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INTRODUCTION 

l. Authorization. In a letter dated Dec.ember , 1941~ from the 

Office of the Chi of Engineers, War Department, the cooperation of 

U, S. W'eather Bureau was req_uested a meteorological study of 

thePanama Canal region to determirie, insofar a.s possible, the limiting 

storm conditions. The vvas signed to the Hydrometeorological 

. Section of the irVeather Bureau, o1)erating m1der S1)edial trat1sf1:1r - . - funds 

from the War Departl)lent. 

2. · The Panama Hydrology Report. .A report, enti ed 11Hydrology of 

the Panama I - ood Control, 11 had alread;~r subm.i tted 

by the Hydraulic Section of the S:pecial Engineering Division, Department 

of Operation and Maintenance, The Panama Canal. The report prepared 

·Howard W. Brod, Associate Hydraulic Engineer, and will hereinafter be 

erred to as the report the 

physiography of the Panama Canal region was thoroughly studied both -by 

eld observation and by revie1<r rec.ordeo_ data. Available meteoro-

and hydrographic records were collected and analyz Interpreta-

ti of past stormf,l "'ere made means of i sohyetal maps ad jus teo_ for 

the influences of topography, exposure, geographic location,. storm 

tion, etc. The storm was o_eveloped on basis of a 

probability analysis of point areal and time stribution 



of rainfall dl.U'ing past storms; and certain funda,w.ental concepts of air-

analysis. In effect, a so-cal 500-year ,storm was as the 

limi or storm. The meteorological analysis to "be made "by the 

Eydrometeorological Section was to act as a 

hypothetical storm thus dE;;rived. 

oh the values of the 

}. The Hydrometeorological Method.· The general method pursued _"by 

the Hydrometeorologiccll Section ir1 the derivation 6f the maximum possi.c... 

ble storm over any given is "based on investigation of the 

measura"bl e C characteristiCS B,;.'lCl antecedents Of the storms 

in the past :prod1.1ced heavy · over or near the desig-. · 

nated region. Every effort is made to ctetermine the characteristic 

distribution of rainfall in in time ;dthin each of 

major storms. S;y-noptic analyses of the storms "-- both ·at the surface 

, when possi"ble, aloft>.:.._ are made to determine the factors which are 

responsi"ble for the intensity, cJ~uration a:n.d distri "button of the rainfall. 

i'Jh.en factors a,re revealed, it. becomes necessary to study their 

intensities and variations within the particular storm peri and 

to evaluate, either theor13tically or empirically from such data as 

be available, their maximum possi"ble values arld associated durations. 

From physical er limits determined for the controlling meteoro-

both 

possible sto:rm is .. d.erived. 

combination, thE} maximum 

4. Sometimes it is possible to isolate the factors but, imposs"ible 

to evaluaj;e them otl;ler than qualitatively because of poverty of .storm 

data. the. other hand, it "be possi"ble to o"btti:in quantitative 

the. factors during the storm lJut irp:possi "b.le to make 

2 ·-



adeg_uate measurement of persistence of maximum valuys Oecaus e of short-
. . 

ness or incompleteness of t,otal record. In the derivati.on the 

maximum possible storm over the Panama Canal :Basin, all these impedi-

ments caused by lack or insufficiency of fundamental data were enco1..1n-

te1·ecl. In the end only the properly meqtsurable flictors could be used, 

and their a..nd persistence evaluatecl from the data that both 

most appropriate and extensive. 

5. Ackno~orledgrnents. The progress of this repqrt 1-.rou~d have 

· clefini tely impeded not the information ably gathered and summarized 

in the Panama Hydrology Report been available •. Credit .is also due, for 

stance in obtaining meteorological records, to U. S. Engineer 

Department and to the Special Engineering Divi Department of 

Ope"ration and })l[aintenance, Panama Canal. 

6. The report. >vas prepared by the Hydrometeorological. Section, 

U.."1.cler the general supervision of Mer-rill J3ernard, Hydrologic Director. 

Collaborating the assignment were: 

A. K Showalter, Meteorologist in Charge 
G. l~. :Brancato, Associate Meteorologist 
P. Light; Associate Hydrologic Engineer 
M A. Garstens, Assistant Ivieteorologi 
H K, Gold, Assistant Meteorologist 

• R. Jones, Assistant IvieteoJ?ologist 
A. L. Shands, Assistant Meteomlogist 
D. J. Si:;evlingson, Assistant Meteorologist 
Iv1, Dorney, Junior Meteorologist 
W. . Stodghill, Jru1ior eoTologist 
J. P. '\llinner, Junior .MeteoJ?ologist 

They i'lGI'e ably assisted by the sub-pJ?ofessional and clerical staff of 

the Section. The Statistics Division of the Weather under the 

direction of H: 0. S. Thorn, or Statistician, also Tendered important 

as s.tanc e in the summari za ti on wind data. 
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CHAPTER I 

HYDROLOGY 

7. Rainfall Characteristics~ The seasonal and areal distribution 

of in the region ?f the Canal Zone has an: important bearing on 

the characteristics of the cri ti flood-prodv.cing storm. The meteoro-

logical conditions responsible for t):l.e rainfaJ_l variation will be 
- ' . 

discussed in succeeding chapters. In general, a distinc dry season 

lasts through the four months from Janu.acy to .A.p:d1; ~pJhile the.remainder 

. of the year comprises the rainy seaso:n. VHthin the rainy season, the 

mE!-jor stor.!lls producing widespread rainfall over Isthmus are mostly 

confined to e months of October, November and Decemb'er. O;nly a 

comparatively ·small proportion of tot .rainfall ·OCcUrring cl_ilring 

these major storm periods is of the local convective type though, as 

'Will be shown, c.onvection is responsible for the short-period peak 

intensities.. Most of the prolonged rainfall can be ascribed primarily 

to or.ographic effects -- and, e these resu~ t from the 

invariant topography of the region, the mean .extended precipitation map, 

shovrn in Figure 1, embodies the characteristic :pattern of the large-

scale type of rainstorm.· The mean extended tation map was 

developed in the Panama Hydrology Report and shovm isohyets of long-

:period mean rainfall for October, November and ember. 

- 5-



8. typical areal distri.bution·of rainfall .results 

the of the 1 s topography upon the air characteristic 

the storm period. :Because that flow is most often from a northerly 

on, the heavi rain is ecipi tated along the or windward 

side the S.an :Blas Range of the As 

the air flo;,rs .out of the lifted, this over the 

Continental Divide moisture is precipi ta.ted. In both 

cases is some precipitation ca1~ri er to leevvard side. 

, the tv.ro mountaili. anc1 prevailing storm-wind clirection 

forthe sharp rainfall ent in north-south direc 

9 • T.o s tucly charac of short-peri ocl a..11. investiga,... 

;,ras made comparatiire raiD..i'all intensity. freq_uency at Panama 

iri. the The r s. are 

. . 
dura ti on,...d:epth curve of 100-year'-freq_uency 
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a representative s ta- 20 

tion in the b · 

derived from data 

contained the 

Panama Hydrology 

Report. The cu..rve 

approaches values ob:.... 

tained. from Yarnell( l) 

for corresponding 

100-year ;rainfall at 

New Orleans. 

incUcates a comp~ra-

tively high point"'-

rainfall intensity 

for Panama. Figure 3 
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. . . 

also indicates that Comparison of slopes of frequency 
curves United States and Pa1iama 

Pan~ma has a steadier 

rainfall regime than continental 1Jnitecl States. As a general rule, 

within a particular season as weLl, as · year to year, there is a 

greater of storm o.ccurrence and uniformity storm 

intensi in t1•opical as compared to temperate The figure 

shows that rainfall increases at a lesser rate \vi th frequency at 

Alhajuela than it cloes. any'llvhere in the ted Stat 
2) 

For further 

(1) Rainfall Intensity-Frequency Data, Dept, of Agriculture Mise. Pub. 
Eo. 204, Aug. 1935. 

(2) Lo\v Dams, National Resources Committee, 1938. 
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confirmation of the rainfall sta"bili ty at Panama, a statistical analysis 

vvas made of an,nual rainfall at selected, stations with long periods of 

record. The results are presented in Table which shows that a~nual 

rainfall at Cristobal is less variable at tifiro coastal stations 

the United States: San Francisco Ne1flr Orlean.s. · No <lefini te conclu.,.. 

sions be drawn regarding physical upper limits of p:iiecipi tatton from 

such analysis • However, the availa'ble statistical evidence suggests 

that enveloping values <lerivec1 from the storms of record at Pana.Tfla are 

less likely to be exceedecL than similar enveloping values fo most of 

previously studied by the Hyclrometeorological Section. 

TABLE 1 

VARIABILITY OF .Al'JlWAL RAINFALL 

Period Rainfall Range Range Standard Coeffi-
-A-v'-e-r-.{1-g-e---:i'M:-a-:x:_i,;;m;,;,u--Lm-. -=~-=-vr l-. :n-'-.~l'-. m"'"um-.. -. Dev i a-· ci en t of 

in ti Varia-

stobal 69 .s 177.4 .2 72 20.3 0.16 

l'Imv, 
Orleans .5 .7 31.1 54.6 95 11 0.20 

Sari 
Francisco 2 0 g· 136 5.6 0.25 

Panaina 

Canal has been treated_ tlioroughly in the Panama 

states. that the. runoff characteris s of the 

basin ancl problems of r ervoir control req_uire that the c1uratibn-

th curves for the ma.,'Cimum storm he .extendect to at least days. It . 

fv.rther states that the tical time-position for the most· intense 



J 

\'rould be the sixth day, For purposes of peak-runoff determinations, 

this. maximum period should be presented as a time sequence of rainfall 

in half-hour increments, 

11. Because reservoir levels are likely to be or near maximum 

during the period October through December, the time of occurrence of 

the maximum storm is restrictea_ to the period of mean extended preci~oi-

tation. The detailed analysis of storms like~Prise restricted 

·to types ca:n occur cturing the. saine peri ad. 

12. The problem areas outlined by Panama Hydrology Report a1•e 

as follm,,s: 

r-'Iiraflores Basin 

Madden Basin 

Gatun Basin (Excluding Mactclen Basin) 

Total Basin 

Area_ (Square ivliles) 

.37 

393 

892 

·1322. 

Storm-Rainfall Analysis. The nine major El torms analyzed are 

listed -below: 

. December 1-3, 1906 

November 15...,19, 1909. 

December 25-30, 1909 

October 21-2~-, 1923 

November 6-9, 

November 26-29, 1932 
. I . 

November 14~19, 1935 

December 2-l!-, 1937 · 

November l-7, 1939 

- 9-



These storms produced major fl.ood peaks during the period of adequate 

rainfall data. Only one storm. during aperiod of approximately 100 

years shovm evidence of .greater intensity on the basis of estimate& ()_is-

charge Alhajuela: the November 1879 storm for \•rhich rainfall data. 

are extremely limited. 

14. The availa-ble precipitation consisted of daily rainfall 

ammmts for stations the total period. of record Panama 

Oa..n.a:L :Basiri and its vicinity. In addition, five-mtnute amounts at 

tipping-bucket ana_ reproductions of recorder charts from weighing-

type were available for the storm periods. Isohyetal maps for 

· significant periods the storms i'Jere also on hand. maps 1Jvere 

based on station-rainfall.values as \vell as· considerations of runoff 

mean extended precipitation pattern.· 

15. With .the storm-isohyetal maps and station.,.,rainfall amounts 

various intervals time as clata, 

arrive at satisfactory values of areal-rainfall 

specific problem \vas to 

clurations as short 

as 30 minutes. It vJas decided to eliminate non~recording stations as 

factor .in determining short.,.,perioil is well served by 

automatic stations and most .storms more than 50% of the. gages were Of 

the automatic type. On the .other. hand, the non-recording data are 

poor caliber. Ubser:vation times are mi ma.."'ly cases, and no 

beginnings or endings of rainfall Under the circumstances, 

it i'ITas f ·that no. important additional information could be obtairiecL 

by the construction. of mass curves for. non~recording stations. It 

should emphasized, ho\vever, that the available data ~rere utilized 

in the original construction of isohyeta~ maps. 

- 10 -



16. The method. used -by the tion for obtaining 

short-period rainfall s ivas to iveight the stations within the area 

.to a Thiessen net1vork. The weighteo. rainfall values \~'Jere then 

combined and an factor applied Dnifo to each increment so 

as to bring the total value into agreement with the average de];lth 

obtained from the i map(l). In the Basin the rain-

fall stations are concentrated chiefly along the Zone and there 

are few· stations outside the_basin bo~111dary. An individual· 

essen block, therefore, encloses an area of varied topographic 

features and irregular pattern. 

A more reasona-ble method of homogeneous 

areas to each station. The method is illustrated in the 

diagram of 4. ·A curve vvas derived from the i sohyetal 

for the period concerned, expressing the perc of area encom-

passed within a given i as 

a function of the value of the 

i Horizontal lines, 

representing rainfall at 

each station, were extended ro1d 

blocks thus formed whose areas 

the contribution of 

each. gage to the tal volume of 

· over the basin area. 

the figlJre, a cal 

~ 
/ Encompassing /sohyel Curve 

~ 02 

..J 

..J 03 1----1-,------h-
it a 01A1 
a: 

0 

Aj A, 

PERCENT AREA 100 

Figure 4 

Method of assigning weights 
to rainfall stations 

( 1) Hydrometeoro1ogical 
over the Sacramento 

t No. 3: HMaximum 
of California. n 

ssib1e Precipitation 
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The rainfall depths m~e D1, and D3 a:.n.cl the corresponcting ii1Teights 

determined this process are , A2 ax1CL A
3

. The area unclerneath 

encompas sohyet curve is to the average of rainfall 

ovel' the area. On the othe:;_· hand, the sum of the block areas 

is eq:nal to the >,veightecl total rainfall. Hence, the adjustment factor 

l' ef er l' eel to ously is to the ratio Area under Curve It 
DlAl + D2A2 + D3A3 

C9.J.l be seen that the adjustment factor a;:-;proaches uni as the nupber of 

stations increases ancL hence dep~ldability may be expected for 

the areas with this method. 

18. results of.the storm-rainfall s a:re presented in 

the form of six-hour increments for each major storm for Miraflo:;_~es, 
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in Figures 5 to 13, inclusive. 

Periods of in tense rainfall 1flri thin 

these storms were selected for 
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increments. over-all results 

are plotted as duration-depth 

values on pa}Jer in Figures 
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CHAPTER II 

DYNill~IC CLIMATOLOGY 

19. Available Data. Daily morning synoptic observations were 

available from Mexico, Central America and the West Indies for all 

storms except that of 1906. Daily evening observations "became availallle 

·from Central America the 11J'est lndi es in 1923, from Mexico in 

1939. Hourly or bi-hourly ollservations 11vere received. from t\V:O or. three 
. ' -. 

stations within the Canal Zone for most of the storm perio<ls. ·For more 

recent storms synoptic data from northern South America v1ere availallle 

but were almost entirely lacking for the earlier periods. The 11mst 

coast ColoJ!lbia was not represented lly any observation,s. Ship reports 
. . 

from. the of Mexico and the Cari1J1Jean. ivere numerous hut in 

earlier storms there \>Jere few Gr mictnight o1Jservati6ns. reporteci. 

the. Pacific 1!Jeather observations were scanty. axid those availallle 

were mostly concentrated al shi~p lanes from the Canal north111est.-

Upper-air data 111ere definitely scarce~ ·At Coco Solo pi1ot-

"balloon ollservations were in 1920. For storm periods since 1935 

winds aloft 11.rere available from Alllrook Fi and France Field. 

varying lengths of time sine e 1935 there similar observations 

available from David, Panama; Turbo anCI. :Baranquilla, Colombia; Jviara~aibo, 

- 17..:. 
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Managua, l'J Mexico. 

i'fes t Ii'ldi es 

is also true 

other stations in the Caribbea..n 1nri th the 

exceptions of Guantanamo au Prine e Santo Domingo 

were available the 1932 ~ Upper-air s ·oy means 

of airplane meteorograph were 

means· sonde at Svla,.c"l I. 

e .at Coco Solo since 1936 and. 

during the Both 

airpl~ne soundings are' so much clepend.en.t on favorable 

often than not, 

•. Adequate climatological of the meteorological 

ot-

in various publications, consideraQle 1:10 

summari upper :c. air to 

resul 

observations in this task services of 

the Weather Bureau were 
The Climatological A-pproach. 

seconctal:Y circulations predominate and. fluctuati 

.~ · the climatological means may serve to mask rather 

sequences. 

where meteorological servi.ces 

repres ei1tative The 

observations the poor ship observations 

Hol.orever, 



it cah oe assu~ed that the pattern is not too unlike the 

mean, then the network of observations both enlarged improved_. 

throughout 23. This to say' that tions are 

the year, although of some· elements 

true. \o'li thin each month and even wi 

stancy is easily observed. However, 

ons from dry to wet or wet to dry 

. logical, therefore, preface the 

111i th a consideration of the mea.n or 

the region and its .. ts upon the 

logical elements~ 

- 24. The General Circulation. 

as pressure' it is essentially 

each season the relativ<,3 con

ch~1g~ in meteorological condi

is well-defined. It is 

s of the Panama s.torms 

atmospheric circulation over 

variations of the meteoro-

tuated at about longitude 80°\Af. 

latitude 9°1~., the Canal Zone lies in an area primari;ty dominated by 

the southern lim.i ts of the circulation arouncl the Atlantic c.ell of the 

pressure belt that girdles. the along latitude 30°N. Foll-ow-

the a.nnual 

f';outhward in the 

of ~alar altitude, the o:elt of pressure moves 

a.11d. north ward the su...mmer of the Northern 

sphere. Accompanying the movement in the winter is a ·weakening of 

·the oceanic high-pressure centers altcl a strengthening of continental 

hign pressure. the. sl.urimer, on other hand, the oceanic Q.J."lti-

011e, then north.; is s trengthen.ed continental 

ctisa:ppear to be ed by comparative low· pressure. A counterpart of. 

this shifting circulation exists in the Southern with direc-

tion ·Of circ1.1lation and lati di splB,c em en t 

25. On equatorial sides of both hemispheric high-pressure 

belts there are the trades, broad of easterly , southeast 

- 19 -





a maximum in February &""ld then dimini through spring and practical-

ly vanishing in the summer when the continental Hi is replaced by the 

con tihen tal Lo'\ilr result from the h1creased heating of the land surface. 

28. .Annual Variation of the Eleme:;.lts. effect on its rah1fall 

of the Canal Zone 1 s position within the general circulation is 

well-marked. Figure 18 shows the a:anual variation in mean monthly :cain-

fall for stations in near the Canal Zone. Tl1e combined mean 

values for the 23 stations are presented by the histogram in the lower 

right-hand corner of the figure. The latter values can be accepted as 

approximate, mean monthly rainfall de-pths for the basin. The season, 

>vhich can be defined as the period from December 15 to lVlay l, occurs 

when the l"egion is clefinitely vlithin the trade-\vincl belt. During the 

rest of the year -- the season -- the region is \vi thin the dolllru\n 

J A J 0 J A J 0 J A J 0 J A J 0 J A J 0 J A J 0 J A J 0 J A J 0 J A J .0 J A J 0 J A J 0 J A J 0 

Figctre 18 

monthly rainfa~l at stations in and near Canal Zone fol~ 
years of record_ 1940 
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"belt. The onal nature of the i'ret and seasons is well-illustrated 

by noticeaole appearance at all the 23 stations. The repeti"Gion 

of the marked rainfall maximum centered in November is also notable. 

29. In Figure 19 the ~lnual variation in other meteorological 

elements, as 1nrell as rainfall, is sho'l-m for Cristobal, Madden Darn 

(Alha,juela) and. ::Bal"boa The marked in values during 

April-May ancl November-December is noticeable for all the el 

These are the months during 1nrhich the season from dry to wet and 

wet to Ci.ry, respectively. In elements such as dew point, relative humid-

i and_ perc of cloudiness, the values are natural con-

comi t~"'lts of the rainy season and: the levier values of the dry. The 

variation in vdnd speecl is of an opposite kinct, the higher b 

characteristic of the dry season ancl the loiorer of the 11ret. The 

speeo.s are in the tracte winds and lo>,Iel' a doldrum phenomenon. The 

slackening of the 'lllincl_, aclcLed to the variaoility of clirection, in 

fact defines the doldru~s. Not shown in the figure, the variation in 

constancy of wind direction is such that during the months January, 

February and March north or northeast winds 1 at Cristobal more 

than 90% of the time vrhile from May to Novemoer, inclusive, the per-

c of occurrence of north or northeast 1,vinds falls 1nrell below 50. 

During October, the percentage actually falls to nine. In that month, 

it can be seen from the section of sho~ving the mean monthly 

position the edge of the doldrums, the Canal Zone is deepest 1nr.ithin 

.the c'..olc1rums. 

30. The surface temperature has an anomalous variation, the 

maximum value occurring in April and the minimum in i'l"ovemoer. . The 

-'- 22-
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explanation of the difference, as \vell as of the other b'etter-corl"elated 

variations, also lies in the variation of the position of the doldrum 

edge in the vicinity of Panama. In the figure this is satisfactorily 

illustrated by :plotting the monthly latitu.ctinal position of this 

bcmnclary at longitude !S0°W. and using 9°l'J. as the mean latitude of the 

Canal Zone. The curve thus represents the northern edge of the cloldrums 

a..n.d the horizontal broken line the appro:dmate position of the Canal 

Zone with respect to it. The arrOi,JS are a schematic representation of 

the accompanying wind_ regime. Du:ting April, it can be seen, the cLo ld1"UJU 

edge is at Panama at approximately the time of the zenith position of 

\ 

the sun, but after August 29 the retreat southward. of the doldrum 

lags about t1..vo months behind_ the sun 1 s zenith eros :Panama in late 

November. It is apparent that both k.J?ril and l'Jovember are critical in 

. the same sense -- during thdse months the Canal Zone is at the doldrum 

edge. 

31. The moderately high surface temperatures of the dry season, 

an effect the er insolation due to the comparatively clear sky 

of the period, rise to a peak in April 1Hhen the. receipt of solar energy 

is at a maximum. As the rains and cloucliness increase, the tenrperatures 

fall steaCLily through the rainy season; reaching a minimum in November. 

\vhen the rains are heaviest ancl most prolonged.. The maximum monthly 

tempe1"ature thus coincides \'l'i th the northv.rmod passage of the CLoldrum 

edge over Panama and_ the minimum with the southil.rard passage. It is also 

of interest to note that the mean sea-s1uoface temperature to the north 

and. northeast of Panama foll01·rs a curve of variation closely resembling 

the curve of the mean dold_rum-eclge :position. This is shovrn in the lovrer 
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32. Aloft the of the variation of the· elements 

also sho\?r a similarity to the movement th.e cto lcLrw-n eclge. 

la1· in in e 20, some of. these variations, is the 

eviclence of the comparative clryness oft during winte1· months. 

This is also shou,m. in the upper e 21, \vhere an important 

dis lmtion between the variation of p1~ecl:pi ta-ble-v.rater content and the 

on relative hwnictity can be obs the five-kilometer 

levels in Jl,l.:.fle an.cl February, for exam))le, al'e_compared_,. it can be seen 

that 1chereas the mean preci:pitanle ~rrater in a column that deep is only 
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less in F in June, the hum~_di ty at 

is aoout two less in Feoruary June. In the ct:ry 

, then, the air aloft is quite far ed com'Li ti on. 

the. air aloft over 

continuous subsiding 

existing in 1tiarm, subtropical ones. The air 

levels trade->vinc1 ."belt dry-adiabatically in 

ess, ·producing temperatm~es therefore 1011\'er 

di ties. The result is the trade inversiOn over Coco SoloJ is 

oftei). Q.iscernible as a sharp cLecl~ease but sometimes 

so af\. an abr,upt in temperatm·e of approxi;..; 

2000 .meters. the airplane oos macle ·at Coco Solo 

the years 1937 
' 

1940, inclusive, !!Jere a..nd the 

··.·.age observations per month on 1-rhich a .t inversion cvas no.ted is 

in the following e: 

TABLE 2 

MONTELY OF .TRADE IlWERSI ON CUCO SOLO 

Feb. Mar. June Ju.ly Sept. · Oct. Nov. 

52 75 21 23 25 22 16 

·high frequency of the occu1"rence of the on in the dry 

is e. The for the other estimated ·in 

."because airplane observations are during rainy 

'vhen the t The effect of 

on aloft is to e effective on convection anct 

e (bee a use of dryness. aoove) such oudiness as may 
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inversi 

examination of and 21 reveals the 

e11ce li ty of the air air 

mass is comrectively unstable -

dry seasons. 

1pJill become actually .• 

lifting -- if .the ccioledto s 

.ctecrease 

potenti 

kilometers· 

or hicreasing with 

the rate of decrease of 

The 

. in J u~y -1\ttgust 

c.omiec .tion. 

temperature, is 

compar13,Fve crowding 

20 demonstratt::s 

But again the. 

mean monthly 

mean mori thly 

T:p. e up1J er half 

decreasing 

doldrum period 

above 3500 meters 

the eonvecti ve ins 

height) is 

e of 8w is 

layers in 

isotherms 'in winter in the 

s. Such a condition is • to "be 

from below as it 

conditional, in th:i.s 

inver:sion. above. 

fronr the Coc6 Solo 

humidi t:l.Eis 

on. pseudo-adiabatic The 

Assuming that the of Figure 21 shows some of the 

the lO'iver 



orographic barrier ent in the basin is generally suffici to 

this -- the only air that 'lfr.i e the er 

level 'lfr.i 11 be air that reaches that l a.t a higher t than 

its suJ,TGundings. the figure the temperatures shown at kilo-

I 
meters are the mean temperatures at At the levels, 

temperatures shown are those \vhi air, originally at the inclicated 

level, ;,vill lifted pseucto:...adialJatically to five 

.curve, then, the attainab1e temperatures vvhich the 

act1.1.al five:.:..kilometer temperatures those which do not. · the 

of air belm-r the dividing line 1vill succeed in the 

five.c-h:ilometer e. The impossibi of convection such height 

the dry season, on the average, is clear. The maximum d_epth 

in June. ov ember ' i ~ is to -0 e 1<ihich is the of 

rainfall, shmvs a much smaller depth capable of such 

conv:::;ctive al tude. five-kilometer is important for more 

· tha:n. its height. At or near that over Panama zero or freez-· 

isotherm loc es of cond_ensati on 

heav-y- prec ta ti on c.anno t occur unless condensation to a 

vJhere there is co-existence of i water droplets. Uther,vise, 

according to the , there is little· ssibili ty for ·:forma £ion 

of droplets large (1) 

36. Convection, ho~vever, is not the only assignable cause of 

over the Zone, althougl1 it mw:;t always be in 

a::):preciable falls. basin 1 s presents ari 

(1) G. C. Simpson: 11 0n. the Formation of Cloud. and Rain,11 Q,uarterly 
Journal of Meteorological , April, 1941. 
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feet. 



the· monthly resultant 1rrind. vee-

(based on a.m. 

observations) 1r1ere :plotted 

of the Caribbean and 

c surrou:.l'lding 

coiwergence com:putec1 in 

of square miles of air 

upon a t'lrro-degree 

In Figure 22 

vergence values interpolat 

charts the 

are ed on 

the rainfall values 

tJJ.e stations of Fig11re 

ql.tali tati ve res e 

..J 

-r t-<mg.+--, e ~ 
z 
;;( 
a! 

' 6' 

J F M .A M J J A S 0 N 0 J 
MONTHS 

22 

4 

on of rainfall. 
convergence over 

Zone region 

the variations is , although the in convergence values 

for ember ;:md October is not reacl.ily explicable. those months 

the Zone is (l_oldl'UHlS >rinds, .as has been 

shovvJ.'l, are lightest a11cL most variable.· variable ''finds vdll be 
,. 

some 1:'ri th no component normal to tl'le b.igh bard el~.s of the basin~ The 

res·ctlt would be loHer e values to the orographic 

, the mean values o:c convE')rgence include 

It would be possible to have 1~esulting from co:n-

vergence during a though ~ore dominated. 

this, the high values of ai1c1 convergence are, in general, i•rell-· 

In Figures and the Tesul patterns and at eeL 
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convergence fteld.s are sho\-m February ano. N the minimum and 

maximum on the conv e curve of Figure· 22 •. 

30. 
:J • summary, the. at Panama from .the estab.:.. 

lishmeri.t of the trade...;.~v:ind over the region~ though modified 

ons bring .convectively unstable air into the region 

the th-e instability extend~ to levels anct the trade 

il'lversion as a ceiling on the convective orographic 

effects. As result, su.rfac.e colivergen.ce dimini that s 

• .L~ 
1'ilvll actually showing season, 

ho1:1ever, Canal Zone is in of Cl.oldrums, th eonv ective 

·instability sting to the 

occasional eart:inces of the 

values climb during this ':Period, e light and vari.able character of the 

c.nnd .doldrums indicates that pureiy orographic effect is 

·probably major .being from o:ri .of the local 

type. ember maximUJn. partly due to the persistence 

of described above l:mt is Cl.efini tely associated 1Jvith the 

maj9r-storm periocl. in. the .Gan.al , still ren1ains to be explaineCl:. 

4o. structure of oft 

cluring the ·May ·to Sept as do 

the monthlv 
\ t\1" 

convective ac 

s is the period local rather than storms, 

... of high of rainfall clurations . insti-

gating the rains are confined to of light '&Td e winds·; 

the 

In 1\fovember, ho11vever, the general' and major rms of 



ocm1r with e greatest freqy.ency, the region is on the edge of, 

rathe:c than ~vithin,.the cloldrums. iVhile the local convective ty 

the Jn"evious months ers on, an external agent is no;,v acto.ecl.. 

is the occasional surge of polar air, ofte:11 designated as the norther, 

cooling continerit. eded 

tra.o.e-wincl belt and enters 

only minor rains Cl.evelop 

-- but at boundary of 

s t arm of Pan am a ensues . 

a cold front, air ses 

doldrums. :Beneath the 

:fo:t reasons outlineo. in =orevious 

trades and. the doldrums the 

42. It would appear, then, that·the or Panama stoi"m is s 

a 11ortf1er .. cold and at1' mass su..rging soutln,rard over 

aztd Western OariObean nrust natu-. tb.e warm waters of 

ac heat and moisture that ,,Jill op extremeconvective 

ins tabi li ty. most northers,· hmvever, the strong rather than 

heavy rains are the preclominru1t features over the water. '\Aihen the 

I is reacheo., 

l~ealizable over the 

orographic 

int 

ect induces convective rains not 

of the orographic effect 

becomes a edt fm1ction of the. speecl of wind normal to the mean 

0 tb.er facts, ho'\-'rever, do · support the .conclusion 

that norther is sole explanation of the Panama storm. October, 

l~ovcmber Deceml)er -- which are the months of est frequency of 

first cold. out-'-or Panama stol"ms ...:_ are also the ·which 

'breaks from the north aypear in the Pru1ama. The out'breal{:s 

beconw more and so more inteD.se in the following months of 

Jam.,.ar~r ru1cl February. In these latter months the e modification 

of :pol~r air sti goel;l·On, the orographic effect of the Isthmus 



ceased and,· fact; the 

season has begun. cei on convectiqn, already demonstrat 

that time is one of the dampening effects. 

The norther, ' c be sole cause the major 

Panama storm although it is o.bviously an essential factor. norther 

accompanies most of the storms but storms cto not accompany most of the 

northers. The norther serves to set off a storm only cer con.;. 

ditions exist. The conditions te to. the norther 1 s effe~ti ve-

ness .as .rainfall producer are a seasonal feature the Panama 

enct that feature is the sence the bounclary betvJeen. the ancl 

the doldrums. Sometimes called the intertropical front, data are 

cient to establish t"..i certainty its· vertical characteris in 

the Panama region. Its surface tion, however, ·is 

and_ its surface character of a quasi-stationary 

front th l.Uldulations of In most of. the storms 

studied the meeting of the polar ancl intertropic front is 

'lfrrell-marked. 

44. In the Meteorological Magazine March 1926, G. E. P. 

:Brooks, in a studY Pacific islands at edge the clo'ldTlllns., said.: 

11 ••• tb.e ·greatest source rain is to be found in the occurrence of 

\,Ji nels of cting clirection. The occnrrence of varying .directions 

pro!:lably ecLdy-motion, and the of the doldrums may be 

ta."k:en . al011g ~rhich the solio_ currerit the tracle 

up into ed_di 11 The incursion of norther intensifies the perturba..,. · 

tion tendency already pres along the intertropical front and 

t is the oceas~onal peak of convective rain actcted to the proloilged, 



o:rographi c convection. of major 

April i doldrum 

Pan,ama; thj_s time north-lvard. convective t 

on from o mo11ths, as tl'lsr8 rs li!"ovemoer. 

onic ac over the t States 

c6ld thrusts "becoming fewer intense. rainy season 

late and the us11ally ·the 

of a last cold thrust the continental so.v.rce. 

The rains , are of the convecti iTe until 

norther s begins again au tl.unn • 

46. J3etvmen the season major'-storm season, then, 

· the foll oviJi ng stinctions can oe made: The convective ac result c.. 

from the i!1~tensification of on tenctencies of er-

front is on a local conv 

to the basin 

season 

the within-doldrum period. J.q-ovemoer in rainfall 

reslJlts a combination e effects. 

one other inipo 

:phenomenon large'-scale convection in 

of othe1" .elements. Dreimassenecl:e (1) is a which 

three currents of rn6et ·and at , as a 'r , cyclogenesi s, 

of hurricane .ensity, has kno,~'m to o 1 .0 'J.. 
J.. l v 

agreed to call 'the dolclrmn the so1itJ::r;,res monsnon --,- is, air 

( 
'~ 

:ill. Scofield: 110n the Urigin of Tropical Cyc 11 :Bulletin; 
JVleteoro Society, .June 1938. 
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originally southeast trade~ of Southern e deflected 

northeashvarcl in its passage equator -- then the region of 

th.e Canal dur a major be. at the ture of the 

masses 1o1hich should m~et at 

ai:c of the no 

no:cther. 

east trades 

e point. tt 

mocU.fiecl of the 

48. It is that, al c:;rcloriic fl01.,r is obviously pres 

ne.ver very 

e of cyclogenesis .over ·Panama 

pressure fall is slight. 

a 

there is 

at:i1).J.J.dant evi e most of the storms stucliecL, and on monthly cha1~ts, 

of markecl 

natural in 

dolclrum- edge 

e of the s.ea 

finally· 

press1ire 

rise 

e topography 

tic 

the Canal 

intensifi 

from 

er l"cmghness of the 

ong the 

s t encle11cy ~ 

Canal 

, by the 

ti cinal infl u-

surface·, 

the 

.con:vergen.ce 

ertropical 

Jlrocluces 

perturbations 

of convection of Panama storm .. 

49.. of the Dreimasseneck: RodmoralcL 

possibility of hurricane-type in the. Canal 

, J.1o~,rever, no 

, and 

of a...'ly hurricane ever. having 

50. The 

·synoptic met 

thmus. 

of the 

sts are agreed. 

tropical 

.·no hurri..., 



hurricane j:s still to solved but it has often been noted that the 

on the do let rums "\nrhether called. doldrum , the 

tropi tat of is the place of 

Of special erest in the c:u.rrep.t stud;{ i the llo;,r.ing 

C .. L Mitchell: 11()ver the \vestern rd. of the Caribbean Sea, 

the on a short diste.J.1.ce · of the I s.thmus of 

Pe.J.1ama, a belt doldnuns appears at This, te 

is extreme eas end of the Pacific b of Cl.oldrums, ·which 

just south of Isthmus of Panama shifted 

:o.ortl'l.11,rard beyond lati tucte 100 H. Thus conditions in the '\'res tern Carib-

these becorrie as favorable development of a 

c_is turbance as . they are in the on south 

Islands in the months of t and Se))tember, n(l) e. 25, ed 

mos on clata by tchell Tannehill(2), shows the 

of tropice.l storms 1•Thich have o eo_ as close to Canal 

the calls for. Their points of are the points 

was first observecl. b.acl int ty 

some develo~p such intensity. "i'i;:J.ile these observations s 

agree 1-'Ti th that no Cal18:3 · 

Zone, it so becomes 

on whm:e e :3torms can 

also close t 

I•Ihere tropical stol~ms, somG of 

(l) n:vest Indian canes and Other 
Uc ~an, ·11 Ivion thly 

n Princeton. 

39 

ever occ1irrect over 

·Canal Zon.e is at in a 

develop (the ctoldrmns) and_ 

latitude) to a r 

eved_ e 

tho orth 
emcmt 1\o. 24, 1924. 





ensi , have "been first o-bservecL 

51. There is evi.denc e that Canal Zone can be definitely with-

in the influence of these storms, sometimes even "before the storm is 

t spotted as an enti in the w· est ern 0 ari llll ean. connection with . 

a cLis01ission of the hurricane of October , 1921, Bowie quotes the 

following from q.· letter from the Chief Hyclrographer, Panama ·OarJ.al: 

"Reference is made to the. cabled predictions or the West Indian Hurri-

cane of Uctoller As 1.LsueJ. t·Ie ,,Jere not cLetrimentally ected 

Hm,rever, \ore dio_ a notic e effect from• it, consicl-

more than usual. I inclose "barometric record, Uctoller 12 to 26 

C1ot reproctuced). You will note that ouT "barometer, disregarding 

p1·eceding the birth of the hurricane. This period V:ras accompanied_ ."by 

claily rains, l1otic on the Pacific of the Canal Zone; 

winds prevailing from north1,rard.... Shi~os tell us of stormy voyages 

from San sea to Nicaragua contemporaneously 1>lith the passage of 

had_ place previously to the birth of the cyclone funclamental 

in the prim0ry wincl ·of the Tropics. 11 

52. l'1itchell 1 s s ement that no canes in the Atlantic . or 

bbean are ever in evideilcesouth of 9° N. tude Ca<.J. be said to 

u1ea:c1. that, although they have been lG10\'il1 to develop' at approximately 

that 1 tucle, their subse<:i;uent moxeme;:;.1t is southward. Tho tracks 

of sho1!if that to "be the case. Consideration of the l and 

tober , 1921, at· Tampa, Florida,. 11 klionthly 
, October 1921. 



\vater distribution in the vicinity of Panama gives rise to the following 

corollary ideas. Any path that had a southward or no north1.o;ard campo-

nent 'IPrould carry the storm over a land mass in its early s and 

result in its d;issi:pation. Furthermore, storm t~at first developed. 

over the region of the Oa11.al Zone would never appear even as an inci~oi-

hurricane in the \tV' estern Oari bbean unless it ·to travel 

some northward direction. 

53. It has alread;;~ been notec1 one of the characteristic 

faatures of circ•J:lation in a Panaina storm is the huge 

cyclone spreacLing from the continent through the Gulf of Mexico, causing 

the. surface cdncls to· shift to northiPrard over Panama even east of the 

,IstbJnus. ·Aloft, .the wind. flo1v over the region is then from the east or 

northeast. One of the rules that been accepted concerning the 

tropical storm is that it moves in the eetfon of the 'llrinct at the 

kilometer level, ~orith the anticyclone to the right of its pa·th. It is 

efore possible to say that th.e. Panama storm may be an incipient 

hurricane iPJhose. further a.eveldpment is prevented, first' because it is 

imbeclded in a circulation compelling to move in a ~oreshrara_ direction; 

, second; the ruggedness of the terrain and of the 

regi ox1 toward. which the storm is forced to move no.t concL1.i.cive 

establishment of an interise cycl c circulation. Ho~,, dampening those. 

effects can be is evidenced by .the that the minimum 

:;o:tessure observect in. the Canal Zone (through 1940) L:: 29.61 inches at 

:Balboa. When the dolclrums, the a1oea is apparently sufficiently 

time allo~-r inc eht c;yclo'nic formation but is also 

continental to prevent cyclonic development. It is interesting 



note that a large majority of the t sto :rms neaJ~ the 

Cal'l.al Zol1.e occur in ober and l'Jovenfbe:r (see FigD.re 25) , the months of 

frequency of the or storms .. 

In the e:rn t\'JO-thirds of the Cari bbea:r). there are 

no clolclru.ms. Mitchell emphasi z that n cyclones n_ever {J.evelo:[!} 

over the por of the Caribbean Sea east of about longitude 78° \v.·u 

Un northeastern side of South America hu:rricanes have been known to 

develoj:.1 as far south as about 10° lil. lati Un September 8, 1921, 

on.e foJ~mecl 1musually far south, so:utheast1:rard of the iVinct1<>rard lslancts, 

about clue east of the Isla.nct of Trinicl.ad. movecl i:'fest-northb>Ieshrard 

ancl recl1Tved near Turks Island. J.1.urricanes., acco .to F. G. 

ey, occurred in J1me and October l/.592, both "a course 

somev.rha t north of t, the former s tb.e Peninsula, the 

latter the coast of n(l) It is obvious that a movement tovrard 

the CantU Zone ''rould haYe to be along a clirection some,.,_rhat south of 

l'!est, which \<JOultl involve the storm 1 s eros about 15° of the South 
i 

American lanct mass. .A.t so early a stage i.Il. the storm development the 

frictional effects of such a path would cause the storm to fill beyond 

reco[)1ition. Un the v1estern, Pacific sicle of Central .Arnerica no east..., 

Hard moving hurricanes have ever been obs nor, for that mat , a 

circulation aloft that Nould permit them. 

el hurricru'le cannot occur over the Panama Canal Zone. 

( 1) ll.A.cLcti tional liJ'o tes on the canes of September 1921, n 
~v cather Revievl, V ~ 49, 1921. 



CH.APTE...B. I II 

SYNGPTIO METEOROLOGY 

56. nine storms, chosen on the s 

of h;y-clrologic significance and all confinecl to the months' of October, 

Kovember and Dec,ember, \'rere studied in detail, all available sur-

face and observations. a(idi tion, the synoptic charts for a 

very large number of lesser storms, occurring at all seasons ancL pre-

sen ting eel rainfall terns over Pan~ma, '\orere subjected to a less 

analysis. e 3 lists latter group of storms and_ gives 

significant rainfall values at s ta ti on,s in Canal Zone. The rainfall 

analyses of the nine major storms were presented in Chapter I, ancL the 

meteorological featlJJ:>es of the storms i<Jill be discussed in this chapter •. 

synoptic stuclies reveal certain large-scale features 

\'lhich are common to aJ..l ods \videS]Jread,. heavy rain over the 

ef of these is the thrust of polar air from 

\'l'estern Canada do~m to and past the lati of the Zone. Un the 

surface such a thrust shov.rs a synoptic pattern dominated by a cold high 

pressure area of great expanse, often extending from the ssissippi 

Valley to and beyond the Atla...""l tic Coast and_ stretching southiorard toward 

the Isthmus. Preceding the anticyclonic circulation is the trbugh 

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

- 44 ..c 



TABLE 3 

ADDITIONAL STOTh~S STUDIED 

Month 

A. General Seasonal Storms: 

1934 Nov. 16 16-17 15-17 
Colon 7.54 11.37 13.54 

Nov. 15 15-16 15-17 
Alhajuela 4.11 8.14 11.76 

Nov. 17 16.,.17 16.:..18 
:Balboa 3.92 6.30 7.07 . 

Nov. 27 26-27 22-27 
Colon 6.68 9.02 21.92 

Nov. 26 26-27 23-28. 
2.04 3-19 6.86 

Nov. 27 25-30 
Balboa 1.84 1.96 . 4.03 

28 Nov. 20 20-21 19-24 
Colon 2.34 3.60 5.32 

Nov. 20 20-21 19-24 
3-99 4.00 4.95 

Nov. 19 14-19 
Balboa 1.48 1.93 4. 26 

24 Nov. 6 6-7 2-7 
Colon 1.28 1.46 3.16 

Nov. 5 2.:..5 
2.07 3.30 5.05 

Nov. 4 2-7 
}.35 3.78 4.08 . 

(Continued on.next page) 
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3 (continued.) 

es, with rainfall iri inches for 
.Month Station Eerioa. indicated 

1917 Nov. 19 ·18-19 16-21 
Colon 4.08. 5.84 9.64 

Nov. 20-25 
Alhajuela 3. 11. 

Nov. 20 20-21 
Balboa 1.78 }.19 

Nov. .4 
Colon· 2.94 3· 

Nov. 6 6-7 2-7 
Alhajuela 1.15 1.32 1.95 

Nov. 4 
Balboa 1.35 1. 

·1910 4 3-4 1-6. 
Colon· 2. 3.42 5.86 

Dec. 6 5-6 1..,.6 
A1hajue;1a 2~63 2.77 10.28 

Dec. 3 2"-3 1-6 
Balboa 1 2.43 3. 

1909 Nov. 11 11-12 
Crist 6.13 8.47 10.52 

Nov. 11 11-12 
Alhajuela 3. 5.93 

1906 Nov. 16 15~16 . 14..,.17 
Cristobal 4.68 5.96 t$,02 

Nov.· .16-17 
Alhajue1a 5.22 9.34 

i 

Nov. ' 17 
) 

16-17 15-17 
Balboa 7.31 8.17 9.70 

(Continued· on page) 
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TABLE 3 (continued) 

Dates, with rainfall in inches' for 
Year Month Station period indicated 

]. Seasonal Storms Producing Heavy Rainfall at Cristobal-Colon Only: 

1939 Nov. 16 15-16 13-16 
Colon 7.70 8.38 12.30 

1937 Nov. 3 2-;-3 Oct. 30-l'iov~ .3. 
Colon 4. 72 7-33 13.78 

1935 Nov. 3 2-3 2-5 
Colon 4.32 5.73 9.56 

1935 Dec. 2 2-3 Nov. 30-Dec. 5 
Colon 4.63 5.86 12.48 

1932 Nov. 23 23-24 21-24 
Colon 6. 23 9.53 13.56 

1930 Nov. 28 28-29 28-30 
Colon 4.12 7.06 9. 

1927 lif ov. 12 11~12 10-12 
Colon 4.05 5.69 7.14 

25 Nov. 23 23-24 23-27 
Colon 6.89 9.04 14.06 

1924 Nov, 17-23 
Colon 4. 6.95 14.53 

1923 Nov. 26 26-27 
Colon 3.69 6. 

1920 Nov. 21 20-21 17-21 
Colon 4.34 5.17 7.36 

1919 Oct. 10 9-10 7-10 
Colon 3. 5. 9.60 

1918 Oct. 17 16-17 15-19 
Colon 5.47 7.78 13.41 

1913 Nov. 10 9-10 8-12 
Colon 2. 3.91 9. 28 

( Continuect on next page) 
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. TABLE 3 (continued) 

Dates, with rainfall in inches for 
Year Month Station Eeriod indicated 

1910 Nov. 30 Nov. 30-Dec. 1 Nov. 29-Dec. 4 
Colon 3.65 5~79 11. 

1909 Dec. 6 5-6 5-10 
CristQbal 3. 6.28 14.58 

1908 Nov. 16 16-17 16-20 
Cristobal 3.42 6.76 12.69 

0. Late Seasonal Storms Producing Heavy Rainfall at Cristobal-Colon Only: 

1915 Feb. 10 10-11 9'"'11 
Colon 7.12 8. 10.27" 

1902 Jan. 9 9-10 8-10 
Cristobal 5.86 9.66 10.70 

D. Non:..:Seasonal Storms Producing Heavy Rainfall at C~istobal-Colon Only: 

1937 June 10 9-10 7-12 
Colon 6.47 9.66 17. 

1935· 3 2-3 
Colon 3. 4.74 

1931 May 16 16-17 14-17 
Colon 4.76 8.29 13.00 

1927 Aug. 26 26-27 24-29 
Colon 5. 7.10 .01 

1926 May 25 25-26 25-29 
Colon 4.05 5.22 11.00 

19 June 22 21-22 18-22 
Colon 4.24 5.44 10.17 

1923 May 10 10-11 10-12 
Colon 3.69 6.82 8.04 

1914 May 7 J: . .,g 7-9 
Colon 4.91 

(Continued on next page) 
5.00. 7.25 

- 48-



TA:BLE 3 (conti~ued) 

Dates, with rainfall in inches 
Year Month Station period indicated 

1914 May 21-,22 21-23 
Oolori. 3. 5.22 6. 26 

May 21..,-22 
Alhajuela 2. 2.63 

May 21-22 
Balboa 1.39 2.45 

1913 May 21 20-21 . 20-24 
Colon 4.74 5.07 10.14 

E. Storms Producing Heavy Rainfall at Alhajuela and/ or Balboa with 

Fairly Light Amounts at Cristobal-Colon: 

1920 Oct. 20 20-21 lS-21 
Alhajuela o6 .4.01 7.03 

1919 Oct. 22 22-23 
Alhajuela 3.48 4.19 

Oct. 24 
Colon 3.51 

Oct. 24 
Balboa· 1.25 

1916 May 25-26 
Alhajuela 3· 23 5. 

:Balboa 25-26 
5. 5. 

19i2 May 12. . ll-12 
Balboa 7 .oo 7.40 

} 

1911 Oct, 24-25 
Alhajuela . 7.05 

(Continued on next 
S.S3 

page) 
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es, wi th r ainf Q.ll in inches 
Year Month Station period indicated 

1914 Oct. 17 17-18 15-18 
Alhajuela 3. 29 5.07 7.00 

1912 Oct. 27 27'"'-28 
Colon. 2.36 3·60 

Oct. 27 27--c-28 26-31 
Alhajuela 1.50 2.46 4;.95 

Oct. 26~27 26-31 
Balboa 2.39 2.73 5.08 

the Atlantic Coast but. becoming quasi-stationary in the vicinity of 

Panl:una. In a majori of cases, the cold. front CJ;O sses the or ida 

Peninsula oriented northeast..,..southviest and its progress is marked by 

clefini te shifts of wind and falling temperatures at stations in western 

Cuba, Yucatan and on the Mexican Gulf Coast. Often, too, the front can 

be ·tr.aced as a surface phenomenon beyond Cape Gracias and. Pacific Coast 

stations such as ina Cruz and T apachula. s gives rise to the 

norther, knovm locally as the 11 Tehuantepecern or, in Costa a, as 

ffPapagayo. 11 Occasionally the cold front be traced southward to the 

I sth.mus of Panama, but the meager data availa"ole clo not suffice to 

establish tely its progress much beyond the Isthmus. On the · 

stuc1ied, what was most clearly evident in e vicinity of the Isthmus 

was an increase of pressure gradient, p;roducing surface winds in excess 

of norrnal for the rainy f)eason. On most with heavy, ~ridespread 

rain thin the basin, those winds were from the northwest over the 

Western Caribbean and at stations on the North CoaBt of .the Isthmus. 



Oha.rac 0 was the ~presence over or near the basin an. area 

• .0 
O.L conyt:)rgence. 

orth~ves terly may occur over the I sthnm:s Panama 
• I • • 

wheJJ. a. tropical e is presr;mt in Vfestern Caribbean. s 

concltt:l.on ~prevail 'vithout a :pronom1ced anttcyclone over 

and, so, the northwesterly. wincls 

cant ::;_oeriods of hyd:c~ologic importance not 

59~ It been pointed .out that. eo.ge 

belt OT, , the clemarcation hehreen the steady 

tracles tne of cqlms ancl light, variable iArinds, is to be 

vicinity of the Isth_mus P ana;11a clul"irig autumn months. 

is this true in l~ovember. As colcl 

mo'clified polar , overtaJ:ees ancl become::; coineictent with a portion. of 

0.olc1rums (or . -- ' 
eclge t is,. in 

t, an. occlusion. Thi f.ollows from the conside:r:ation that the 

of doldrums ·Ceauatorial 
. -- .!. ' 

is cooler than the air in 

the on of trades (tropical air). That this i.s true 

can oniy be assu_mecl from a. numoer 

which in equatorial a:ir. Without suffici evicLence, 

oasecl bn meteorograph sound.ings and. pHot-baJ_loon ascents, is 

to o.o · m01~ then the conj®ctiori the ancl 

intertropical s results in al'l occlusion. Eut, whethe1~ result 

is cw.1. occlusion, 1crith e •Harm..:.sector air mass (tropical 

above the surface, or 11.rhether the conjunction the in a 

sim~()le cold :front bet,•reen moclifiecl polar and. the equato.ri air, is 

em primarily · acaclemic interest. Practically, the effect on 



the nfall :pattern '\I'JOulct b.e similar in the two cases. 

60. The slope of the polar frontal sm.'face diminishes as it moves 

J.nJGo more southerly latitudes, so that any active of '''arm, 

moist .air mass by a ·1-.redge of cold air seems to be of only minor 

ca:nc e. Ho;n~ever, the zontal convergence associatecl 'll'ri th the frontal 

ZOlJ-e results in a vertical s:placemelJ.t of the lO¥!'-level air and a 

l'elease ··of convective ins ty in the tropical equa-

torial air masses .. This occurs 111henever 

front passes over the> Isthmus. ~iaves along 

combined polar-in tert1·opical 

s front, occasionally 

cresting over the. , produce the in convergence and 

therefore in ensi ty, a manner similar to the wave action 

along quasi-stationary fronts of middle latitudes. As the north or 

north\,rest vrinds behind the continue, the air is ted up 

to:pographic slopes of the basin, in the prolonged orographic 

rai:nfaJ.l ch persists 1rithout 0 of intense convective 

activity: Panama storm can; in fact, saio_ to consist of 

o:rogra;_phic · ac ti vi ty, milcUy 

short durations of inten.se convection. 

by convection and ]JlJ~1etv.atecl 

orographic rain falls from the modified. polar air v.Thich, 

on its 1 ong ectory over the warm of the Gulf of Mexico 

Western Caribbean, has al)sorbed both heat and mois e in the lovJer 

In the up~9er levels of the ed polar air, however,· theTe 

occurs the chaTacteris c sub.sidence associated 1-.rith anticyclonic· 

sure distribution. The of sub.sic1ence, as explained in the 

ous er, is to :procLuc a..Yl inversion intermediate levels 

Little rain can thus fall v'rhich serve.s to damp out convective ac 



out o:C 1 the air the 

; a:n.cl even thexi ted D~r 

effect 0f the inversion the 

pe:riocl..s rain over occur \'Then there is a stable 

intm~mectiate levels in the 'borne out by 

of ouds gtven unofficial as 

meteorological s ons in the area, periocl 

often 

. the ed 

11l'f ov em'ber rains , 11 per si s tent s 

ent, ·cumuliform type. 

6 An excell of fro:r1t reaching and 

intei'tro:oical•.f the rm period of 

1939. storm :periocL s rm1. the of 

variations in for nmnber of 

and the length :period· 

6}.··. 

east 

position 

int of bo a tro:pi-

a p;ronounc e(l_ one this storm 

demonst:rating the typicaJ_- analysis. Hence 1•Jeather 

have been repl'O and discussi611. the 

storms· be to a dis..., 

of Novem'bel' ' 1939. 

synoptic .chart the 

l~ovember 1 sho1."red 

si ssi:pJli 

characteristic out'break:: of polar air 

con tin en tal extending· 

extended from a The. cold frml.t preceding 

of to Bluefi and 

the In the vicinity of eas Cuba 



front had solved by a ctis turbanc e. The edge 6f the 

Panama 

Isthmus as a but .sinuous eastward from Co Rica 

to the Island TrinidacL Figure 26, the 7:30 p.m. weather map of 

1'1 ov frontal pattern farther achranc::ed. Iluring the 

afternoon polar front merged with a portion of the intertropical 

the combineCl. or occludect sys t passed b 

stations on the North Coast of of the 
' ' . . . . 

strong nortlnrest winds anCl. the convergence resulted., 

motions were ent to e the po 

ins ty of. the masses involved. For: a pel~iod. about 36.hours 

• moderat rains oc over the bas but analyses of the auto-

rainf.all recorcts sho;,;Jedc the pr.ecipitation to generally of 

(Figure 27) , combined 

front had. ed. the Isthmus. The tropical one had 

seemingly b to fill i:ntrocluc cold air into the 

syst rejuvenated it so that 7:.30 a.m. Novemper 3 Cn1ap not shovr.aJ 

\:1ras co:ns deepeni:ng. decreas.ed 

bnt the circulation expa: .. 'ldecL to the .\.Yes.ter:n Caribbean. 

the Isthmus Panama, r wave on 

onary l•rhich brought it temporarily of the Is 

as sh01!1fil on of Noveniber 4 (Figure 28), almost 

abs e of rain in :noon of the 3rd to the 

_the 5th with s od. i'lith:in dolclrums, 



SYMBOLS USED ON SYNOPTIC CHARTS 

STATION MODEL (SPECIMEN OBSERVATIONS) 

State 

Wind Force (Beaufort}---:--" _...:.{Air Temperature 
. '\ //. · in°F. 

Wind Direction---.:.:"-~>--·. /' 
. / { D P . · t . oF· ·. . . . · .. 70 .62 . ew o1n 1n ... 

of .weather ---- V . ·· .... ·. (Land statiol?s ol?jy) 
.. . ~ . 76 

/ 

Sky Cover - -"' """--......__ __ {Sea-Surface· 
. Temperature in oF 

lnte.rnational symbols used· for 
State·of Weather and 5ky Cover 

SURFACE FRONTS 

Cold 

Warm 

Quasi- Stationary 

-··--··-· Occluded 

X X X X X X X X X Frontolysis 
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Ln the \-~fest Caribbean >!1Tere ellt to the moist air to 

between the 3rcl 5th. 1Af'rten it reacl1.ecl. , the 

batidn of , cresting over tl'le region, \vas there provicte the 

necessary convergent imp1.'LLse. r , hm<rever, relatively 

a11.cl became intermittent cluring the ternoon as. the 

1·rave moved rapidly e.ast\·rarcl. 

66 ~ Aloft 
' . " . 

north;~rest per sis teet st e 

passage of another wave early on 6th, heav'y rains set in 

intensi , convective 

1:J;J_t at a num1:ler of stations the .rate of eedect one inch per l1.our 

fo1~ an o:c b1o. The wave \1!as m1.s e axicl Occlp_ding, 

catecl on e :30 a.m. map of 1iiovem1:ler 6, 30. As the 

occlusion process proceeclecL, st light .to e rains continued 

the influence of the si stei1. t north1•res.t erly lvinds. 

burst of eedtng any 

pour entir.e storm perioct, came (Luring morning of· l\iovembel~ 

six-hour, one.c.hour a,--:J.ct rain.s occurred 

within the peri from 6 a.m. to noon. .The 7:.30 a.m. map of November 7 

(Figure 31) sho;,rod the presence of a trough extending onto thelsth.inus 

from the occlucled cyclone which formect on the unstable e 

basin so- si tuatecl· lJ'li th respect to this 

trough to be a re.o'ion 
'.C) 

of convergence~ The rate of movement 

system \lias over 

\vas quite pronouncecl for a 

68. While the vmve activity .1.vas rains over Panama, the 

rejuvenated· e mov to a ~oosi t:l_on northeast of Cuba 
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the of Novembe1~ 5 (Figure 29). The moist CUl"rent being • 

ca~ried aro~~d it ceased fl over the iV'estern Caribbean an('!. Panama 

as cyclone :progressed farthe1· northv?aicL Pressures rose in its >vaJ;;:e 

the 7th, anticyclonic circu~ation dominated the region of the 

Great Antilles. , as the occluctecl wave over the Oari blJew.J. 

ect, the pressure gra,.dient the vicinity of· Panaina weakenecl and a 

. to :ino:coe normal pressure distribution follo1¥ed, ending the major 

sto:cm. 

a .. bs from 

With the tropical disturbance 

:pictU.:re, ·the syno~ptic patte:cn of the December 1937 storm 

beaxs a close resemblance .to ~he November 1939 sto:rm. Un the rst da:y 

of tJ.1e imlicatecL peri oct, a cold. front from a Lo~v centerec1 o·f'f south-

e:;_·n tecl States. extenclecl. south-southV>rest\v£u;,c1 into the \"lestern 

1Jl)ea.:l1. '\fith no tropical sto1·i:n to ietard it, the front :pushed south:-

throu.gh 

one til:lich covei·eo_ all 

on of the characte:cistic, huge 

Uni teo_ States and the 

Nexico. During the late forenoon of December 3, the polar frtmt 

passec_ Panama. i'lind shifts accompanying the frontal :passage ;vere 

iJle because led over the Isthmus, iHith 

intertropical front a short eli stance so:uth of the There the 

of the fronts occurrecL Although observational eviclenqe of 

occurl'ence .is rather , the resulting field of convergs;nce is 1vell-

inclicated. Also, the airpj_ane of that e at Coco Solo ostab-

1i th~c presence of layer of convecti vely unstable air v1hich 

1:1as acted upon by alternati vravo'-convection ancl orographic effect 

follO\" the of .tho s south of the Canal Zone. 



was light until the evening. of 3rd. the first of three 

distinct convective outbursts began. the evening of the next clay, 

rains hacl prac ceased. The short ·cturation the storm ca:n be· 

attributed the Steac1y SO)ltheastward mo-vement of the COntinental a:n.ti-

c~relone which inhibited the effects of the \vave action along th'e com-· 

bined_ by 1,vi thout cessation the subsiding anticyclonic 

air sooner than, r instance., in the 1939 storm, Furthermore, e 

was no tropical cyclone induce an oscillation intertropical 

front rro:rth of Isthmus durb1g the periocl, nor bring in ne11r1 deep, 

moist air from the north. 

70. Storm of the characteristic 

pressure of Panama storm . \'las in this sto -- that 

, is, pressure off the east coast 

e;cpansi ve an ticy,clone moving slo~rly south1vard aild eas t1.•rard 

e was an importan. t ctifference. Inclications 1ore're that a polar front 

~1ad. merged e. intertropical b 14th, \vhic.h is the 

first day of the storm as discussed. On the morning that day the 

combinect front still lay just rth of Isthmus, .but fart.her noJ..~th, 

from the Florida Straits to the north of Yucatan, a uola:r J. 

front in evid.ence ancl behind it a vigorous anticyclone \orhose chi 

movement 'lfiras east1.vard across xiortheasteril. states 

Pro-vinces. The movement southi.,rard_ 

that the o~uasi onar:Y front persisted the 

ty the basin DiltiL the 19th. 

71~ On th.e 15th and 16th stable along the fran t sed 

easti·farcl across Pan.8x,1a, each accompani by a brief od of rain. 

66 



0:1 tb.e 1 a:n y.,nstable. wave :passed_ over the on and_ occlucted 

off tiJe north coast of Colo.rnbia. Like the occluding wave 

1939 storm, it stagnated_ and :produced a JlrolonGecl :period of surface con-

ve:rge!::tce at Over the basin the l~esl.'.J.ting heavy rain for 

a'bout 18 hours. Aro1j.nc1 the deepening er of th.e occlusion the 

ent increas west to northv;Test ,,,,~_nsJ-s over 

prolonging moderate rainfall, no1-r largely orogra-phic 

the 18th ac"ld 19th. By the evening of .the 19th, though,· 

the anticyclone, \;Those slow progress southward had. repulted. in a main-

tenance of the quasi-stationary 1:rave patte:rn over the Isthmus, \•ras. tn a 

posi t:Lon to contribute the ts of its su'bsicl.ence to the upper ail" of 

72. Although res it close-

in ~pattern, .this storm exc · that of Decemoe:r 1937 both 

in on and intensity of rainfall. e differences can be attrib-

:tJtec\.. to the Sl01•·Ter rate Of eastv.rard of the frontal system off 

east coast of the ted States. if!aves traveling northeaSt1•Jarc1 from 

along s front 1rrere responsj_ble for the retaro.ation. 

73. Again, as in the December 1937 storm, of the 

polar a:1cl intertro;Jical fronts t.ook place south the I sthrhhs of PanaJ:na. 

Jl'ollo\1.r:ing the of the frOl1t the:ce was a marked. increase in 

Vol with the result the maxi mum . ' l!Jlll(L 

111ovement of storms studied occurred_ -bet\veen l p.m. of. l~ovem'ber 27 

and l p.m. of i~ovem'bel~ 28. This period the maximum· 

l1.01.1r .rail1fcill of the, s tnrm. ense orographic rain uas 

augmented_ by a heavy burst of convec rain 1Jetio.reen 6 a.m. ancl.·noon· of 



the 28th as. a \vave on frontal system moved rapidly east1,rarcL 

south of the IstlLffius. 

74. Another wave sed easb,rarcc south of Panama ol1liiovember 

29, causing a final 12-hour period relatively intense rainfall. 

' . 
the drier air frnm the subsicling portion of anticyclone, 

~vhich had be.en moving steadily southvva:rct, apparently arrivecl aloft 

ove:r Panama to cause cessation of 

75 .. large-scale c 

tern of this storm is the typical one. The significant 

of the storm er the me:r ger the polar a:ncL intertropical 

fronts 11vhich occurrect the nig)J.t .of J)Jo:vember. the 7: a.m. 

Nmrember 7, the combined front pass the Isthmus. Ivlarked 

cyclogenesis occurred_ at the Dreimassen.eck Hhich had formed northeast 

CruJ.al conjunctionof the fronts. The resulting 

stationary as it deepened, i minor 

tuati in po caus.ing ~·ri.nds Cristobal to vary between 

\vest and northi'rest. On ovember pressure gracli in the south-

cyclone reachecl a maximum, accompanied by the 

one:...hou.r ncl movement .(33 miles) from the northcvest at 

Cristobal of a..ny of the studi It is signific~nt the 

maximum one-hour depth over the oasih occurred dul'ing the same 

period. 

76. Storm of October 21"""'24, 1923. Uf the nine storms. chosen 

·for. detailed s'tucly, this· the only one occur.in Uctooer. This 

storm also of special. interest because it produced a maximum 24:-

hour point in ba,s:in (12.25 inches at 'Gatun from about 



7 p.m. October to 7 p.m. 

over the basin (October 22--24, inclusive) tl1.at det on the 

duration-o.epth ClJxve of 8 17. 

77. During Uctober the edge of t>e clolcLrums' is gen 1orell 

north of the Isthmus and outbreaks of air from the continent have 

not ~ret reached. la te,-autumn. wintel~ int t1 es. The SJ;llace-

~9olar-intertropical front is 

t::::cus unlikely.·· In the storm consideration, the ertrOJ:liCal 

l1.overed in the ty basin, north of 1 t, 

· T4J.ct.ervmnt only minor displac southHard as a result of 

occasional intrusions of modified usual huge a..nticyclone 

clo:minated the continent, cent erecl some•rihat farther north than in other 

Pa;nama storms and, as in l'i'ovembel" 1935, tencl.E;>d to expand eastward ong 

the Canad.ian border rather than south1,rard. Its sm2thern extension, 

howeYer, "ras. in the form of an attenuateo. anticyclonic wecl.ge over 

Central .America, from which the e·(' moclj.fied. polar offshoots broke 

off occasionally to provide temporary ensifications of perturbations 

on intertropical front. 

The first merge1· of the fronts occurred on the 21st, result-

in a m.ovement of the frontal system b the Isthmus. The 

fall accompanying .its \vc;>,s l"elati YelJ' light and the combined 

f:r·ont l~emained in its new position but 13-- sho:rt t;ime. Dominating the 

scene to a11 lJ~1usual extent t¥as a cyclonic dtsturl:lance centered. 'between 

.Swan Island and J arnaica. the di 

eecl.ed on U c to be:r , 1941 at (12.38 inches). 



ectecl the storm to have been a \~Teak 

tro~oical one e f accompani by 

e introduction into s:rstem1 of cooler air fro:rn tb.e 

nen. t. From Uc; to~l)er to uctober 24 cyclonic system continuecl to 

the surfa.c e of modified polar air 

ant:tcyql 

tropiCal air coming 

a.:rouncl the zone, J:iov-! most apparent 

line between winds, 

· thro"ughou.t At Cristobal...-Golon, the \vinct 

vaT-ied lJ . and northl,rest as s>~TayecL Above 

• 1 . --- - 1 'LD.oUgil, 

result ~'ras that c sation of· 0 

6 a.m. aiJ.ct noon of .!..' vile At ·other deep 

cal air flo1.•ring .arouncL cyclone maintained convective ~ootential-

i ties of the air above basin. Late on October 24, the. an"ticyclonic 

circulation replaced cyclonic at both at the surface 

oft. The rains diminished. but the establi of the 

s.ion aloft coulc. only· no Up]Je:t-ai:r data 

Synoptic clata for this and 

ea:clier sto es of the Pa,.J.ama storm type 

are n scernible. synoptic pattern immediately GC 

Dec 25, 190,9 resembled clos last .day of other 

storms,. but 1-.rhat follo'1~reCl. \'llas usual course of events. At the 
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ec'l east of the storm a cold front 

of :Sermuda -before it reached the on of and. the iiJ.tertropical 

:Sy the time merger of the fronts occurred_, a new colc:l front 

~vJth tts attendant cold a..J.ticyclone \.vas south1-rard. It Has 11hen 

one on the morx:li:c1g of 

emoer that the majo1· storm 1)ega.n. After a on 27th, the 

ouXoursts of rainfall, occur:dng about 12 hours apart during the 

tb.J."ee cLays, were clearly the ·result of >va;ve action along the front, 

the s~rno:,qtic data were insufficient to establish the exact 

position of tl1.e pertur·oations. 

SO •. Storm of i\!ovember 15-19, 1909. Characterizecl b~r a se9.uence 

of events very similar to Decem-oar 25-30, 1909, this storm differs from 

the latter mainly in the fact that some ·storm can be 

attrilJut ed to fi:r;'St of fronts. '\llhen the second a11ticyclone 

l)UShed south1t1ard on l~ovember 18 to i·einfo:cce the first outbreak, 

en t i'ras also incrcas 

\'rind speed brought about the heavier 

at'ld_ the resu1 ting increase in 

of t:2.e lSth ano. 19th. 

the evening of the 19th anticyclonic ci:c·cl.:o.lation dominatecl 

on appreciable rains ended, 

The sequence during Deccn1-Der 2-

3, 1906 displayed_ the double cold-front stTncture of the 1909 stonns buct 

or eo_ one important l~espect. lVIovin.g 1.oTi extreme :rapidi the 

second_ cold front "'ras folloiAred quickly 

\rlth it the characteristic 

that only one ,,rave could. f9rm on the c 

tho continental Ol1G 

air aloft. The res1il t '!fms 

nec"c polar-intert:ro~oical fro11t 

and almost the storm rainfall 1:ras thus confined to ab01it ha1.1rs. 
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CHAPTER IV 

THE MAXIMUM POSSIBLE RAINFALL 

82. The H:ydrometeorological Section has 

oped c . techniques foi~ the computation of maximum possible precii:>i,-

tation which been adapt to individual lJasins, notably the Ohio 
. . . 

tributaries above Pi ttsbn:rg,.~(l) ·and the Sacramento Bas:in ( 2). Basic to 

the methods the major premise that the volume precipitation over 

an area given time is not greater product the total 

number of unit columns of moi.sture-laden area, and. the 

amoru'lt of 1.o1liich be precipitated out each column. sum .c. 

all of the al:J:' crossing a normal to the ctirection of 

inflow will move across the area, the avel~age p:;.~ecipitation R 
· < xvWEt 

R == v.rhere .x is the length of the. line 
A 

to the inflo,,r direction, . :v velo.ci ty of inflo1H, WE the 

tive precipitable 1.•rater, t time area. 

It is obvious pure:Ly geometric portion of 

.ti on, x/ A, \<Jliicli called. constant, lias co.nsiderable 

(1) ~:rydrorrieteorologi 
O!:J.io River a hove 

l'Jo. 2: nMaximum Possible Precipitation, 
, u J1me 1941. 

( 2) Hyctrometeorological Report l'Jo. 
· over the Sacrameil to ()f Calif 

11l:1aximum Po ssi ole Precipitation 
" f1ay 1942. · 



importance. I maghi tude vari with the direction of inflow 

largest 1,.rhen x, iilflow border, is longest. However, the longest 

s of the basin cannot -be chosen' as x unless it happens- to be normal . -~ ' 

to e direction of the most favorable l'lind and moisture source. Con-

sideration must also be given to basin length parallel to the direc-

tion of inflo\,.r, for that must be great !=lnough to allol'r sufficient time 

and space for c ompl et e pr eci pita ti on ocess to occur. Although 

remains some .doubt as to the minimuin value such a length , the 

dimensions of Pittsburgh and. Sacramento Basins far exceeded 

cone minimum, 

84. The maximum wind v al:ues t.heir durations be· determined 

theoretically or statistically, or both, They must be consistent 

vd th the direction inflov-1 tb.a t has been climatologically and syno:pti-

cally predetermined as most critical,. A:nd, , tb.ey must .be repre'--

sentative both tb.e 1ddth .&"ld depth the inflmv layer c:l,Ssumed for· 

the maximum storm. 

85. The value WE, the effective ~precipitable water,, is the maxi'-

erenqe in the moisture content of air colurrin before and 

after the rain-:producing proc process of maximum efficiency due 

to convergence is schem13.tically illustr9-ted in Figure ln a saturated 

mass a pseudo-adiabatic lapse rate both the tial moisture 

content and the heigb.t of convection can be .determined from the surface 

de,,f point. The latter value -- which. be reduced for comparative 

purposes to a pres su:.·e of 1000 mb '--- becomes the 

·Since the sumption of saturation a pseudo:..:adiabatic lapse rate is 

reasonable in the maximum storm, it. becomes necessary to establish t_he 





maximum :possible 

dew :point i.ts 

duration, a:p:pro:pri-

ate to .season 

and the 

With s11ffici 

1 rec 

this can 

tical investigation 

of regi on.al . 

values ancl 

checked against the 

ultimate values at 

the source of mois-

is the 

Figure 

32 also illustrates 

variation in' 

w 
a:: 
:::> 

"' "' w 
a:: 
1). 

!.0 1.5 
PRECIPITABLE. WATER (INCHES) 

Figure 33 

table .wat.er in a colu:.m..n, of 
above 1000 millibars assuming 

saturation with a :pseudo...,adiabatie lapse rate 
r the indicated temperatures 

i'J':p (the total moisture content), iAJ"]] and convective tvi th .d.ei.'r 

point. Fig1.1re 33 is. a working chart for computation a 

sat1.1rated. column \d th pse1?:,do-adiabatic lapse an()_ can al be 

to coxnpute th€) difference er colUilLl'J. has undergone a 

:parti cuJ.ar 

(1).. Hydrometeorological Report No. l! fiMa:;,.'i.mum Possible Precipitation 
over the Ompompanoosuc ]3asin abo.ve Union Village, Vermont,11 March 1940. 

~ 75 ·~ 



t to be .used. inthe equf!,tion is 

stud.ycof the drainage characteristics of the basin. Duration..,. 

the maximum values of "tniind and.. moist.ur.e 

thro11gh the chosen time period.lllay ma.B:e necessary to reirJ"ri the 

equation in differential form, with the re13ult obtainable only after 
' ' ~ '· ' . 

integration betw,eel1 the ma:timfun possible values over the designated 
~ . .. . 

With the .equ~tion in final fo:nn, for "the computation 

rtraxfl'nu:m po s si bl e rainfall the iilequal:ity 

basin, :th~ ·me.teorol6gi<aal· limitations 

the paucity or inaccessibili 

the areas (:)f the Sacramento and Pittsburgh :Basins 

,·liT square miles, respec~ively, the Panama Canal 

consideration 

convective process could. not .be 



The ('.hap-ters on the climatolog;)T of tl~e region anct the meteor"' 

ologJ. of demonstrated the compara-

tive weakness of both the general and secondary circulation over the 

1 when contrasted ,,Ji th the knoV>m. c3rclonic intensities farther. 

north and particularly the United States. The dynamic effects .. of the 

temperature contrasts observed or :possible ov.er, for instance, 
. . ' 

·Texas catinot be:observed over the Panama region simply because the tem-

qontrasts cannot be achieved. ·While temperatures equally 

can be attained in both regions, iihe extreme low t e observect 

three kilometers, for .:i.11.stance, over S"ran Island_ is 3.9 C and over Coco 

Solo 60 as compared_ c'fith -14.60 over San.AtJ.tonio. The driving 

mechanism, corhich could maintain a large-scale and prolonged, con-

vectiye action marlmmn ency could. not be assumed in the 

solution of the Panama -problem, 
' -· 

90. The inadequacy of data has been sc11s sed in the 

.chapter on climatology. absence of long, continuous records of 

winds l te1p.peratu;res or pressures enough stations to enc0m.., 

pass the total range of values. over on made it 

impossible ther to calculate V>ri th assm'ance the geostrophic 1.Jind. aloft 

for example, in the manner of the ttsburgh Report, or to secure· 

index stations that proved so succes in the. Sacramento Report. 

91. The storms studied synoptically revealed ·a characteristic 

large-scale circulation tern over most of the United States .and the 

~ adjacent waters to the south and east, but the vicinity of Pa..nama 

conjecture had to play a large part the analysis. A predominating 

direction of surface V>rind over the Isthmus cturing storm periods was· 

- 77 ·.,. 



but it did not et storms 

nor. all the heavy 

coulcl be tvw. or even three secure \llTas the 

maximum pos e ·of the moisture of the· ·A maximum 

·clmoJ point of 79 ;,ras d:etermined by the tem~Qeratures. of the 

That the the· ideal eell 

39,000 f or 12 kilometers fixed the 

·illUlli which e the IS. 

t tive in convection as the 

1 s its ' 
te importance as a. factor V>ras establi 

conformity the clistribution of eto 

to isohyets for the s major 

storrn.s. 

V>rorthv'lhile to · 

scarded, as well 

as the method finally adopted. both theoretical .L • praCvl-

est' and are not neces invalidated by their 

in the Ganal Zone on. 

monthly convergence 

in Chapter II sho\'led a qualita,ti ve correlation i'd th the 

th the 

individual s correlati 

t were asso.ciatecl 1'n th p ods 

fall, though the measurement 11lTaS of tantaneous value at 

int unreasonable to assume such a could be 



en tati ve of more than one or t\..ro hours during a process of pro"bably 

continuously changing intensity. 

94 .. It vms thought that if convergence charts for storm 

''rere dra1-'m for all of the ocea11 area adjacent to the Isthmus, it 

1rould be possible to find extreme values 

transposed_ to the basin. Hoi>rever, the 

cpnvergence that cov~cl "be 

fOnvergence values ~,rere 

11su81 

highe:c 

concentrated over the vicinity of the basin, no 

occurring far from the basin at any time. Still another 

insurmountable objection 1'1Tas that both over Panama a11d else1Hhere there 

are no data on the variation of the intensity convergence through 

time. 

95. most of the storms studied 

vJind data \vere available from Cristobal-Colon on the northwest side of 

the Isthmus and from Balboa on the ·southeast side. 'When the 

synoptic convergence charts ~nrere examined i.t \..ras notecl that high values 

of convergence ~nrere often characterizect by north to northwest \!>rinds at 

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

striking was. the recurrence of a north or northwest wind of 

Beaufort force four or five at Colon and a wind. of similar direction but 

of only force three or less at Balboa. In general, such a down-wind 

ctec:c~ease in l.<rind speed_ rather than radial inflo11<1 1'1Tas the ty-_pe of conver

gence observed over PanaJlla as well as over the vvestern Caribbean. 

96. Hourly .wind_ directions a11d_ -velocities at the t1oro stations 

~pJere avatlable for all of the major storms except December 1906. Three 

assumptions '"'ere prereq_uisi te to the utilization of these data as 

measures of convergence: 
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a. The surface livinds at Colon and :Balboa were representative 
of the \'Tinds aloft • 

surface 1pJinds Colon and :Balboa were representative 
of infl 0111 and outflow vel oci ties, r espec ti vely • 

.2.· The inflo11r or outflo1tr from the northeast and southv,rest 
ends of the basin was n 

The assumptions ''rere not meteorologically unreasonable anct, at any :r:ate, 

necessary to the utilization of the available wind <lata. It 1oras possi-

ble to examine the relations li'lithin the storms themselves to discover 

the validity of the assumption anct, perhaps, a co ent ·which could 

be ed to correct for non-representativeness. 'When such a coeffi-

cient c:Ias found ancl its variation >vi thin the selected storms determined, 

it ipJaS :possible to reproduce the actual rain.fall depth by calculation. 

:But to exceed the usual graphical envelopment of actual storm depths, 

as shm-rn in FiglJ.re of ChaptE:lr I, it 1.-1as necessary to have a maximum 

possible 1.nlind-difference int ty-'durati on. curve. lifo such data l·rere 

available. 

still remained one other type 

of computation wind fl011<T. This \'ras the inflow-ioTinct method., 

senti as used in the Pittsburgh Re:port. :Basically, the method 

asSl.J.mes the wind at its maximum on the inflo~rr side of the basin and 

simultaneous marl mum e:ncy of convective system for precipi tat-

ing the moisture from the inflowing air. The record at only one 

s on "\vas req_uired for the ,,Jiml ensity-duration in this case, and 

such a record was fort1mately available at Cristobal-Colon. 

98. The optimum conditions for the proctuction of the maximum 

rainfall over the Pa.c'1ama Canal :Basin ca:n no·w be restated as follo1,vs·: 

80 -



.§:· Flovv from the north"rest across the long si of basin. 

Maxi;mum speed of flow· of air into the basin at levels. 

£· Presence of the maximum amount of effective precipitable 
v1ater the infl.oydng air. 

Complete delivery of precipitated water into b , 
i.e., no loss from premature precipi tatioh on the wind-
ward side and no loss to carry-over on leetvard 
side. 

1rfl.J.ile it cannot be implied that a combination of, circumstances .§;, .1?. and 

£ ah.rays produces the maximum rainfall, it i.s however true that the max-

imum rain must occur such a combination. 

99. The Basin Constant. As,sumption of flow from the northwest is 

consistent \vi th t."IJ.e most characteristic synoptic pattern of the major · 

storms stud;ied. The sea-surface temperatures (,Hhich determine· the ma....:d-

mum ]Jossi ble dew point) are also higher on northvJest sia.e of the 

Isthmus, The basin axis normal to i oy.r from the north1,1rest is the 

The basin constant thus becomes the maximu.m possible: 

~I 
I 

100. The more rapidly the 1or.i.nd blovm 

convective cell, .the more does rai:ti fall from it. In Table 

4 are list.ed the average rates of. ecipi tation for 1trhole basin for 

various inflow-wind velocities and a unit WE of 1.00 inch, using the 

maximum basin cons.tant previously 

101. maximum intensi ty.:..duration curve of 1dna. speecl was based 

on the follo1dng Cristobal-Colon recora.s: 

.1?_. 

The maximum 5-minute surface velocity of 48 miles per 
hour on November 25, 1927. 

The ma:x:imv.m 24'-hour \n.rind mov 22 . .5 miles per hour· 
during any storm period (November 27-28, 1932). 
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45 

50 

. TABLE 4 

PRECIPITATION .AMOlJ"NTS DUE TO CONVECTIVE .ACTIVITY 

.02 

.05 

.09 

.i4 

• 23 

• 28 

.. 33. 

·37 

.42 

.47 

.70 

.93 

1.16 

1.40 

1.63 

1.36 

2.10 . 

2-33 

.28 

1.1 

1.7 

2.2 

2.8 

4.0 

4.5 

5.0 

5.6 

8)+ ·. 

11.2 

16.8 

19.6 

22.4 

25.2 

2i.5.0 

1.1 

2.2 

3.4 

4.5 

5. 

6~7 

7.8 

9.0 

10.1 

11.2 

. 16.8. 

22.·4 

.o 

33.6 

39.2 

44.8 

50.4 

( v. in miles per hour; R in , n1lmeral subscripts refer 
to duration in hours; WE ""1.00 inch.) 
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The maxi1num monthly 
in December 1918. 

movement of 15.1 miles per hour 

values..§; and .h 11rere roundeo_ off to 50 ru1d 23, respectively, before 

interpolation on paper. For one hou~, twelve 

hours al'ld six clays the ma."timurn 11rind thus becomes 35, 

miles per hour, respectively. In actual storms studied e maximum 

·wind movement was 33 mi on November 8, 1931, and the 

vJind movement 12.7 es per hour during the period 

19, 

It is still necessary to prove that the ma.Ximurn e v.rind 

is entative of maximum pos e floior aloft, since to obtain the 

maximum transport of air over the flolv at all 1 s 

The convective nature of the heaviest rainfall over 

es lesser 1>Jind velociti al t and also a variation of wind direc-

tion w:i th height.. The available upp data during the storm od 

e both types of on. Table 5 the maximum obs 

11Jinds above Coco Solo are listed for all standard levels ~nd months 

from 1920 to 191u, inclusive. average maximum wind up to four 

30 for 09tober, November and Decem)Jer, 

ti vely. Since very fe~v e 11rimts blew from the northvmst, 

the tra~sport of air over basin vras much less than i'-!Ould be obtained 

in the maximu.m case. It can also be seen that the maximum average 1flrinds 

aloft do not exceed the ma."timum surface \virid used and, ermor e, that 

the rainy season the maximum surface '\•rind used exceeded only 

once any lovel. For all e reasons, the maximum 

as representative of the maximum possible of the 



. TABLE 5 

MAXIMUM OESERVED WINDS ALOFT AT COCO SOJ:,O 
. (Elevations meters above sea level, velocities in m.p.h.) 

Elev. Aug. Sept. Uct. 

. NNE 1TNE NNE N N NNE N 1TNE SSE SSE NNE NNE 

. 250· 42.5 42.5 54.8 42.5 38.0 47 .o 31.) 26,;8 29.1 35.8 40.3 44.7 39.6 
NE 
42.5 

N NNE 1'NE. l'J SSE l~NE SSE ENE .NE s~ S NE· 
500 47.0 44.] 47.0 42~ 35.6 42.5 .6 29.3 26.8 40.5 44.1 jS.O 39;2 

l'f.N"E 1'NE NNE 11J.~E . S SSE l~E NNW SSE 
750 42.j 40.3 51.4 44.f 34.6 .} 29.3 .l 24.6 

NE 
24.6 

s s 
4L 2 45.4 0 

NE NNE· NNE NNE. S NNE .s NE NE SSW S · ENE. 

37.6 

1000 4o.o 40.3 37.6 .o .35.1 24.6 26.s 26.8 26,2 46.5 42.5 47.0 · 35.9 
SE 
26.8 

NNE NNE NNE 1'NE . SW · ENE E E SSW WSW NE 
1500 49.2 4o.J 33.6 29.1 28.5 22.6 23.3 29.1 24.s · 29 36.o 4o.3 32.1 

' ' ,, .· , - __ :··, -- ' 

NE NNE :N"NE NNE SW l!INE ·· ESE . WsW . SW WSW NE . 
. 2000 .8 36.5 30.033.6 27. 29.1 29.1 26~3 28.8 32.1 42.5 .6 

NNE NNE El.'iTE I:J'"NE SW E ESE E WSW WSW SW ENE 
33.6 9 23.9 ,6 31.1 34.0 33.6 31. 28.6 32 36.0 27. 30.6 

SE NNE NNE E E ESE ESE E WSW WSW 
3000 3 28.4 22~4 40.3 22.4 33.6 33.6 34. 41.2 38~0 .3 32.0 

11NE E 
31.} 22.4 

ESE l'Hv E. Sv\f ESE ENE ESE sw w E 
. 3500 37 . 29.1 67.133-3 .LjS.O .o 32.0 53-7 37.6 0 '34. 2 

4ooo 
NE .·· SW · ESE ENE SSW' W W · WSW ENE 
30.6 30.4 28.0 .6 30~6 30.6 27 .l 35.3 30.4 30.5 

NE ENE. ENE SW . ESE SE ENE S. . ·E 1'NW E 
4500 40.3 23.9 2]. .5 24.6 30.2 26.8 27."{ 31.3 40.} 26.8 38.0 31.3 

E NE EJ.Il"E ENE SW ESE SE E SSE E . E ESE 
.5000. 29.1 29.3 24.6 25.3 ,8 31.3 .6 29.5 29.1 27.3 30.2 30.9 

. ( Concludecl on next page) 



ENE SE 
6ooo .8 22.4 

:ENE 11NE 
7000 55-9 24.6 

8000 

9000 

owing air. 

103. 

TABLE 5 (Continued) 

WNW ESE 
.6 15.6 

WNW ·ESE 
22.4 29.1 

SE E 
17.9 24.6 

SW SE W ENE 
24~6 17.9 11.2 15.6 

E El.~E ENE 
32.4 17.9 6.] 

E NN:$ 
.4 20.1 

1\TNE 
33.6 

on gene;-cal method, the water vapor content of a saturated column of 

air can b.e calcUlated from the dew point at the ground, if a pseudo-

adiabatic lapse rate is sumed. The highest point observ.ed during 

any ood-producing storm over the Canal 1nras 79 F. highest dm,r 

IJOint obtained from years of airplane soundings at Coco Solo was 

also 79 F.' . Considering these temiJeratures as as those of the 

.adjoining sea surfac a maximum point of 79 F is a upper limit 

at Panama. Using Figure 32, such a dew point indicates: 

.£:· ·A convective cell approximately kilometers deep. 

kn inflO"I>J layer approximately four kilometers deep . 

. 
c. kn effective precipitable water WE of 2.2 inches. 

104. Before the saturated air mass can the basin it must 

pass over the inflow barrier. The lifting undergone in this passage 

will natmally deplete the WE within the inflowi:rig colwnn. The mean 

height of inflow barrier is one thousand feet and the orographic 



depletion can be computed from Figure 33 as 0.3 inch. This leaves the_ 

maximum WE for the basin, for inflow from the rthwes t , as l. 9 inches_, 

the ective precipitable water in a convective process of maximum 

over the Panama Canal Basin. 

105. Actually the maximum efficiency seldom observe_d over the 

I::;thmus. Ueither the drivingrile(lhanism of an intense c_irculationnor 

extreme topography which can maintain a _ seale and prolonged 

convective action at maximum ency is pres This results in a 

1v:e_akening of the proc s by breakdown into cellul units of more local 

character, separated by the coUnterpart of the cell -which ting 

. occurring, e.' an adjoining unit in 1rllich _sinking to 

c~mplete the continuity must occti.r. 

li'igure 32 -only the up.c.flo"r currents 

convective cell model of 

illustrated. The eg_ui valent 

d~ownward currents ~pfhich must occur elsei1rhel.;e are obviously rain'-' 

inhibiting. They can also be rain~depleting. The precipitation formed 

in the rising current of the cell can fall through the sinking current 

and. .be evaporated into the desc end.ing Instead. of being abati~ 

cally vJarmed. ana ed (vvi respe(\t to relative hpmid.ity) as occurs in 

the usual down.,...slope or foehn process, the d.escending air will be cooled 

by the eyaporating rainfall- and. reach the surface saturated. In the 

of cO:rivectively unstable air, viet-bulb temperature the ne11r 

at the E?urface will be low·er than observed in the previous 

surface air(l). Wet-bulb temperatures lov,re:t; than could have resulted 

(l) G. N, Brancato: !!The Meteorological Behavior and Characteristic::; 
ThuriCJ,erstorms, It Hydrometeorological Section, U. S. Weather Bureau, 
April 1942. -_-



from advection have been observed in most of the Pa..11ama major stor:ms 

studied. 

106. The d,ew point the surface of the saturated air the 

dow.o.ward: cur.rent thus becomes the measure of the negctti v,e WE or the 

precipitable \vater absorbed during the reversible~convective or sinking 

process. The moisture absor-bed by evaporation during the sinking pro-

cess is numerically ecpial to the amount 1>Thich could be released by 

lifting, using the n~w devJ point as a e. Hence the ,difference ( /j W;rn) 

between the Ww in the rising air.ancl the WE in the falling al.·r is 
~1 ' 2 

the precipl. tation resulting from the completed process. A schematic 

outline of a complete t in the cellular pattern is shown in Figure 34, 

where T1 and T2 are the surface Clei'l points which determine the WE 

valTJ_es of the opposing currents •. 

107. Tlie greate'st de\'11"-point range in any one the major 

storms 111Jas 7 F, for all the storms studied_ the ove;c~..:.all 10 F. A 

survey was made the extreme values of moisture content of the air 

1 
E 
~ 

N 

Figrire 34 

Schematic diagrain of a Gellular convective pattern 
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vective :process over the Panama Canal 

108. l\i ot more than a total duration 

over Coco Soio up to a 

height of four kilo~ 

meters (the inflow 

layer)· the months 

of August to NovemberJ 

inclusive. ]'igure 35 

indicates these 

extremes. The d. iff er'-

ence water content 

is 0. 98 inch, \orhile the 

D. W:m ·for a d.evr-:-:poin t 

d.iff.erence of' 9 ]' be-

t\'leen 79 and 70 F. is 

1;0 inch, 'which 1tras . 

therefore considered to 

be the maximum average 

if for a sustained con.:... E 

. to eight hours 

:~,vhose intensi is such that it must be attributed to convec-

W:m of 1. 0 inch has ever been 

observect in any total Basin. I'-1ost 

be ributed chiefly to orographic an 

e confirmed by the ty of the storm isohyetal pattern to 

the mea.11 extended :precipitation :pattern. The possible W':m 
. . 

\vhfch be attributed to the lifting saturated air across the 



Continental Divide (mean. height 1,400 feet) is 0.4 inch. (See Figure 

33.) This is equivalent .to stating that all of the moisture originally 

belo~Ar 1, 4oo feet is precipitated by the orographic process. This maxi-

mum possible value .for the orographic process is based on the follovri.ng · 

assumptions: 

The to.tal effect of the barrier i.s to produce horizontal 
convergence down ~Arincl (see Ohapt II)~ · · 

The saturated air is potentially unstable and the 
mass of air coming in-belOi•rl,400 feet is subjected to 
vertical imp1iJ,ses that are finally damped out at very 
high levels. 

Compensating outflow of mass takes plac.e at very high 
levels by lateral motion aii parallel to the long 

. axis of the basin. 

This eral outflOi•r of air occurs in regions of lo1.rv W 
and therefore robs the system of anegligible amount o¥ 
moisture. 

The northilrest.,-southeast components above the barrier are 
equal, level for level, t() those on the North Coast of 
the Isthmus and, therefore, inflo~AJ of moisture above 
1,4oo feet is approximately equal to outflow above 1,400 
feet. 

Hence, the extreme possibility is that moistilre flo11ring in below 

1,400 feet is finally precipitated. 

109. The observed distribution of orographic rainfall over the 

Isthmus is such that the percentage, in proportion to distanc.e in the 

north11rest-southeast direction, decreases from the Atlantic to. the 

Pacific side. :Rainfall measurements outside the basin are too sparse 

fo1~ any accuracy to be gained by considering the actual quantitative 

cti stribution and apportioning the theoretical rainfall accordingly. 

Ho,Tever, since e ratio of basin length to Isthmus length .(along direc-

tion of inflow) is about 0. 5, the orographic rain 11\faS distributed 



according to that ratio' which is the s.ame as reducing the original 

·orographic WE of o.4to 0.2 inch. 

110. Tl1.e Maximum Rainfall.· For the final computation an intense 

convective period of 12 hours was assumed concurrent with the maximmn 

12-hour wind. period. The WE values· vary so that the highest valu~s 

coincide with the maximUm winds.. The five-minute value of WE is 1.9 

inches and. the average for the 12-hour period. is. the ·1.0 inch which was 

previously determined. to be the maximum average. value during sustained.· 

convection over the Panama Canal Basin. By the end. of the maximum 24 

hours,. the 1qE value has waned. to 0. 2 inch, the orographic value, 

vmich was used. for the remainder of the six-Cia,y period.. 

111. Using the maximum.,..wind. and. WE averages indicated, Table 6 

presents the computed. average depths of maximum rainfall for the total 

basin for the designated periods, These values, plotted. on a duration.

clepth chart, ~ere then enveloped by a smooth curve (Figure 36, next 

chapter) drawn parallel to the enveloping duration-depth curve obtained 

·from the rainfall analysis of Chapter I. This procedure adjusts the 

computed. valu,es slightly upward in the longer durations. Computed and 

Duration 

5 minutes 

1 hour 

12 hours 

144 hours 

TABLE 6 

THEORETICAL M.A.XU1UM POSSIBLE DURATION-DEPTH 
VALUES OVER P.AN.AJYJA CANAL BASIN 

Average v 
(mph) 

Average WE 
(inches) 

Average R 
(Computed) 

50 1.9 0.4 

35 l.S 2.9 

25 1.0 13.6 

18 0.2S 33.0 

- 90-

(inches) 
(AdjusteCL) 

o.4 

2.9 

14.0 

33. 



adjusted values tJ,re included in the table. The-,iatter are the values of 

the maximum possible storm. 

112. The validity of the computation formula is corroborated by 

comparison of the observ.ed and maximum possible si.:x:-day values. The 

111aximum observ13d .si:x:.:..day ?Verage wind int.ensi ty in any of the storms 

studi was about 13 miles per hour. maximum possiple \llrind for the 

same period is lS miles per hour, a 4o% increase. The maximum possible 

average depth of rainfall for the same duration is 33.2 inches, approxi- · 

mately 50% higher thi;Ul the maximum observed average depth of 21.0 inches. 

11}. Reliability Factor. The Hydrometeorological Section ctoes 

not consider it necessary to make any further upward adjustment of the 

maximum possible rainfall. values for :reliability. The individual maxi-

mum values used the computation have been .chosen to include such a 

factor, so that th.e final result contains a progre~sive integration .of 

the necessary actjustments. 
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THE MAXIMUM POSSI:SLE STOEJ.\Ii 

ln Figure 36 the two solid 

d1ll'ation.:..depth yurves. The lov.rer one is a re:pro

C'lll:Ve from Figure 17 of Chapter 

the 1ll.'1JiJ:!.mum depths of recorded rainfall the basin 

in Clha:pt er I • 

obvious. that the 

might actually 

twq.< reasons. 

occurring 



rainfallrecords rrlight haveproduced greater amounts. lnaddition, the 

values obtained by analysis of the nine storms can be error, particu-

larly for the short durations. Were the curve enveloping these values 

to be used. in estimating limiting rates of rainfall, it \vould 1:le 

necessary to apply a liberal factor of safety. On tb.e other hand the 

duration-depth curve of the maximum possible rainfall, also shown in 

Figure 36, based on a computatio;n involving the ma,ximu.111 possible 

values of the prinCipal factors 'Whic.h. combine to produce rainfa,ll' each 

value already including a safe margin for possible error as well as for 

inadequacy in fundamental data, 

115. For purposes of. comparisqn, two other duration-depth curves 

are prest;lnted in the same figurE\. One envelops the maximum rainfall 

depths recorded over areas of 1322 square rp.iles 
,, - ' 

continental Unit 

States. The vaiues were obtained from the rainfall analysis of major 

United States. storms and it has already been pointed out in Chapters II 

and IV why such values . should be higher th~ at Panama. The other. com:-

parative cur:ve ori the chart prest;lnts the maximum rainfall amounts of the 

design storm for the Panama Canal Easin as developed in the Panama 

Hydrology Report •. For durati<;>ns of one cU1d two days those vali1es are 

exceeded by the Hydrometeorological Section 1 s maximum storm, but for 

durations of three to six days the Panama Hydrology Report's values 

'exceed those of tb.e Section. Values from the Panama Hydrology Repbrt 

' 
for .CJ.urations less than. 24 hours are not shown on the chart .because 

over-all f:igu:res for the entire basin for those durations are not pr.e-

sented. in that report. However, on the .. basis of the maximum 24-hour 

isoJ:r-.tetal map and the intensity-duration curves for the maximum day of 
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the P ant:uria Hydr()logy Repoft 1· s 

ble .values for 30 minutes one hour are in Section's 

val,ues for thos periods .. 

on-clepth curve can occur in a 

sequences. The most cri.tical duration and sequence is .deter.:.. 

hydrologic .characteristics the basin~ :Before presenting 

results in a would facilitate comp:utations of volurne 

peak runoff in the maxirrmm possible flood; 

th.e meteorological plausibi ty of. the seq_uence. 

The··· si:x.:..day d.uration 

ob(;lerved. 

although the l:atter becomes preclominant ·in the 

period of raiin the 

type~ Potential instability i.s realized:. throughout 

duration incre.ases. The mount-" 

climaxed a maximum 

7 l:ists the maximum possible accumulated yB.lu:es of 

taken from the>d.uration-deptheurve of :B'ig.ure 36. 
terms of. successive increments, 

. r.. . .. 
then>for o....,hour periods 



TABLE 7 

TABULATED V.ALUES FROM DUBATION-DE)?TH CURVE FOR M.AXUIDM POSSIBLE . 
pTORM, P .ANAMA OA"N".AL BASIN ( 13 SQ,U.A.RE MILES) 

Duration Depth 
(Hours) (Inches) 

1/2 1.6 

1 2.9 

L-1/2 4.0 

2 5.0 

2-1/2 5.9 

3 6.7 

/2 7.4. 

4 8.0 

4-1/2 8.6 

5 9.2 

5-1/2 9.7 

6 10.1 

12 14.o 

18 16:s 

24 18.6 

4S 23.6 

72 26.9. 

96 29.2 

120 31·3 

144 33~2 

~ 9.5-



SUGGESTED CRITICAL . .A.RRANGEMENT .. OF STORM, INCREMEJ.~TS FOR. TOTAL .BASIN · 

Total Storm 
(24-hour Increments) 

2.T 

2.3· 

Maximum 24 Hours 
( 6~hour In.crementf;?) 

10.1 

3.9 

Maximum 6 Hours 
(l/2:.....hour Increments) 

0.5 

o.6 

0.7 

0.9 

·1.1 

1.6 

1.3 

1.0 

o.s 

o.4 

24-hour periocl of the storm, a.i1.d lastly for 30~minute 

of the maximum 6..:.b.our rainfall. The 24-:hour periods 

and hence are arranged_ in 

rainfall is placecl in thircl 

of the maXimum possible storm. 

period characterized. by the ma..'cimum convection "rhichlas:bs 

In. presenting the 30-mim.l~ e increments 



this od maximum convection, it is not intended to place a..ny 

restrictions on their arrangement. They may be any ma..nner 

whatsoever, subject only to the limiting conditions of the on-depth 

CUl'Ve. 

120. t.he breakdown of the total rainfall for the subsidiary 

distribution as 

shown by duration-depth curves of actual for each of the sub..c . 

·basins , 15 and 16). A fairly 1miform ratio of was 

of one to six days. This ty is fn agreement 

vr.i th the cone that orographic features the distribution of the 

, therefore, a fixed 

proportion of the total rainfall. is depositeu sub-area. ·· If 

the average th of rainfall over the total considered_ as 

unity, then the coefficients to obtain average over Ga t1m, 1\fa(lden 

a-nd ns are 0.87, 1.33 and_ 0.53, respectively. When. com-

to the mean extended precipitation, these figures -provide an abnor-, ' ' ~-

mal cone on rainfall for the Madden area. mean exte11,ded 

precipitation pattern is affected by the contribu:t;ions very 

localized which, because they are not enti dep·endent on 

f , tend to produce a more uniform 

ern over the basin. 

Figures 37 and 38 the time s for 

od and for the maximum , are sho\m for the 

total ana_ also for the subsidiary basins after the coeffi.,-. 

cients defined above. Within the maximum 6-hour od. the 30-minute 

over the sub-basins v.rere computeCJ_ the sa...me mru1ner. The 
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DAYS 

Figure 37 

tical arrangement of 
possible storm, 

24-hour increments 

values ar.e .given in Table 9 • 

20 
. • . 

I I I 
MIRAFLORES BASIN 

10 

I I 5.3 

(l.g t§ I 2J 

0 
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w 
:z: 
0 
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3 
6-HOUR· PERIODS 

Figure 38 

Gri tical of maximum 
pO$ storm, 6-hour incre-

ments of maximum 24-hour periocL 

. the or storms indicates. the possibility of considerable time lag in 

the peaks of rainfall ·within a 6-hour period. November 1939 storm 

(see Figure 9) illustrates such a lag bet1•reen the sub-basins in the 

rainfall increment. It is therefore possible to s the peak 

between the three Hence, no block 

is sho1-m for the maximum. oct, but the tabulated values may be 

in any or.der cri tical-runofi' 



TABLE 9 

POSSI:BL]} .A.RRA:N'GEMENT OF HALF-HOUR INCREMENTS OF RAINFALL 
. THE MAXIMUM 6-HOUR PERIOD OF THE MAXIMUM POSSIBLE STOmJl 

TOTAL 
:BASIN 

0.5 

0.6 

0.7 

0.9 

1.1 

1.6 

l.J 

1.0 

0.6 

0.6 

o.6 

.0.4 

10.1 ' 

GAT UN 
:BASIN 

(Total :Basin 
X 0.87) 

o.4 

0.5 

o.6 

0.8 

1.0 

1.4 

1.1 

0.9 

0.7 

0.5 

0.5 . 

o.4 

IVJ.ADDEI.~ 
:BASIN 

(Total :Basin 
X 1. 33) 

o.6 

o.s 

0.9 

1.2 

1.5 

2.1 

1.7 

1.1 

0.6 

0.8 

0.5 

SIX-HOUR TOTALS 

s.s 1,3.4 
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MIRAFLOBES 
:BASIN 

(Total ~a,;:>.J.~~ 
X. 0~ 

0.3 

0.3 

o.4 

0.5 

o.6 

o.s 

0.7 

0.5 

o.l.t 

0.3 

0.3 

0.2 

5.3 
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GLOSSARY 

Adiabatic Chart. A thermodyD.amic diagram in ~r;hich temperature 

plotted_ against pressure (log p or p0.2S8), and on ·which dry adiabats 

have been constructed. It is used for the evaluation of an aerological 

sounding. 

The rate of change of tem-

peratm·e of an unsatm·atecL air particle as it is adiaba:tically raised_ or 

lo1verect in the atmosphere -- equal to a:f)proximately 1 C. 100 meters. 

Atmospheric ~orocess in ch ch~Lges.in volume, 

pressure a11d tem~f)erat1J.re occur ~Ali thout the loss or gain heat. 

homogeneity in its source region • 
• 

In the Northern Hemisphel~e, a clockwise circulation 

ar01mcl 'relatively pressu.re the center. Counterclockt•Tise in the 

Southern sphere. 

Anticyclone of chi with 

onic ci rcula ti on confined. to lo~rrEn' tro:po sphere. 

Front at 1·rhicl'l l'elati vely cold air clisplaces l'rarmer 

ThermoO.Jinamic state is unstable 

for .b1J:t stable r or UiJ.saturateo_ 

Convective Instability. Thermocl.ynamic state of a of air 

w·hich will become unstable af-ter sufficient lift. 

Process, or thermal, 

or do1m1>Jaro. movement a linli ted portion of the atmosphere. 
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. C1.unulus type cloucls are inclicative 

·processes~ 

the oct;urrence of convective 

Generally refers to the cond.i t:LOn that. sts when 

the wind· clistri bution thilt a given causes a net .horizontal inflow 

in to the region,· Horizontal convergence is usually accompanied by 

which is to stretching/ A net hori zbn-

outflow is known d.ivergence ru1d is generally ·accompani by 

convergence 1 as shrin...zing. 

the Nol'thern 

around relatively low pressure at 

Hemisphere. 

a counterclockvrise circula'

center.· Clocbrise in the 

action. 

1orhich creates or develops a new 

i.n tensi:fication an existing one. 

Decreasing pressure at a pressure system. 

The temperature, at constant pres 

occurs in a cooling mass of 

See Convergence. 

Maximum depths of rainfall. plott 

at 

against 

required for their accumulation over a selected area a 

group of storms. 

greatest amount of :preCipitable 

can removed. from an· atmospheric colul!ln by convectiV:~ 

....c.===:g. • · Incr :pressure at the. center of a pressure system • 

A •·rarm 1•Tincl, dynamically eo. in clescen t down 

moUl1 tain sl o:p es . 

.·:- 104-



Front. The line oJ; intersection vJ'i th the earth of an inclined. sur~ 

face of discontinuity separating hro different air. masses. When the 

surface of discontinuity is forced over a third homogeneous air mass, 

the line of intersection is< called an upper front. 

Frontogenesis. The process "mich creates a front or intensifies 

an sting front. 

. . 
Frontolysis. The process which tends to weaken or destroy an 

sting front. 

Geostrophic \'fino .• · \ITind resulting from the balance the 

force due to the pressure gradient and the apparent deflecting force 

the earth1 s rotation, neglecting friction and curvature of path. 

(}rad.ient Wind. The 1dhcl resulting from a balance (neglecting 

friction). betl}Jeen th.e force ctue to the pressure gradient., the apparent 

cLeflecting force of the earth 1 s rote"tion, and the centrifugal force due 

to curvature of )Jath. 

Tl'lermod;;r.o.amic state in which vertical displacements 

are favored. 

Inversion. .A:n increase of temp($rature 1.dth height. 

Isentropic Chart. Synoptic chart of data plotted at a surface of 

constant potential temperature, 11vhich is also a surface of constant 

entropy unsaturated air. 

Isopleth. A line connecting eq_ual values on a chart. 

An air mass colder than the surface over which 

it is passing, with sta9ility consequently decreasing in the lower 

layers. 

Rate of cleerease temperature the atmospherS3 



,,rith height~ 

Mass Curve .. Curve representing cumulative values distri outed 

time. 

Ratio of the 1rrei of vvater vapor to the weight of '· 

clry air in a given sample of atmosphere. 

Occlucled Front; The type front :resulting "'rhen a cold front 

overtakes a ,,rarm front, forcing aloft the air the 1rrarm sector. 

Occlusion •. Process of formation of an occludect front, or a system 

which has undergone the ocess. 

Orographic Rainfall. Rainfal.l ,caused by deflection upwards of 

moisture-laden \vinds by mountain slopes. 

Polar Front. The line of intersecti.on vvi th the earth a surface 

o-f' cliscontinui separating air masses ,of origin from those 

. ~ . 
tropic ·origin, the line being more or less continuous cd.thin each 

hemisphere. 

Temperature of air after expansion or com-· 

sioh dry adiabatically to a sta:..'ldard pTessu:t'e of l ,000 mb. 

Preci-o:i.table VVateT. Total water VaJ~Or contained in an atmospheric 

cohmm of unit cross...csection area,. express terms of colurim 

Decrease in barometric pressure per 1mi t 

horizontal distance in a direction normal to the isobars. 

The adiabatic chart to ,,rhich sat11ra:tion 

Pseudo-Adiabatic La~ose Rate. The rate at i,vhich an ascencling body 

of saturated air 11rill cool cturing abatic expansion. Its value is not 
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co;r1stant 1mt approaches the o.ry adiabatic rate asymptotically as the 

iPJater vapor content· decreases tovvard. zero. 

Quasi-Stationary Front; Front along which displacement of warm by 

cold. , or versa, is and accompl:i.shed minor wave action. 

Red.uced De\v Point used in this report). De~v :point reCJJJ.ced 

:pseudo-adiabatically'to 1,000 mb. 

S}Jecific Humi'Cli ty. Ratio of toreight of water vapor to that of 

moist air. in a sample. 

Stability. ThermoCJ.ynamic state in which vertical displacements 

resisted. 

(of Cyclones and_ .Anticyclones). Steepness of 

gradient. · Synonymous 1Hi tl:l intensity. 

sure 

See Cvnvergence. 

Subsidence. A s:tn:ldng of £1. air mass • 

Syno-ptic Chart, A ' such as ordinar;v~ \'leather map, 'I'Ihich 

shows e distribution of meteorological· conditions a moment. 

Thermal Equator. of temperatures, ne13-r the 

ical equator, but displaced to· 'either sicle ·ofit ac.c.o season. 

Geometrical tigcn"e· dra\m perpenCI.ic-'-

bis.ectors "'oet\veen ad.jacent ::preCiJJitati<m stations. These bisectors,_ 

bound closed areas around s a.nd together form a net'l!rork of 

contiguous. Thiessen J?Olygons, r of \vhich enclosed station 1 s 

rainfall considered' repl~esentati ve. 

Tongue. The :projecting :portion of a large-scale eddy of dl'Y or 

moist r, as reveal on &'- isentro.~pic e. 

T1·IO o el ts of , o~e on either. side of 



.An · elongated of'. relatively low barcill1etric 

Anticyclone of 

ext en¢\.i ng to 




