2 11 

C.I.T. : .etc orolocy 
Februe.ry 7, 1s,.w 
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Feb 2 , 1899 9GO 4:GJ. 37y.l a cl2.ys 950 on 3rd 
11 1e, 1900 9€0 581. 6~.1 1 I! 

II lG , 1003 900 53:: 43·•; "" 
ti £135 l:Jth on 

ti 2~ ; 1S03 940 621! 21W 2 Tl 

H 12, 1:)04 9GO 56:, 2,1H 1 II double center 
52:·:r 20.Y 

n 15, 1905 955 6 7:.l" 45W 2 II 

11 9 , 1907 960 64:t: 2m"l 1 II 

ll 21 , 1908 UGO 60:1 18,; 2 I! 955 on 2:.::nd 
fl 17, 1910 JCO 60~. lOH 1 ti 

TI •It', 1910 D60 581: 13W 1 ti 
t"-.>,,J , 

II 4., 1915 960 64:~ 20W 1 It 

II 3, l::'16 ~60 G2~, 2vr 4 II 950 on 7th 
11 8, 1918 960 62N 22W 2 ti 

II 17., 1J18 950 G4H 25W 1 IT 

II 19, HHS 960 63N 25?{ 1 Tl 

fl 
9 ., 1920 960 64W 23N 3 I! 950 on 10th 

II 26 , 1920 960 50N 61W 4 ti 955 on 22th and 29th 
ll 23, 1J21 960 64E 39W 1 " 
11 19, 1922 950 64ll "1 ••• 1 

,, 
..;..J.,.;¥ 

" 6 , E• 23 960 60!; 22W 4 II 945 on 9th 
ti 26 , 1923 ~l6Q 53}, fN 1 n 
II 8, 1925 960 66F '3N 2 It 945 on 9th 
n 1, 1~ 26 : 1cio 521] 23',; 2 IT c .. rc.·y over frmc January 
II 13 , l'.?26 sco 57:; 3,1:·; 1 II 

II 20, l~nG 360 5n, 57;'{ 2 n 955 on 21s t 
If 4, 1927 955 66N 39W 1 n 

ti 1, 1928 ~ co 631'l S"i[ 1 n 
n 20 , 1ne 950 62ll 39W 1 n 
u 25 , 192fl 960 50H 30;{ 1 n 
11 28 , 103(; 960 oEi 40-.'l 1 ll 

fl 9 , 1931 si...;o 661J 1971" 3 II 

ll 1, l;J32 S60 E;31i G5~i l 11 

n s , 1933 S-60 50:1 61.'{ 2 ti 955 on 10th 
11 17, lf.133 950 63ll 62W 1 II 

n 20 , 1835 960 61h 12\11 2 n 955 on 21st 
n 13, 1937 960 6~1; 25-V'i 2 ti 955 on Hth 
n 9 , 1939 960 48N 37V{ l n 

Tl 20 , 1939 960 54:i.; 30W l fl 

Lar ') 1901 960 em; 19W 1 II 
... , 

II 6 , 1901 960 €1.11 6W 1 11 

II 20 , 1G02 965 6l}I 5iif 1 II 

fl 17, 1903 065 62N 15W 2 n 
!I 25 , 1903 955 5811 18W 1 n 
II 31 , 1S03 960 61:Zi 50i{ 1 ti 

n 11, 1905 9C5 5GX lOW 1 II 

H 14, 1905 960 541'1 23W 3 II 

11 21 , 1908 965 55H 3O,Y 1 11 

!I 27, 1908 955 CON 17VV 1 II 

rt 24 , 1915 965 47i~ 4:0W 1 II 

If 1, 1917 965 67:J 35W 1 u 
II 17, 1918 965 G3f~ 50W l II 

11 2, 1::,20 960 67N 55W 3 fl 

II 8 , 1920 965 63li 52W 2 1l 

rt 23 , l\J20 S60 G41J 32W 2 II 

n Q 1n1 965 631.l 25\'f 1 fl 
v , 

II 11 , 1021 965 C2N 47\-1 1 II 

" 13., 1~21 965 621'. 2511 1 II 

!I 2:~, l r "' 9GO C5!/ 2017 1 fl 
v<d. 

C.I.T. 1.:.eteorolor;y 
E'obrunry 7, rn,:c 



lC 
__ JJ.l' 20 , 1J20 GC5 L,01; 57;'[ ,, 

dry 9CO on 21st ,, 
II '>"~ 1J2'/ 9C5 57:: 22{V 1 11 (..,-., I 

5/'_" ~·· 7[ 
11 7 , 1829 955 51 "'~ ~r.: l 11 00 .. 
ti L::50 ;?CO r.: •i-- 65","i l It <> , ,)<.,J. 
fl ?~ 1930 aco C7H 10.r 1 fl -~ , 
!I 8 , 19:58 [

1 CO 58:•i 52~T 1 rt 

Ka''tC] ut:1.-::a Eoference Low 

Jc,,n lC , 1304 360 ,1 '7'T 1G9E 1 du:,r .... ' lJ 
n 2e , E:O5 9CO C31 172E l 11 

II 1
,,. 

1S24 9CO 53:: 178'.'i 1 ti 0 , 
11 20 , l () ·,-c £i55 4m; 150B 2 11 ~ <.,C) 
:1 21, 1928 960 s1:; 172.::; 1 !1 

ti 3 , 1,-,00 9CO 46:, 162E 1 TT 
~ r.,., 

11 9 , 1029 960 531; l 7CE 1 !I 

It 15 , 1029 860 53i; 179'.'l l If 

ti 28 , 1929 055 4.rrT l 7C3 1 11 
.. 0..1.1 

ti /1_ 19~~0 855 55~T 170E 1 rt - , 
11 11 , l'.30 DGO 5H'. 179E 1 11 

" 2G , 1931 855 4s:; HlO'.'l 2 ti 

It 3 , E35 S55 so::. l n,z-r:i 1 II 
I ,J..., 

ll 1 r; H3G 9GO 471; 1C7E 1 11 
_0 , 

It LL 1939 055 43li 175E 4 11 -, 
Feb 17 , bOl SGO 5L 17,±E 1 II 

.11 11 , 1910 955 <::mr 157i 1 ti 

fl 21 , lDS 9CO t: " • 1790 1 11 
;0.J 

11 l t, 1S'l7 S5U soi; lo5E 1 II - , 
Tl 9 , 1D28 950 55~. lE:.U 1 11 

·ti 3 , l; ss~ 9·15 47:~ 172.b 2 ti :::,,10 on 4:th 
:1 10 , l:J 29 v45 541; l'l7ii 1 ti 

26 , lJ0O 9CO 5lli l'l'/B 1 11 

11 21 , lS3Ll cco 11:sin 175~ 2 11 

:1 (, 1939 !J60 4~·,·l. 175'8 1 If ~, 

. £Jr• J. 1801 ~S6 4t1..: • 1C2~~ 1 11 - , 
11 i-0 , HHS SGO ,~fir. 158E 1 11 

ti ll 1~22 S65 so::; 177E l fl - , 
25 , 1922 960 471 170E 3 11 

Ii 30 , 1922 955 t16i: 179.i 2 11 

11 31 , U:23 9b5 46J l~Si;: 1 II 

Ii 6 , L31 %0 50~~ 174,B 2 II 

11 -10 , l:,30 ;,165 ..- ,..,. - r 165r, 1 11 -t)V..__ 
11 26 , l'.., 00 01:.i,- /.l.R'- 175.8 1 II 

~., V'-) _ \..,.L, 

II 30 , 1. 
... q~/1 S!:iO 15:1 lGOi 2 11 

..,v_;, 

II 14 , 1 (a 'l ~ 960 57~, 177, 1 11 
-~ vO 

It 25 , 1S35 965 39:: 117E l 11 

!l 23 , 19:57 SG5 4n 165:E 1 11 

ut::lf of J.laska Reference Low 

Jc.n ') 1214 s'.::o ,2:9 11 ... 0,; 1 dcy ,, . 
1i G, l'J2U \:.-..,0 ~" lL:7 1 dr.v 0 -=-· 
1l 10. H:22 9GO t32L 150'.: 1 

HJ 

n 20 . 1026 060 4:,., 1C3.:" 3 ;I D55 on 28th 
" 1 , l'..-27 [{'.O 4e:, lL~D\t 1 !f 

,I 6 , 1828 r1CO <r:S -rioi: 168.";155', 1 n. double con~or 
11 5, 1:31 , .. ,-r.: i.,-, i, 172-:; 3 11 ,,oo u.i.01 r 
II lC , 1931 955 51:~ l Cl'.; 2 f! 

:1 .~ L33 ~so 57:: 110''[ 1 II 
,.., .., , 

c. r .. :1 . ~.cteorology .. Febrc.:.:·.ry 7, 194G 
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Jn,:s 27, 126[, S'CO 491i lf,O",\. 1 dny 
ii 20 , 1S'3C 9CO 54-,_ 1C5~"f 1 Tl 

l'
1eb 17, 1910 960 51-, l6'T'ii 1 n 

lT 26 , l~ 21 950 49i, lGGll 1 II 

n 25 , L2·1 955 53H 166,{ 2 II Sl50 2Cth on 
II ') - L,!5 E>55 '181: lGCW 1 lt .,0, 
a s, in,; 960 52:,, 144:il'f 1 II 

It A li28 ~ 55 51:1 163W 2 n ~. 
ti 18 , l e,~ A. %0 47., 1707{ 1 II 

~,) -
!I 14 , 1337 Gb.S 5~i~ 14:T,! 1 II 

ll J. 2 , J 939 060 52~; 174:H •) It 955 13th ,_, on 

-.er 12 . 1SC15 ::cs 31.:~ 131/{ 1 11 

ti 30 , 1925 9C5 ·5T 16DW 1 II 

11 21 , 1S26 S,65 5'71< 1,;,7,j 1 II 

ti ') ., 1 ~- 26 860 52:: lGTi 1 II ,Ju• 
t1 29 , 1033 CJ'-h 5/t.if l45if 1 11 ~ov --· 

.Sc e.nJ.i:1 fl.Vi r n Re,fcrenco Lm...-

Jnn qr') lDOl 95C· 701'( 1.5i.; 1 dRV c..,. -~ , 
II 22, lD_I_ 060 8li:~ 45E 1 

U V 

It 4, U·C5 $60 cs:i 45I~ 1 II 

II ,-, l'.;OG DCO 661; HlE 1 II 
;:, I 

II ,;r 1905 S55 74,. 238 1 fl 
LL J 

II 27 , J.DOC 955 68i·T 20E 2 11 

II 11 , lSlO 9GO 7')'1 15E 1 II 
(..;_/ 

II IC· lc:20 850 G2~~ 10!~ 3 It 
'-' , 

II ·) L~22 000 631-; 20.;:; r; II 
<J , G 

n 12 , 1n5 £.15S 76-X 5~ 1 II 

II Hi , 1025 950 751: 20B 1 II - 1 in fro:r-· Irele.nd ., .. oveu 
11 18 , 1925 n,...,... 761, 17i 1 tt .1:::io 
II 11 , l.J i50 3b5 641-J 4W 2 Tl 

It 7, 1932 ~60 621T 208 1 II 

11 ?0 lSZ ~. 0,...,... 
6911 35E 1 II -- , •. ,VO 

11 23 , 1935 D60 701; 20E l If 

({ 

6 , 1937 980 73ii 30:c; 1 If 

II 21 , 1 (1 ~ '". 960 7Gl\ ff,/ l ti 
_.}t)<..,., 

1: :6. 7 r.::~ r-.~o Ro;, R-, 
,D l ti 

leb ~ J.C-03 960 C2i, ·~4E l ti 
V I 

If 11, 1(1(:" 
~
1 co 72h.-;T:1 27t.:~~2E 1 fl double center .. ,·.JU 

(I 

20 # 1903 f)CO 7,:i, 15:rJ 2 
,, 

Tl w, 1907 950 59:, 7E 2 II 

II 16, l!·lG 960 5s1; n·-1 

1 n 
..)D 

It 10 , 1Si2(' s·1oo 6oE 35E 1 II 

" ., 1~ ~~;) 9CO 67:-, 10E 1 I! 
c..,' 

11 (' 1%3 960 70H lOE l II 
V J 

il 1, U<S4 960 781J 321-~ 2 11 055 on 2nd 
Ii E, 1S3{, 9GO 82~T ~5E 1 11 

II 1 r 10" 1 GGO 72., 691 1 " ..... u , vu". 
11 2 , 1935 S50 e5rJ 15E l II 

a l , 18~18 9CO 6 0:ST o:::: 1 II ,_,_, 
<I 

lo J 1S:S9 960 77;·, f,OB 1 II 

~.,Lr . 8 , 1006 tJ55 _ 671. c:: ... , , n 
vD l. 

a 7 ~- 1906 060 ss:, 12E 1 11 
~ ... , 

fl l ,· 1908 965 ao:. 4:51~ 2 II 
-v , 

" ,1. 1020 860 70:: 28E 1 n - , 
II 7, 1.2W 960 en" lOE .... II 950 on 8t}1 l•s, f:, 
,t 2, 1 ,-. "i"' 950 70;., 20E 3 II C. I . T. __ ·etr:orology _,)...,;"-.) ,..., ... , 

I<'o bl'Utff~,' 7* l'."".'.:G 
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1.'l.c ... ·ol 1.0Yrin,c; tr 1,lc sr'ons tho nvorc ·o c'.istcnccs to tro .,rrnt of tho thr ee 

r,Jf<:-ronco l<Y'.rs o:; ror.;ulrrly rccurrin.g inc ref' sinf; or decror sini; pressure cente r s . 

... crioCs 
,ocst) 

-
(Incrc sc) ~ -JL 11 

J 7 1 .. 
uocrc-cso) 

, _ icror so J 

J.3 l 2i_.. i,;1 •. 
( !J8Crt'9 SC) 

l •-

( InC !'CC SO) lGL lE: L 

IcslPnd 

,_To . .n hr jc.-.11 rr 

51 31 

CL Cl 

1°:1 BjL DL 
'.'. ! 10,' .~i lC ·: 101 

Ci LHo Lrt1 
(Lo ·r Lt. t) 

lSL lSL lG L 
lUL 

l8L 

( frh L"t) 
(: id ;1/-1.rt) 

( ~ d '·le kt) 
\.:...ow Lrt) 

C. l . T. ,eteorology 
i"ebrurry 7 , 1D4G 
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lncrec siri,,; 
Pressure 

Jin~r· J.l o .... • ~ rctoc-l re ,:;( l lq rou;tr t."'~o _,f'r"'..,n :--eL 

Im ,~~,~o :b. 01· loss; ex1. ts. 

Incroe.sing· 
. res"urc 

°i'l:e .J,Jr;:: 
'--

(:i o. 'o,is:,herc) 

9 DecreP.sinr~ Pressure 

/0 

Pre ssure 

l.Jecrco.sint; I·ressure 

!.,otc : J.,u,:,bors represent 15 cie~roe zones to tl:o c~~st of' tr_c 
;cry Del.., .J Low 

C.I . f . ... .ctcorolo·~ 
l''ebrur r y 'I , l~:16 
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Duri:-tG the proc,,ss of chec:~in6 the m:::..ps shovm in ip ·,enc ix D, it ',o.s noted 

. c.sin ,,i_;h incr, r,:=:eri in February , e.s co,ripu:red to Je.nur:ry • .F.s a rest:l t it was 

decided to !1oto the ~°'verc,~o posi tion:i of c 11 the J110:ce or loss per•1c110nt 

on the ref"-'rcnce lo,, charts ;?lotted fo r lcolnnd , ¥.r.mche.t~-H'" r:nd ·}ulf of 

.",lasl::E',. Tl-•is YTf'S done in 1>,n effort to Jot0n,ine ·;i.'hethcr or r,ot &'1y consis­

or ~est of tl.e cvcrn:;o posi tior:. for t: e vn.rious 

features would beer out in Pll er sos f,r the different ,ronths cor,,.,3,::1onc.ing 

to tho :-.1ovc,ent of the rcfe:rence cell to ~-;gst or ,,est . l'ho results nro 

t:::::it;lr.tec;_ belov, . : o definite ::1ov0··1ont of a _gene ral n~turo bes.rs out . It 

,-rill even be notec tk t tlte closest foe.ture, su~r as the I-olc. :r L~ sil1 1- igh 

:rclf'te<.. to the ".xulf of Ilnsl:n. low, di d not move consis-tc_ntly with t'.w 

refo:rn:-1cr-' cell . 

Gulf oi' Llasko. Ke..mc Le. t1'.r:. Icclnnd 
Jrn l•'oe.ture . '-ipn ieb .:..f'.r Feb ts r 

IfancL. Low 155.S.1 
I 

G. oft . H.:_;L 155.1 0 
Po.c . ngh 130-11-
Pole.r H-;t 115 
,,;. • Lr ke s i'r . 9 5\ i o 
sB us E.iz;h rnn I 
Icelv.nr' Low •~S{;" I 
; zores i~;h c::OW I. 
Sce.nd . Low 20E f 

l65it 175E -
155·:;/ L> 5« 0 145l'i -

135'J, - 1Zb-]!(i","i-
105W- 'i J30&]Jff 'O 

85,, ~ - ? ~;5- 90',[-
80- 85~,- 'i" 80,1 -

40 , 0 -1,5 - .,(1 •f 50Yt[ I 
15,, - 3['.'''?,i 25W -
50h - 15, j lbE / 

50- 5bE- 00~? - ~:o~:. -B.ussin;: i . 
3iberif'L "f-: . 1 rn , -:- 1n-lli' E- 12 s :c::.__Ja .,.. 1 n; a 

0 

175E- 170': -165.S / 1'0-l'i5E- 155I: ./ 
145.'i- 155?, 0 15' ,, - 1r-i·~., o 
1 :5.-:f, l40-m9 HOW - 150;"1 .,f l4[~Irn/ 
13C",',"f 1,wx t. IlO-J.15,~ llO,. 
lOQii..L 105.i / 05':l o sow - 105H / 
,r,, o g:;.f,ff:J 85N o f.5'''! o 
4Gi; j 4G,l / 35W 25. - 35",J 
20.-; - Z£.-4)i{ I 301'- o 35 . I ~v I 
10~ - 30E I c5~ 36E - soE 
15E f ;D-n.: / 25., / l:;-2Cl'..f. ~01-; f 
105]:ff./_ 95~_-.t;,_l.10~ -::_105_~ ./. S,i2_b_-4 

t - - r 

-167:E 
15ff.V 
g2-:.w 
l:0 1i 
or.:· v0,, 

85W 
40W 
301i 
"'') ''.-" 
VhJ .~ 

30£ 
107,_E 

1-L'he i'i;urGs r,boye iudicp,;;o the pressure sys cern under con1clidention or n,ther 

t.Ley i110.ic~,te s eri c-,s of sinilr: :rl~r plc.co<.i. pressure systems for v·e.rious ::1onths, 

hDd fo r vnrious positions c~enr to ODO of three reforoncc cells) . The fi;ures 

ind.icf'.te tho ctvern.g;e position for all tr.roe 1w::-iths olso, "-'.nd n Plus or !,:inus 

i L,urc is c.•i,1ed to indicr te ,est· mrd or Enst-:rar c: di splo ce::ient res ,ioctfu lly . 

is to bo expccte•.i thr.,.•~ i11 ciif'fer•,:mt ·nonths , highs ::tna. lo·.•rs lie in dH'.Cerent spots , 

C. I. T. :,:et0 orolo_;y 
F'E br'df'.r'J 7, 1..:46 




