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INTRODUCTION

5

Authorlzatlon.’ In & 1etter dated December 22 19Hl, from’ﬁhé 
, 01¢1ce of the Chlef of Englneers, Wér Dapartment thefoooperation Sfiﬁhe" 
k'U S Weather Bureaw was requested in. §1ﬁé a meteorologlcal studJ of “
:,the,?anama Canal,reg;on to~de§erm1ne, 1psofar as;posslble; the llmltingt
\ sforﬁfooﬁditiog$. The stﬁdyfﬁas gésigﬁsd'tokﬂhé Hydfomét6§rolégicél
k'Sécfi§h éf ﬁhevWegther;ﬁurééu; opéraﬁing ﬁndér'Special'traﬁéféf’6f fuﬁ&s;'*

‘~Uﬁfrom the War Depaftnent

The Panama Hyd ologyrﬂeport A report éntitled “EVQroldgv of 4
‘the Panama Caﬂal Part I - Flood Cont;ol " had alreadv been SmeltbeQ

bv tﬂe HVd_raullc Seotlon of the Spe61a1 Aleﬁeeflné DlVlSlon Deparﬁmept‘ .

it

of

by

‘ "1<1

qoward W, Brod ASSOClate HVdfaullc Em sineer, andkwlll herelnaftel be
7 réfe;véd to as . tﬁe Panama Hydrolcgu Reoort For thls leportfuhe
  kphVS1Ogr pbv 01 the Paqama Canal regloa waé taoroughlv stuq1ed Doth Dy
€191d o%servatlon and by rev1ew Df feCOld@d data, 'Avallable metepré; N
ylobzc‘andvhvdrogréphlc reco:ds were colieeted and aﬁalvzeﬁ 'Intéfﬁreta; '
lthDS of - oast stofms were made %v ﬂeaﬂS OL 1sohyetél maos adgusted for o
\tfe 1n¢3uences of fopograpth eipésure, geographld locatloﬁ Vstorm
dlrection,;etc. ihe de31ﬁn sﬁorm was develo@ea on the ba31s’o;”a:1

probability analysis df point rainfallgythe‘aréal and timekdistfibutién :

sl

Operatlon aﬂd Walntenance The Panama Canal | The report was plepafed,*»




adfiiainfalif@uriﬁg“basﬁ7stofmsﬁ and;Céf%ain'fﬁﬁdaméﬁtal cohcepﬁé df'airw Tf:

mass analysis.’ In ef feot ‘a sodcalle& 500~vear sterm was adopted a8 the R

f~1imiting or &eéign‘storm; The meteofolsglcal analy81s to be made by the"
«pHvdromeseOfologloal Sectlon was to aot as a chec? on: the values of theyﬁ;  '

‘ ,hy0otbeﬁ1ca1 storm thus &erlved

: 3 The Hydrometeorologlcal Metnod ‘ The,géﬁef§i ﬁ§tth;Puxgﬁ?§ ﬁ?; :
*_the Hvd ometeorological section;1ﬁ;the,aerivaticn;of %héjméXgmﬁm'péssi;j,
’Dle SUO?m’OVéf any. élveﬁ éfea 15 based on aﬂ 1nvestigat10n ofkall thé\t“f
‘:meaSgﬁableimgteoxologic'chafaQthistigs,aédzantecedents éfkﬁhevétgrms 
‘Wﬁiéh hé&éﬁinlfhé panLpfodﬂcé@phea§j,?éipfali‘§§§f;ggwﬁéafftﬁé;&?gig_fA
1 ﬁé€ea'fééi¢n?“ E§er&‘éffO?éﬁig;madé¥t0’déferminéj#he‘éh&ré&ﬁéfﬁ%ﬁic{bfh:,
'if;fﬁfi?blﬁ ii§t£i5§ticﬁ5of~r§infa11~iﬁ1a£éa,gﬁa in%tiﬁe1wi¢hiaréach'éffth;;f
:lﬁéjorfsférm§;  Synopt?c a@alvses“of the sforms —m‘héth at ﬁhe éurface |
*f.éﬁd; Whea possible, aloft —~‘are made to dete miﬁe the faétbrs whioh arei .
filrespoaslole for the 1ntenszty, Gurétlonland dlstributlbn of the ralnfall,  iT
‘iwﬁea Lhese L&CtOTS are revealed itfbeComes neoéésarv.téxsbudvhtheir}. |

yilnt8131tles an& varlatlons w1uh1n uﬂe partlcular storm perlod and then

k'~~_to evaluate, elther theorenlcallv or. emplrloally from such data a8 mav

;be.avallable thelf max1mum posélble values and a33001ated &uratlons. ~' 
‘fiFromktne pn331051 uppef Tlmlts determzﬂed for “the. controllipw’neteoro;; jf 
”T_;lo 1ca1 pﬂenomena, Dotq 1ad1v1dually andkln combinétlén Vthe max1mum |
;790331ble Storm is derived :1 f',;g,;  | ~
"HQjVSoméﬁimesiit'ig,ééééiblé,%o?iébiatéwﬁhéﬁf%@ﬁéré~5ﬁ£ imféééigiéf’
 ‘Eto evalvat; them other taan qualltatlﬁeiv‘oeoauée éf péverhv of storm

: f'Jdaga, On tne otber hand 1t nay be p0331bl® to obtaln quantltatlve

o ’vaﬂues for tbe '?aotors ClLI‘_Lng t e storm ‘oerloc’i, but 1mp0881ble t@ mak:e




adequate measarement of per31sbence of max1mmm values because of - shortuf
ness or 1noompletenegs Ol total record Ig the derlvatlon of the
‘ ﬂax1mum p0351ble storm over nae ?anama Canal Ba31n all these 1moed1~

'kments caused.by lacK or 1nsufflclency;szlunaamental_data were encoun— .

tered. Ih~the'end only the progérlyfmeasuﬁable'fa¢tdrs coﬂldvbe used,k“‘

 and their range and persigtence evaluated from thé'data,that were both

.. most eppropriate and extensive,

5. Acknowledgments. The progress of this report would have been

‘aefiniteiy impé@e& ha@,noﬁ;the infarmatiQn'abiy gatherea‘gad,sﬁmmarizgaf
';inrfhe ?anama Hyarolégy'Répértwbeeﬁ'a¢a11able.lAGrééiﬁgis?also,dﬁé,:for,,

‘aSSiSfénoé‘in Obtaining metéoréib§ical recofds; fo the U. S;‘Engineéf‘hj
,’“Dépa¢tme§t anﬁ to the Sp801§l Engzneer;dh DlVlSloa, Departmeat OL'\

1'0perat10n and I‘ﬁalntenance The Panama Gaﬂal

The repcrt wes prepared by the Hvd ometeorologlcal Sectlon

unéew the general superv131on of Merflll Bernard EVdrologlc lee@tor.‘

= Collaaoratlng in the asslgnment wsre~'i ‘ ;‘;‘; R

ALK, Showalter,vMeteorologist in Charge =

~ G. ¥, Brancato, Associate Meteorologist
P, Light, - Associate Hydrologic Englneer
M, A, Garstens, Assistant Meteorologist .
H, K, Gold,  -Assistant Neteorologlst .

P, R, Jones, = Assistant Meteorologist

A, L, Shands,  Assistant Metecorologist

- D, J. Stevlingson, Assistant Meﬁeorologlst

‘M, E, Dorney,  Junior Meteorologist ~

W, E. Stodghill, Junior Meteorologist
,J.‘P;'Wlnner, ' Junlor Meteorologlst

S Tnev were. ably a331sted by the sub~pfof6351onal and clerlcal stalf of

‘%he SeCtAOﬂ.g The Statlstlcs D1v1slon of t1e Weaﬁher Bur eau, under the
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CHAPTER I
. " EYDROLOGY

7. Reinfall Characteriétiés; ThegseaSOnal ahdfareal distfibution'

of ralnzéll 1nkthe regloﬁ of the Canal Zoae has am 1mportanﬁ beérln on
%he characterlstlcs of the crltlcal flood~pro&u¢1ng storm. The meﬁeorof
“1Qgical conditions«rgspohsiblé~for the rainfall varigtion\wiil bé gy
iiséusséa in’sﬁédeéding Ghapters.:;in geﬁéfal& é digtinctiy5dry Seaéoﬁ -
laéts thfoﬁé@gtﬁe,fdur‘mgnth$\fromeaﬁﬁéﬁ§ tQrApfii;:wﬁilé théfremaiﬁdef'
' ~of the year‘¢ompriséé the:rainy S§aS§n.  Wiﬁ§iﬁ £5é réiﬁy séésbn,fthe \ “
,mgjor‘stéfﬁs prbdﬁciﬁgfwidéspreéd raiﬁfail‘oﬁef ﬁﬁévisthmué are5ﬁ§§ﬁ1y

'; dﬁnfé@ed fé'tﬁevaﬁths oftQCﬁgﬁéé,:Névember and‘Décembér.r Oﬁiy § 
fcdmpafatively'émaliyﬁréﬁéifibnfof?tﬁéitéﬁal;xainfall-ooéﬁrfing aﬁrihg!,§
tﬁgse:ﬁajor sform p§ri§dé¥is;Of:theklocél con&ecﬁiV$ ??§e5alﬁﬁough,‘aél

will be shan,,Qonvéction is&resPoﬁsiblé‘for the,éhdrt~periodﬁpéak ,

'inﬁéhsitiesgi Most of the pfélonged‘rainfall can be:asoribediprimarily,‘»’ <“'

. to orograbhic effecték—w an& 81nce these ef fects result from the ‘7
~~1nva£1ant topogLapnv of tbe feglon t he meaa extended pr801p1tatwon man,
"shown in ﬁlgure 1, embodles the GhafaCt@TlSulC patuern 0¢ the lafgewjy‘

' Soale»the of ralnstorm : The mean extende& pr801p1tatlon map was L

,‘develoned in the Panama ﬂydfologv Report aﬂd shows the 1sohyets of 1onbm S

perzod mean ralnfall for OGtober,,\0vember and Decemoer,'




B

i .8~'$Thé f?ﬁicéliéreaiidiéffibﬁﬁgﬁﬁAOffthe réi£faii fééﬁlt§ from
the éf ect‘og the ba31ﬁ 5 tonograpbv upon the' alr’flow‘characterlsflc of
{~‘£hékétofm peflod Because that flow 1s most oiteﬁ.from a nortberly
;d1r60tlon, uhe heaviest rain-is pf@ClélQated along ’he’n§rth70r windward 
7>31de of tﬁe San BWas Bange form{ng the northerﬁ boraef of the ba51n.  £$}
 ;thé'a1r‘¢Tows outkbi tqe basin 1t is abalq ]lited tbls tlmé over: uhe
“  '0§ﬁi1nenta1 DlVlde Whéré addltlonal‘m01sburé is br601nltated In both
’cases t ére’is-some Drecznltatloﬂ éa fléd over to ﬁhe lee&ard 91de.v f~'“
" i&“ the two mountain fahges and fhe‘Ofeva111ng sfcrﬁ;wina élrécﬁion -
account LOf fhe saarp falﬂfal gradﬁeﬁt 1ﬁ tﬁe novth~south direculon.:‘
|  9 To study the character of Sho’tmpéglod ralnfalT an’ 1nV§Sulgarr C
tlon was méde o; comparaﬁlvé’ralnlall 1ntensity an& rreqpenéy at Panama
'1f an6 in the Unltea States.  Tﬂe Lesuits éfe expressed 1n Flgures 2 and 3

‘f‘Tﬂe duratlon—denth ourve of lOO~vear~1reqpencv ralnfall for Alhaguela,;w ~ 

B

]

L
/ .

8.0. N : — "

6.0

3.6 I — — T ~—athdjucto
2.0 b ffff f

 DEPTH (INGHES)

om 15m. - 30m - ih 2h - ‘_V—"”‘f"  ,~9.."" - 16h 24h -
PR - “TIME INTERVALS PRNREU S
'_”Flgﬁxreﬂa,

_Gomparison of 100-yesr rainfall at New Orleans and Ahsjuela




e representative sta- 20 ——T— T TTTT—

LT e _ Minimum Slope in U. S. R g —
tion in the basin, . - , ‘ : - ,—‘\“*~ ‘F
B ) Y ) E . ‘. . O - | - - o
was derived from data L T N D B e,
Sy > ’ L : !0 . - i -
.contalued in the - —~ —T ,
. s 9 ﬁ%t:::: S —
; g.:: 8 ) Athajuela 24 hr. rainfall
. Pana,ma Bvdrology S . aE ' )
rRepOft The curve 'ﬁi 6 ‘
o SO o s .- , =
approaches kvalues ob= - a - Minimum Slope in U. St el
. . <1> : ,'_'1 ,,;4 — = =X —
ained from Yarnell ;g T .
23 : A
: fo.c comespondlng S RN S P Ahajveid 1br. (b/!nfgll/
) N R R 1=
; 100«vear falnfall ab | Minimum  Slope in U Sy _|m =
. . ' ' . I A ‘ T
~*NeW'Orleans.' This - ;——”"j;:;A T
mdlcat% 2 comPafa~ < U armajuela 15 min. rainfant ]
‘tlvely hlgh p01nt~ Sy ‘ : i : : :
, , - 20 30 40 50 60 708090i00 200 . 300
o ralnfall 1311381181'5 o - ' . FREQUENGY (YEARS} )
for Paaama.‘ FlgUfe 3 e o Fioure 3’
‘also 1n&1cates that o jComparlsom of slopes of ralnfall ffeouepcy

) . curves in the United States and Panama
Panama has afsteadier

, vréinfall,régimérthan'C&ntinent%lfUhite& Staieé;  As5éfgeﬁéralkrule,'
wifﬁin é parficuiarﬁseésoh'és~We1ila§'fr0ﬂ;yedr fo,year; there ié‘a
gréa%er régﬁlarity of\sﬁofm,écc@frencé~aﬁd é?eater,&ﬁifqrmity‘pf sto?ﬁk
 intenéity instrooical aS'compared £o'temné£a£é régions. .The'figure”
shows - that ralnfall 1ncreases at ) 1esser rate with frecuency at

(2)

: Ainaguela ﬂaan it does a@vwhefe 1& tnc Umlted States . For further

(1) Raquall inten31tvubfeaueacv Data, Dept. ofVAgriculture Migo, Pub,
- To. 204, Aug. 1935. ' S -

(2>,Lowaams, Qaﬁional Eesources\Committee, 1938,




7]‘c¢nf1fﬁati¢naof the'fainfali été£i1ity,éx'?anamé, ; statispiba1,anslysiég §
fwé§ ﬁa@§ éf-éanal rainfali at se1eéted‘staﬁiOnéuWithJlongfpériédSKof’?
:_ercbfd.f'Tﬂe resuiﬁs ‘are presénﬁed in Tab1e l whlch shows that aﬂﬂualr
(raWAIall at C¢1stobal 1s 1ess varlable thaﬂ at uWO coastal statlons 1n
: ‘the Uhlted Sta'bes-T San FfaﬂClSCO and New Ofleans. 36 dexlnlté concluy',
“;;slong~cgn:be'araWn;regaxdlgg phvs1éalk poef limlts of pxeclpltatloﬂ from 3
‘f:'gﬁsﬁ éﬁ;épéiy§is;‘mﬁéwéVé:; the avallable s%étlstlcal ev1aenca suggeéts

"-tha%‘enVéloping VaTués deriveq from the'Suorms 0¢*?écbrd'at*Panama-are,"“

S Wess Wlkelv to be exceeded‘thaa 31mllaf enveloplng Values Lor most of '

s the,reglons prev;ous1v sﬁu&led bv the ﬁV@fOWeteOfologlcal Seotzon.'

WQHal”

VABIABILITY OF AKNUAL RAiNFALL

Period . Ralnfall s Range Baage Standard Coef¢1wj
_of Ay@mﬁeM&mnmnﬁuumm S " Devia- cient of
" “Record  in Cin in 0 ine per— ~tiom Varia-
{g(Yearé>~“1n¢hes'nInches Inohes Inches ‘eent . . o fdiom

. Cristobal ij69,\“;3129}8,*'1773uf;,18@@2 | 93,2;[~17g 142O§$,.:\\Q.16  o

1\?6“{,\}' e

. Orleass 95 5.5 . 85.7 3Ll M6 95 113 0.2

" Fremeisco 92 . 22,0 38,8 9.0  29.8 136 5.6 0,25

.10y Hydfoloblc Ghafacterlgtlas. iqe hydrology of the Panama

' {,LCaﬁal orélnage svstem has‘oeen ureated thoroughlv 1n the Panama,ﬂdeolo~;i
?gv RepOft Tné feﬁort statés that tﬁe funoA cha 8CbeflsthS é» the R
‘oas1n aad *ho proolems §f fésérv01f conﬁrol reaulre’that tﬂe duratlon~
ceéth cufves fo; the max1mum'storm e, extegde& té‘at east six da#s; rit;

‘ufvfther states tﬁat tue crvtlcal ﬁlmeprSIthn xOf the most 1ntease ?aln"

-




‘wOﬁldfbeftbe éiﬁtﬁ day.fonr'purfoéeé‘of peak?rﬂnéff’&étérmina§i§ns,V
ﬁhis\méximﬁm period shpuld/ﬁe ﬁfesenféd'égja'time Se§déﬁ§e\of-rainfallA
in hélf~hgu: indﬁémenté. ) | | |

| 1'fll¢ »Beéausé‘résefvoir 1éveié are‘likelv'ho‘%e at or near’maximumku
dufing tae perloa October through Deoeﬂbei, tae tlme of oécuﬁrence ox
the max1mum Storm is restrloteé to the perlod oi mean extended pv601©1~  '
tatlon.‘ The detalléd‘anal¢81s of past storms was likewise ressr;cbe&
;to tvpes that can occnf durlng Qbe same perlod | | | |

V}é} The Dfobiem ‘areas outllned by - the Panama Hydrologv Reporu are/)‘

aéifo%ldwé{' | )

Axeap(Square'Miles)»‘

 %irafio?és Basin i,' S o 3T
‘Ma,d.del’yl' Basin e - g
: Gatvn Baszn (ﬁxoludlﬂ Maodel Ba#ln) : g‘.i{k 89é'
otal Basin' lt  ﬁ'f", o :’ 4’i/ ‘».,’ jﬁi322‘

, "’:,13'.' ‘ St‘om’_gamféfli 'Analsrsi's. ' The nine m'é,jo:r’ s'torms ‘enalyzed are.
: _iistea 'bgiowé | | | | |
’ . Déqemﬁér;1¥35\1906
’jgovémbéf*15~i9,:1§Q9,‘
'ibécémﬁer 25~3§3V19Q9\u
“ ;;O&tobe‘jé '21—214—} 1923
Novem@é?~6¥9%k193i'
- “No{rembérb 26_‘2’9, 1932, .
Eovemﬁér ERIE 19 19 35 :
N Deéembér 2~%, 1937f ’  ’ 'k -

- November 1-7, 1/39




f‘Thésé*sfpfmé‘prbduced»méjorlfidéa;peéks‘&ﬁringuthé(peribd bf a&é@ﬁéﬁeg~,
‘ffaihféil dété.\ 0ﬁly.oné‘étgfm‘&ﬁring”afﬁeriéé bf,épﬁfdximgtelj iOQ"
‘ yéars'éhows evideﬁéé:dj«gfeatef iﬁteﬁéity én the;ﬁaéiséqf es%iméféd dis; 
caa*ge at Alhaguela. kfhe Nbﬁéﬁbe§31879,§torm[f0riwﬁi@h‘fainféll:ﬂaﬁa.' :
V:are extfemely 11m1ted | . o
14 The avallable pfeCl?ltation data 00331§£ed of daily ralnLall
,Vamoﬁﬁts for éll‘statlons fcr the toual pefiod éf récord in ﬁne Panamé o
' ¢‘Canal 3381n an& 1t§ v101n1ty.  In addltlon flvé—mlnﬁte4amounts at |
'»gtlpping~buoxet gages and repro&uctlons of recoréer’charts from we1gh1£é~:
;Q,tyne gages:ﬁere~avallaole for the‘storm-nerlods.V Isohyetal maps LOT
\‘fs1gn1¢1cant‘perlods of tbe storms Wefe also on hand These maps were
~?based on statloa-ralnféil values as wellras conelderatlons of TUHOLf an&
’lithe”ﬁean éxtende& précinltétlon pa%tefn, |
| 15 Wlth the sﬁorm—lsohyetal mans and statlsﬁmralnfallkamouﬁts
AJLOf\varlous 1ntefﬁéls ot tlme’as baélc data,‘the Speclflc pfoblem was. to

A T‘arr1ve at satlsfactorv values Df areal ralnfall for 6urat10ns as. short

o as 30,minutes. 'Itéwas decided to eliminaté non—recerding stations as a -

’MfaCtOr‘in'aetermining”shoft—periodfrainfall ‘ The*aréaVis Well served~bv"
”:automatlc statlons and in most storms mOfe than 50ﬁ o» the bages wefe o?

L~the avtomatlc tyﬁe, On the oﬁher hand ﬁbe qon recordlng éata are’ of S

Sy pOOf callber.j Ubservatiouftimes are’missingtin«many”oaseg~‘an&“no.times

o; oeglnnlngs or endlnbs of ralnfalT a;e glven. Uhder the 01rcumstaaces, -

JVQ 1t was L@lt that no 1mportant adaltlonal 1nformatlon could be obtalneé

' ﬁa,‘bv tne constructlon of mass curves for non- recordlng stablons.,"lt

:'Shouid be empha81ze@ however ﬁhatfall tme avallable data WGreiutilizéd

‘Z;ﬁ the orlglﬁal coastructlon of 1aohyatal ma@s,;

 '?;l i<‘i;,_ 7¥‘  ;110;;’5’:




16. The method previously used by the Section for obtaining
short~period rainfall a@ounts was to welght the statiqns within the area
according to a Thiessen network. The weighted rainfall values were then
combined and an adjuétment factor applled uniformly t; each increment so
asg io bring the total value into agreemeﬁt with the average depth
obtained from the isohyetal map(l>.— In the Panams Cansl Basin the rain-
fall stations are concentrafed ¢chiefly along the Canal Zone and there
are few stations immediately outside the basin boundéry. An individﬁal‘
Thiessen block, therefore, encloses an ares Of varied topographic‘
features‘and irregular rainfall patﬁern{

17. A mere reasonable method of weightihé assigns homogeneous
réinfall areas to each station, The methg& ig illustrated in the
schematic diagram of Figure 4, ‘A curve was dérived’from the isohyetal

map for the period concerned, expressing the percentage of area encom-

passed within a given isohyet as

a function of the value of the ;
E . . - 55/ t :
isohyet. Horizontal lines, i,m -11(,,£bamwmwmgaa@u Gurve
a.
‘ s s w p, b— —
representing rainfall depths at o 72 |
o » ET s
each station, were extended and g 3 | |
~ , 5 @4/‘ | :
~blocks thus formed whose areas - o |
Ay Ap » Az .
™ T |
represented the contribution of 1 |
S 0 PERCENT AREA 100
~each gage to the total volume of
, Pigure 4
rainfall over the basin area. ; ’
. Method of assigning weights
In the figure, a hypothetical to rainfall stations

(1) Hydrometeorological Report No. 3: "Maximum Possible Precipitation
over the Sacramento Basin of Califormia,”
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network of 3 rainfall stations, designated as L, 2 and 3, 1s assumed.
The rainfall depths are Dy, Do and Dz'and the corresponding weights

&etermiﬁe@ by‘fhis process are Ay, A5 and AB‘ The area underneath the

5

encompassing-isohyet curve is equal to the average depth of rainfall

over the drainage area. Un the other hand, the sum of the block areas

r

is equal %o the weighted total rainfall. Hence, the adjustment factor

Area under Curve T4

can De seen that the adjustment factor arproaches unity as the number of

“referred to previously is equal to the ratio

Sﬁa”ioas(in@reases and. hence greater dependability may be expected for
the larger areas with this method.
’ L '-n—- ../ { .
18, The results of.the storm-rainfall anslysis are presented in

the form of sixz-hour increments for each major stomm for Miraflores, |

Madden, Gatun, and the total basin

6 - HOUR RAINFALL © in Figures 5 to 1%, inclusive,
 DECEMBER 2-3,1906 o A
o 1 : Periods of intense rainfall within
20 MIRAFLORES ‘ - ; :
15 BASIN®
o these storws were selected for
05 L . o L .
o e l o detailed breakdown into 30~m;nute
. n ‘
2 4l ygaooEn , T » increments. The over-all results
§ 2 BASIN _ : o
oo 1 ~are plotted as duration-depth
z
g * — S
g V , L oms
w GATUN , values on log-log paper in Figures
22 BASIN : g .
] ) o
z ! 14 through 17.
0. —1 S
5 .
TOTAL S— o ) ,
3 BASIN ’ -
2;
4
o . 1
2 3
DATE
Figure b
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AQ&RAGE DEPTH (INGHES)

 6- HOUR RAINFALL -
' NOVEMBER 16-19, 1909

]

T .
MIRAFLORES BASIN

i

MADDEN

[ |

L

: —LG_I-ATUN “BASIN:

K54

5

AVERAGE DEPTH (INGHES)

o

T L —

. DATE o
Figure 6

6-HOUR RAINFALL
OCTOBER 22-24, 1923

~

 mmarLorES BASIN[—

v T T
MADDEN BASIN

T ”
" GATUN BASIN .

Y

TOTAL BASIN

23
DATE’

22 24

Figure 8 ; -

° AVERAGE DEPTH “(INGHES)

~

Comlu a0

6-HOUR RAINFALL
DECEMBER. 26 -30, 1909 =

T J
MIRAFLORES BASIN

R

w A -tne

-

A L ¥
MADDEN. BASIN' . .

L WO

T

7
GATUN BAS!

=]

| E[_,I g

T T
TOTAL BASIN

LN

AVERAGE DEPTH (INCHES) ..

[P

13-

26 27 .. 28
’ . DATE

28
'F'Fib'gk‘q.;r}eT‘

" 6-HOUR  RAINFALL
NOVEMBER 6-9, 193l

© MIRAFLORES BASIN:*

— 1 =

]

MADDEN BASIN

MW s to

I

TN GATUN BASIN - aE

TOTAL BASIN




AVERAGE DEPTH (INCHES)

AVERAGE -DEPTH *“{INGHES)

o emo

TR

Wb O

il

6-HOUR ' RAINFALL

NOVEMBER 27-29, 1932

: MIR.A‘FLORES BASIN

,j , ”FT'

" MADDEN

. BASIN

RN

GATUN

BASIN.

" AVERAGE DEPTH (INCHES}

TOTAL

.. BASIN

Logs

et :
Co T . DATE

 Pigure 10

- 6-HOUR RAINFALL -~
. DECEMBER. 3-4, 1937 . ~

2

~ ‘MIRAFLORES BASIN

S

MADDEN BASIN'

-

B

BATUN -

S BASING I

——ror
s BASIN .

DATE

| AVERAGE DEPTH(INGHES}

6-HOUR RAINFALL
NOVEMBER [4-19, 1935

| MIRAFLORES BASIN | * .

e —

_ MADDEN BASIN

1

- _;;; .,., 3

. GATUN BASIN

TOTAL BASIN -
gl

i

s e e e e e

N SURR
CDATE

O Rgwen

© 6-HOUR RAINFALL
. NOVEMBER .6-7, 1939

MIRAFLORES BASIN | ©

” s T T p
.| MADDEN BASIN.

—T T

|- GATUN BASIN |

LN,

5 B i - - '.
- [TOTAL BASIN

L. UDaTE
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- oempTER T .-
. DYNAMIC CLIMATOLOGY -

: 19;‘fAVai1able 3éta. Da11f mornlﬂg svnoptlc observatlons were”

.avallable from Mex1co, Centfal Ameflca an& the West Indies for all
storms except that of 1906 ~ﬁaily'evening obserVations/became;available
‘ from Cencfal Amerlca and the West: Indles lﬂ 1923, aﬁd from Mex1cok1n 4

t 1939;’ Hourlv or bl—hourly oﬁservatlons wevm recelved ?rom two or. thfee,
ngﬁéﬁions‘Within the;Canal—Zone ﬁqr?most of ﬁhe s?ormiperioﬁs; fﬁﬁr/ﬁore f
ﬁrééen% sto§m§‘syn§§€ic date frbm;ﬁbfthe£§:Sdﬁth America.wéfe’aﬁailabl§¢%v
'ﬁﬁt wgfeialmosﬁ_énfi?eif ia@kiﬁg f§r”ﬁha:eariier/ﬁeriédép‘:fhe west
yécoasﬁgoffColombiaa&asfﬁdt;feprésenféd ﬁy’éaygobse}vafion§.;g hipﬁfépprfs
w3; fom:£héfGﬁif£of Mé%igb an@ %hé[caribﬁeéﬁxwére:numeféus‘bﬁﬁ‘in‘ﬁﬁé,;,f; -
‘ 1éar1iér éf6rmé ﬁhe$elW§re féﬁrGfeeﬁ@iah’ﬁidnight’obsefvatiéﬁs rep6ftéd5£
ﬂ‘Infthe_PaCifickaréé Wééth§? oEserva£ionS:weré édaﬁéy-énd‘théée:av%iiable%
,weré’mosﬁiy c§n§eh£fa£éd_aldng}thejéhip«1aﬁe§;fr§m £hé‘Géﬁal ho%fﬁ%é3£% 
Cwera. | | " ”
| kV'EQ; U@per—élr data‘were deflnlte?v scarcé.‘ At Goco Solo p;]otn‘
,bailoon‘obsefvatloné Qere begun\ln 1920 ﬁor’stOfm perlods s1mce T 35
winds a10¢t were aVallable from Albrook 1916 and ﬁrance‘Field.k'Eor B
'” vavv1§g lengths of tlme 31nce 1935 tnere were smmmlar obéefvatloﬁs V vA

ava&lable from,Davld, Panama;'muébo aﬂd Baiaaqulila, Colomnla- Maﬂaca;bo




‘~Véﬁé2uela§,Managuayﬂﬁicardguafiand'Tépabhﬁia;'MeXico That is also prﬁef“
fof other statloas in the Carlbbeaa aﬂ& Wesu Indles reglon wztb the

cebtlons of Guantanamo Baﬁ, Port aﬂ.Prlace and Santo Domlngo whe?e

Y

E :records wer e avallaole for the “932 sﬁowm,* Up ppe 1" OUn&ingS'by means »‘

 fof alrplage meteoyo rabh were avallable at Coco Solo slnce 1936 ana bv g

Nfﬂ,medns~qf ra&io$on&e aﬁ*Swan>Island‘&uring the'1939 Storm;' Both”piloté'
'{0 5311an and aifpiéne sgun&in s ‘are 80 mvdh aependent on favorable

. wéather thatf9more:often‘taan nOU, the 'Weze3missing‘auring_criticali

” 21. fAdequaﬁgﬁclimatqlogical éumﬁéri¢3 of $hé?mé£éor§1Qgiéalf;ft”

;élementsqwérejavailable‘in’various bublications,/ﬁuﬁ considerasble work =

\fj ha& to be done in summarlzzng uppef alr‘éata.,;Itgwaéyalso;necessaﬁy;tdv'
_,secufe moathlv resu_tant w1nd daba' rom.the vast store of snlp weather
( ‘Obserat1ons and din thls uask the servwces Oa the Statlstlcs DlVlSlon o¢f

73Jthe Weather Bureau were eallsted

1if221 The Ollmatologlcal Anproaoh In ngher 1at1tudes, w%ere

'seeonéa"v 01rculat10ns bredomlnate an& fTuctuaulons in weatner;element$/

‘areiaxtréme,;thekclimatOIOQioal ﬁeans,ﬁay.serve'td'mask fathergthan;

ﬁV?eVea“ the actaal wea@her sequences. In troplcal reglons, howeve

";“ﬁhg e the fange through Whlc e meteorologlcal elements fluctuate is

ow, Cllmatologlcah mbans Gan be 00ﬂ31defed much more repfegentatlve

»oflthe‘daily‘weathe:@g‘ his s fortunate beoavse observatlons“

’~ized§ ﬂeither represen%ativeanr entirslw’ 'able.;;Tﬁemcharactér1ofg,"

'tffsuch 1and oosefvatlons plus the poor dlstfloutlon OL Shlp obsefvatloﬂs  ,,,:'

”” ‘“901u0es 8 unlque analvgls of the in TV1dua~ Svnoptlc chart fHowever,*

 “ef ons afe sparse and whefe meteoso3001ca1 SE“VIGBS are poorlv or@anmf*,"'




"Eiffiﬁ{ééﬁ‘§e és$uﬁéd:tﬁéigthétiﬁiivi@ﬁaifﬁaﬁtérﬁfis ﬁbt toOfuniike_the‘j3
"'ﬁééﬁ;iﬁhéﬁ'ﬁhé ﬁetwork‘bé observétlons 1s‘ooth enlargea and 1mp¢oved;
’ x23;7ﬁT£ié i§ ﬁot’toﬂsay t at condltloﬁs are constanh throughouﬁ
‘”i’?tne vear although of some elements such as preésu :, iﬁy18JeéSentlallvka
/,'%rue.k Wlthln ‘each monfh and’e#en’witﬁlﬂ each‘season the relatvﬁgvoonm  ;“
i/;sfaﬁcv 15 ea31ly ooserved | Ho&eﬁer,\tbe Chaﬂ e 1n‘méteor010glcal condlmf
;ﬁlons from drv to wet or wetyfo drv séagon is well;ﬁeilned ’:t/iéif fffr»f-
il@giéal,vﬁherefé?é;;tégprefacaftheia@alyéis ofktheimgj§r,?anamastéiméi“
“iWiﬁh a‘¢bnsid§fétién'§f(fhe’mééﬁwajgéhégéi‘afmééfhefi8"¢i}gﬁiaiioﬁfGQérd”‘
;gf%hé’regionigﬁd,i£355ff§gté ﬁ@§ﬁ ﬁheléﬁﬁqaerariatidn5i§f3ﬁﬁéVmétégjo;;

,10@10a1 elemeﬂts. -

2& The Generél 01rcu1at1§h. Sltuaﬁed éi,ébéué 10ng1tvﬁe oOOW
and latitude Oomv.;»:tﬁe‘ Canalizcine 1133 in ;an,f.,abéreal'lﬁrlmésm;}yn. dami?la’ﬁ'ed ;b:f
‘ 1vhe southern llmlts of fhc cifcuiatlon ér@und‘the Amlantio cell éfvthe
/‘:hléh pressure belt that glrdles tbe gTOEe along latltude 300\T . 1lcw—,7;
’1;1n& the annual mafcﬂ of solar altltude, the belﬁ o; hlgh bressﬁre moves
'k3V§¢ﬁﬁnﬁardqiﬁbfhe ﬁiﬁtef and‘norfhwardxinrﬁhe‘Summerﬂof ﬁhecﬁorihe?ﬁ~;  fs”
' { Eémiéphé¥é;‘ Accoﬁﬁanv1ng tﬁé ﬁovement in the w1nterCls a‘weakealﬂg of ‘
“  £1é oéeaq1c hlgh~§ essure centeré éﬁé 2, strengthenlﬁg‘of contlneﬁtal

{?hig§/§?e$Sﬁfe, In the sunmef; én the otiéf haﬂd‘ the’oceanlc aﬂtiu

 ¢§¢1dne;ftheﬁ fafthér ﬁdr%h_ 1s streﬁgthéned’walle;the éontlnéntél ﬂlgbéﬂf"

dlsappear to be replaced by compafatlve lOW‘pressure.VTA GOuﬁterpart'of _”~ 

",]thws Shlltlﬂg 01rculamlon exlsts 1n the Soutnevn Bemlsphere w1th dzrec~,’“~:

 :t1on of 01rculaﬁlon and 1at1tud1nal dlsolacement reversed
:5 25:' On ﬁhe equatorlal 31des oF both bemlspherlo hlgh—pressufe

‘;belts tbere are the tfades,,broad ban&s of easterly w;nds Souﬁheasterly B

19 -




, in'ﬁhé?Sﬁuthe?ﬂ~anﬁihorthéastérlv.in»theanf%heranemiSphéfé.f?BstWeénﬁs~‘);“”

';‘w1nd belts partlcuTarTv over the oceans, there 1s an aLea fﬁ

fg_of 111 deflned 10W pressure and llgnt vaflable w1nds.’ Thlsfls“the*zone o

Eof doldmms,’ ‘ I'bs Wld.th latltudlnal POSl‘tJ on 811(‘1 GXaC'b boundame.s Vafy

‘ n tbe v101n1ty of tﬁe Western Carlbbean 1tulsfentl/eiy\““'
;w1tmma ths Northern Eemlsnhefe and 1ts northern_ooun&arv mav extena’as

morth as ll to lEON latltude.f us«mean p031tlon osclllates




a maximom in February and then diminishing through spring and practlical-
ly vanishing in the summer when the continental High is replaced by the

st . . . ' , -
continental Low resulting from the increased heating of the land surface.

28, Annual Variation of the Flements. The effect oh its rainfall
regime of the Canal Zone's position within the general circulation is
well-marked. Figure 18 shows the annual variation in mean monthly rain-
fall for 23 stations in and near the Cansl Zone. The combined mean
values for the 23 stabtions are presented by the histogram in the lower
right-hand corner of the figure, The latter values can bevaccepté& as
approximate, mean monthly rainfall dépths for the basin. The dry season,
which can be defined as the period'from Deeémber 15 to May 1, occurs

" when- the region is definitely within the trade-wind belt., During the

rest of the year -~ the rainy season —— the reglon is within the doldrum
22 T .
20 |_BALBOA || BALBOA | |MIRAFLORES!| PEDRO _: SUMMIY || GAMBOA || BOHIO__]| MADDEN _ii__INDIO_ 1L GHICO || sALamanca | L sarro ||

T fRS, HEIGHTS 18 YRS, MIGUEL 17 YRS, 58 YRS, 23 YRS, DAM 28 YRS, B YRS, 24 YRS, COLORADO
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Megn monthly rainfall at stations in and near Pansma Canal Zone for
vears of record through 19MO
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belt. The’fegional nature of thé wet and dry seasonsg is well-illustrated
byitheir noticeable ap?earancé at all>the 2% stations. The repetition
of the marked réiafali maximum centered in Novémber ig also notable,

29. In figure 19 the annual variation in other méteordlogical
elements, as well as rainfall, is shown for'Oristobal, Madden Dém |
(Alhajuela) and Balboa Heights, 'The marked change in valuves during
April-May and November~Deeember‘is noticesble for all fthe elements.

T&ese are the months during which the season changes from dry to wet and
wet to dry, respectivély, Inkelementsksuoh as dew poinﬁ,’relative humid-
ity and percentage of cloudiness, the higher values are natural con—
comitants of the rainy season and the lover vaiués of the dry. The
variation in wind speed ig of an opposite kind, the higher valuves being
characteristic of the dry seaéon and the lowefvof the wet. The higher
speeds arg_in the trade winds and the lower a doldrunm phenoménon. The“n
slackening of the wind, when ad&edvtd the vé?iaﬁility of &irectién, in
fact defines the dbiéxums; ¥ot shown in the figure, the variation in
7>oonstancy of wiﬁd airéction is such that during the months"Janué;yg
Fébruaryfand Méroh'nofth,or northeast windé @revailkaﬁ Cristobal moré
then 90% of the time while from May %o Noveﬁbér, inclusive, the per—
centage of occurrence of horth or norﬁheasﬁ;winds‘fallskwell below 50,
Durigg Ogtober, the,percentage acﬁually falls to nine. In that month, -
iﬁ can De seen from the geétioﬁ of Figﬂre'lg.showing the mean monthly -
position of the edgéiof thé‘&oid?ums,yﬁhe Cansl Zone is deepest within
the doldrums.

30.. The surface temperatﬁ?e has an anomalous variation, thé

maximm value occurring in April and the minimum in Yovember. . The

— 20 -
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egplanation of thé diffefence, as wellvas of .the other Eétter~correlate&
variationé, alsoylies in the’variation of the pogifion of the doldrum
edge in the vicinity of Fanama. In the figufe this is satisfactorily -
illustrated by plotting the\monﬁhly latitudinal fosition of this
Bbundafy at longitude 80°W. and using:9ON. as the mean latitude of the
Cgﬂél Zone.v The curve thﬁsvrepresents the northern edge of the chdrums
and the horizcntal‘broken line the approximate poéition df the Canal -
Zone‘with respect Yo it, The arrows are o schematic representaﬁion of.
the aocompanying wind‘regimé. Eﬁriag April, it cén be seen, the doldrum
é&ge‘is at Panama at aﬁproximatély the time of the éenith position of
the sun, but after Avgust 29 the retreéﬁjsoufhward of the doldrum e&ge
lags about two months behind fhe sum's zenith —- crossing’Panama in late
‘ﬁovember.‘ It is apparenﬁ,tﬁat both‘A@ril and November are critiéal in
the same sense —- duxing those mbnths the Ganal Zone is at the doldrum
edge;; |

. e erate 11gh surface temperatures of the dry season
31, The mod tely high f temy ture f the dry 01,

an effect of the greater insolation due to the comparatively clear sky

=

0 tﬁe period, rise %o a peak in April when the recelpt of sdiar energy
is at a maximum, AS‘the rains and cloudiness increase, the temper&ﬁures
‘fall steadily through the rainy season, reaching a minimgm in Yovember.
when the raiﬁs §re heaviést'and most prolonge&.l TheAmaximum monthly

‘ temperétu:e‘ﬁhus Qoincides with the ncrthwar& passage of the deld?um
edge over Panamawand the mipimum’with thg‘southward-ﬁaSSage. It is also

yéfrintéresf fo note thaﬁ the mean sea~surfac§ temperature to the north

and. northeast of Panama follows a curve of variation closely resembling

the curve of the mean doldrum-edge position, This is shown in the lower

;

T |  ~22*“. 
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righ‘c—«ha,nd; 'co:mex‘ of Figure 19

32 Alof“c the 'oatuew"ns c:u. tﬂe a,mJal varlatlon 01 ’me elemeﬂuS

al $0 show a smmﬂ arity to ’she movement of h.e d_old;rum ‘eé.ge, ‘Uf f@érticv_—'

1ar in ueres’o in ?10131'6 EO illustra%ing some of these variations, is the

evidence of the i‘c‘omparative dryness aloft during the winter months.

his is also shown in the upper hall of Figure 21, where an important

distinction between the variation of precipitable-water content and the

variation in relative humidity can be observed., If the
E . . . : . L L e - e

h

ive-kilometer

levels in June and February, for example, are compared, i% can be seen -

that whereas the mean precipitable water in a column that deep is only

, ‘25 ~
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Tourth less in February than in June; t 1@ feWa tiy ve mimidity at i
: ‘leVél is7about two-thirds 1GSS\in,FebruarykthéngihﬂJune; Inthe dry

seasoq Vhen the airﬁaloft isfquitejfar‘fromJa'Saﬁhrated7conditioﬁ;t

‘ ?;‘ 3&7’> ,° The Wet and Drv Seasons.,'The:deﬂ985 0¢ tﬁe alr alOut ovo

mtendency exis%ing ihcﬂarm svbtroplcal an tlcyclones.f

'¢fom nléW levels w1tn1n“the tra&e—w1ﬂd beTt warms Qrvmaélaoatlcall iziw‘

¢ Jﬁhe,:" ¥

?prodD01ng hlgher tenﬁeratw cs and.thereforé'lOWer relative'

”Amhe result is the tfaae 1ﬂV°fSlOﬂ whlch 0verTch0ﬂSle;,i;

scefnlole as & sharp deC“”ase 1a “umidity but‘sometimes, ¥‘"

false as aa abfupt 1ncrease‘1n tem@erature at an elmvétion ézyépvfoilw7 ;; 
”;matelv EOOO netefs-g All @ﬂ@ alfplaae‘oasef§atlons maae ét Coco Solo'x
: the vears 1937 to 1940 aclv57§e’ wefe aaa1Véea, &na the 5ercent;;,
:  observatlons per month on- whlch a trade 1nver31on was nOoed is-

the fcllowing*&:able; B

 5;Jéh:fJF§b. War ‘Apr,ffmay;jJune4 dle‘ Auﬁ o Sept’ Ocﬁ,f

s T % ST 25 3u o 2?_

V'The hlgh frequencv of the occu reﬂce OL tle 1nver31on 1p the de seasonh

'Vis notable._ The Lfeqpency,fOrfthé~othér,m0nths is;ovefes%imatéd)in tbe _ $

table becan$e a;rnlane observatlons aAe O!ﬁen cancelled dur1ng rawnv
‘ weather whenzthe]tra&e inversibncis”usually_missing; The e_fECb of ‘thefi,‘*

.L o

:Tinversion:aIOftAis to Dlaoe an ef T 1veioeiling‘dn,¢bnvec%ion»and‘ﬁd;ﬁ‘

‘dissipate (because”of £he:dryness‘ébove)usuch‘olgudinessias,may ‘




occa&ﬁonally peqetraﬁe the 1nvar31on.” |

"77 Fuyther eXamlﬂablOﬂ of. Flgures 20 and 21 reveals the a1f¢er~ :;’7'v

An_a;r§ f('

apse rate of temperaturs,

is greater in the lower Lay

is.” Such a condition. ‘is.to be
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f1té sur roundlngé fln"theufigufe the;tempera@urés;shown at‘fiVe;kilo;
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than-
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j r to pfevalenv'w1n&s WﬂlGQ must be svrmounted, the/vesultlng l

:caualag Saturatlon ahd at tlmeS bfodaclnﬂ the lapse fahe requlfea for
COnvgctiVéwacﬁiog;_ Alr cvoss1ng tqe oa31n Lrom the ﬁorthwast for
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convef ence ileldS are shown ¢or Feorumf faﬂdﬂﬁovember;jthe,minimumfand‘\

?,maxlmum n01nts On. the Gonvergence curve of Flgure 82

«BJ In summarv tne dry season ai Panama results from tﬂﬁ/eSbabwyyli

‘7f411shment of the trade—vlnd reglme over the reglon., Alth@ugh mOdlfled

‘~]oolaf 1nourszons bflng convectlvelv unstable alr 1nto %he reglon dLrlng

1,398 D@Tlod the 1nsta0111ty eoes vot e@teqa,uo hlgh levels and,the tra@

:iﬁve 51on acts as a Cﬂlllﬂg on both tne coqvectlve and orographlo

"i;efﬁécts ‘AS a result surface oonvev eace dlmlnlsbes durlng uaatfseasQn,J:/:

b 1W1bﬂ Feoruarv actually show1ng dlver éHCe‘* Dufing théVrainy seas0n,,;‘

with]coﬁvectiﬁe‘ !

'iaowever the Gaaal Zone 1S 1n'tﬂe beltFOA éoldrums

uhe tvade 1ave sidnf

';5occa31onal 8 “oealanceq of »eAlthough COﬂVéfgenCéf

The &ovemoer Maxlmum TheQmeénfstrucﬁnré”of £béfair,elgft“

5duflng taé moatns of Maguto Septemher,,’:’m‘ i

The LOTC@S 1nst1~"

'{‘offhlgh 1ntens tles of fawn_all bot saort dufatlons

L

 gjuhQ' enera‘ aac na;or Sto*ms of




Panéma~§ccvr w1th ﬂe gfmatest ffeqveaov tke fegvoﬁ is on tbe edge of
“a%hevvthén witﬁinﬁAtLe doldrﬁms.‘ While tae local convectlve actlvity
cof the pﬁé%iouéamohihs'1ingersﬁég?‘anfexterﬁal'agent is mcw addéd. it
zlS tae’ccéaéidﬁal'sﬁfgekof pclar’air, oft e de81gaateé §s the nox tber,
from the coolinb contlnent VPreceded by'a.cold'froﬁt5 pblar air passe?
‘ﬁhféngxrhe tva&e-win& belt éné‘QntGTS'fae‘QCiérums.!;Bégeaﬁh‘ hé'tfaéesv
thgmgelves'only min@f‘réﬁns aevelop‘w; or réaSons_outiiﬁédVin pre#ious
‘;afg,gm;;hs —— but at the boundary of the tr,a,a;és‘ and. the aéidm;’zns the
maj@rfstérm of §éﬂama'ensueé. ’ |
“¥2. Vft~wculd'ép§eaf, tﬂe;, thaﬁ‘thefmajér'Panama:sﬁofmniS'éiﬁpiyv'
a‘ﬂp“the”; “Thé er 1ﬂallv éold ané d¥v air mass surglﬁg souL#wérd over

o
or

‘ the wéfm/waters of the. Gu1f  Mexico and\Wesﬁérﬁ Cl,a:c:‘L’o’E:»earl‘3111‘1,’53%"naﬁbuw
fally acgpifeihééf apd'moisture thétyﬁillidévelop éxtréme'ébnvécﬁiVeij
~instal bility. In mogt'northefs,¢hoﬁevér,_the éiféﬁg‘windé raﬁhéf‘thah~f’
tLe heavy raihs,are the § edomlnaaﬁ leatv es over the water. ~,Whéthhe,
.Istamus is reached;‘tﬁe’orograph;cfeffect indﬁ¢es convective\rains‘ﬁotf\
ra lﬂyaole over tﬁe‘ﬁaﬁef.,‘The intens ?t}'ofythé'ofogrﬁphioiefféct‘*
beCpmes'a”@iredt fﬁnctiéﬁbof ﬁhe:speed §f’ﬁhe wind hafmai’to ﬁﬁe7ﬁean
: iig1est baffler.v Other facts howevvf do‘not’sunDOfﬁ the conclu31oa
uﬂau the northur is tae sole eﬁnlaﬁatlon of  the ?anama storm fQQtobe$;iV
Nojembez7and‘Deoamher —— Whlcﬁ af the months of greatest ArEqLOﬁOV of
k"majoruPanamé;sﬁOfms'4;'are also‘the’mcnths in:ﬁhiéh,th first cole Sﬁt4k":'
-bﬂséksjffom thevﬁéfﬁhvéypea? in the‘vi¢ihity;of Fanams.k The outeraES
-become mcfe‘f?equéat'aﬁd;aisp more iﬁtense inrﬂﬁe foiloWing’monthsiof

,Janvarj amd(Febfuary. In theSe latter months the surface modificationf

©of the bola% air- stlll goes on the: Ofo graphic QLLGCb of the isthmu




' ?§main§gtbu$[tbe maﬁoffétdfﬁs df Paﬁémé}ha&e cegéed‘aﬁ&;tin fa¢%; £hé,v  ‘
": &ryéée@éoﬂ~haslbegﬁﬁ} ’Tpe oellvng on convéétlon,’alfeadv &emonstfated
~which ;1sts at that tiﬁe is Qne o¢ ;ne iampenlng ef feccs.,l

| @3. he norther? then cannoﬁ e the sole canse of fhe magor
' Panama storm althoubh itwis cb#iduslyfaﬁ?esgential factor, 'The'northerj
"«acéompénles mést o; the storms bﬁb storms 60 ﬂct accoﬁpany most oi‘the
 fﬁorﬁhQ:s. The nortber servés to set of alstormfonly wbeafcertain ggn;TQ

- ditions fexist,; e oond.itidns -prerequ;isitef to_,, the nqrther,"s effeétiv‘ee

ness as a ralnfall pfoducer are a geason ql ;GauUfe of the Panama fegloa; 
iand that Leature 1s the preseﬂce of the boundafv between tne traaes and,f
1‘;tbe donrums. Sometlmes called the 1ntertfopzcal front data are"'

T
LL

nSp{xlcient ﬁo1establishﬁwith cefﬁ&inty,ibs‘Vertioal characterisﬁics in

e

[N

xthe‘Panamarregion,\ 1ts shrface pésitioh, héwéver;iié4usually easily'_
;1denb1fled and 1ts sur¢ace charactef usualTv tmat 0¢ a qua31 statzoaary
frdnﬁ'With;un&u1atibns‘of‘sll ht amplltuae. 5In most of~thQYstprmsj

b

‘iétuﬁiedithe‘méeting of thé’ﬁclarvand'iﬁte; ’J§ cal Lronﬁ is equallvk
well—narked | N ’ .. ’ : ""
'54&, In the Meteorologlcal Mab521ﬂe for Harch 1926 C. E. B,
: :Blf@oks, ina study of Pacific islands .a,t the,eé_ge of/the'clol&@ms,, sa
} ;},tbe’greaﬁest,spurceiof r3ig ié t6 ﬁé”fduﬂ&fin tﬁé’dccurreﬁc@,df;
:ﬁigds,éfvcénflicﬁiﬁ§ &irécti6n.‘ ”hé oc@urréncé g, ?aiV1ng dlfectlons’
'probablv 1ndioatés eddv;moflbn rand the edge of the doldrums mav be
"{iuaken as- tbe 11ne alongkwhlch the 30115 curfent of the ﬁrade w1ads oreakg
fﬁ@‘into eédles.‘ The 1ncurglon Oi.ﬁﬂe norther 1ntenszfles ﬁhe perturbami;

 ﬁ10ﬂ tendency alreadv nﬂesent alonﬁ tne 1nteftroplcal ffont and %he

: esult 18 the oocaszonal neaf of coavectmve rain aéded to the orolon@ed




"partly orographic convection of the Panama major storm.
U5, April is' the other month when the doldrum edge passes over
‘Panama, this time northward. There is,howéver; no,con?ectivé{tendeﬁcy'nf

1inﬁeriﬂ@,on'from other éonths: sudh a8 t Qré‘is &ovember . Phrther~
1<) = o 3 T

 LmQre aﬂtlc olonlc act1v1ty over the Unlted States is dlmlnlshlng, Wi

i

colé tagasts becomlqg fewer ana TeSs intc:se.. ThevrainyVSeasontuSQally;ﬂf

bégiﬁgrih»lgte April and'ﬁhe'firétiiméo?tagf‘faiﬁéjéféiﬁéﬁaiyyfthe/CQ@;;;~’“
‘sé@ﬁéﬁcé of a iéé?:vig§yoﬁé;cé;d:ﬁbfﬁsﬁ‘frdﬁkthé'égniiﬁéntéliééuiée, f
Tbe‘?aiQSmﬁhaﬁ fdliowjfhéﬁeﬁég,'éf; bf tLeyjocai éonvoctlve tVQé‘uauil
"the‘anﬁhér:seaéén*ééginé égaiﬁ in“auﬁuMQ;f |

 ;¥6;i Eetwéepl%bgfraihyigéaéon{éﬁdfﬁﬁé'ﬁéjd?—?féﬁm235§503; ?5é3sfﬁk
fhe fﬁiloﬁfiﬁg 61 sti ﬁcti one cen be :mé,&e’:;: Tne co m}evcﬁiij}eijac fviyi‘t;f i‘év’sﬁlt; .
iﬂg fron the 1hteﬁs f'ééﬁion'éffpeftﬁfbétibﬁ’ten@éhéiesvdf’Ehé{iﬁﬁgr%
tr p' gl frantkiszn~é largérrscalénﬁhan ﬁhe.localTéoﬁveétiveiacfifiﬁyf?<
‘of‘t;é SQmmér3mQﬁ§hs» faa wind— éomﬁonethnormé] 6. tﬁe hig hés%Vbaéiﬁ
“baffiérS is ;ﬁfdﬁééxrand;df,greater duiaiian‘dﬁrin the storm seaséﬁ
‘ ﬁhan'dﬁ?i‘ thekﬁwthwnéqoidfﬁm perléd Tie ﬁoveﬂaer maﬁimum 1n rald all

:”esul+s from a OO?bzﬂat1on of. these e;*vcts.

37 e ﬁ ‘r1caﬂe 903310111ty., At east one otﬂer 1mnortant

thedryjextant Xplazqs the pﬁepomemon of lax G sca7e convectlon in temms

of othér\elemeﬁts,, hoﬁewald s Drelmaqsenec% (l> is a 001nt at Wthh
”,hree~CUfrents°of air,meét»and?at which} as afyesult cvolo eD631s,
somotlmes Oi hulvlcane 1nten51tv has oeea kaown to occur. ,Vlf it‘is'

Ry

- agreed to call ﬁhe doldrum air. thc southwesv mcﬂsnon —= that alr

(1) e Séofiﬂldi"”Un the Urigin OF Tfoplcal Cmc1ones " Bulletin,

Ammrlcaa Heteorologlcal 5001ecv, June 1938,

37 -




';O“iglqallj the southeast trades 01 t‘eMSouthern Hem1snhere deTlected :

’nortﬂeastward,ln its passaga gcroes *he equatorf~-,ﬁaeﬂ the reglon of
e]Canél;ane¢&inhg afmajpr‘st0rm may be at the JUﬂCEQfe of tﬂe t%ree
- masses vwhich shéuld]mget«a%~the "t“l@le DO}nt V The other tvm ar

2ir of the northeast.tradeSfaﬁd}ﬁheAmodifiéd polargair.of the;f

;' The pressure’ f;al}lﬂi's’ J@.ig_ht.j ;,Howe;ver fthere isf
n most:of the storms studied, and on monthly charts,. -

il marked*conVergéﬁceaOVeryﬁhefrégibn“o the Canal;ZQné;Q,Ehis;téndeﬁgyéaj

tﬂe horlzontal convcrgence“7‘

0vc3ogen 1C pefturbationg;aldﬁg~thefnorther'1ntertropidal‘

cthéCﬁibg:bf“&he ?anama Sthmg




“hurricane is still to be solved but it has often béen noted that the’

:

region of tﬁe &Qlarums ;—’whetherVéalle& tbe‘doldrum,edgé; the intef~f

Itropical,frOntior‘theﬂhabitat'OL' he Dvewmassenecm'—ﬂ is the 31ace:0L‘m
T_ofigin;/ Of 80901a1 1nte:eqt 1a tne curmént 3tud« is’ tlQ, ;11 ring from

R U ii‘ he11~,<”0ver the western'tﬂirdvqf theiGaribbean'Seagﬁ

; f_eSpﬂc1a3ly'1n the ‘?égibﬁ'a,éhofﬁ @iétancé’ﬁorﬁﬁjof:tﬁéiistﬁmus»of' ‘
Palama,\a bélt wof doldfhms appears at tlmes.;..’ Thls, qu1te 11 élv
:isfthé,eXtreme;eaétern eﬁd éfjtheg?acifiﬁ béltiof‘ﬁoldrums,xwhiCh is
"fvsvallv Just‘soutb o} thé IstbmHS4éf P?ﬂama;f;; anq’wnlch ;as s11”ted
:Gom*ﬂwa;d be rond- Tat1tude 100 N, :Thﬁs c6ndi%ioﬁ§‘ihfthé'wésterﬁ Carib; :
; béaﬁ Sea ot thése’times;beCOme éaifaﬁéraﬁle f§r't5e ééﬁélébmént of 2

,cvclonlc ai sturbance as tnev are in the reglon Soutn of bﬂe ane Ve*do

Isl gls in tbe nonths of Ahgﬁsb and Seotemoe“ ”( ) xFigufég253‘§ased,‘y’
:mostly on &étagggtha?ed'bykﬁifchell an& Tannsﬁill(g); shd&é,theiﬁraéké 
';¢f tfépicai”St§r§§ Whié&,ﬁaﬁe or1? natéﬁ asﬁélQéé ﬁthhe CQngifZé@s‘aé
ﬁhelthe\fjigélls_fpg;ffTheir ﬁointé éf ofiéin.érg fﬁé'poinﬁs-where ﬁhéif:
@eﬁéiépméhﬁyﬁés,firs%bobéervgd;  &@ﬁe‘aag hure icaﬁe ;mtengltv ﬁhenjan&;
‘Some néVer‘ﬁ§vél§ped\S?bhiiﬁtensiﬁy; 7MhL1Q tiése,obseﬁvaﬁioﬁsistili,
éé\ee wi th ihéffagt thgt ﬁo“hufficéﬁeS~ﬁaVe eVer‘ocoﬁfré@yéver’th@ Can%i 
Zoge,ylt alqo bécomoé abnareﬁt taat the’ Gaﬂé@ Zoné‘ls at olm é iﬁ a
:?';égiéa,Wherv these gtormS can‘theo?’ﬁié8-] .develop (the 601&fuﬁ3> aﬂdk  '
also:r y’closb (apo oﬁiﬁ%teiy’half a'de ’ of latltude) to a f@élcr
whereﬁtroﬁical Stofmé?,s§§é Sf which ﬁave later‘achievedjhur:icaﬂg’

(1) "est Indian Hurricanes and UEHOT Tropical Cyclones of the North
AtlaADWG Ugean," Manun]v Weath o1 Rev?e Sunplw@ﬂnt Ao 2@,'192%.

i

Princeton”vniVOrszsv Presy, 1938,

:(2),”Hur?ican¢sg
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‘intensity, have been first observed.

51. There is evidence that the Canal Zone can be~definitglyywith— e

in the‘ihfluencé'offthese Stéyms; sometimes even'béfbré the»St§fﬁ is 
fi?Sf épb%ted,aﬁ an éntit?yin'the,Westéfﬁ Cafibbean;‘ Ihfébnnééfibn‘withf
'ﬂavdiso ission of the hur ~ricane of Uctober 20~ 25, 1921 Bowie cvoﬁes tﬂe(
followiﬁg‘from a ette; from the Chle; ﬁva ographer,'Pamama=Cana1:‘
”?eLereﬂce 1s made to the cabled nredlctlons of the West Inalan ﬁuf
annQ of Qctober 21—25...;  As nsusl we were not detrlmentaZIQVa_ﬁected
[here'léCélly;  30wé%er, we did‘have a'noticeable'effect:frdeit;JCQnsid4,-
erabiyvmoré'tbgn uéual; I 1nclose barom 11¢‘?ecord Uctooeﬂ 12 to 25
’(nof‘feprdduCed) You w1?1 note that ovf’ogrometer‘ disregarding
:fdiu;nal ¢lubtﬁaulons, was. steaally decilﬂlng lrom 00uober 12 $o la,‘
\p cedlng the bthh of uhe hurrlcane. Tals pérlod was aoéompanled bv
ﬁeavy daily rai@s; notléeaij on tne Pa01f10 half of the Canal Zone;
"windé‘ﬁfevaiiing from.northward.;.., Siibs Ve?E us of stormv voyages .
rom San ﬁ?an01sco to \woarabua contomnoraneouslv w1tq’the massage of
itﬁé'ﬁénlbaean storm.‘(l> Bow1e adds! “Wgyinfer f?om,the foregoing thaf»
'there'had taken;plaéevpfevibuslyytéythe birth'of>tﬁe‘c&clon@‘fuﬁ@amental
 ¢haages iﬁ;the primdry Windffggiﬁéiqfrthg Trépics;“ |
| x52. EMitcheilFé statement that/no'hgiricénesrin'thelﬁfiantiCQOr
Caribbéaﬁ are]eveﬁ;in e§ideﬁce{sQuﬁh éf go N? lafitﬁde oanVﬁe“éaid‘to;l
'meanitﬁat; althougﬁlﬁhéy:haﬁé'béen known to gevelop at ébeOleatoly
tia% létitﬁde,"théir éﬁbSéQQeﬁﬁ mbve@entiis\nevér SOuthwar@. The/tfaéks’ 
o?zéiéu}p,é5:shqw thét tb/bek%he éase;'VQénsideratiQn éf the laga‘aﬁd

(1) ””ﬁe Hurricane of‘Udtob er 25,,1921 at Tampa, ﬁlorlda [ Monthly
Weather Review, V. Mg, Uctobm 1921, : ”

I R




~ﬁaﬁerkdiétfibption’in the gicigity‘@f,Pgﬁa@§ givg$<gisé,@a'aheffqugwingw
tporoiia$§iideaé,j‘ﬁny:ééfh;ihé£ hg@iaréduth%ard‘drkno,noffhward'cqmpéf”'
,7hent:W6uldidérry,ﬁhé,éfbfm oveTfa‘iénd mggsjin its'earl§pstages and
fésult’in iﬁs.dissi§a£i§n,‘:Furtﬁerﬁore; ah§25£ofmf$hatffirsf deveiaped:~

over the re 1on of the Canal Zone WOuld never appear even as an incipi-

eﬁbjhuffiCane,in\the'WéStern—Caribbeanﬁunless:iﬁ‘Were free to travel in
some northward direction.

53.f_1ﬁﬂhas~aiready-been g@tea*that;onescf the CharacteriStic"

féatu es of the c1rculat10n 1n a Panama gene%al storm 1s “the auge aﬂtla:'

cvclone spread1ng from tbe contlnent tﬁrougn tﬂe Gulf of Mecho,fca331n

nhe su“?ace w1nds to sblft to qorthwara ovef Panama and even east 0¢ tbo

' “f j1S£hmué, Alo*t the w1n& flow over thc re riba 1S then from the east or

\‘HOTtheasﬁ; One of the rules that has been accepted ooncer 1nb the

troplcal storm is thai 1t moves in tle dlfectloﬂ of the w1nd at the 3 %,,

Lllometer 1evel w1th tne antlcvclone to taek;igltk‘f  ts path It ;sf

- thefefore poss1oWe to say. taat tae Panama storm may be an 1nci ient -

&

',;hufricane,Whose,fuxther*devélopmént~is’nreveﬁﬁed,:first, beo&uSe‘ityis
' imbe@dei in a circulaﬁion;cdmpelling,it t0 mOve~in a;westward direetipn; E

:aﬁi Second because the rug edﬁess OL tﬂe ?anama terraln aad of the

region’towafa7whigh theksterm is;forcé&/to'mo?ekiS»not‘conducive to the.

~fe3tablishment dffan*inﬁenSé:cyc1¢nic éirculatién.f How dampening‘thosex,~”“

ef i cts can be is ev1dencod bv tqe fact that the m1n1mum scaulevel

'presgurh observed in tqp Canal Zoae (th;ougn 19L0) ig 2 6l,inches at

Balboa. Whpn in: the doldrums tho area is anbarentlv sulflclentlv ﬁar1~; 

tlme to al]ow 1n01plent cwclonlc ;ormatlon but lt 15 alﬁo sufflc"cﬂtlv

Contin@atalVﬁo @reVent”the<oy010nic development;j it is‘interesting,ték




£

note that a large majority of the tropical storms originating near the

Canal ane occur‘in‘Uctqber and Yovember (see ?igurs 25), the months of
greatesé freqﬁency of €he major Paﬁ&ﬁa storms.

54, In the easterﬁ'two~thirds of tﬁe Caribbean %herekuéually are
no dolérums, iMitchell‘emphasizeé that "tfopiqal cyclones never [Eeveloé]
over tbé portibns of theycaribbean Sea east of aboqﬁflongitﬁdé*Tgo Wﬁ#
Un ﬁhg northeastern side of_South‘America hurricanes have been knowh to
develop as far sonth és abcut iOO N, latitude. Un Septgmber‘S, 1921,

ormed unusuelly far south, southeastward of the Windward Ielands,

cne T
about due east of the Isgland Qf Trini&ad; ;It moved west;northwestward‘
and recurvei near Turks Island. Similar hurricanes,;according,to F.’G.
Tingley, occurred in:June 1831 aﬁd October 1892, both pursuing "a course

somewhat north of west, the former striking the Yucatan Peninsula, the

latter the coast of Hon@uras."(l? It

ig obvieus.théﬁ a‘movement toward
the Géhal Zoﬁe wonld have to be along a diréctioﬁ éomewhat,south of
wést, which~ﬁould involve the étorm‘s crogsing avoutb 150 ofAtﬁe;South
American land mass. At so early a stage in the storm development the
frictional effects of sﬁoh,a ﬁath would cause the storm to fill beyond
recognition. Un the westérn, Pécific si&e of Central America,nquaétar
Warc moving hﬁrriganes havg ever heen observed nor, for that matter, a
circulation‘aloft.thaf wonld permiﬁ”thém./

55. The evidence thus supports the generally accepted view that a

fully-developed hurricane cannot occur over the Fanama Canal Zone,

(1) "Additional Yotes on the Hurricanes of September 1921," Monthly
Weather Review, V. U9, 1921, S ‘




- CHAPTER III -

SYNGPTIC METEORULOGY

56, The PanamaTStorm Tyné.‘ The niﬁe,stérms,,chosen on the baéis!
of hydrologicisignificance and allycénfined to thekmohths’of Uctober,
November and Decem%er, were studied in detail; uéing,allka#ailable ST
fTace and upperfair'obgervaﬁicnsf In addition, the synoptic char%s Tor a
f,largeinumbef of 1essef storms, occurring at all géasons and pre-—
seﬁtiﬁg varied rainfall patterns over Panama, were subjected to a less
?igoroué analysis, Table 3 lists the laﬁte£~group>df”§torms and gives
Signifiéant rainfall values atkstaﬁiORs ingthexsanal Zone." The raimfa1l
aﬂaiyées of the nine major storms were presented in Ghayﬁer L, én& the
meteorolegical features of théfStorms willybe discuésed in this Chépterf.

'57. ’The’synoptic studies reveal certaln 1argemscéle féatures
vhich are commoﬁ to all periods‘bf wideépread3~héavy raiﬂ over ﬁhé
Panama GanaliBagin. Chief of these iékthe thrust of polaf air‘from
~western Canada down to and past the 1atitu&g of the40aﬁal Zone; Un ﬁhe
 surface sush/a ﬁhrust;showé a synoptib paﬁtern doﬁinated by a cold~highl
DPressure area ofigfeat eXﬁanse, often ex%endiﬁg‘from the Kissisaiﬁpi
Valley to aﬁd bevond thekﬁtlantio Céagt,and stretching southwafd toward
thezlsthmug. Preceding thevanficyclonic ciroulatién is the«trough' —

 containing the cold front, vigorously active in its northern portion off

BRI




| TABLE 3

ADDITIONAL STORMS STUDIED

R - SR ;”, Dates; wifh rainfaliliﬁ'inches for
~Year - Month . - Station = period indicated

A, General Seaséﬁél S%crmsr

1934 Wov. a6 ey asay
. Colom . - 7.5W . 11,37 13.5%
Wov. ',[  B 1536 0 - 15a17
. Albajuela .. W11 &Ik 1176

a7 167 1648

- Nov. Lo : ,
. - Balboa o 3092 : e N 6.30 | ‘ 7.07 R

4933 Nov. B . S eAP o
B Colon .~ 6,68 =~ - 9,02 2192
' Nov;k, L ; /; f 'l é6 B _k>; 26;8?‘ - , 23~28.ﬁ
© Alhajuela 2,04 319 6.86
S Nev. g oz o530
R - Balboa S 1,84 0 1,96 - hos

',  1928 jNov.f L PR 0 o - R 19-2+'
ST el am sé 532

Nov., -  ' o k B - | 20 o : 20-21 . . 19~21¥ ’ .
: : ‘ N Alhajuela o 3999 ‘ ) o )4"00 - )—}"’95 B o o
’ 19 18419 k:‘ v'lﬁulé

gy S | | -
‘ ~Balboa 1.8 1.93 4,26

Pon

1924 - Nov, o 6
: - - Colon 1,28

i: .

A
=
P
—

- CAlhajuela - 2.07
o 4
Balboa 3,35

@]
(@} .

- Fov,
. (Continued on next page)
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mgm@ 3(emmnmsw R
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Dates, with rainfall in inches for
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B, Seasonal Storms Producing Heavy Rainfall at Cristobal»CQlon Only:

1935
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Hov.
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Nov.
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Colon
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Golon
quon
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Colon

Colon
(Continue

W72

16
7.70
3

3
4,32

2
L, 63
a3
6.23

o8
a.le

10
3.21

17
5.7

110
. 2.66 o
d on next page)

DY S .

5.73

2~3
5.86

2324

9.53

28-29
7.06

11-12

5.69
232l

9.0

2223
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5T
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5.57

16.17 L
7.7

9-10
3.91
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12,30
Oct, 30-Nov., 3
BERSEtR )
o
9.5

Nov, 30-Dec, B
; 12.48.

721ﬂ2u ’
1%,56
28-30
8,71
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7.1k

2%-27
1&.06

17—23‘
14,53

17-21
7.36

7-10
9,60
| 15-19
13,41
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‘4TABLE”3 (con€inue&)

Dates, with rainfall in inches for

Year ~ Month ~ Station period indicated

1910  Now, BRI 30 Nov, 30-Dec. 1 Nov. 29-Dec. U
S Colon = 3%,65 5.79 11,51 o
1909 Dec. . 6 56 5-10 -
- Cristobal 3.56 6.28 14,58 o
1908 Nov, l * 16 1617 ‘ 16-20

» : Cristobal 3.2 6.76 -~ 12.69

G Lote Seasonal Storms Producing Heavy Rainfall at Oristobal-Colon Only:

10 10-11 | 9.11

1915  Feb, ~ A ,
o - CGolon ~  T.12 8.81 ” 10.27 "
1902 Jen. | 9 9210 .10
‘ - Oristobal ' 5.86 9,66 10,70

D, Non-Seasonal Stormsl?roducingkﬂeavy Rainfall at Cristobal-Colon Qnly:

1937 June 10 910 742
: - Colon g7 ‘ 9.86 : 17.82
1955 May B 3 3
' o ‘ Colon 3,32 b7
19%1  May ‘ | - 16 R 16~17. , 1417
- Colon . 476 8.29 13.00
1927  Aug. | | 6 k26_27 R T f
v o ~ Colon o 5.25 7.10 - 18,01
1926 Mgy K 25 V 25~26‘ © 2529
: . Colom k.05 - .22 11.00
1926 Jwe 22 p1.22 | 18w22 1
: ~ Colon Lok R 10,17
1923 May - ' 10 10-11 - 10-12
: , Colon 3.69. 6.82 S 8g.04
1914 May T 18 B
’ - Oolon b9 5.00 7.2

(Continued on next page)

; H8 -




Year  Month

k19lh¢f,‘May'

1913 May )
o Golon

TABLE'ﬁ‘(contiﬁue&>?

‘ Statiéh~
Colon
'Alhajueia ‘

Balboa -

' Dates, with rainfall in 1nches for
. perlod 1ndlcated

Cee - 2lepe . 21-23

- 3.63 0 s.e2 0 6.2 -

e 21-e2
2.29 . 2.63

2 21~22: 
1.39 . 2.45

o021 - . 20-2k

R R b
RO ":,5.07 - 10,1k

o E;‘S orms Pro&uozng Heavv Ba}n:all at Alhaguela and/sr Balboa w1th‘_fA '

Fa&rly Light Amounts at Grlsbobal Colon

11920  Oct.

1919 vjoctQ'

Vet

Ok,

 ,1916’V“Mm? |

W

¥ 1912 - Mgy

1911V7  0qﬂ,‘~'

, :Alhajuela
Alhajuela
» ,boionf>Vw
'Balboaj '-'

”Alhaguela

' Balboa

Balboa

Alhaguela

0 o-pL 1821

206 Lol .03

S U™ 0 SR AP T

sds o hag 1.6

BT : |
351

1,25

-
3.23 5.61 -

25 o526
\“5 he o582

12l 1lele
7.00 - T.hoo

‘.25  "Q : ‘éu;25:‘f"
7.05 8,83
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o .+~ . Dates, with rainfall in inches for
,Yea?; ’Monthk - Station - ___period indicated ‘

17 1718 : 1518

S1914 0 Oct, T : : ,
ST - Alhajuela 3.29 . By . . 7,00

1912 Oet, e 2728
o Colon. S 2.36 - 3,60

'§f 27 T A 27;28f‘ 63

Oct. o A o
Alhgjuela - 1.50 o2 o W95

Oct. s gk g6
- Balboa . 239 2.73 - b.0g

tﬁeiAﬁlantié Goasf‘buﬁ;beédming §ﬁ§s£¢éﬁétibﬁaﬁy infthe‘vicinity of
‘Panéma; Ih‘g majori%y“of'cases,fthéfédld front éroéseé §5e F1ori&é‘
 fP§ninSula orienﬁedrhortheéét—éouthwé#t and its'ﬁrogress‘ié mdrked by
o Qefiﬁite éhifﬁsroﬁywind and falling témperatures at Stations'in,wgstennif

Cuba,‘Yucatanfénd bn,the Méxican‘Gulf'Ooast; 1then;;too,,the frdnt can

_‘stﬁtiﬁna sp@h aS<Sal§na Gfﬁz:aﬁd Tapachula.j Thisigivé§ risé to thé
“f‘ norther, knq@n‘lodaliy as ﬁﬁe “Tehuantepeoérﬁkors:iﬁ’Cééta Bica;;as\the
"Paéagéyg.“ ﬂOcCasio@aLly‘theﬂéqld front caﬁ §é tra§éd Sduﬁﬁwafd’to‘ﬁh;»A
 ’fIsﬁhmﬁSVOf'Péﬁama)'ﬁUtyéh;imeaééf data avai1aB1e'dokndt suffibe.ﬁo
'iestaﬁlishAdefinitely its;frOgréss'mubh;bejond}the Isfhmus. OﬁAthe map$ o
‘7 $tﬁdiéd;'what‘Qas ﬁost Cléarly évi&en%fiﬁ‘fhéVVicinitonf tﬁe‘léfhmus"
:wés an‘iﬁéreésélof pfeéSufe;gradientg/produdihg‘éﬁ¥f§cé win&§ in‘excess a
of‘ﬁormel f§f7thé'rainy;season. On most;days with héavy;ZWi&espreaa\‘
,rain,within the basih;kfﬁoée’wiﬁdé‘wererfrom;the'ﬁéfﬁhwest ovér ﬂhé, 

Wéstefn'@éribbean and at stations on~the»Nozﬁh'G¢ast of\théﬁlsthmus.

..;.51H

_be traced as a surface phenomenon beyond Cepe Gracias and Pacific Coagt - -




ChaZaCteﬁisfic;alSO was thefpfesence dvef or near the basin of an area

“of WG?lZOHt&l convef ence."
“f'BS,k ﬁorthwestealv w1nﬂs may also occur over “the Istnmvs ox Paﬂama .

 when a tLOplcaJ dlsturoance is nveseat in - toe Western Carzoboaa.“ This

n nconditionkmgy!p;evailwwithcut'a;pronounoed antiéyclcnewbﬁé 

JﬁéxicQ'and;}if §d tbe 10ftawe§3erlv anés ére not partlczlarlv‘SIg  i~
'ficwaﬁ Slace réln;all DQ?iOdS’O th oiogic 1mportaace do aot then ensué;hr
VBJ It Has alreadj Qeen p01ntea ouﬁ thaﬁ the eoge of - the dol@fum
'ﬁﬁglti§f,kiﬁ other words,'the‘demarCati§n bétween tha[steadyJﬁofthgast
;ﬁfa@esgéﬁdlﬁﬁé ?e“1oﬁ of Calms aad 1i6ht' vér1aole winds, iS'fQ b§ifoﬁnd'
.in %he/ﬁiéiniﬁy'of the Isthmus 0* Pamam 'Ix; @g ﬁhe autumn méﬁﬁhé,f

o

*.fPa*t cula r1y is this true in &ovemov";f\AsAthe‘cold“front; followedaby7

ﬂ’mo 1*‘6& DoTar ai “;;overtakes'an&'becomesﬂcpiﬁciéent with a po tion. of -

“7thejedge,ofkthe;dbld ums (or 1ntm1 Qpigal‘froht),.the'result~is;'in

effect ’an occlu51on.; Thls follows from the con51de“atlon tzat the alr i
mass 1n t&e bvlt ow doldrums (ﬂouatoilal alf) is cooler than tbe a1L in“

'the Lcﬁ cnrbf;the*nOrtheasﬁ tradeé,(tropical'ai?>, jThaﬁythis'isﬁtrueffy

,;'caﬁ OﬂLV be assumed from a. verv small num Ur ofluppe?~air,éoundings

-wnich lave been ma&e in bhe equatozxal alr. \Wlthout Sﬁfficient evidencégi
‘based bn(meteoro raph soundln S and pllot—balloon asceqts, 1t 1s
:ylnaosslblv o oo more than surmlse that the oonguncb1oa O& tb Dola?aand‘,

tropical;frontsgresults invan‘o¢c1u3ion}‘ But whethe ‘the result

i

Sis an @QCluSiQn;wwi$h the warm~sect05 an aa&s (troplcal alr) 1iftei[[l
'aBOVé_ﬁha Suffaée,‘br”wh ther the conguactlon OL tpe froqts requts in a:

sl plc oold Lront Detwcmp mod fied polar alr and,the equaEOflal air, 15;

a ,l olem brmmqvlTv of: academ1o 1ﬁterCSb.‘;P actloallv the e ect‘on ;}*

 Fﬁ5é ;   ﬁ




molst alr massfﬁy a-wedge of cold alr Seems to be of only,minor s g ifi-~

Alayers.‘ in the upoer 1evels of the mod

the Talﬂlal] patte@n would be Slm.la inuthe‘two‘caSes.

o

60, The?slbpe of the polar fr qtal 8T 1ace'diminishes»as it moves

into more southerly latitudes, so ﬁhau any - actlve 1if tlab of the warm,

s e

‘cance,: HOW@V@L, the ho¢1zontal convef reinc e a33001ated with tbe ¢rontal

zoae iesults in a vevtlcal dlsplacemcau oAft»V 1ovhlevel alr aad a

e)easo of tne convectlve 1nstab1§itv 1nher°qt 1n tie troplcal a.l'eqma—

torial air'maSSes.t Thi3~occprs whenever tle comblned polar-1ntert°oslcal

front passes over the Isthmus. Waves along this,front, occasiohally '
cresting over the basin, produce the greater peaks in convergence and

'y

therefore in rainfall i ten51ty in a memner similar %o the wéve~aotion

along?tbe7quaSi—StatiCﬂary fronts of middle 1atitudes. As the nor bor

,portnwest WLQ&S beh nl;tle ?ronu GOﬂtznue, nhe alr is llfted up the

topog raahlc sloves of thefbasin,‘résulting ithhe prolonged orographiC‘

raiafall whichrpersists without benefit of any intense convective
e : - M &t >

1

activity. Tbe‘Panama«storm;type can, in fact, be satd to consist of

t

oloa ad orog raohlc actl milél ai&ed'by convection and punctuated

. by,Short durations of'iﬂtense convection,

51. The orographic rain falls from the modifi ed‘polar;éir‘which,»

on its long trajectory over the warm waters of the Gulf of Mexico and

- Western Caribbean ~haé absorbed both heat and moisture in the lower

ified polar air, however, there

: occuas the chafaotbrlstlo su061dence assoclated wmt anticyclonic pres—

sure distribution.f he effeCt:of the subsi&ence, as explained in the

- previous chapter, is to produce an inversion at intermediate levels

which serves to damp out convective activity. Dittle rain cen thus fall

53 -




ont of the convectively unstable lower Layers until the air strikes the

raphic barrier; and even then the rainfall intensity is limited Dby
the inhibiting effect of the invérsion aloft. ‘That the prolonged

L rain over Paﬂama occur vhen there is a stable -

S

levels in the-aimOSyherefisbeTne,out]by~d€écripe
. tions of‘clouds given by unofficial observers, as well as by records of

. meteorOLOgicalyétationS“in the area,v~Buring the period of the so-called

L'rains,‘ @erswstomt strati ”orm'olou&skofhen replace the

*:éumuliform type, ~\,:"5E7J' e

62, 4n ekcel?onu e&annTe of. a‘colg T“Oﬁﬁ reachlnv Paaama and:

‘_meygingfwi%L?%h in' “tropicalafront‘was,foqndﬂin the«storm perio& of

fﬁowanOL ]~7 lOBJ Tq1s Suorm period Seems;to havevrun thexgamuﬁipf

“vaLiations in swnOOtlc pattefns fOf Paﬁama stozms. The large number 0f -

?fsur:aou apd upber«al rep orts avallable uhe'léngth of the period:

doverea and,the~@ré3eaoe within.ﬁhe'regionfof~intere§i of both a tropi-

cgl disturbence and a promounced continental anticyclone make this storm,

o'

@

@

by

{

0

o

P
e

o

&

i

o

L

o

“dr\this'stO“m,oﬁly'have‘been repro&mced,‘aﬁd discussion of the -

(,’3
=
i

'Jdap

febd

,ncceO"oJo%y of ?wnama storﬂs w111 oe Conf ze' p’incipally'to a dis-

cussien Q£”the‘$t¢rm“bf~Novembex~: 7 1J39

"i,dej‘Sﬁéfm;ofﬁﬁbveﬁbér i~],‘1939;5'i e svﬁOﬂtlc’cbart ‘of thek
‘ﬁ~m§éﬁiﬁ§:§fiﬁoy5ﬁhéf lzShbﬁgéiﬁﬁé;Cha?actéristic;onbfkak of Dolar alfk
‘jjéasﬁfpf:ﬁha;MiSSissippifRiQQf; @£%§5%hé}éohtiﬁéQ§a1 H1 zh eA%eadwng
;éoﬁﬁhwafdjintc’ﬁhé“Gﬁlf;  e cold ﬁ“Oﬂt p;ecedlng it exteﬂded 1fom a
i 3031t10n east of G ne Coﬁ soutnwestward to Blu€11°ld§ 'Y Caraéﬁa and

V%h@ﬁ Wostward_inﬁo'the Pacific In tho VlClnlty of easne*n Cuba tmeif

5l+ -

emonstrating the typical-storm analysis. Hence weather =




TR

- front had been dissolved by a tropical disturbance. The edge of the
ddi&rums'or intertropical'frOnt ley‘immé&iately north of the Panama

;;Isdﬁmvs extenélng as a Llat but si nuous cox véfeastward from Costa Rica

’\to tk lsland of Trlnlaad. Flbure 26 pﬁe»YlBO‘p.m, weather map of
Novembér 1, s nowed the xrontal paﬁte farther advanced. During the
afternOQﬁ,thejbolarlfront had»merged with 2 portion,of“the interﬁropicalf

;TOQ% and bv evenlab tae comblﬂeé or occluee@ svstem had naqseﬂ beyo&& )

’;'ﬁﬁe.staticns,on the Kefth Coast of Paﬁama. Under uhe 1nfluence 0¢ tne

strong norﬁhWest win&sfand the COQvergenCefwhich resulted, vertical :
“motions were induced which were sufficient to release the potential

~instability of the air masses involved. For a period of about-36 hours

‘moderately heavy rains occurred over ﬁhe’baﬁinkbuﬁVanalyses~of‘the autdfff

matic rainfall records showed the precipitation to be generally of an

o

ntensity which could be ascribed to. orographic origin, interspersed

"With5ctheG%iVe 0U£bursts 1astinﬁ ﬂc'morekthah a»few hours.
64, By 7:30 a.m f,November;E (Flvufe 27) the. comblned ﬁolar—,"
IR T : S : | ‘
erﬁroDiCal~front«had passeﬁﬂfhe Isthmng. The'tropicalkc cloae nad

dn

¢ eh

»SGCMlﬂ Wv begun to £ill bﬁt‘thé,iaﬁrOducﬁ on of neu'cold alr’lato the
'isystém/reju#enated“iﬁ‘so~that by‘?i}O a,m,‘of KoVember*j*(map~ﬁot,Showa)

there was coa51derable deevealng. ‘Thereafterfits/intéasiﬁy &ecrease@"

‘Vbut the cvclonlc 01rculat10n expaaded to 1aclvde the Western Caflbgean g;

-~ and the_istbmueiof Faﬁama,‘7The'resu1t,was‘to;producefa’wave,on the
- quasi-stationary front which brought 1t tumoorarllv noltm oz the Istﬁmus

o

a8 showﬁ on the 7:30 a.mQ\map  1'14vemberf%‘( igure 28) The almostkf

"oanoletﬂ absence of raln in Ps qama from noon of the Brd to the earlv

,mdraing,Othhe'55h*doihcidé$~with uhls g*“lod Within the dcld?ums; i

M,,:55_~




_r‘S‘raTe of' Wead‘her ——

SYMBOLS USED ON SYNOPTIC CHARTS
STATlON MODEL (SPEC|MEN OBSERVATIONS)
Wmd Force (Beauforf/ ————— 1 _ {

: DA "m F o
' Wmd D|rec‘i’lon—»—,-f'—f$;, o ’ ST T R

{ Dew PoumL i F

;\ e .

Sky Cover ——_;, ) f"'”\'__‘_ Sea Surface
o e Tempera+ure m F'yﬁ

In?erna’rlonal symbols used for . k

Alr Temperafure RN R

/Land sfaf/ons 0/7/}, - Foan

‘Sfa’re of Wea’rber and SKy Cover‘.




B 30°

30'

T =

T izot st 1io*

Caest U0 aget et oot gst et

. 7ot

o ese

L ospt

25

- ok

e r 1 Y
11 730P M E ST ch W |939

;0.

g py

5:3,9" — 'Tko f
: 5;33

\o

/0/0 o

Low |

- TN ™ P \ 7 T — T T - -
N , ey B A g 43»40 :
\ | ;536& gy S0 Ny 5,.36_,?22_;, __?7;‘/ 527 - j

WEATHER MAP

1010

1010

et
o/ B

y

-

~pl6 .

. SCALE IN' MILES
00 200 30 00

~\ 8

v folf 00| -

SEL

o

st wet T ios®

“ 1007 ETIRE R Y

Sk

5',;




130

|-

T e

T SCALE N.MLES T T
o

100, 7L 200 300 . a00

e




5’/

WEATHER MAP ,0,2/ |
|| 730 A M, E. s T NOV. 4, 1930 .

Tt PR orest L L 85" 7 so

) “ SCALE IN.MILES . :
w7 @ 00 2007 300 . 400 (800

o Weeess




‘pveré;feadigV Panama abalﬁ the %1“"30@ w11ds were too llgmt to

fpf@&uqe aa anor001able orograwhlc exévcﬁ whilégabovéfthé da1dr&msqthé‘

'8 ortions in@he?Cohtineﬁtald*

. a;VVa %preadlnb out from ﬁhe subsi @‘e

s

faﬁtiCyClone-eXteniei arthe sOu&l tbaﬂ at twe*surfdce,  &orvawestefly;'

wwnds were ooserved at 10 DOQ feet sﬁ& mbove at 00@0 Solo vwhilefthé'éix:

ylanefsounding OL he th at thb same stﬂtlovfshOWed'an~1nver§ioﬂ,aﬁ;‘fa

]‘aoout j~1ﬁ;000 ieet above walcb tqo felatlve humldltv oecreased ra 1&»

50 1:\,% a,t a,bout J.LL ooo eﬁget

Which ‘s,;;as“jth;e«,maximmn :aj;tiyt‘u@ef a,‘t’cairi’éﬁ; by

ﬂ.t

f)i

o
D

5 Rajn oe an3a“a1ﬁ duflng tna_‘\ November 5.

3" %'wasicompletelngQSt?oyeé at 1qtermed1ate 1evels and a

i(Ndvembef

mafked;iﬁcreaSe of‘moistu e conﬁenu was aoteo to 20 OOO feet «Sﬁu&yﬂof”

) e p1th balloom ooservablonsffrom all Statlons in the West n0193,' 6
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~W1n58713 tw@ ﬂaSuevn CarAbbean wefe suffl cie t to brlag th m01st air to'

 iPaAama‘0etweea th 3 & qnd the §*h When 1t reaoaeo Panama, ﬁhe nCﬂtur»

kqatidﬁ:of'the‘fréét, é estln@ ovef tﬁe eglon,;wa§ thefg to'p:9Vi@e'éhé

/ﬁeceéséry éonvergeﬁt impulse.f The ralnLall ‘hééévérj wéé relatively
ight’ an& oecane 1nte“m1ttent dur ing'tﬂe awtéfﬂOOﬂ aﬂ@ evenvn@ as the

‘ s§abLe‘waye”movedifapidly’eaStWard;" |

:6S;‘ Alo £t tae n01st cur reﬂ@'frcm the:nOrﬁh@e§fkpérsiéﬁéi‘aﬁ§, ﬁ

ﬁfwiﬁh;ﬁﬁéipassége»oflénothéffWa?éfearifféﬁﬂthe 6$h;_heakﬁgféiﬁs seﬁ'ink

“agoin, The high intensity, convective rains were as usval QhO“t 11Vud

- bub at a number of stations the rate of fall exceeded one inch;pervhour‘ﬁ'

hour Oitzo The wave e :i:iis‘t/éb}_éﬁ ;ékiici : g@@_jg‘;-;g;ns{;sf occluclrlg,
;as 1ﬁa1¢ated oﬁvtpe ? 30 a, ‘; maé 61 l’\overmm‘!’3, Figﬁféij;; AéAﬁﬁéf
i GOClU510ﬁ Drocess’nfoceeded,”steafv lwght to ﬁode ate Ta 1gsléoﬁ$inﬁéd
‘uﬁdér,ﬁhe iLflueécé éf the,péfsisﬁen@;horthQQSteriy”wihég.'
| ‘"fofimhe finél}bﬁf§ﬁ dffhagyy,rains,feﬁéeédiag,anykpféﬁibué_&éwn%ut
‘i\pﬁgf'&afiﬁg ﬁﬁéléﬁﬁir§ St§rm peri§d, camé ézrlng the mor n{ﬂg“bftmo#em5351
1 ;The méximuﬁ six;ﬁour, oné§ﬁbﬁr‘and“hélfehéﬁf;fainS'all 50&???@@
j;W1t511Athe perlod,ffom 5ka,@ to“hco;.ilﬁhé ? 30 a.m, méb of @ovémﬁer‘7~
@:(¢1~ure 31) showcd the p oéeﬁcé‘of?a,frdugﬁ e@tendlﬁg onto tho Isthmua
jof Paﬂama From tﬂe occluﬁco cvclcne Qﬁmoh ;orne& on the uhs?ablé Wave‘
x;@féviouslyAmehtioned; ;The'basinjwaS‘SO*sifﬁated;with;rgspéct ﬁokthis “k
troubn as to b”'lm ) r001on OLQmar1odkcéqv0fgonce,«7Thé*réﬁe;of ﬁbveﬁQﬁﬁ?
7ioilﬁhQ pressﬁre7éystémzwas’sloﬁ, aﬁd’cdnséqaently itéLiﬁfiﬁéﬁcgfo§ef!;‘
 Pahamakwds quzf@ ﬁronounoed’for’a ?é"lod of abouﬁ l? honré.:l
| .68;.’Wbiie §he wavg‘acﬁiVitytwas Qéasiﬂg”rains o?er‘?ahama;jt@e?

rojuvenated tropical distvrbance méved to a position northeast of Cuba
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‘b? tne norq1n& oF \ovnmoer‘5 (Fl urc 20) | The momst cu.rent’being;
caﬁrie&VarOUndbi ceased ¢ioﬁ1nﬁ over tlD Western Caribbean and Panama
_a§ the,cycl§né proéressed farther nprthwaﬁ&; Pressares,rqée in itsvwdke‘
aﬁdg/ﬁv the‘?th; anticydloﬁic circulation’domiﬁaﬁéd fhe régibi’ofrﬁhe:
/Gréatg"vﬂatillaé. /Finaiiy;:éS‘bhé'OCGludeé,wave ovér'thé;Qaribbeéﬁ'
filled,robe pressure gfa&lent‘lh ;ﬂe viczalty o'~Panama wea,eged'and’a‘
“e@o 0 ‘to fmore normal pressufc letrlautloq zollowed ending the major

storm.

G
O

. Storm of Decemba; 2 % l 37 ' With the tropical disturbance
absent from the QlCtU&@, the svnootlc natte 1 of the December 1937 storm
bears a close resemblance jo'%he,November 1939 storm, lUn the'first‘day

south—

of the indicated period, a 001 front rom & Lou centered o?f
eaStE“n'Unitedetates‘exteﬁded south4sOutﬁWésﬁWard into the(Western

"

fe
o

sxibbean, fwﬁz& no t:&cg'i\ca1~ stdr‘m to Fetard it theffogtppi;shéd'sm;;m;,*
'iwaré ani aa;t@ara through,the reg 10&,éhaad4of'tﬁe/chara¢t°"1stlc habo

jaﬁtiéycione,whichfcovéfed»all of ihé sasﬁerh Uﬁitgd Sﬁaﬁés‘and the Gulf
Of:Mexioo;) Dﬁring,the laté:fO?eﬁoén of'becembef 3,;khe pOiaT’“_Oﬂﬁ‘

‘passed Panams, "Wing shifts accompanvinf th ;rontal nassa e wef gli;

Peeia)

gible because norther lv vmnds alicady preVazled over ‘the Ist mms, with

tLéVihﬁérteriéél f:ont aVéaort &istance:§0u¢h of‘tbe region; fThQT@‘tneii
‘mc;@iag of tﬁe frohts‘océufred; Althowﬁp observabiéﬁal evidénééiof tﬁe'
éoéu““ohce is rather scaat tae fesultla<‘ iold of éanergénce is weli{
 ‘i2dicaté§;‘1A1s9, the‘aifpiage,sbunding of tLat‘&aﬁé}aﬁ Coéé_Sglc’csﬁgb; 
’Alisﬁeéfﬁhé ?réséncaﬁdf §h§ §§ep'layér of conve;fively’ﬁns%éﬁléfairywhich .

‘was acted upon by the alternaﬁiﬁgfwa?eaconVQCﬁion an&'orographio effect

that normally follow the merging of the fronts south of the Canal Zone.

. o 65\7,




- Bain vae light until the evening of the 3rd when the first of three

disbinot”coﬁvectivé;opibursﬁs'began;f”Bthhe‘évening~of ﬁhé;nex ~day,\

“rains had practically ceased. The shor &0 6uratloa of the storm can be-

attributed to the'éteady;southeastwardvmovement‘df‘the cOntinentalranti;

7’cyclcne which inhi@itethhe‘effects~of the*wave acticn;along’thé,com;e

¢

'01aed xroﬁt bv brlﬂélﬁw in: w1tnout Cessa 1on ﬁhe sub31d1ng antlcyeloﬂlc‘,

&

Qairfsooner tha@,}for instance, iﬁ he’ ]93 storm , Eurthermore;~theye
mawas'no'trOPical cyclonefto induco’an ogclllatlon of tae 1atert opiCél

s
P

A'm01gu unstable air Lrom ﬁhe north

70. Storm of ﬁovembef 1u_19, 19 35 | Alﬁhough the characteriStic,f;'

‘pressure pattern of the Paaama SuOfm was-ofesent 1n thls 3uovm _L taat

is, the pressure ﬁrouﬁh”off‘the*east’coast'Offthe’Uhited Sﬁates,followed]A
TS, bAC Pressy Fougt L. Lag east Goasy vhe.tnlved =u , Owe

‘~by~thafexpaﬂ$iVe'anuiCYQloﬁeijVing slowly southward and eastward -—

f%hers waé én importént diffefence.A,Endica%ionsfwére“thaﬁfa:p¢larkfront e

‘ aad nerg e& w1ta the 1ntertroplcal Iront be_ore the lﬁtn vhich is the
”firstfday;Of théﬂstorm;as'diSCHSSé&; ;Un;the morning;ofkﬁhat day the;

Comﬁine@ffrdﬂt*s%ill lay’jﬁéﬂ ndrﬁh 03 tﬂe Istanus, but ?arther 30¢th

” rom tqe ﬂlorlda Stfalts to the dorthern txn of Yucatan 8 Lreah bolar('V"

kerﬁ% ﬁas'iﬁ”evidencé‘and behinéfit7auVigorons,anticyoloﬁébeoée ¢hiefz”

L mQVeMSnt'waS“eastward;acroés the norﬁheaSﬁerngStates"and the Maritime

/~7Pxovinces‘f‘mne movenenu soutﬂwafd was ex tfcmelv slow.v The redult was

'Jéthat«the?quasiestétiOnaryjfron%;alfeady"obséf#ed7péfsi$ted{in the

romt north of the 18uhmus duf tn@ parloé nor‘to.bringvinfgew,adeqp;

 1v101n1t¢ of tbe Basmw Untll tb l th
L. Un th@ 15tb ard 16th stable waves along1ﬁhemfront7ﬁassedV“

,eastwafd across Panama, eacﬂ accompanled bf a bvlef narlod of ?aln. 

7ff65; f
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iOn the’l?ﬁh éh uﬁstablé:wayg pgséed o€er:the régioﬁ‘aﬁd'finally occluded
0Ff 1 Me/oorth coast of Gcipﬁﬁia.'VLike'thékdcqlgdiﬁg wé&eyﬁh%%-énﬂe@,;hey
 1939 Siérm¢ it stagnated aﬁdvpr§du¢eé;a'prclcnged peficd of surféeé cbn%
vergence at FPanama. Uver the‘baéinathe ?ésulting heavy'rain,lastéd for
abouﬁ,lg hours, aA}oéﬁd‘thekdeepéﬁihg‘eeﬁfef‘of‘thglbcéiusiOﬁ\ﬁheyﬁfQS—k
«éufe;nr adien tllﬁcréa sed, pringiﬁg sﬁfo;ge Wéstrté’horthwest win@s'over
VﬁLC’GaSlﬂ éﬁé prolongiﬁg ﬁo&erate ra?ﬂfail,'nowk?argeiv‘dfographLC in
OfigiL,‘through %he 18thﬁandf19th.."Sy‘ﬁhe_eﬁgniag of,the l9th tuoub“;v
,fhé gﬁtigycléae, whoée élo% pfdgreésisouthward héd~resﬁi£ed%in aumain;
Ltgngnée‘01 tﬁe qua51 Qtatlorafv wave patte"nvover tho Isthmus; Qa% a::

position tO'COntribute tae ew..ectq of'itS'subéidence to—the upper<air‘©f~

Panams, resulting in dimin utlon of the falniall

72. .Storm of November 0629, 1932. ,'Alf;hough resembling it close-

e-”

ﬁ’synoptic‘ﬁautefa tb1s Stérm kxcee}eéfthét of December i?}?iboth:”‘
in apia ion and 1ﬂbew81tv of rainfail.vJThéseréifferenées'Céﬁ be»attrib~”‘ur
~wutad to tﬁ@ élower raﬁehof eaétward mngment of thé frontal system off
t{ékeast @Oést of the Uhitéd $tat§é7 :ﬁages ﬁ?évélihgknortbeasﬁward ffom
,the_ﬁaribﬁeaﬁ aiong éhis front'were reSpoﬁsibie‘fqr ﬁhé"?é%éiéaﬁién; :,_
TE;V ﬁgain,;as/ia tn9~December 1937 Stérm; the'merging,of the
polar am&“intertropic&l;frbnts;took place éouﬁh,of.the Isthmis of Paname.
Folloﬁinb the passage OL the polar "“oqt tnér was1a marked increésé inv   
‘wl,é vél@éityrat Grisﬁoballwith;thé result that tne.maxlmam Bhaﬁou wind
‘movémeht af,all,st@rﬁs,studied'occurred between‘l p;m.'ofxﬁovember_E?
nd 1 p;m. of WoveﬁberVES.  This'p§riod.coincidea withktﬂe ﬁaximuﬁ'éb—
‘hour'rainfall of<£he’storﬁ. Thé,relétiVely intense orographié raln was

e

au mented Dy a heavy burst of convective rain between 6 a.m, and-noon of

- 67 -




h6128th*as a‘Wave\Cn the,frontal'systém»deedvrapidly”eastward'immea‘

disbely South oF the Istamus.

7M Anothor wave nasged eastwargksouth of Panama on L\ove*noex‘«

B b

29, caﬂSing abfinal 12—hour period of_relatively‘intense rainfall.

o

,,Taeroalter the drler altr frﬁm the sub3101ng nortlon of hefanticyCIOne; i

"Wﬁlch nad been mov1ng steadllv southwa?a awoarentlv arrlved aloft

'\ovef Parama to cause cessatlon of rain.

V75;g Storm‘of,§ovembef§6;93 lel( Tﬂe large soale svnoptlc
‘pahternlothhis storm is the typlcal one. The,éignificant‘rainfall L
f;f“57;  /OT the storm began a&ter the morgef of 'tLe pqla? éﬁd”intertfoﬁical

vfronts wmlch eccurreé the ulght of L“cn.r\,ubcw o~7:~ Aftvr the 7 30 BT

Vf*mapfoi\\ovembev 7, the comolned Ifont @asse@ ube I%thmus Marked

Lo _',gcyclogenesisAoccurre& at the Dreimaséeneck Whidh had fofmed northeast

of -the Canal Zone with the conjunction of the fronts. The resulting -
. Low center remained nearly stationary as it deepened; its minor fluc-—

“tuatiqng‘in”position‘camsing~windsvat Cristobal to vary between south-

, west and nortlweqt Un §Qvember‘Sfthe1pressure“gradieﬂt in;the'souﬁhwx

o west quadrantfdf‘%hé‘cvclOne réached a,maXimum accompanled bv the
“ﬁreatost one~houf wlnd movemeqt (33 mlWGS) from the northwast at

"C 1stoba7 of anv o. the storms7studied.j‘§t”is significantgthat‘thef

'“fA*,-ff maximum one~hcur'average~dépﬁh'over,th@“basin occurred during the same

Slxwﬂour werlod

‘?6. StOvm of Uctooer 21~2M 1923. Uf the nine gtorms chosen
R 3f0r7d®tailed\3tuiy,~this'was thekonly,dﬁe'ﬁovoccur;infUctober.* Thisg
storm is also of special interest because it produced s maximum 24—

© hour point rainfall in the basin (12.25 inches at Gatun from about

SN
3




i

7 DL, Uctober 23 to - 7 p.m, Uctooef ZD)(1> ,a‘three—day aversge denth i ‘j?@

over'%h baSlﬂ (Uctobev 22 2% b%lve) that determined a value on the
'envaloping duration~depth cﬁrve‘0¢ ﬁiéjwale;

77+ During UCtOO‘“ the edge of the doldrums is generally well-
north of the Isthmus and ovtbrsaks of polar air from the continent have

E

‘0ot yet reached their latémautumn‘and Winter,ihtenSities.~ The displace—

&
0]
)

ab sdutb{df theklsthﬁus of a éomalnca volar- tr0p1ca1’ front i
tans “nll&ely. in.the_aﬁbrm,under’coasideratiog,’th§>intert$9pi¢al
ff\n;—honred,in the‘yicinity of the‘basiﬁ; généfallyinorth Qf,it;,énd\:
t'undefwenﬁ 6nly m?norkdispiéce@ents soﬁfhﬁard gs a fesult bﬁ wgak an&
QCCaSiona1 in£rus{§ns~of mpdifié§'pblaf~ai?.  Thé uSuai‘hugé'anticyciOne
.V@'ﬁinated tﬂ@ COﬂtlﬂe“t. centeréd7som5whéﬁ fafﬁhéf hbrth’t%anvza other
Paaama storms éﬁdA a$ in onémbe” 7035, aoé& to ex Déﬁd'eastwa?d along.
tﬁe'Canadian Eorder réﬁber thaﬁ southward Iss qouﬁhérn exfensioﬁ;
‘hdwéver,,was;iﬂ‘%hé f0?m of an attenuated~amticycionic'we&ge over

‘0vutfa3 Aﬂexlca, from wn1oh the smalloﬁ mool-led holar offéhoots broke

o

Voleoooasioﬁaliy:to proyide tempdrary iﬁtens' fica th?S’O; ﬂefturbgﬁicﬁé 
on ﬁhé intértro§icél fro@t.; | |

\?é,j Thekfirst'mefgef bf’ﬁhe f:Qnﬁs §¢curre&fonkthav2lét; résul%a
ingvin;g,moveméntrdf'the frontal syéﬁém @@yoﬁé the Isthmﬁé;/ he‘rainai;

fall accompanying its passage was relatively light and the combined -

:"oat remained in its new position but a short time. Dominating the

scene to an unususl-extent was a cyclonic disturbance centered betwen

Swan Island and Jamaica. Like the disturbance -~ farther eastward then —-

-

(1) 33¢eedéd'onkudtobe?'i2¥13;‘l9ul'aﬁrcandelar1a (12 3‘ 1nchcs)




'au aHMPCued the StOfn of onemoer L 3 “it seems“to have been‘a weak

o tropical.cgcloné iﬁ(WﬁiChauaéyin'l939, the 0¢essu”e zall accomoaq1e@ by
an expansion of the cyclonic circulation westward'an& Southwestward,f
) ~following the introduction into the system of cooler air from the conti-

~nent: From Uctober 22’toiuctober‘eﬂ théAC?clpﬂic'syStem Qontinuedfto

c'! »

at tie Suf?aoe small cwtoveakg 0¢ mo Ted- oola alr

t tae aqtl vo]o&zc wedﬂe,but"all the while maintaining
aloft, above. t e pola alir, & no;tne l"E vrrent of tropical air coming .

apqund the;Low\oenter. ‘The froﬁtal zone, now most apparent as a trough

“,

‘ line De tveep nortawesterly‘and southwesterly winds, remained. over Panama

dtghont the_three dayé;,“At Qristdbaleﬁdlon,*fbr“éxémple;jthe'wind'

“

oetween soat%wsst aﬂd nortawest a8 tae trou a 11ne Swaved Above,~

i tae e OUﬁD %hdﬂgh,,ﬁhere waS';o in tvﬁ31on oF " antib?clbnic’shbéiiing~
air;h Ehe re 17t was ﬁhat % e onlv ampvovlable oeSSatlon of: rala ocourfed
“between 6 a;mlfén@ noon of the ZSrQ At allwother timés the" dee@ T opl—

o cal air flowing‘QKOund thé cvolome malqtalnaa tle convectlve bcueqtlalw

. ities of nhe alr aoove tﬂe basin.  Laje onfOCtober’E@, thefanticyclbnio :
-Qirqulatipn‘replac d bh@ cvclonlc at Paaama soth at the suffaco and

ey

~alof€;¢ ThepraiﬂStrapidly;di 15@@& bvt the cstabllsﬂment o? the 1ﬂvo¢~_
~sion aloft could only be gurmised becausé‘ndfuppér—airlﬁata Were”

" agvailablel

xruﬁi 73'f]9; Storm of Decvmbef 25 30 1900. Svnoptlc 6ata for thlS and

‘earlier;Storms[are ssaaﬁ buﬁ'thegmaiﬂ fe tu:as of thc Paﬂama stcrm tv1e

are ﬁeverthél@ssVdiscernible;‘ The syﬁoptiC;patfernﬁ'ymediaﬁely;prGCG&;

s

‘l~ :j1g D@Gbﬁoui 25, ,09‘ osomblud moru closvlv t @ lagt dav of Otﬁuf"

'storms buﬁ what followeo was tﬁc ugual Course OL ev nts.;fAt<the

70 .'..*




beginuih& of tLe‘storm,a'C§ld front. Q§fihg apidly eastwafd pa§Sed-§a§f 
of Eérﬁu@é before it reached,the region vayaﬁéma aﬁé' he_intértro?icél
ﬁmopt - By the tlme tue;ﬁeféer §f’thé fr@nté‘odéurred,aa new cola,“ ront
with ‘té-attendant chd ahticycléne'was mgving'squﬁhWarﬁ; It was whéﬁ

B

e iéﬁtér/fréntkn rged wiﬁﬁ_fhe élreédyvéxisting dﬁé 5ﬁytﬁe‘morniﬁg of
Deceﬁber,ZG thaéytﬁe majbr‘sﬁorm‘begaﬂ; ’Aft§r'a 1ull bﬁ'the 27th h
’voﬁtbﬁ%éts of raihfall,'éccurring’aboﬁﬁ 127h6ursAapart Qurihé the,next~
th?eeAdéys, wéré’éleariy ﬁhe‘fesuit §f ﬁave'aciion aloﬁé‘the‘ffenﬁ,

’aLt“ou"W the svnootlc data ‘were insuf fficient to establish the exact

position of the perturbations.

‘:igb.L St§fm‘of November l5-19, 1909u’ GharaéteriZéd hy é:Sequencef
: of events véryréimilér to,DscemBer’éS;50; 19@9,'£h is storﬁ differs from
he latfef'mainiy in the aﬁt that some of the s%oxm rainfall,caﬁibé~
attriﬁﬁﬁed to;thé'fiféﬁ merger~of fronts.* Wheﬁ the sécbné<antiéyclénev~”
 ous e&'SOuﬁhQar&kbn‘ﬁovember lgxto rei3§03c§‘the’fif§t pqléfﬁoﬁtbre&k,
Mthexpressuye graéieﬂ£ Was a1sQ incfe@eslfand the yesﬁltihg/inciéaéé}iﬁ‘
‘wind speed byoughtjabouﬁithe héaviergfainfall bf*ﬁﬁe_lgth and 19th."3y 
the evening o¢;the 1§th‘an£igjdlonic qifculafién aomlﬁatez the Can51 k
fégﬁon and aporLOLaolu Lalﬁs enép& |

&l StormAOx Deceﬂber 2=3, 1000. lbc sequcnc“ dvri ,ngedemﬁer'Q;

:3, 1906 diSplayed«t&evdduble'GOld—front st :uctufe of the 1909 stcfms*but
ered inﬁéneAiﬁp¢rtaﬁt :espéct. MOVlﬂg With~extreme rayidity,,%hei
’sééénd cbld»froa% wgsgfoliowed Quicﬁly’by tho éontinéﬂtal anticyclageﬂ
'“in.in‘ with it the’chéracteristic subSiding;air aloft;f‘The.rééglt was .

that onlv oae wave ooulé ¢0fm on thc com“ ed polaraintértropical I oat

and almost 51l of the,gtorm“rainfall wasfthus confiaed‘to about 12 hours,




g ?MAXJLMUIVI POSSTBLE RATNFALL

T

‘;82. Tae Baszc Method  The Hyd?bmetéb?61Qgicél,Segtion»ﬁasvdéVélg’

foped oerfain tech ﬁlqpes lor phe édmputaﬁiéﬁ 5f\maXimﬁm‘w5ééibié 6rééibif'

tatwon wnlc? haVe oeen &dapted té 1nd1viiual b331ns, Dotaély the Ohlo |
 itr1oUtaf1es aéove Plttstfgn(1> and tae Sacramento Bas1n(2> - Basic‘to:v
 ]£@@ bvtnoés is the magﬁr Dremlse that bae'volu@e of br601p1tatloﬁ over -

; <;aﬁ éfe$ 1ﬁ‘a’g1veﬁVf1me is not greater tﬂan tﬂe’pro&uéﬁ of the total |
 ﬁumbe¢ Qf ﬁnlt oolumns 0¢ m01sture~1adepka1r enférlng the area,,aﬁdAther'
:’amounf of h01sﬁure’wﬁlch éan\ﬁe prec tate& ont of éach column; 'Aéspm;,if
;igg thatValijof‘the‘ai@"croééinw,a giﬁen“iiné norma1'tQ tﬁe directibﬁ of'; 
jln_15w w1ll mo?e acfossytne area; thevéve age deﬂtb of 9 601p1tat10n’ R x

e vW b
‘jcaa be eﬁovesbed bv R= A?" *where X is the 1engtm of the llne

f’\‘

'inormalfté‘ﬁhe inflowaéirectiéh;i}v tﬂo’ve1001tv of 1nllow, WE ‘ﬁhe
aLLective preélnltable Watﬂr, t;;fime¥aadi A“PArea.’

| ;v83k It 1s obv1ous that tqe pufe?v geom £r1¢ portlon of the. equa~
Z;ti9ﬁ} K/A walch maw be. called tae bégln,constant has’coﬁs1dera01e

g(l),1V&rcmeteo olo«zcal Reborb No, 2» ‘"Maazmum P0351ole Pfeczpltatzon, -
o Onip vaef above Plttsou:gh i June 9L1 ‘ :

(2>‘ﬁVG ometeerolobzcal Renort l\10 33 Naxzmum Poms1ole Pr60101tdt10aA  ;“
‘over the Sac*amento Ba31n of Call*orﬂla," Maf 10¥2 '




importance. Its magnltude varles w1th the leeColon of 1nflow and 13
‘1arvé5ﬁ'whenffxf uhe 1nflow border 1s 1ongesﬁ However uhe 10ngest
- axls of the baﬁln cannot e ohosen as ‘X unless 1t happenSfto be normal

“tO'tne direction ofithe most~favorablefwind;and moisture»source. 1Gonw/,,f”

’f?‘slderatlon must also be glven to the ba31n lquth parallel to the dlrec~~”'w‘f

H, t1on of 1nLlow, ?or that musﬁ be great eﬂough %0 allow suificien% tiﬁe
: aﬂd saa@e for the compleoe pr901p1ﬁatloq process to\eccur. 'Althéggh!i‘ f5“
the e remalﬁs soﬁe &oubt as to the n1n1mum %alue 01 such. avlength the
‘;dlmen51ons o* the Plttsbufgh and Sécraménto Ba51né’¢ar @xéeeded any
k,%coqcélvabie ninlﬁum | |

éu The m831mum w1nd‘values and thelr duraulons can. Qe detewmlnedf;i

'elthe ﬁheoretlcallv or statlstlcal?v or_both They must be con31steat,'ff:[£5

;wltﬁ the dlrectlon of 1nflow fh@t has been c?lmatozomlcallj aﬂd Svﬂep@l_i‘
‘1 §&11§ predéuermlned as gost crltlcal AA : final1‘ they must be repremuy
 sentat1Ve of both the w1dﬁh and depth Ot the 1nflOW'layer assumed ¢or }?,7ﬁ 
3338 maxzmum stormk/

"55{ Thékvalﬁe WE; tﬁé e;#ectlve preci ,itéﬁie‘watér;Aig %ﬁé mégi; ];;

5>mum &1f¢eience 1n the m01sture con%eqt of the alr oolumn before and

;5 ?ter the ralnmproduclng process. The brccess of max1mum efflclencv &ue»*~

i to coavergence ig schematlcallv 111ustrated 1n Flgure 32 In a saturatéd; pf

Ja1f néss w1ﬁh a pseﬁdo—adlabatlc 1anse rate both the 1n1t1al m01sture -
‘;'contea£ and(tﬁe helght of conveotlén can be’ determlnéd irﬁm’the Surféée
‘fz&ew Déiﬁt 'The\latterfvalue — ﬁhich'Cannbe’redU§edafor Comparétive:
’!purooéég to & préssu ; of lOOO mb a; thus beeoﬁes the measufe of: WE"

V751aocAthe assumptlon of séfaratzon/ana a;pseudo-édlabatlc Tapse rate 1s,f

. easonaDWe 1n tae maxlmum scorm 1% eccmes necessary*to,éstablish~the:‘
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- ocean(1> : 1gu:fe . 'Depuhs of precipl table watef in a oolmm oa a,lr
L , o o of given height abovs _1000 millibars assvﬁmg
U 32 also*illus}trat'és‘ . waturatlor\ with a pseudo-adiabatic lapse. rate
T R for the 1ndlcated sumace tem'ceratures
the variation in - .

“ WI'j (the vtoztal moi;sh'tgi’éiicénf‘enj{f;j;‘,1 "'\ﬂfE a;nd;icbn*\ir}ekq’tiveﬂ height with dew

5.

point. Flgnme 33 ig a wo 'ng[chart foi’*]f&he oomputatioﬁ'di‘,,WP “in a

| satura,ted colu_mn mth "pseudo~ad1abatlc 1a,pse rate and ca:l also be ‘CL?SG@. ;

' atd’compute the, ’d_iffe/reknce in Wp ,af'ter ‘sbe colum:lfhas unde:t'go:rle B

B

-~ particular lift.,
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AVZS6 The tlme t to‘be uged 1n the equaulon 1s determined from a

”7~~hydroloﬁlc study of the &ra1nage characterlstlcs of the ba31n. Duratlon~7 f‘ 

”7'1nten31ty oharacterlstlcs ef the maxnmnm values of wln& and molsture A PRIEDE

'_through”the chosen tlme perlod may make 1% necessary to rewrlte the

kequatlon 1n dlfferentlal form, w1th the result obtalnable Only after L

7 lntegrat1on between the”mazamum p0881ble Values over the desmgnate&

i,perlo& Wlth the*eguatlon 1n f:naH“ érm, fer the computatlon of the ';f;’,

;imaxwmum poss1ble ralnfall the‘ nequallty s1gn may be dropped

}7* ”he Problam at Panama;f It‘became apparent after prellmlnary“ri

reconnalssance and trlalgﬁy k'”}the early Part ef the studys that

the_solutlon of the problem of the'max1mum poss1ble ralnfallfover the ;'

~4Panama Canal Basln requlred stlll‘fu”ther adaptatlon of theﬁHydrometeor~ 1

agic. technlque Thre fac%ors were"offparamountx,*

1m§ortancev1nflnf1uen01ng;t'e mcdlflcatlons of the method They were

he’mqteorologlcal 11m1tatlous>0ﬂ 1nte131ty of

clrculatlon, and the pau01ty or 1na039351b111ty of avallable data.«E?ff°“§n

"'if:SS Whlle the areas of the Sacramento and Plttsburgh Bas1ns are

25,200 and 19 117 sqpare mlles, respectlvely, the Panama Canal Ba31n 1s

whlch made

; Bas1n study, then,f

,fthe fnll convectlve process could not be expected on the average, to

: t dlfsfﬁanc‘e,; ) S
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89 The ebapte?s on t%e cllmatologv of the region aﬂ@‘thé ﬁéﬁéﬁrgf

‘ §10§310£ the Panama magor st@rms have al¢ea&v demonétrafed’ﬁﬁéicOﬁ§aTa~
‘tiﬁe,wéakness of,befh‘%he geﬁeral andgéecondany qirculétion,oﬁerléhe~ |
.region, whgn;cohtrasted witﬁ~ﬁhe En§§n cyclgnic inténgities/férthér;\3
Vnofthiand pai?icﬁla&iy:inbﬁhelUﬁitéd staﬁésJ 'The'dynamig;effectéxof ﬁhéf"k

'greaﬁ temperature'contrasts obServed br~©ossible over, fpr instaace,\

N

-Texas cannot be oosefved ovei the Panama region 31mnlv because the temw

Vpsrature qéntrasﬁsgcannot,be achieved; VWhile temperatures eqpajlv 1gh

can be attained in both regions, - the extr emeAlow temyerature observed at

three kilometers“for-instance over Swaﬂ island is 3.9 C. and over Coco

Solo . 5. ) C as compalea w1th 14, 6 C over San Artonlo The driving

meChanism; then whlch oould malataln a 1arﬁe~soale aﬁd prolomged oon~»

ol w4

vective action Qf maximumfe ficiency ould nat be assumed in the

 éolution of thefPémama"ﬁroblem;

90.. The inadequacy of data has already been discussed in the
chaptervon thé“climatoldgj.\'Thefabsencefdf long, Qontinuous records of

uppeL al? w1nds, temperatvres or pressumeq at enouﬁh statlons to eﬂcom» "
‘pass;the'total rangea0| values over Warge enough a reglon wad@ 1t

1mQ0531ble elther to calculate with agsu:aace %he gecsnr phlc w1nd aWOfu”7

“for example; in the manneriofwthe Pltusburgh Report 0r<to securs'the

N

indexrstaﬁidnskthat provéd so"suécéssful‘in th e Sacfameﬁﬁo Report
- 91. The storms studiéd'Syhdptically reveale&fa‘cbaracteristic‘
largeascalé-cirCulatiOn pattern ovér‘mos% of ube Unlted States and the

adgacent watexs to the sou%h and. eaSU, but in zbe vwclnlty of Panama

'conjecture had tokplay &, 1arge'part in'the‘analysis. A.predominating'

~direction of surface wind over the Isthmus during sbtorm periods was

- 77 -




\yyreveale& — but Nt dld not completely Oﬁa a?%griZe”aiif%hé‘gre§ﬁ stérﬁS ‘
 noxta11kthQ heaVy rainfallS.7 Alof%"the fléw'pétterh &u§i§g‘€he séorm"
”yerio@~could‘bé éné @f\ﬁw&lof évéﬁvthreefkiﬁ&s. fﬁbSt'sebﬁré Qégffge ‘1

B ﬁakimum pOSSible %aluefbf‘thekﬁoistﬁre1éon§ént of'%hé'air}flﬁ maxiﬁum

?dew pblﬂ* of 79 F was’detefmlned by Ube’ﬁmﬁoeraturasko« tbe adg  ﬂiﬂg‘ﬂ‘

k§eaaSg:fgoe§;“ Lhat LiYSO ﬁhe heighv 0@ the 1deal uénvectwve Celf 5t

‘39;0 00 LeéQ’of L2 kllometerb (ﬁi gure jQ) aﬂd urﬁhe more flxed the m“V1~‘v

].mﬁm UE w}ﬁéb-fooﬁm enter fo;rig}pagm.f In a,é_a_ition', faighg~1;gh the b@sﬁ;—“ 8

ﬁopd@“aph was nQﬁ’aéfeff§b£ivefiﬁ'cdmpélligg Céﬁpiéﬁavcoavéction as the

f:Saé:gmento $} itsbaéfiﬁite i bérﬁéﬁée*asja.faé?df’wa§‘egtéblished{by §hé
com_owlltofmea,leal “atstribution o t«etotal_storm rainfall values
‘ﬁé;fhekéa%térﬁ Qfxﬁhégm§§3-§3téhdédfigﬁﬁye§31fdetﬁé,éeégén7df thégﬁajqf- ‘
Storms, ) : . o T R .
Tigé;‘Jﬁﬁ$ So1u£i§hiQf:tﬁé'P?ﬁémaj?fobiem h§&~€b béﬁ¢dnsi§teﬁt;wi%h:

ﬁhe §3;£é éﬂiflimi£a£i§hg oﬁtline& 3%5#6,‘ Iﬁ is. though+ worthwblle to .

¢;1 descL10é brlefly the’metheds of comOLvamwon trled aﬁd Giscard d, aS well
?,és tmekﬂetnod flnaflv adontei TaeyAare ijb§th~theoreﬁi0alfaﬁd”praétie"V
tktoal 1ﬁtereb§; énd afa no+ ﬁecesqarle 1nva11&ate& bvk+he1r lack of

Zéucoess in tbe Ganai Zone‘solu%1on, |

ﬂ 93; The onvergeace Netned The monthly mean oonvergence va?ues k

~ ﬁ é£§ou§§éd1in1G aptev 11 showed a 1a1f qualltatlvé correlaulon w1th the’

~{Gmeaﬁ mounthly ralnlall (ngure 22) Goavefgeace éharts SVHQ?UTC w1th +ae!~_
xsur;;cé‘maps of the iﬁleldaal éuorms saowed a‘31m11ar vorrelatloﬂ« 1ﬁ
’gene?él tne hlgheSE values were aSSOClateé Ulth perlods of heaﬂv %alauA
'f&l;;falthouththe‘measuxementfw?$~of;an;ihgt§ntaneous Valﬁ¢~athlz;hou;_ ”

Vintervals,iandfithas ﬁnreaspﬁabléTtoLassumefthaﬁ‘suah.a~valuc could be

Ry I




representative of more than one or two hours during a process of probably
continuously changing ilcens1tV.

94 It was thought that if convergence charts for ‘the stor

'Qerlods were drawn for all OL tne ocean area adgacent to the Isthmus,‘it

would be possible to fi nd extreme values of convergence that covld be

transposed to the basin., However, the high convergence values were
5 "c d to the b B , the high co c 1

ugnally concentrated over the vieinity of the ba31n no sgilgnificantly

~higher values.occurring far from the basiu at any time. Still another

,insurmoﬁntable objection was that both over Panama aﬂd elsewhere there

are no data on the variation of the 1ateﬂ31tv of conve°éeﬂce througn

time,

»95.‘ The Winde1€¢eLeﬂce Method. In most of the storms studied

wind data were available-from GristobaimGolon on‘the northwest side of

the Istﬂmus and rrom.Balboa Helgnts on the - souﬁheast side. Waen the

synO§tio convergence charts were examiaed‘it was nobted that high values

of convergence were often characterized by north to northwest winds at

both stations, with a higher velocity at Colon than at Balboa., Particu-

(o9

larly striking was the recurrence of a north or northwest wind of
Beaufgrt force four or five at Colon and a wind of similar direction butb
f only force three or less- at Balboa. In general, such a down-wind

decrease 1n w1nd speed rather thaﬁ radial inflow was the type of conver—

gence ohserved overvPanama as,wellfas over the Western Caribbean.

96, Hourly wind directions and velocities at the two stations
were available for all of the major storms excepd December,l906. Three
assumptions were prerequisite to the utilization of these data as

measures of comvergence!
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a. Tne surface winds at Colon and Balboa were representative
of the winds aloft, ‘

b. The surface winds at Colon and Balboa were representative
of inflow and outflow velocities, respectively,

14

c. AThe inflow or'outflow rom the northeast and southwesﬁ
~ends of the basin was negligible. '

The assumptibﬁs were not‘metédrologibaily unreasonable and, at any rate,
" necessary to the ﬁﬁili%ation of the évéilabla wind data. It’was possli-~
" ble to examine the relations within the sborms themseiﬁéS‘tovﬁiécover
the validitj‘qf the assumﬁtion and, perhaps, a coefficignt.which could
be applied to corréct for‘nonuraﬁr@senﬁétivenesg. ,Whén sucﬁ a coeffi-
clent wés found aﬁd its yariaﬁionAwithin the selected storms éetefmimed,
itVWaS‘posSible to reprodﬁCe the actual fginfall depth,by.calcﬁiation.
3ﬁt to exceed the usual graphiéal envelopment of actuél stormfdepths,

aé shown in Figurg i? of Cha@te; I, it was necessary‘to,have a maximum

possible wind-difference intengd ty—duration curve. No such dsta were

- gvallable,

97. he Inf1§w—Wind Mothod., There stiil'féméinedkéne oﬁher,typé
Of‘comﬁuﬁaﬁioa using win&kflow. This was‘the\infl§w>wind method,
essentially as used in the Pittsbureh Report. Basically, the mefshoé;
assumes ﬁhé wind at'its maximum on the iﬂflow side 6f fhekbagin an@‘
(simulfaneOus maximum~efficiénéy éf the convedtivefsystem‘fbr preoipitatw
‘ing the‘moiéture\ffom the inflowingkaif. /mhe\recor&matfoﬁiy bne;
station was reguifeﬁ fof'thé wind intgnsitywauration in this case, and
‘such a xeCOrdkwas fortuﬁately available'at‘Cristoﬁal~golon.

98, The optimuﬁ conditions for the'prodﬁétion of the maximum

“rainfall over the FPanama Canal Basin can now be restated as followss

- 80 -




& jFlow'frém %he{northwestkacrdss the long”sidéiqf the\baéiﬁ;
D —MaximUm‘spee& of Tlow of air ihto the ‘basin at:all‘leVels.f'

G Preseﬁce of 3h6 m axinmm amount of efxectlve nreclpltable
”ywater in the 1nflow1nb alr,

d."(Complete delivery of pr ecipitated wabter into the basin,
l.e., no loss from premature p?601p1tatwon on the wind—
ward side and. no loss due to carry-over on the 1eewar@
31de. :

While it cannpt‘be implied that>a‘combina$ion'oﬁ,ciroumstancesgg,.E and

c,always produées/the maximum rainfally‘itfis hoWever true that the max.

*1mum raln must oocur éurlng sudh a oomnlnatlon.

“’99é; The Bas1n Gonstant ' Asgumptioﬂ o* flow ;rom tle north@est gsi‘f7
cdnsiétéﬁ%gwifﬁkthe most characﬁerigtié synaptié péttérn of the,major;
s%éfmé'sﬁﬁdied:  The sea;surféce tempelathes (whlcﬁ determlne uhe maxi-
‘;imum p0S31ble Q&UAp01nt) are also hlgher on the novthwést 3168 of the o

iistﬂmus,‘ The bas1n axls normal to 1n¢l§w'fwom the northwest 1s}%he 

wlongést, The basln Coastant thus becomes the max1mum p0331ble.

T U e 22 i 2
100, ThéﬁMaiiﬁum Windg The more. ramldlj the w&nd blows through

'éheicoﬁveo%ivé‘éeli fhe more rapidlv:doeS‘raiﬁ fall fTOm it; In Table R
VH are 1ﬂstea the average rates b¢ ?féClp&tathn fér thé whole ba51n for
‘;fvarlous 1nflow~w1nd vé1001tles and a unlt W ,;of 1.00 inchéfusing-thgww
: maximumlbasiﬁchQStant previouély defined. | ' -
| ylol;VkThe,maximﬁm éhtensity;duréﬁi§g ¢ﬁrvé §f~win&5§peed’ﬁas baéed f
OQ t5é‘fo1ibwiné dfistobéléﬁolon’rééordsf*' | B | .

a. The maximum’ 5~m1nute surface velocltv of MS miles per
vhour on l\m;'enﬂ:>e'f 25, 1927.

- b, The maximim 2u~hour w1nd novement*oz 22. 5 miles ner Aour7‘
. during any storm period (Yovember 27 28 19 32)

R N
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c.- The maximum monthly wind.- mov emen nt of 15 1 miles pe*r' hour
in December 1918

o

fﬁe‘valuéslé aﬁdjﬁ were‘roun&éd off,té 50 aﬁ& 23, :ésQéGtivély,‘before ,
b;Sti&l ht llné 1nternoWatlon on 1ob~10g paper./ For §ne~hour‘ ﬁﬁelvef
hours aﬁd six days tne max1mum aver age w1na thus oecones 35, 25 aa& 18
ﬂlleg per hour respeotlvely. In tﬂe actual storms studled tbe max1mum
‘onemaouf/vaﬁd movement waé 33 mlles on hovember g, 1931 band the max1mwﬂ
six-day w1ﬁﬁ movemeqt 12 7 mlles per hour durlag the per 1od November l%~
13, 1935. | |
102, it/iéjétill/negeSééff to:préve ﬁhé%,the ma&imﬁﬁ‘suxface,wind ’
'«is ra@fé%entaiife of‘ﬁéﬁimum:pdssible flb#{éioft; éiééé to obfain”the |
ri ma%lmum trénsmort o; élr over the basin the ¢1ow éﬁ all levelé must be,A":V
‘*‘consi@ered; The conveotlve nature . of the heaviest ?alaféllvove? Paném%‘ »f
‘iﬁﬁlies’1ésser‘wind‘Veiocitiesval@ft~énd also;a‘vériation of win&idirécf'
iti§ﬁ with‘héightg'.The available’ﬁppef—air daﬂa dﬁring'%hersﬁofm\pefiod
lCOf ocorate both uynes 61 varlatlon.’ In Table 5 tne maglmum observed
w1§&s above Cooo Solo are 113ted ?or'éml standérd levels an& all. montbs
from 1920 to 19ﬁ1 yzncluSive. The‘average max1mum.w1nd Speeﬁ‘up to four
okllometers is 36 5 30 3 ‘and 30., for OCtober \ovember and December |
resoectlvelv f Slnce very few of these w1n€s blew from t e/né?thwest;
Uhe tfaHSPOft of air over the ba81n was mucb lesé than would be abtalﬂedv“
‘in“the maXimum case. It~cah @lso’be éeen'that the maximum ayerage wiﬂds ,7
:aloft!dﬁ;ndt-eXCeealthe’maﬁimum’sﬁrfaée win& gsedkaﬁd;;furﬁﬁérmoré,’thét
‘duflag tae ralnyrseésonyﬁ e7maﬁimum'éurféce_ﬁind usea £s,ex¢eeded only
'ane»at any level;  For 3l1 these reasons, the‘mggimumﬁéurfaoe'wind was

acéap%ed'as rspreSenﬁaﬁivs of the maximqupossiBle transpQrtVof the
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" TABLE 5

MﬁXIMUM OBSMBXbD WITDS ALOﬁT AT COCU SOULO
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TABLE 5 (Gontlnued),

" Elev. Jan. Feb, Mar Apr' Mgy - June July Ang. Sept. Uc% va: Dec. Avérégé

 ENE SE o ESE,, s 3 SW SE W WE
6000 26.8 22,4 - 15.6 15.6 17, 9 ok, 6 au 617. 9 11.2 15, 6
 mE WE WV BSE 5*; L ,3 5‘ EVE FVE
7000 55.9 e4.6 - 2242901 ,*,;32'¥ 17.9 6.7
8000 L L . 13.b4e0.1
. L A o - g—
9000 - T 5

'1,1n¢low1ng air,

 ‘103f The Maﬁlmum Moistmie.‘ As‘hasyﬁeeﬁ pointed out in the.sééﬁiog
é:on the general method “the water vapof coﬁten% of‘a Saturated colﬁmn Ol"\r
' falr can be calculated from the dew p01nt at the ground, if a pseﬁ&omi
- adlabatlc lamse'rateiis'éssumed The h1ghest dew p01nt observed durlng
,‘anyvflood—nrodu01ng stcrm aver the Canal Zone was 79 F : The hlghest dew
‘p01nt‘oota1ned from three years of alrplaﬂe soundlngs at Coco Solo was
‘also 79 F Gons1der1ng these temperatures as well as ﬁhése of the
5ad301n1ng sea sur¢acé, g max1mum dew p01nt of. 79 F‘ls a‘séfe ﬁnpef llmlt
t Panamau  Us1ng Flgure 32 such,a &ew p01nt ;nqlcatés.f
| a. A convective ceiiiaﬁproiimateiy‘lé kiioﬁeﬁérskdeep.
Qﬁ‘xAn infiow layer approx1mately four kllémeters deep.,
g; ‘ﬁnfeffgctlve\preq;pltablerwate?_VWﬁ' of 2. 2 1nohes.'j
”lOﬂ. ,Béfofeithe‘satﬁfatediéi§ ﬁassvcan entér the'b&51p~ih mqu/
pass over the 1nflow ﬁérfler. Tﬁetlifting‘ﬁndefgoﬁe ié,thié passéée |
: W111 naturally deplete the Wa wiﬁhiﬁ the‘inflowiﬁg,oolumnﬁ 'Thé‘mean

helght of the 1nflow barvler 15 one thousand feet and the orographlc

Y g M




éepleflon cén be computed from Flgure 33 as O 3 1ncn.  Tﬁig‘leaGéS %heJ’

i‘makimum‘ WE mor the ba51n for 1nflow Lrom the mor%hwest as 1 9 1nches,‘
Vthe ef%ectlve preclnltable water in‘a convectlve Drocesg of méx1mum

*  éfflclency over the Panama Cana143aéln.  :!\ |

‘7105; -Acﬁually\the maxlmum;efflg;eﬁoj’i§ sél§oﬁ,éﬁéer&gé~ojé: tﬁé:
Vgléthmus;ifﬁeiﬁﬁer £ﬁefd?iﬁing ﬁéchéhi§ﬁ of anlin£ehéefCEXCuiaﬁi§ﬁ nori

‘ ':Ehe extLeme topbgfaphy whlca cgﬁ malatalﬁ & large~sca1e and pr070n ed  "
«jbchﬁectlve actlon at max1mum afflclencv 15 présent Qh;s results‘ln é{ﬁ
':wea&enlng Qf'éheiprocess by Gfeakdown,lnto cellular uhi£s”0f mbré‘loéalj;4“
’uharaote;,’separéued by *he counteréért of ﬁhe céll 1n”wnlch 1if£1ng 1sV
(‘oocnrflng, 1’e;, én adgdlnlng ﬁnlt in whzch thé‘neﬁéssarv 31nk1ng toj
;bomplete uhe contlnulfy must/occur ’ Iﬁ tﬁe con&ecnlvé cell model o:

“'LfFlgure 32 only the upnleW'currents awe 1llustrated | The eqnivaleﬁﬁ,';

'p,downward currepts wnloh must occur elsewheve are obv1ously raznu B

u513>nﬂ1nh1b1t1ﬁw They caﬂ also be ra1n~6eplet1ng,a Tﬂ eclpltatlon formed ;ﬁ[

 11nkthe’r1s1ﬁg ourrent of the cell can fall through 4”he s1nk1ng ourrent

'land be evaporated 1nto the &escendzng a;r,;VInstead of’belng adlabatlQ;
‘   @&11y_ﬁarmed an@fdrle@,<w?th res@gqt;tqkrelat;vgkhvmldlty> as occu?s ln~ ;
   €ﬁé u$ﬁel1d§wﬁféié§%gdf'fééﬁnSprpééésgﬁﬁheﬁaeééandiﬁg éif«?illzﬁé'ééqlédi

 7;b?'thefeVabdfé£ing raiﬁfali7ahd reachlthelsurface,éatﬁfate& ‘:In the‘i7'

‘ 1 7case of convectlvelv unstable alr, uhe wetubulb Eemperature in the new 7}

ka»falr at the surfaoe wmll be lower than any observe& in the prev1ous

iqutsurface air(l)’ Wetubulb temperatnres lowez than oould have resulted

(1) &, N, Brancato: "The Meteorologlcal Behav1or and Gharacterlstlos of -

iThunaerstorms,"Hydrometeorologmoal Sectlon, U, S. Weather Bureau,u l;

'j Amr11 19&2




 ,f§om a&?eétionvﬁave/been obéeé#e@ in mést éf the ?agamé ﬁajor storms‘~7{
étudiéi; | | | |
| i106i~ The‘dew‘pbiﬁ§ a§ thé suifape of £he éatuiahsd,air ihﬁthe
&owmward curreﬁ% thus bécomeéythe meaSure~of~£ée‘negative ‘Wﬁ; or fhéb‘“
pre81p1table water absorbed durlng the revérszble convectlve of sinklngi
,"process The molsture absorbed bv évaporatlon’&urlng the Slnklné pro-
.cess is numerlcally eéual to the. amouat whlch could be released by
5 llitlng, u51ng the new dem §01nt as a base. Henoe the dl erence (ZXWﬁ)
f‘oetween the ng’ in the rlszng alr . and the ngé in the lalling aly ig
i» the éreclpltatlon resuitlng from tﬂe oom@letéd pr§ce§é. A schematic :’
outllne of a complete unlt 1n Uhe cellulam pattern 13 Sﬂéwn in Flgure BH ,
 w%e¢e/ Tl and Tg Aare the sufféoe éew p01nts wkloh determlne the WE
 va1aes of the opp031ng currents. 
| ' 107;‘“The greatest‘dewmboint‘réhﬁe inVéné'éhé of thexﬁajofkfanamaﬁ'
 sto ms was 7 F for all uhe storms studled the ove¢~a11 range 10 x, rAk

sur?ey”WaSjmaﬂe of the extreme valﬂes of molsture content of the atr

12 Km.

T ////// 77777, /// 7777777, 77T 77T

Flgmre 34

Schematic &1agram OI a Qe?luﬁar convectlve patterﬂ o




":\   aad Novembe¢, Years 1937 1038 and 19MO

‘~mmV R  H  RPN BRI ~dVe?<0060 Solcﬁup‘tb a
helght of four kllOH\’

' meters (the 1nflow

700

~‘layer) for the months

o of August to November, .

. 8OO, ' iﬂclusive Flgure 35

PRESSURE " (Mb.}

1nd10ates these‘

5 extremes;{ 1T‘he dlffer~r
800 - :

ence in Watef Content

1000

A’WE for a dew»pozmt

. 200 St
Xﬁvvmmﬁpawmmstmm‘fjj’ S o differenoe Of,9fF be- -
CworE P B L T e
\Almumut€5o:ubs2231 /; - S T - : E IR
i Upp): 650 Mb. = 1.256 - M: esv o o itwee,nv 79 aﬂd- TO F is o
Ditfersacs ug 1o 650 Mb 7098 . ) s [ A A L
L 1.0 inch, which was
Ei‘gure 35 . i";' e o
: ' B - therefore considered to =
g Exbremes of m01sture content over Ooco Solo e BT
for months of Aubust Se@tembef, October “be the maximum average -

lWE Tf9f‘é}sﬁéﬁaiﬁéd*ddn;fV
~ vective process ,é.vf‘,érfﬁ‘?ﬁ,e@ Panema Oandl Besin. .
L 108-"»;1\70’0@0‘%% thin a.‘/;tdty‘ai' i@ﬁraﬁioﬁ ofs:u:m elght nours of

; iféinfall:wﬁo§é iﬁtéﬁSitv}ié“éﬁébAtﬁé% it §ustQhe éﬁtriﬁﬁféd ﬁb’§onvéé5 :

) o/ylnvolv1ng the max1mum axerage Wﬁ of W.O 1nch has ever. been

1s 0. 98 1nch, wblle the

‘7100%erved 11 aay totam storm parlod over the Panama Ganal Ba51n.> Mosf'ofu S

,',the falmrall Can be attrlbuied Ghlefly to Ehe orographlc eflect an
L 1naluence con¢1rmed by tbe 31m11ar1ty of tae stormvlsohyetaljpatterﬂ to »""
the mean exten&ed bf@Clpltatlon pattern The maximumwpéssible,;Wﬁ

‘«} whlcn can be attflbuted ﬁo the llftlng o¢ saturated alr acfoss the




Gontlnental DlVlde (mean helght 1, HOO L@@t) is O. H inch. (Seeiﬁiguré
33. ) Thls 15 equlvalent to 3tat1ng that all of the m01sture orlglnally
below 1, HOO fe@u is preclplﬁated by t e orographlc process. ThlsﬂmaX1m’
mum;poss1ble~value»for the'orographlc‘process‘1s based,ongthe foilﬁwing'
'aé‘sﬁmptions: k | | | RS

a.  The total ef ect of the barrler 15 to pro&uce hOflzon%al
convergeace down w1nd (see Ghapter i1 o

«vB.‘ The Saturated air 1s'potent1allv unstable and the excesst
- mass of air coming in below 1, U00 feet ig ‘subjected to

: verélcal impulses ﬁhat are flnally dampe& out at verv‘
h 1ewels.vﬁﬂ o , , S

c. GOmpensatlng outllow of mass takes glace at very hlgh
levels by lateral motlon of alf parallel to the 1ong

,ax1s of the oa51n. ‘

4. This lateral outflow of air ‘occurs in regions of low W o

_and therefore robs the system of a negﬁlglble amount OIA

: m01sture. ’ , - :

" e. The northwest~southeast components above the bafrle; are .
equal, level for level, to those on the North Coast of
the Isthmus and, therefole, 1nf10W'OI moisture above o

1,400 feet is approxlm@tely equal to outflow above 1 ROO =

“feet. - . i . -

Henoe, th@ extreme posgzbllity is that all m01sture flow1ng in below

‘ ,ISQOvaeat is flnallv pr601p1tated

' 109; The observed dlstrlbuﬁloa of. orographlc ralnfall over tﬁe

- Isthmus’is'such that the percentag@, in- proporulon to dlSuaﬂCe in the
nortthStwsoumheast dlf@Culon{~decreaseS»from the,Axlantlc‘topthe‘ ‘
‘Pabific,Side." Raiafall,measurémén£S§oU$si&e,%heVbasin aré too sparse
 for aﬁv accuracy to‘bé‘gained by conéidering‘the ac%ual quantitatiﬁeﬂ‘
M\519t¢1buﬂlOE an& apportlonlng uhe theowetlcal ralnfall accord13gly.~

‘However 51nce ﬁhe ratlo of ‘basin 1ength to isthmug 1enguh (along &1L@C-

tion of 1nzlow> 1syaooui 0,5, the oragraphlc‘:aln wa5~dzstr;buted   1‘

- 89




“according to that Tatio, {&hich 'is the same as reducing the original =

,yrorbgraphic  Vg of" O Q to O 2 inch.

110, . Thé Max;mum‘Ralnfall Fof’the f1nal computatlon an 1nt@nse
;qoﬁveéfivélperio&’of iafhoufsrﬁas assumed cOncurrentiith'tbe‘maximum
12~hour‘Wia& period | Tﬁé WE values Vary S0 that the hlghest values
'001n61de w1th the maximum w1nds The flve—mlnute value of Wé' is 1‘9'
1nches and the average for the le—hour oeflod is the: 1.0 1nch whlch was\'
‘preV1ously aetermlnéd to bé the max1mum aveﬁage %alua durlng sustalneé |

"coavectlon over the Panama Caﬁal Bas1n. By the end of the max1mum 2@

o fhours,‘the Wﬁf value has waned o 0, 2 1nch the orographlc value,

A-j”wnmcﬂ was used for the remalnder of the 31A~day perlod

~lii; U31ng“the\max1mum«w1nd and WE averages 1nd10ated Taﬁle 6:

1 ‘pfesent§ the comput@d averag@ d@pt ) of naximum ralnfall for the total -

">ba$1n for tﬁe de31gnated perlods.’ These values ploﬁted on a duratlon~  N
' depth cnart were then enveloped by a smooth curve (Flgure 36 nex»
; chapter) drawn parallel to the envelaulng qurat1on~depta curve obtalned ‘
',Lrom the raanfall analyslskof Chapter I Thls procedure adgusts the

'compuﬁed values sllghtly upward in the longer duratlons ‘Compnted and

: T_ABLE 6 e

 ‘, THEORETICAL MAXIMUM POSSIBLE DURATION~DEPTH
' VALUES OVER PANAMA CANAL BASIN

L Duﬁaﬁidn , | Avergge v ;f Awerage WE | "f Average R (1nches> -
:’ '  (mph) n{ , ‘(1nch¢s> (Compujed) 7 (Adguste&)—f”
Chmimutes . 50 ig o oh ok
:715 1 hoﬁr‘ : j.i : 351“;  3;;‘ ¥»]I.8v‘w" ;k  f'k ;g;9qi 1ki’ | /‘Jg,é .
‘12_houfs l R o 1 ‘i?O .  ‘  ‘ . »13.6- . inx 'lﬁ.ék
news 1 oz smo o me



| é«dvj‘i/?,ted Val_uéé Vrai’e‘i"x‘lcludeé; in the La‘ole Lﬁhgf‘iaméﬁ are the values e
 tho maximm possible storm, | B

| “1‘1’2;‘ o valldltv of fhe ‘Odmp"i?ati:on ” -,fOTm’illa is cdrric_”‘borated by
é‘ompaﬁs‘bnbf ‘the"'oﬁsémea nd ;I\‘/léfiimumipossiblé';si:ks:-—aia:zy-\ %ai%s;f The
’:kﬁaXimuﬁ 0§Se£%é&;Siﬁgdai §vérage Qiﬁd‘inﬁeﬁsi£y in a@yfbfaﬁhe,stpggs :

‘,StuﬁiedHWa§‘ébcﬁf‘13kmileS~pef~hCur;'~Thé maXimﬁm>poSsible win&\forJthe;j

same perloa is 18 mlles per hour a'MO%vinCrease;j”The'maxiﬁum possible‘f‘«f’ .

p‘average aeptb of ralnfall for the same duratlon 1s 33 2 1nches, approx1—’
, matelv SOp hlgher than tbe max1mum observed average depth of 21 0 1ncqes.f “

k} Rellablllty Factor.A The HV&rometeorologzcal Sectlon does R

. not con51der it necessarv to make any further upward adgustment of the .

7max1mum p0331ble ralnfall values forfrellablllty. ‘The 1nd1v1dua1 max1~k f5gh'

Tum values used in the computatlon have beeﬂ chosen to 1nclude sucb a
\(faCﬁOf solthat the xln&l result:cqﬁtalns a;pr0g29§slve 1ntegratloan£ v 7
the necessafyjadjﬁstménts;’j'v

oL




_TaTHEQMAximuﬁ‘PcsSiBLE,$TQEM‘j;5V‘1‘

,’llu Comparatlve Duratlon-Depths‘ . T—n Flgure 36 “bhe ‘owo sol:acl

llnes a,re enveloplng dura’tl on~c1epth curves‘ The;l’ower‘[ Olfle»»l s‘ a, ,x*epro»-l

é’_ucmo:lj of the curve from Flgure l’( of Ghap’her I represen*blng an

' envelomient of the ma,xg.mum depths of recorded ralnfall over the basnx

i ‘for duratlons from 30
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fainfall récof&s might'havé produCéd‘g%éater amounis. ‘In addltlon tbe
‘values obtalned oy analvs1s of ﬁﬂe nlne storms can be 1n error, partlcu»

larly for the sbort duraﬁlons Were the curve enveloplng these Values

S to be used 1n estlmat1ng 11m1t1ng rates of falnfall 1tvwou1d be

‘ necessarv to ap@ly a 11beral Tactor of safety.’ On the other hand the ;ff;; ‘ffV'

ﬁduratmon depth curve of the maxxnum 90331019 ralnfall also shown in.
‘,Flgure 36, 13 based on a computatlon 1nvolv1ng the max1mum posszble

» values of the prlnclpal factors whlch comblne 1o prodace ralnfall eadb, g

:fvaalue alreadv 1nclu&1ng a safe margln fox p0391ble error as well as for)ﬁ RN

1né&equacy in fuﬂdamenual data.
t i.}lléi' ﬁoﬁ pur?oses of . compailsoh;’two other durat10ﬁ~dépth curves«‘
are preéeﬁte& in theysame flgure.x Oné eﬂvelops the maxlmum ralnfall
jlaenths reccrded c%ér’areas of" 1322 square mlles in co&tlnental Uhlted
States The vaiues ﬁere obtained from tbe faanfall analfsis of. magor

fUhlted States sﬁorms and it has alreaay beeﬁ poznted out in Ohapters 117"‘

\‘frdeVWMfmmhvau% %mﬁdbehw&ﬂ“mmxwgﬂm@m,fmeoﬂmrcwbj_-*“

/paratlve curve on the chart p;esenﬁs the max1mum ralnfall amounts ox tbe  ;“

;'desagn storm lor the Panama Ganal Bas1n as developed in the Panama‘."

'  Hydrology Report For duratlons of one and two days those values are .

. exceeded by the Hydrometeorologlcal Sectlon 8- max1mum storm ’but for !  ‘
'3 durat1ons of - three to six days the Panama Hydrology Report’s valueS“"n
‘excee@ those of ﬁhe Sectlon.\ Values from the Panama HVdrology Reporti,
ZLOT 5ﬁratlons less than 2@ hours aro not shown on the chart because |
iéver—ali flgures for the entlre bas11 ¢or“nosé ﬁuratlonérafe not prc—

‘ seﬁte& 1n thau report However, on the oaszs of the maximum Bﬂ—hour

1sohyetal map and the 1nten31tV~dura$10n ourves for the max1mum day 0¢’» 




Cifthe Panama.HVdrology Report s &951gn storm 1% is belleved ﬁhat compa?awia
f wfble values ;or 30 mlnutes and one hour are 1n excess of the Sectlon 5
‘gVa;ues,for%thosélperiOQS;3 

B 116 Di_stributifonféfﬂéhe‘ Ma;umum Raizif‘alﬁl; “?The‘f ‘me;sﬁ;'m ﬁbé'sibien f

alazall as represented bv the duratlon—depth curve Caﬂ occur Ain a
'7g]vayletygpf;sequences, The most Cflﬁlcal duratlon and sequence is deter~,;

f miné&¢5§7§he‘h?dfdiogic%characteristioé‘of*tﬂe;basim; fBefdreknresenting ﬂn"

j,an& peak runofl 1n the max1mum p0331b1e 1ood,v1t is neoessarv to cor~ li" o

_slder the meteo¢ologlcal plau51b111tv of tne sequence ‘7“"‘

‘}k75117; mhe 51X~day &uratloq has alfeadv been notea 1n the ma;or;:f

:Paaama storms, Novemoer 1935 lor example. lhe lengtm of the peflod of

,»maxwmum DOSSlble convectlon was d601ded aiter con51&ef1ng the max1mum

}the predomlnantlv orographlc ra&M,ﬁaévaiébibeénVobééfvéd'“flﬁ*is?imDOr

ﬁant to note tﬂat altﬁough the 1attef becomes pre&omlnant 1n the Ton Gap ",_;TT
1dufeﬁ10ns, the maXLmum storm never postulates any Derlod of falﬁ of the S

;stable oroéraphlc tvPe. Potentlal 1nstab111ty 13 reallzed tbroughout

Vfthe storm buﬁ at a dlmlnlshlng rate as duratl  ?1ncreases.,,The.mounteglj9>7

*1ﬂg 1n§eas1tles ofrthe maxzmum storm, cllmaxed by 8 maxzmum Enahour~z

}perl d'on ﬁhe last aay have also been prevxously observed”?notablv in.

~the‘November 1939 storm‘tV‘> 

- 75'118 Table 7 lzsts the maalmum poss1ble accumulate& values of
'j’ra1n¢all depth as oaken Lrom the dura$10n~depuh curve of Flgure 36
‘;Table 8 thesa vaWues ar@ tabulated in- terms of su008551ve 1ncrem@nts, v

<

“1r3t ?OT Ehmaour Perlods for the SlK days, then for owhour per10a3‘¢ i

’,ha Llﬂal results 1n a- ¢orm that woul& facllltate computatlons of volmne'p ﬁJ,f

l&mratlonsvof¢suchﬂlnten81tzesv1n“a1lgtheﬁstormsg,fmhe prélOngathnro+1jh :fm3f'ﬁ
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’WKBLE 8

SUGGESTED CRITIGAL ARRANGEMENT OF STORN IKCREMEBTS FQB.TOTAL BASIh J“’

Total Storm~5,ﬂf;5”i Max1mum BH Hours. ‘] ~£7 VIammum 6 Hours
(EH-hour Iaorements) (6~nour Increments) : (1/2~bour Incremants)

| 23 101 | O;. 7
33 39 R o 9 e

 dﬂr1ng the max1mum EM—hour perlod of the storm and lastlv for BO—mznute -
flncfemeﬂts of the maxmmum 6~ho&r fa&afall The EH—hour perlods are ﬁot

‘subgect to any restrlctlons and hence are arrange@ 1n orlulcal hydrologlc

*@ef,lihat;ls,;;ngreaSIng-steadllv,Irom a~m1n1mum10n~the flrstvday>;“

‘méﬁimﬁm”Onffhe’sikﬁh'i Thls conforms uo the tlme paﬁtern presented 1n the

Fanam‘ Hydfo1ogy Reoort

’jfdu“lng the verlod chafac%erlzed bJ the max1mum convectlon whlch lasts a‘7

7g{total ox 12 hours° fﬁ;presenﬁlggftneW}Ogm;nuxe¢1nc¢ementsyo¢'ralnfallyygf

21 S pys s e

g OM g

3 fgli9 The maxzmum 6~hour raznlall 1s pTaced in the thlrd 6~hour fj 9ﬂf“

‘1nterval of the flnal 2& hours of the max1mum pOSSlble storm., Thls ig. ;» ‘ 9 ]




',during‘thié‘period‘of'méximumlcéhﬁectidn,*it is nof infendedftb,placezaQYVf/‘f
, restfictionsﬁbn their‘arrangement Thev may be regfoupé& 1n any maﬂner f
whatécevef subgect only to the llmltlng condltlons of the durat10n~depth
curve. |
' ‘120. In tﬂe breakdown of the total famnfall for the subsmdlary
.‘  éreaS'of the sasln conszderat1§n was glveﬁ to the areal dlstrlbuﬁlon asv
/; sbown by the éurat1§n~depth curves of actuai Talﬁiall for ea@h of tﬁe éub—1 ,
;ba31ns (Flgures lh 15 an& 16) AVfairly uniform ratié of values‘was
7“,atﬁa1nea for,nerlcds“of,one to six &avé;‘:Thié unifofﬁi%§ is in“agféementf
fwlth the concept that orographlo featares conorol the dlstrlbuilon of ﬁﬁe .
7;storm ralnfall over tae Panama Ganal Baslﬁ and thaﬁ gherefore, a ;1xed’
 pfoport1on of thecﬁotal ralnfal; 1s &eposlteg‘withln each suo~a§ea.*”if '
:”the aﬁéfage debth b? fainfall'oveV‘ébé tofal’bééin is éonsidefé&vés
V’UAitv then the coefflcleaté to‘obtaln avefagé depths over Gatun, Maoden
: .and Mvraflores Ba31ns are O &7, 1 33 amd 0. 53, respectlvely. When coﬁ~ﬁ
pared to the mean extended pr601p1tat10n these flgures prOV1de an abno
mal conqentxatloQVOL-ralnﬁgll Ior~t$e«Maaden'area, ,The mean extended
 ;precipitatiQn;?éﬁterﬁﬁi$ affec§ed:by ihe céntiibuﬁiéngﬁfrom'very_
' QQQQiized‘éﬁorms ’whieh3’beééﬁseathey,arevﬁot’eﬁtireiy‘§e§enéént'on'
: crog:a§hic‘featuféé;'fen& ﬁdtproﬁﬁcé:a‘ﬁor§ ﬁﬁiform~predipifation 
’Qv ﬁat%erﬁ q§éf‘£hé ﬁaéiﬁ;‘: |
V; lél;‘_Iﬁ’Figuresk3? éndst the ﬁiﬁé,increﬁéﬁt# éflraiﬁ%all, fqr“: 
'bthe,SiX;@éY ?efioa”and.fOffthe'maxiﬁum'one~&éﬁ'§erioﬁ afé sﬁoﬁﬁ’fbr'théyﬂz
 lit0ta1lbaSin7aﬁ@ aléo/lcr tbc sub5161ar .ba81ns aftév appr1ng the coef¢1~' 
‘ciehfs défiﬁéd\aﬁove; Within the maximum‘owhour period,the BQ-minuté

increments over the sub-basins were computed in the same manner. = The
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'Crltlcal arrangenent QL maximum“  “  Crlﬁlcal arraﬂgement of maxzmmmfﬁ

“possible storm TR p0331ble storm 6~hour incre~

2¥—hour 1ncremeats e _<meﬁ%s of maximum: 2&~hour peLlodgv:"

V \;‘fé,lﬁes"‘ a,reglvenln Ta’f}l e 9.:‘ "A"fsft*;ié_fjf of ‘thé’ :. sﬁéiﬁtapér‘irod; ;‘aj/;nfs;lll :m ;
 ?the’ma3of sﬁorms 1nd10ates the DOSSlbﬂllﬁj of consmderable tlﬁe la inx
 ;fthe péaﬁs of ralﬂfall within a 6—hour Derlod The November 1939 storm
;Qgeef?i ure 9) 1llustratas’&uch a lag oetween the sub~ba51ns in tne
"[¥;6;£oufgrainfallAincreméﬂt;‘ It is ﬁhefe¢ore posszble tc $tabger the peaki;:'
; 1ncrements between the three sﬁb afeaé.v Heqce, no block dlagram'
i:lé Shoun ior‘the max1ﬂum 6 hour perloé, but the tabulated values ﬁav be -

arraaged 1n any order O“ove:rned by crltlcal runo fcon31deratlons.
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GLOSSARY

;Adiabati¢,Charf;“A‘fhermodynamid diagraﬁ in wh;ch_ﬁéﬁpefaturé is' JH
/@létueé agalngt pressure <1og bo) or pO ggg) aﬁd,ah,whiCh dry'é&iébaté
“have been conshructed;b Ii‘is‘uséd forAthe evalﬁaﬁiOQJOfkan aér§iogica1;
Nsoundlng. ; " ’ V‘;‘“’kk,l‘ w : : R M o |

i

Aalabatlc or Dryv Adlabatlc Lapse Eate, The rate of changé of,temﬁ

perature of an unsathfateé azr Uart1cle as 1t is adlabatwcally “alsed or;

‘Vlowefed in the atmosnhefe —— eqpal to ap@foﬁlmatelv 1 C pev 100 meters.,

Adiabatic Process.. AﬁmgspheriC»processain whichichanges,in volume,

'k,@reésurg and:tempefature‘Odcﬁr ﬁiﬁhouﬁ the 1$$s 0rfgéin’§f'héa%.
’ Air“ﬁass, An extens1ve body of air appfoximaﬁing hofizonﬁal‘f

nomogeneltv 1h its source reglo“.~ |
'Anticyclone.» In the Eorthern‘ﬁemiSphere, a cléékwisefcirénlation"’

arouad relatlvelv bl“' pressufe at tﬁe center Counterclockwise in the,

Southern Hemisphere;'

'Cold Anticyclone. Anticyclone of chiefly thermal origin, with
‘anﬁicyclénic circulation confined to lower troposphere..

Oold roat Front at which relatively cold air displaces warmér»

Conditionsl Instability. hermodynamic state which is vnstable
for saturated air but stable for dry or unsaturated,air.~

o

Convective IQStabille. Tnermoéjnanwc state of a laVer of alr :

1&&30& wﬂll beoome UﬂSbable after gnf fi ie t 1ift

Gonvective~Précess. Process, mechanical or thermal, causing the
. ¥ A . " : .

upward or downward movement of a limited portion of the atmosphere,




&

- Cumulus type clouds are indicative of the occurrence of convective i+
ffprocesséé;fj'7~ T A T S E S A

Oonvefgcnoe. ,Geﬁerallyfrefers tdnthe‘COnditibh thatﬂeXists whenﬁ

:the w1nd dlstrloutlon wwthln a glven area causes a net horlzoatal 1nflow

' into,the region. Horlzontal cenvefgeﬁce 1s usuallv accompanled by

"_vertlan dlver oace which.is_referred to‘as streﬁchinb., A net horlzonm,

fﬁ@a¥1ou@flowwislknowgfaé &i?éfgénc§f§ﬁd is?géﬁeféllﬁxaéqompaﬁie&‘by   

‘;;‘Yéﬁﬁiégl‘Céﬂ%éﬁgenbéEEWﬁiéﬁfi§ §ef§?re@ tq‘és‘éhﬁinkiﬂg., s
"éycléﬁéyyyiﬁfthe ﬁorﬁhérﬁ Hémi§phefé,'é,cdunﬁerclockﬁi§éfciréﬁiékz»”

 tio1‘afoLnd re?atlvelv 10w Uressure at the centéf; Clockw1se in tae

~Sovt LeTi Hemlspnere.Vv,

GyclbgeﬁeSis;g‘?rGCess‘which~createsjdf}déﬁélopsfa newféyC10ne¢ \

'~forJWhiCh @TnduCes*én intensification ‘of an existing one.

- Deet ealng. - Decr easin . resSure aﬁfthe:daﬁﬁer of a pressure system.
S =3 P , , Y , 5y

Dew P01nt empefathra. The tem§e ature,'at5oonsﬁant pressﬂ?e;~aﬁtd

}/whlca satur&tlon occurs 1n a aoollng mass OL alr

I

'*Divergeﬁcé,jWSée¢ConVergencé,'

.,

(DuraﬁioﬁﬂDebﬁthurﬁé.A Max1mum deoths of - raln?all plotte& a&alﬂSv f

tﬁe du¢atlon requived for thelf accumnlatlon over a seleoted area 1n a-

twoular storm or ﬁrouw o? storms.cr

” _; ;_~Eﬁfect1ve Pr861pltable Water The gy@&tast amount of prec pltaole’  ‘

‘,gwath Ublch sax be removeé from an atmosmherlc column bv convectlve

”gfactloa

Fllllné'; Increas1nv Dressure au tle center of a pressure system

»Foehn;° Auwarm'éry~win&; dynamically‘heatéd in descent'down

' mountain slopes.




—_Frcht. ‘The line of:interseétion\with the earth of an inclined‘Sura
1ace of dlscontlﬁvlty separatlng $wo dlfferent a?? masses. Wheq the’
: suwf&ce OL dlscontlaulﬁv 1s LOTCG& ovef a thlrd bomogeneous a;r mas%,

the llne of 1ntersect10n g called an vpper ;ront

f,Frontogenesig.f The,prOGESs whioh creates;a front or~inténsifiesif
~an existing front.
‘ Frontolysis} The process which tends to weaken or destroy an.

‘ax1st1ng front. . ;;v l:f o ,j‘lti,'.'¢ 5,'*‘ : ’ '\;'7,~f"~ DR

Geostrophlc Wind. The Wind réSu1ting,from_the balanceiof;the .
force due to the pressure gra&ient~and’thé'apparent deflecting ?orce of

tbe earuh’s rotatlon ﬁeolectlﬂg ¢rlctlon and. curvature of path

Gradlent Wind The w1nd resultlﬂﬁ xrom a balanoe (negleotlng
‘5i1r10t10n) betwee& tbe force 6ue to the pressure gradlent the agoarent‘
'? ectlng ?orce of the earth‘s rotatlon and the centv1¢ugal force due

‘,fto thé curvature offpath. V

Instablllty. Théfmddynamiq-étaﬁe7in which vertical displacements

re favored

fInVérsion; An 1ncrease of temperatu¢e w1th helght

Isentroplc Chart Svnoptlc chart of data plotted at a surface o:f"'
’"constant botentlal temne*ature, whlch 1s also a surlace of constaatf
, @ntfopy for unsaturate& alr.vf

Isogleth V A liae coanCting,éqﬁal values on a chart.

k—the Alr Mass fAn‘air'maSS coider‘than ﬁheféurfaée évér which
 1t is pasalﬁb, w1th stabllltv conseq@e cly &ecrea31ng 1n the 1owey'

«1ayers.

Lapse Rate. Rate of decrease of temperature in the atmosphere .
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with height.

Mass Curve., Curve representing cumulative values distributed

through time,

%ixingyﬁatid,f Ratlo of tbe wevbwt of watef vapor £0 the weig ht;of“*b

:

dry air in a given: sample of atmosohere.

Ucclude& ront The type’dfrfront résulting"when a‘cold front
4overtales a: warm front for01ng aloft t ne alf in the wafm sector.,:‘
Uccluslon., P rOCess of forma 1on of an occlvded front or a,sys%em

. which has undérgone‘the~proce§s.

fOrbgréphicyRainfail,'CRaiﬁféil\caﬁséd‘by déflecfion'upWafdé of -
owstufeuladen w1nds bv mountaln lepes.

Polar ﬁront g Themline of;interseétibn Wifh‘ﬁhe eérﬁh’df’a*sﬁrfagé
;df'&;sContinuityﬁsepaféting!air,Qassesfdf p§lar originifrbm ﬁho§e of
:grgéiosljo?igiﬁ; éhé'1ihe_béing!maré,offlésé §§ntinuous within;egéh’

- hemisphere. -

Potential Temperature. T emoerauv”e of alr after expansion or com-
“pression dry~adiabatically to1a'$tandaré pressure of 1,000 mb.

Precipitable Water.  Total water vapor contained in an atmospheric

column-of unit cross—section area, expressed in terms of & column of

1iq 6 ﬂater;ofvthe”Same‘crcss—seCtionyarea.[,5

Pressure Gfadlent Decrease in bar ometric pressure per unit

n,hQrizoﬁtal diStance in”a direétiog normal&to the isobars.

Pseudo—Adlabatlc Chart The’adiabatid chart fé'which‘%éturaﬁioﬁ_

~a01abats aﬂd llnes of\constant m1x1n“ “atlo Qave been a&dea. o

  ‘Pseudo~A&iabatic Lapse Raté. 1The rabe at which an‘ascending,boiy

L of saturaﬁed—air;will~ooOl:&uring'adiébatic'expahsion.} Itsfvalué,is not .
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conStant\but approachés>th¢ dry adiaBaﬁic)fate'asymptotigaliy as the

- wabter vapor content decreases toward;zerde'

Qaagi48tationary;Front; ?ronu along whlch ﬁlsplacement of warm by‘
’10016 alf, or. v1ce versa, is small and ascompllshed by m1nor wave act101. §\

?educed Dew P01nt (as use& 1n thls epdxt); Dew p01n% reduced

' pseuclo adlaoatlcallv to 1 ooo :mb

.

Sp901flc ﬁumldlty. Ratlo of tbe wnlght of water vapor o thau Oi“

'm01st alr 1n a glven sample.,

' if Sﬁa0111tf ,Thermo@yngmié'sté%e;iﬁ %hioh vef%i¢§ifiié@léoément;‘ffﬂ
are vosisict | e e
cg Stféng‘h (of;Cycioﬁes'aﬁﬂlﬁﬁtiCyé%oﬁes>.L;Sﬁeeﬁﬁéss?Of prééspief;*
;€$Ad£§q§ﬂ :SjﬁOﬁymbu$~¢ith:intéﬁéi%yaiyh | | .
|  ,étrét¢hiﬁg; kééé C0nveféeﬁCe.“

 SubSidence, A swnklng o‘P alr vuthln aﬂ air mass.,;>a*

,S noptzc Chart ' A Cﬁart fsuch as tge oralnarv weathel map, w'iCh_%*"
3 ; . :

shows tﬂe dlstrlbutzon of meteoroloblan coqdltlons at a glven moment

hermal Equator. uLiﬁé of hi'aegt tempewatures near the geograoh~;‘}L

'*'ical equator cut dlsplac ed tofeither,side~0f‘itfacqoréing tO‘SeaSQﬂ;i

DR

Thlesseq Polv on. Geometfloal”fi dfawn bv pTOLtlng perneadlc~j _ki fJ

ular blsectors oetween a@;acent DfeC lmﬁt Oﬁ statlons., T hese olseCtOr& f”

 bQund,dlose&‘éreas,éround°each~stgtiQ3 and;toggﬁher*form a,nefvoff of
f;,coatlgﬁoué Tnlegsen polvbons fdf:each of‘ﬁbggh,ﬁhe_enci§§¢d station s
é ixall 1§ oons?defeé fep eseﬁéatiVQ.; \f, '

VJ:Jthgue;' The ?rogee%nngvnoltloh of 5 1aréé;g¢a1§ eddy 5f‘a§y o?‘

s

vc:o

5:m015u a;f, as feveaTed on an 1sentroplo suryf ace.,

Tvades or T"ade Mmads. 'TWOfbelts of'winds, one on either side of




jthejeduééofialidoldrumg, iﬁ?wni¢h7ﬁhe5wiﬁas\Blowgazmgsz,consﬁangly‘frpm};g

ffeascerly quadrantS.Av; f 

gg Am elongated area of relatlvely low barometrlc pressure. ,

Warm Antzcvclone.' Antlcvclone of brlmarlly dvnamlc ormgln w1tht;fﬂly

;v ant1cvc1on1c 61rcu1atzon extendlng to hlgh 1ev61gt,,J

v(Warm Front ; ﬂwont at whloh relailvelv warm alr dlsplaces Colder
Werm Sector. The air bounded by the cold and warm fronts of a

“*QWéve.» A locallzed deLormaulon 0¢ a iront wnlch travels alcnb t*
front as a wave~shaped Aormatlon aﬁdfwhxchemayfdeVelop“;ntdran,lnﬁenseg;
cyclone.

emperauu;e

pgeudovaalabatlcallv t vlkOOO mbf






