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Chapter I 

OO'RODT.JCTION 

Assiepnent 

The development of a set of genere.liz.ed charts indicating the 
seasonal variation of the probable rrax:Lmum precipitation was under­
taken in accordance with a memorandum from the Corps of 'Engineers 
dated. March 1953. It was requeeted that these chartEi be baseC:. on 
the results of Hydroineteorological :Report No. 2:;, "(}eneralized. 
Estimates of Maximum Possible Precipitation," subject to su,ch 
changes as are warranted at this tinie. · · . 

Herewith are presented an all-season envelope and monthly maps 
of probable rraximum precipitation for 200 square miles for· a duration 
of 24 hours. For each of the:::e maps is provided a P.epth-duration­
area relation which gives a method of obtaining the probable rraximum 
prectpitation tor any area from 10 to 1000 square miles and for du­
rations of 6, 12, 24, and. 48 hours. 

Definition 

The probable maximum precipitation represents the critical 
depth-duration-area rainfall relations for a particular area during 
various seasons of the year that would. result if conditions during 
an actual storm in the region were increased to represent the most 
critical meteorological conditions that are considered probable of 
occurrence. The critical meteorological conditions are based on an 
analysis of air-~ss properties (effective precipitable water, depth 
of inflow layer, temperatures, winds, etc.), synoptic situations pre­
vailing d.uring the recorded storms in the region, topographical 
features, season of occurrence, and location of the respective areas 
involved. The rainfall values thus derived are designated as the 
probable max~ precipitation since they are determined within the 
limitations of current meteorological theory and available data and 
are based on the most effective combination of factors controlling 
precipitation intensity. The term "maximum possible precipitation•• 
used in previous reports is synor....ym::>us with "probable maximum 
precipitation", however, it is believed the term "probable maximum 
precipitation•• is a more descriptive one. 

The seasonal variation of probable maximum precipitation values 
beccmes an important meteorological consideration in t-wo rm.in problems 
of er.gineering design: first, in situations where major floods may 
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occur in conjunction with snmvm.elt, and second tre <lesign ami 
operation of multi-purpose structures. Although much greater 
precipitation may occur over areas of 10 to 1000 square miles in 
the summer season, high. infiltration rates, evaporation, and 
storage capacity may greatly reduce the potential threat of -flood­
ing. A somewhat lesser storm than t·,e annual probable l'l:l2.:Xillll.U'l1 .T'.ulst 
be investigated for flood potential when combined '..lith a snow pack of 
high water equivalent and high meltlng temperatures. Similarl;r, in 
the case of multi-purpose structures, ,seasonal operation may :reduce 
the reservoir to a safe level Ci.uring the time of the pro1Jable m:ximum 
precipitation, whereas storage requirements for future use, at a time 
of year other than that during which the probable maxL'l!lUr.'l is likel;r t.o 
occur, ms present a problem nore serious in conslclering the riesirn · 
and operation of the structure. 
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Chapter II 

BASIC 'I'HOORY 

Theoretical comPutations 

Basic to the theoretical computation of the probable ::::1;-;;.:x:.mw.: 
precipitation is the assumption that the probable maximum prec~pi­
tation can be computed from the optimum conibinat1.on of mointure 
charge and convergence of the wind. The moisture charge is the 
moisture content of a saturated air n:ass with pseudoadiabat:'ic 
lapse rate and is a unique function of the dewpoint. The dewpoint 
used is one which has been reduced pseudoad:!.abatically to the 
1000-mb level in order that dewp6ints for stations at tiffering 
elevations may be comparable. It is possible, then, to define the 
moisture charge in terms of precipitable water between the 1000-mb 
level and various higher levels for given 1000-mb dewpoints. 

To estimate the convergence of the wind, it is necessary to 
consider the speed and direction of both inflow ancl outflmv winds 
at various levels through the storm area. Considered as a lvhole, 
the flow pattern constitutes a storm mdel through vlhich the :mois­
ture is processed, and in computing probable n:axinn.U':l precipitation 
the most efficient model should be selected. Illustrations of 
models and the corresponding moisture storage equations nay be 
found in Hydrometeorological Report No. 24 on the San Joa01<in. In 
these models the moisture is expressed as a function of the lCOO-mh 
dewpoint and equals the depth of rainfall deposited by each column 
of air of unit cross section. The deposited rainfall is termed the 
effective precipitable water, WE· 

The present study uses an indirect approach to the maximwm 
combination of values which depends on two assumptions: { 1) that 
rainfall can be expressed as the product of inflow n:oisture charge 
and the combined effect of storm efficiency and inflow wind; and 
{2) that the most effective combination of storm efficiency and 
inflow wind has occurred or has been closely approached in ma:jor 
storms of record. The latter assumption makes storm transposition 
a necessary tool. 

Move:~:tent of major storms from one location to another, tl::ereby 
extrapolating the number of storms that have actually occurred, is 
considered possible because the loc.ation of a major storm j.nvolv­
ing no significant orographic control is fortuitous within certain 
geographic limits. These limits define the area of transposition. 
Determination of the limits of such areas of transposition is 
largely a problem of synoptic meteorology-. The areas are defined 
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as area~( of rneteorologicel hor.ngene in which every point therein 
could ex-perience :;::, storm event with the same storm mechanism and 
total inflow wind. r.ovement, but not necessarily with the same mois­
ture char,a:e or the same frequency. Tnus, within the area of trans-

ition ~f a r.Jajor storm, the variation of a nnximum storm of the 
same will be pl·o;':lortional to the \"ariation of the ll'BXimum 
available moisture Furthermore, if one transposable storm 
has contained the most ef:ectlve combination of storm mechanism and 
inflow wind., the rercmlt of ad,justment to the :n:e.xi:mum moisture can­
ter:~. -will be the probable nE.Ximum storm. 

3e:f'ore the stor:m. can be ad.~usted. for changed moisture charge, 
a stcrrn mecha:nis~l or mu.st be postulated, since the e.djustment 
is a function sf t-he model. Various models of a convective type 
stcrm cell hav-e been postulated for use in adjusting to a changed 
moisture charge. The models vary as to the depth of inflow and out­
flow ln:,·ers. A more detailed. description of these models is con-
ta :l.ned. in H,:n:I.rcmetecrrJlogic.al Report :No. 23. A salient fact in 

the n:odeb is that, although the ~ for a certain dewpoint 
V['.ries vllth tl1e cell. :n.odel, the ratio of WE values f'or two certain 

lnts is about the same no mtter what the cell model my be. 
Each rati0 is appro:r.::L:rately to the ratio of the W values 
for the two dewpcints involved., W0 being the precipitab~e water 
R.ccumulated from 1000 !nb to the cell-top pressure for the particular 
dewuoint. 

Since the \-.'E ratios a.re more closely related. to the ratios of 
the \ip tban to an-, otJ::er constant parameter of the cell :models, the 
wp rat to has beer: as t.he :rnoisture-ad.juetment factor. These 
ratios ar-e usee wtth t,he 1-l.,.., at as the base. The validity of 
the uc::e of this :::no.i.sture aojustment for extrapolation to upper limits 
of rainfall ur;on the validity of the assumption that a suffi­
c:!entl.:r large sampling of major storms is available to provide an 
optimum or near-optil1'!Ul11 combination of inflow wind movement and. storm 
mecl;arlism. Actually, this sampling for a particular location must be 
increased b_y storn: transposition, as previously explained. 

The aC.just.mer:t to be applied to observed storm rainfall where 
t:::-ansposition is to hig.'Jer elevations requires consideration of the 
red:J.ction in dept.h of the rrDisture charge of the air column and the 
intensifyL'lg e:r:octs of orogra:phic lifting upon the amount of rain-
fall. l1Ddel<3 of tbe t;;.rpe far considered have had. a coltlll'lDn 
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base at 1000 rili, which pressure ta' been interpreted as sea 
level. Fer cc-::u:::-rence at hi[her elevations - there:'ore at 
lower pres::::ITes - models based at pressures lower than 1000 
m.ll must be considered. The 2csun:rption basic to this fu........-ther 
computntion is that occurre:r:ce at, a h::gher level has a d.eplet-

effect. The hiGher the level at which the storm occurs the 
le2s the total lriC) that can be processed and therefore the less 
rainfall. While~ this ie fundamentally true as stated, other 
significant factors are involved. In regions of upslope topo­
graphy there are orographic intensifying effe~ts ~hich may 
overbalance the Wp depletion effect. Moreover, in :regions of 
very abrupt slope, the precipitation produced in a cell based 
at a low elevation rray be transported so as to fall at a higher 
adjoining elevation. In the development of the present charts, 
these modifying effects have usually been treated in one of two 
wa.Js. In some transpositions n:ade in preparation of this report 
the intensif:ring effect has been assumed to cancel the depleting 
effect. In others, the "transposition has been restricted to 
regior~ of simiL~ toposraphic characteristics. 



III 

BASIC DATA 

Four types of basic data are required for application of the 
moisture adjustment derived theoreticallJ" in the previous section. 
These are: observed storm-rainfall data, observed representative 
dewpoints in these storms, maximum pQssible dewpoints throughout 

United States east of the 105th meridian, and a surface contour 
1I11::tp. The nature and sources of these data will be discussed in 
this chapter. 

The seasonal enveloping isohyets on figure 1 are based on more 
storms than the comparable n:ap in Report No. 23; ""owever, because 
the seasonal variation requires storm data distributed over 12 months, 
the number of storms available for consideration in a particular 
month is considerably less than the number determining the all-season 
envelope. Although only a comparatively sn:all number of storms fur­
nished the controlling values, all the storm studies available to 
date were processed to preclude oversight of any significant value. 
Depth-duration-area values, location of storm center, and isohyetal 
pattern were taken directly from the approved pertinent data· sheet 
and the isohyetal map pertaining to the individual storm studies. 
Where there was no approved data, preliminary data were used when 
considered reliable. The most storms with part II 

in the development of the generalized charts, are listed 
in appendix A. 

data 

Another type of storm data used as an aid in de~ermining the 
seasonal trends consisted of weekly precipitation values averaged 
over the climatological divisions of the United States. These 

were compiled under the direction of W. F. McDonald of the 
U. s. Weather Bureau for the years to 1935 inclusive. A sea-
sonal chart of the 30-year average weekly precipitation value for 
a particular climatological division was used as an index ~o the 

trends of the maximum probable precipitation for the larger 
areas and longer durations within tr~t division. Other values, such 
as the weeklY values for the 30 years, were also plotted in 
lil::e nanner. 

Use was also made o~ 24-hour maximum observed precip 
YJeatber Bureau stations having over 10 ~rears of record. 
these values would be indicative of the trends L~ ~aximum 
precipitation for small areas. 
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The two types o~ data described above were used ~rimarilJr as 
supporting evidence when there was not eu~~icient part II data to 
de~ine the seasonal trends. These data also substantiated singu­
larities in the seasonal trends as indicated by the usual part II 
data. 

Representative storm dewpoints 

Maximum observed dewpoint data are utilized in adjusting the 
storms to maxilmxm. values. For moisture adjustment, the observed 
storm-rainfall depths are multiplied by the ratio of maximum to 
observed moisture charge. On the basis of the theoretical and em­
pirical considerations presented in the previous chapter, the 
observed moisture charge is determined from the 1000-mb dewpoint 
representative of the moisture flowing into the rain area of the 
storm. The chronological sequence of these dewpoints and the 
corresponding dewpoint-duration relations were determined for each 
o~ the storms processed. Ideally, each dewpoint sequence within 
the storm should be related to a corresponding rainfall period, 
appropriately lagged. In practice, however, this is rarely found 
to be feasible, especially in a project of the scope of these 
charts. Use of the 12-hour adjustment was deemed sufficiently 
accurate. The 12 -hour period of maximum rainfall is c loa ely as­
sociated with the 12-hour period of maximum dewpoints, but adjust­
ment for other durations differs only slightly. Furthel."'!l'l:)re, the 
major portion of the total-storm rainfall falls within a 12-hour 
period. 

The representative storm dewpoints were determined b.T going 
upstream along the air trajectories from the rain area to a region 
with available observed dewpoints in the warm air. In each storm 
the rain area was defined as being bounded by the 1- or 2-inch 
isohyet of the total storm, and the area was then outlined on succes­
sive .12-hour synoptic naps for the storm period. When no front 
separated the rain area from the surface observations representa­
tive of the air mass involved in the rain process, the representa­
tive dewpoints were selected at stations along this trajectory 
as close as possible to the edge of the rain area. In the 
presence of a separating front, dewpoints were selected from the 
warm sector, as near as possible to the front. Rapid movement 
of the front in some of the storms made selection of long-du-
ration dewpoints difficult, but the decision to use 12-hour dew­
points in a storm adjustment eliminated most of such difficulties. 

A group of stations whose geographical center fell on the 
inflow trajectory was generally found preferable to a single sta­
tion for determining the representative storm dewpoints. A 
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station was rarely so located that its dewpoint was repre~ 

sentative of the storm moisture Furthermore:; because of 
occasional lack of of surface 
general~y found preferable to make use of a group of 
center of the group of stations was the poL~t for which 
dewpoint was later determined in to adjust the 
occurrence at its location. 

The dewpoints used 
nal station records for all 
period. The minimum temperatures 
also obtained, since the dcewpoint 

were obtained from the 
times within the storm 

occurring during the period were 
persisting for any 

exceed. tbe minimum observed during 'che sa.1::.e 
for the group of 

tions were pseudoadiabatically reduced to 1000 mbs (station elevation 
~ssum.ed to be in a pseudoadiabatic, saturated atmosphere with sea 
level at 1000 mbs) and reduced values of each were then averaged for 
each observation time. The mean thus obtained was considered to be 
the representative dewpoint at observation time for the 
center of the station group. Both in the chronological sequence of 
these means and in the derived -duration array tbe 
oontative dewpoint for each duration was the lowest observed, i.e., 
the dewpoint equaled. or exceeded the indicated 

The representative l2-hour d_ewpoints in ma,jor 
stor1"1..s eac;t of the 105th Yneridian are listed in 

No. 25A. All of the 
have been utilized in preparation of this report. 

Maximum U. S. dewpoints 

A discussion of the method which monthly maps of maximum 
12-hour dewpoints (reduced to 1000 were originally con-
structed ca.'Tl be found in Report r-ro. pages 20 and 21. Some of 
primary features of the method are: dewpoints that were extremely 

in comparison with surrounding values were discarded as 
due to observation errors or to representative of 

an extremely shallow layer o:f surface air; the dewpoints were 
from the analysis of about 50 first-order Weather Bureau 
about to 50 years of observations and of 115 airway stations 
5 years of record; in drawin..g spec'ia.J. efforts 
lize extreme rather than mean flow patterns 

The maximum enveloping 12-hour persiatin~ dewpoints have been 
revised since the publication of Hydrometeorological Report No. 23 

~..:n intensive study ir. 1948. the values of the dewpoi.nts f'or 
the Hew England-New York area have been subject to a thorough 
the preparation of Eydrometeorological Report No. 28, 
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Estimates of Maximum Possible Precipitation over New England 
and New York. tf Dewpoints at additional stations, especially 
in adjoining Canada, were used. Also the effect of tra­
jectories over the ocean on coastal dewpoints was considered 
by a technique described in Report No. 28, pages 3 and 4. 

Generalized contours 

In order t0 judge the feasibility of transposition of storm 
values, a generallz.ed. contour map •..tas developed. It differs 
from actual contours in that small-scale ruggedness was sl!Dothed, 
and where large transverse valleys and extremely irregular con­
tours intersected main ridges, the generalized contours were 
placed upslope from their true position in order to allow greater 
depth of inflow than indicated by the true contours. As finall,y 
drawn, the generalized contours -vH~re thus truly effective barri­
ers only when associated with upslope winds directed normal to 
the contours. 

Additional aids 

In connection with a study by the Hydrometeorological Section 
on the Miss.issippi River at St. Louis, m::mthly maps were developed 
which indicate the temperature contrast between cold and warm air 
nBssee which can reasonably be expected to interact near any loca­
tion. One factor in the use of such charts in studies relating to 
probable maximum precipitation is that in many of the major storms 
of record minimum or near-minimum temperatures for a particular 
location and. seaf''Jn have been found to the west of the storm cen­
ter, while above normal temperatures prevailed to the south. It 
is believed that such contrasting temperatures are related. to the 
energy needed to produce major storms. These nnnthly maps showing 
isolines of the temperature contrast factor were used to check the 
transposition limits of storms for this study. 

Another aid in determining the seasonal variation of the 
probable maximum precipitation is related to the moisture avail­
able in the atmosphere. From the maps of 12-hour maximum 
observed dewpoints the available precipitable water in the col­
umn of air from the surface to 30,000 feet was computed for a 
grid of points over the eastern United States. Isolines of 
precipitable water were then drawn. Such maps were ma.de for 
each month. The seasonal variation of these values would logi­
cally have a relation to the probable maximum precipitation; 
however, due to the many other factors involved, these charts 
were only used as a guide. 

When the temperature contrast maps and the available precipi­
table water naps are combined for each m::mth by multiplying the 
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two L"ldices together, there appears a relatively higher value of 
the combined index for June and September than :for July and 
August in man,y locations, which 1·Jould suggest a dip in the see.son­
al values of the :probable maxirm.1m preci·dtation in July and August. 
It is believed that the tempeTitture contr2.st and available })rcci:pi­
table water are two of the f::->ctors which :c'.rc important in 1inat my 
be termed storm mechanism. How they interact 1.-1ith other pa.rameters 
is not known at present. The possibility of such a cor~iguration of 
the seasonal curve of the probable maximwn precipitation is also 
suggested by the 24-hour maximum observed point rainfall for some 
states in the central part of the country where hi&~er values have 
been observed in late spring and fall than in the summer months. A­
similar configu_..Y'8.tion is shown in McDonald's (Lata of avera::c i.Jeekl,y­
precipitation over climatological divisions of states--fa::' some 
divisions higher averages for spring and fall than in the summer. 
Considering the temperature contrast factor in itself, it would seem 
that if this dip in the values for Ju~y and August is real, it would 
be augmented for large-area and long-duration storms since the air 
mass temperatures change graduall.f and cover large areas. Hith the 
above in mind, seasonal curves were dravm so that the final curves 
for zone<-> 2, 31 4, 5, 7, 8, 3.nd 9 <·Jere leveled off in July and 
August for 1000 square miles, idth the amount o:f' flatteninG in­
creasing with duration. If areas larger tha.n 1000 square miJes had. 
been consid.ered in this report the dip ment:i.oned above uould have 
been more pronounced ancl '<~oulrl have been taken into eccount. 

Llmitations of data 

The storm-reir..fall deptl:s obtained from the part II of eac1: 
storm study, or from a prelirn::!.nar:; evc-~luation of the available 
rctinfal1 values, are npprox1rna.tiorH:-;. Stn.cl_y of t~1e rcl.i~tbilit.r of 
areal rainfel1 determinations+:· :~ncli.cates that the smaller the area 
for average gage densit_:r (cL.i.stance betivetm gaves), the c:reater tlle 
percent standard error of average depths 7 the error being posj_t:Ive 
or negative. On its negative side it may be partly neutralized by 
the pa:lt II procedure of finall,y dra-.Jing an envelo:ping rather than a 
mean curve through the computed depth-area values. However, no 
rainfall reliability fe.ctors are inco::.'Porated. in the gonerelized 
charts. 

The rainfall values of the storms of record shou::ct be the 
greatest that can occur at the representative de•:points s:!.nce onl,? 
a moisture adjustment is :!.Jnposed on the re.infall V3lues used. The 

*Hydro:meteorological Section, O:'fice of' Hyd. Dir., U. S. Wea.tber Bureau, 
Thunderstorm Rainfall, Rydrom.eteorological Report No. 5, in coo:;;erat:ion 
with Eng. Dept. Corps of Eng., War Dept., 1947. 
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method assumes that the storms of record, together with ad­
ditional values made possible through transposition, provide 
rainfall values indicative of m.ximum min-producing efficiency. 
No COllq)lete:cy analytical demnstra.tion can be n:ade to prove 
that this is so. However, there is support for the assumption 
in the following facts. When on:cy the greater depths are con­
sidered, without regard to location, the range of the highest 
values at each dewpoint is of the order of magnitude of the 
corresponding range in extrapolated moisture content. Such a 
relation indicates that the highest rainfall values are repre­
sentative of nee.r-DRX:imu:m. storm efficiency unless the aasumption 
can be accepted that a mechanism approaching the most efficient 
has never occurred. Some of the greatest rainfall depths, for 
instance, occurred in the Thrall, Tex., storm (September 8-10, 
1921) 1 which is cbara.cterized by the highest representative deli­
point, and a liberal storm transposition procedure takes 
advantage of such a fact. However, it is also rare for one 
storm. to control for all sizes of area and all durations. Com­
parison of two storms my show that,. with increasing area and 
duration, difference in depth is often decreased and the rela• 
tive depths even reversede The procedure of enveloping values 
from several storms occurring in or transposable to the same 
region takes advantage of the highest values for all durations 
considered. 

The representative dewpoint determines the denominator of 
the misture adjustment-ratio, while the DRXimu:m. dewpoint de­
te:rm:inea the numerator. Since the precipitable water is ba.sed 
on a peeudoadiabatic lapse rate extrapolated aloft, a deviation 
:rrom. such a lapse rate could result 1n a m:>isture adjustment 
either too high or too low. When the deviation is in the same 
direction for both parts of the ratio, however, the effect on 
the moisture adjustment wauld be neutralized. In a study of 
this type the possible error due to an incorrect moisture ad­
justment in a particular storm would be corrected to a certain 
extent by the techniques used for smothing with season, area, 
and duration. 

The absence of observations at the point ideall;y situated 
for location of the representative dewpoint usually acts to 
increase the misture adjustment used. The ideal location 
would probab:cy be the region of the highest dewpoints for the 
latitude, along the axis of the mist tongue involved in the 
storm. Averaging the observations from a group of stations 
surroanding the ideal point would thus yield a lower value. A:n 
opposite effect arises from the occasional need to go far to the 
south of the rain area in order to find the representative dew­
point. At lower latitudes, in general, the range of dewpoint is 
less,, the dewpoints in the warm sector or the moist tongue being 
closer to the DRXimum. There is an increasing range northward. 

11 



Thus, if it were possible to find the dewpoint in the rain area, 
the spreed between representative and maximwn dewpoint would 
usualLJ be greater and the moisture adjustment would be greater. 
This effect is counteracted slightly by the fact that, for the 
same spread in dewpoints the adjustment is greater in the higher 
range of dewpoints. 
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Chapter IV 

PROCEDURE AND DEVEI.OPME'£'.1"'1' 

AD available storm data were used in developing the charts. 
For cor"venience in handling the da.ta, that part of the countr,f 
east of the l05th meridian was divided into 9 zones, and. all 
storms which would possib~y offer controlling values for any du­
ration over any sized area were considered. Some storms were con­
sidered for more than one zone, depending upon the transposition 
limits. The storm value :for each of the assigned areas and durations 
was adjusted for moisture content after comparison of the repre­
sentative and ma:x:imum possible reduced dewpoints. A leeway of 15 
days from the storm date was allowed. in the choice of the maximum 
dewpoint. 

Transposition 

The transposition limits of each storm are the geographical 
limits within which another storm of essentially the same syn­
optic characteristics can occur. Because the synoptic storm can 
be transposed, it is further assumed that its rainfall character­
istics, shown by its depth-duration~ea curves, can also be 
transposed. 

On a large scale, the min features dividing the United States 
into separate regions of storm transposition are the Appalachian 
and the Continental Divides. Few storms cross these barriers with­
out modifications drastic enough to change the synoptic type. 
Furthern:ore, transposition from the windward to the leeward slopes 
of these barriers will generally result in rainfall values much 
lower than those resulting from transposition confined to the wind­
ward slopes • Except for a short distance beyond the crest of the 
divide, where spillover {carrJOVer) of rain may take place, the 
leeward transposition requires the complete orographic depletion 
adJustment without consideration of ~Y counteracting adjust~ent 
for orographic intensification. For these reasons, transposi­
tions have been confined to the windward slopes of the :n:e.in 
barriers, the wind direction being that of moisture inflow in the 
storm transposed. On these slopes the effect of the orographic 
depletion and the effect of intensification act in opposite di­
rections. Since a quantitative expression of onl,y the first effect 
was available, there was a tendency to confine the transposition 
to an area of similar topography defined by narrow limits of both 
elevation and slope (on the basis of the generalized contour :n:e.p). 
This resulted in a distribution of adjusted values so untenable 
cli:n:e.tologically that finally the most important features, such as 
the main divides or portions of the windward slopes of these di­
vides, were used as limits. 



If the effect of topographic slope had made an apparent con­
tribution to the rainfall intensity in a particular storm, no 
adjustments for transposition to either hie~er or lower elevations 
were made. Just as the decreased 'Yip above hig."Je:r elevations would 
be compensated by the effect of steeper slope, so the :L"lcreased 
wp above lower elevatior~ would be compensated by the effect of 
lesser slope. When there had been no apparent slope effect con­
tributing to the rainfall intensity, transposition to higher 
elevations was made without elevatiotJ. adjustment because increased 
elevation would be compensated by increased slope. Transposition 
to lower elevations included adjustment for increased Wp since the 
slope could not decrease further; even at elevations above sea 
level--plateaus or graduallY sloping plains--the effective slope 
might be zero, and transposition to lower elevations 1wuld there­
fore require adjustment for increased Wp· 

No definite over-all latitudinal limitations of transposit5.on 
were adopted, but possible latitudinal effects were '~·onsidered 
separatelY for each storm or class of storm. Apart from moisture 
av-ailabilit;r, these effects become evident principallr in the 
change in character of tropical storms as they move northward and 
the decrease of temperature contrast across fronts as they move 
southwarrl. S;yno:ptic experience, rather than theory, fu...""'!lished the 
prinnry grounds for each decision, with available files of North­
ern Hemisphere maps and. charts of hurricane tracks providing-much 
of the comparative data. 

Preparation of charts 

Seasonal graphs of tbe 6-, 12-, 24-, and 4B-hour storm rain­
fall for flreas of 200, 500, and lOOC square miles transposed. rend 
adjusted in accordance with the considerations J:rev:i.ous outlined. 
were plotted for the 9 zones. The absc:i.ssa of tbe graphs is the 
time of year, while the ordinate is the precipitation average o·rer 
the area concerned. These storm values were then enveloped. After 
a. minimum of smoothing, mid-month values were plotted on maps and 
smooth isolines drawn to conform with topographic and. meteorologi­
cal boundaries. From these charts values for each month were taken 
from the centers of each zone and plotted as depth-duration-area 
curves to insure consistency. To reduce the tremendous number of 
charts necessary to show the monthly isobyets for each area and du­
ration, the \ralues for each were expressed as a percentar.e of the 
24-hour 200-square-mile value. 

The rr.inimum. 200-square-m.ile 24-hour probable rr,aximum -v-alues 
and the time of occurrence -v1ere plotted on maps to verifx that 
undue variations from place to place or. the mr:tp cUd not occur and. 
that there was a gradual change of time of minimum from place to 
place. In order to have smooth seasonal curves for ar .... y 



or area, it was necessary that the 200-square-mile 24-hour 
duration :naps be smooth seasonally. For each point on a 
4-degree latitude and longitude grid a seasonal curve was 
drawn through points talmn from the 12 maps, and where in­
dicated, adjustments were made in the isohyets until smooth 
seasonal curves resulted. In like nanner, the seasonal curves 
for areas of 10 and 1000 square miles for durations of 6, 12, 
24, and 48 hours were adjusted until they were smooth for the 
center of each zone. Unless the storm data :indicated otherwise, 
for a certain sized area, for example 1000 square miles, the 
seasonal carves for the various durations were drawn so as to 
give a family of curves with the season of maximum rainfall 
coinciding, etc. The depth-duration-area curves were likewise 
smoothed as much as possible with area and duration to give a 
gradual progression from duration to duration and m:mth to 
DJ:)nth. However, it was not possible to obtain complete smooth­
ness and similar curvature with change in duration for all 
zones in all DJ:)ntbs. Further smoothing would result in extreme 
overenvelop:ment for some durations and areas. The depth-area 
relationships show a definite change with season and slight 
difference in the relationships with size of area. In general 
the m&rked ch~ in the relationship with season is due to 
intense thunderstorm-type rainfall, which occurs in summer. 

The mps and charts prepared for this report are: a :nap 
of the all-season envelope of 24-hour 200-square-mile probable 
ma:dlii)%ID. precipitation (figure 1); DJ:)nthl.y mps of 24-hour 200-
square-mile.probable maximum precipitation (odd-numbered fig­
ures 3-25); the depth-duration-area relationships for the all­
season envel.ope of 24-hour 200-square-mile probabl.e maximum 
precipitation (figure 2); the depth-duration-area relation­
ships to accompany each monthly map of 24-hour 200-square­
mile probable maximwn precipitation (even-numbered figures 4-
26). It will be noticed that there is a separate depth­
duration~ relation for each of the zones with the ex­
ception of 8 and 9. Sparsity of storm data in zone 9 
necessitated combining these two zones. 

The curves for 48 hours in the depth-duration-area 
relationships are dashed for smaller areas to indicate that 
storm data for this duration and range of areas is not as 
suitable as for the other durations and areas. The de­
creased rel.iability, however, is not as critical as one 
would suspect, since for small-area basins peak flows re­
sul.ting from precipitation would, in practically all cases, 
be the result of thunderstorm rainfall which would be 
concentrated in a much shorter period of time. 
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Controlling storm 

Approved part II data for several of the controlling storms 
used in Report No. have become available and necessitated re-
vision of the calculations based on preliminary data. In addition, 
max~ observed devpoint data for a considerable number of first­
or(ler Weather Bureau stations have produced substantial ch.a.nges in 
the distribution of DE.Ximum possible 12-hour devpoints. As a 

· consequence, the moisture adjustments possible for many controlling 
storms have been changed--usually upvard, but occasionally downward. 

Whereas for the all-seasonal chart in this report and the charts 
in Report No. 23 all storm data vere available for preparation of 
each chart, Beasonal distribution requires that the same-data be 
sprecd out over the 12-month period--considerab~ reducing the num­
ber of storms available for consideration in a particular month. 
However, other storms that vere outstanding for a region in seasons 
other than those in vhich the probable maximwm occurs increase the 
number of storms controlling the seasonal values. 

Some of the controlling storms for this study are listed in 
appendix B by center, date, and assignment number. This list does 
not include all the storms that provided controlling valnes, but 
is a fair sample of the largest storms in each m::mth. The adjust­
ment factor for each of these for transposition to the zone center 
and for the zones concerned is given in-parenthesis after the zone 
and is the adjustment for the actual date of each storm. 
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Chapter V 

LIMITATIO:NS AND lBE OF TEE CHAR'IS .. 

Estimates of the probable maximwm precipitation for all areas 
and durations designated can be taken from the present charts and 
figures. No special advice on the mnner of interpolation is re­
quired, since variation due to type of coordinate paper and curve 
used to fit the plotted ~ta are well within the accuracy of the 
basic data values. 

Limitations of the charts 

An arra~r of values taken from the charts to represent the 
probable maximum precipitation for various sizes of areas and 
various durations is not necessarily identical with a corre­
sponding array of values from a probable maximum storm. The 
depth-area values are the results of all types of storms. These 
short-duration values may be controlled by an intense short­
duration type storm in which no rain fell after 12 or 48 hours. 
Longer-duration values may be controlled by a longer-duration 
storm in which the 6- and 12-hour values do not approach the 
correspond.ing values in the short-duration storm. For areas up 
to 1000 square miles, however, the controlling values for du­
rations as long as 48 hours usually are f'rom the same storm. 

The isohyets shown on the charts do not necessarily have 
the same degr-ee of reliability in all regions. Transposition, 
particularly for small basins in rugged regions, as in the 
Appalachian and Ozark nnuntains, is hazardous, and accurate 
estimates of the probable maximum precipitation would require 
calculation of a spillover effect, the importance of which 
varies inversely with the size of the basin. Upwind rainfall 
and the funneling of air by gorges and steep valleys would 
have to be evaluated. 

In the detailed stu~y of the New York-New England area 
(Report No. 28) a division into two zones was made. The 
division being a line through the Catskills and Adirondacks. 
Each zone has its own set of ratios for obtaining precipi­
tation values for various durations and areas. For the present 
more general report, the above mentioned division was not made. 
Because of this difference in the procedure the Report No. 28 
values are not reproduced exactly. However, they are generally 
within half an inch. 
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Use of charts 

To obtain prelim:tnary deptt-area values over a particular basin 
for all durations in a particular month, the steps outlined below 
should be followed: 

( 1) the 200-square-mile 24-hour value is taken from the chart for 
the appropriate month at the location of the basin; (2) the per­
centages to be applied to this value for each duration are then 
obtained from the depth-duration-area relations for the particular 
zone in which the basin lies, and for the size of the drainage 
area under consideration. The deg:ree of accuracy does not warrant 
the refinement logicalLy called for by using pattern storms over 
basins larger than t:r-,se under eonsideration here. r~ear the bounda­
ries of tte zones stxaie-bt line interpoJ.at,ion between the ratios 
of the two can be made. The six-hour rainfall values in the 24-hour 
period (0-24 hours), shown on the charts, my be arranged in criti­
cal ord_er of occurrence as desired within this mximum 24-hour period. 
The rain:f'a.ll of the second period (24-48 hours) my be distributed 
in proportion to the six-hour increments indicated in the mximum 
2h-hour rainfall. This procedure in the clistribution of the lesser 
24-hour rain~all period is permissible due to the fact that two 
separate bu1·sts of rainfall could have occurred within each 24-
hour period. The two 24-hour rainfall periods are interchangeable 
and, if desired, m.v be arranged with the lesser 2it--hour rainfall 
occurring before the maximum 24-hour rainfall. 
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Percentage to be applied to 200 square miles 
24 hour probable maximum precipitation values 
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DEPTH- AREA-DURATION RELATIONSHIPS 

Percentage to be applied to 200 square miles 
24 hour probable maximum precipiiotion values 
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1875 
1878 

1889 
1891 
13S<'2 

1900 
1900 

October 3-5 

l 

15-18 
ll+-17 

October 27-30 
October 

*Location 
+ = 

l 

Sto~s Processed 
Ass 

NA 1-2 

5-ll 

N. C. 

Pink Beds, N. C. 
urv 1+ -:'27 
SA )-l 
SA l-1 
i\1P. Lt -2 
mw 1-1 
GL 
NA l-4 
MR 6-14 

MR l-l 
GL 2 
MR 4-3 
SA l-19 
UPIV l-2 
GL 4 
NA 
sw l-2 
UMV l-3 
SA l-4 

Des Moines, Io. 
SA 2-3 
Uf'l 
L!vfll l-3A 
LMV 1-)B 
LMV 3-7 
GM 3-4 

LMV 2 
MR 
m.f\T l-7A 
UMV l-7B 
TJ}.flr 1-8 
SA 2-5 

Type of+ 

a 
p 
a 
a 
a 
p 
a 
a 
a 
a 
a 
p 
a 
a 
a 
a 

a 
a 
a 
a 
a 
a 
a 
a 
p 
a 
a 
a 
a 
a 
a 

a 
a 
a 
a 
a 
a 

for storms assignment number. 
data; 11

ptt == preliminary data. 
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1902 February 26-Ma.rch 2 GM 1-10 p 
1902 M:i.rch 25-29 LMV 2-7 a 
1902 July 3-10 GL 1-7 a 
1902 September 24-27 SA 1-5 a 
1903 ~y 25-31 MR 1-9 a 
1903 June 7-15 GL4-8 a 
1903 July 12 SA 1-6 a 
1903 August 24-28 MR 1-10 a 
1903 August 25-30 GL 1-9 a 
1903 September 28-october 1 SW' 1-4 a 
1903 October 7-ll GL 4-9 a 
1904 Mu-ch 24-26 UMV 2-4 a 
1904 September 12-15 NA 1-9 a 
1904 September 26-30 SW' 1-6 a 
1904 October 24-26 GM 3-11 a 
1905 February 11-13 SA 3-9 a 
1905 June 3-8 GL 2-12 a 
1905 June 9-10 1JMil 2-5 a 
1905 July 18-21 sw 1-7 a 
1905 July 18-21 SW 1-7A a 
1905 July 18-21 SW 1-7B a 
1905 July 21-25 GM 3-13 a 
1905 September 12-19 UMV 2-18 a 
1905 October 16-19 tJMV 2-6 a 
1900 May 21-26 SA 4-9 a 
1906 June 6-8 MR 5-13 a 
19o6 August 24 SA. 1-20 p 
19o6 November 17-21 IW 1-4 a 
1907 January 1-3 I.MV 1-5 a 
1907 May 28-31 LMV 3-13 a 
1907 July 13-16 MR 1-23 a 
19o8 May 22-25 sw 1-10 a 
19o8 June 4-10 MR 1-24 (Zone A) a 
1908 June 4-10 MR 1-24 (Zones C, a 

D, E) 
19o8 July 26-August 2 IMV 3-14 a 
19o8 August 23-28 SA 2-6 a 
19o8 October 19-24 SW 1-11 (Zones A, a 

B, C, D, E, 
F, L) 

19o8 October 19-24 SW 1-11 (Zones G, a 
H, I, J, K) 

1909 May 30-June 4 IMV 2-10 a 
1909 June 2-5 GL 1-llA a 
1909 June 2-5 GL 1-ll.B a 
1909 July 4-7 UMV 2-8 · a 



1909 July 18-23 UMV 1-llA a 
1909 July 18-23 UMV 1-ll.B a 
1909 September 19-22 LMV 3-16 a 

1909 November 10-16 MR 1-29 a 
1910 October 3-6 OR 4-8 a 

1911 February 13-19 MR 2-1 p 
1911 August 28-31 SA 3-11 a 
1912 March 14-15 SA2 a 
1912 May 19-22 GL 3-1 a 
191? July 19-24 GL 2-29 a 
1913 January 10-12 IMV 1-9 a 
1913 March 23-27 OR 1-15 a 
1913 June 6-12 sw 1-14 a 
1913 July 12-15 OR 3-7 a 
1913 August 8-10 GL 3-2 a 
1913 December 1-5 GM 1-5 a 
1914 March 24-28 LMV 3-19 p 
1914 April 29-Ma.y 2 sw 1-16 a 
1911~ May 10-12 GL 2-15 a 
1914 June 25-28 MR 4-14A a 
1914 August 31-..September 1 GL 2-16 a 
1914 October 13-16 SA 2-8 a 
1915 May 25-29 MR 2-7 a 
1915 August 1-3 SA 4-15 a 
1915 August 16-21 I..MV 1-10 a 
1915 August 21-22 SA 1-7 a 
1915 September 6-9 MR 2-11 a 
1915 September 11-16 UMV 1-15 a 
1916 January 26-31 MR 2-13 a 
1916 March 21-27 GL 4-14 a 
1916 June 2-5 GL 1-16 a 
1016 June 26-30 MR 2-13 a 
1916 July 5-10 GM 1-19 a 
1916 .Jul;y 13-17 SA 2-9 a 
1916 July 13-19 SA 2-9A a 
1916 July 13-17 UMV 1-16 a 
1917 January 3-5 UMV 3-3 a 
1917 July 21-2) GL 2-30 a 
1918 March 13 -14 GL 2-17 a 
1918 May 22-23 UMV 3-5 a 
1918 October 24-27 SA 2-10 a 
1918 November 6-8 MR 2-18 a 
1919 March 14-16 MR 2-19 a 
1010 March 15-17 L"W 1-12 a --/~/ 

1919 July 18-23 NA 1-11 a 
1919 August 13-1l1- NA 1-12 a 
1010 

/ / September 14-15 GM 5-15A a 
1919 September 15-17 GM 5-15B a 
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1919 
1919 
1920 
1920 
1920 
1920 

1 
1921 
1921 
1921 
1921 
1922 
1922 
1922 
1922 
1922 
1922 
1922 
1923 
1923 
1923 
1923 
1923 
1923 
1924 
1924 
1924 
1924 
1924 

1924 

1924 
1925 
1925 
1925 
1926 
1926 
1926 
1926 
1926 
1926 
1927 
1927 
1927 

:=,o-l'Jovember 1 
Januar7 2 
June 

~r 

.LO 

AUgUst 18 
June 2-6 
.June 17-21 
September 8-10 
October 29-November 2 
November 16-19 
Februar~,r 19-23 
June 8-11 
.July 9-12 
July 9-12 
September 1 
September 2 
October 9-1C 
Jur:e 6-11 
July 27 -August 1 
September -19 
September 27-Dctober 1 
October 11-16 
October 11-16 
May 7-12 
June 24-29 
August 3-6 
August 18-20 
September 13-17 

September 12-18 

October 4-11 
Ma,y -29 
August 8 
September 2)-26 
August 23-26 
August 51-september 5 
Sentember 2 
Se~tember 8-9 
September 17-19 
September 11-16 
February 28-!1-iarcb 1 
April 12-16 
April 17-21 

~ffi 2 a 
LMV a 
LMV a 
OR 6-23 a 
GL 1-18 a 
MR 4-18 a 
SA 1-8 a 
S\ol 1-23 p 
MR 4-21 a 
GM 4-12 a 
OR 3 ... 12 a 
SW 1-24 a 
GL 4-17 a 
GL 2-21 a 
MR 2-29 (Zones A, B) a 
I~ 2 {Zones C, D) a 
~~ 3-9B a 
UMV 3-9A a 
SA 1-9 a 
SW 1-25 a 
SA 1-15 a 
S\ol l-26 a 
MR 4-23 a 
SW l-27A a 
SW l-27B a 
SA 1-24 a 
GL 1-20 a 
GL 2-22 a 
UMV 4-11 a 
SA 3-16 (Zones B, a 

C, D, F, G) 
SA 3-16 (Z.ones A, a 

H, I) 
SA 4-20 a 
GM 4-21 a 
SA 1-10 a 
SW 1-29 a 
LMV 4-5 a 
MR 3-8 a 
SW 1-30 a 
OR 4-22 a 
MR 4-24 a 
SW 2-1 a 
LMV 4-7 a 
U.W 4-8 a 
SW 2-4 a 



1928 
1928 
19~)9 

1929 
1929 
1929 
1929 
1930 
1930 
1930 
1930 

28-0ctober 2 
KJVeniber 2 -4 
~June 

~Ju.ne J2-17 
.June 16-20 

-17 
September 4-7 
September 16-19 
October 
T~ovember 15-17 
March 11-16 
May 29-June 3 
August l-2 
September 23-28 
September 29-0ctober 3 
.ranuary 6-11 
May 15-19 
June 12-1'5 
October 9-12 
October 18-20 

,June 2-6 
z!une 2-6 
~'une 2 
August 1-3 

1932 August 15-17 
1932 August 30-September 5 

1933 

16-17 
October 
October 
October 15-18 
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LMV a 
tTM\i a 
Sifl 2 a 
~m ~ a / 

ITA l-F a 
a 

I.J-Tf r; a c;_ 

MR 7 a _; 

OR ?-10 a 
UMV l-18 a 
GL 4-21 a 
NA "A_ 

SA a 
SA 2-14 a 
SA 2-15 a 
MR 3-20 a 
MR 3-20 a 
LMV 2-20 a 
MR 3-25 a 
UMV 2-17 a 
SA 3-20 a 
SA 3-23 a 
LMV 2-22 a 
L.~ 2-24 a 
ll'M'.J 2·11~ Et 

sw 2-6 a 
GL a 
GL l-27 a 
LMV 1t a 
SW 2-7 a 
Si-1 2-
GM -l a 
OR ::2 
sw 2-8 a 
GM 5-16A a 
NA l-20 p 
NA l-21 a 
SA r· 
SA a 
SA p 
f.! A a 
TJ}~l a 
L~ 2-26 a 
SA 1-11 a 
NA a 



1934 February 27-March 4 LMV 4-19 a 
1934 April 3-4 sw 2-11 a 
1934 June 12-16 SA 5-l a 
1934 September 5-9 SA 5-12 a 
1934 November 19-21 LMV 1-18 a 
1935 January 18-21 LMV 1-19 a 
1935 May 27 -June 2 MR 3-28B a 
1935 May 30-31 MR 3-28A a 
1935 May 31 GM 5-20 a 
1935 June 10-15 GM 5-2 a 
1935 June 12-18 sw 2-13 a 
1935 June 25-26 UMV 3-14 a 
1935 July 6-10 NA 1-27 a 
1935 September 2-6 SA 1-26 a 
1935 August 6-7 OR 9-11 a 
1935 December 5-8 GM 5-4 a 
1936 February 1-5 GM 2-18 p 
1936 March 9-13 NA l-29A p 
1936 March 16-22 NA l-29B p 
1936 September 14-18 GM 5-7 a 
1937 January 5-25 OR 5-6 a 
1937 April 24-28 SA 5-13 a 
1937 May 26-30 GM 5-17 a 
1937 July ll-16 UMV 1-20 a 
1937 August 3l~eptember 3 GL 3-5 a 
1937 September 6-10 SW 2-15A a 
1937 September 6-10 sw 2-158 a 
1937 October 16-21 SA 5-14 a 
1938 February 9-14 GL 2-27 a 
1938 February 14-19 sw 2-17 a 
1938 May 17-20 MR 5-6 a 
1938 May 30-31 MR 3-29 a 
1938 June 10-ll UMV 3-17 a 
1938 June 29-July 1 GL 3-11 a 
1938 July 19-25 GM 5-10 a 
1938 August 30~eptember 4 MR 5-8 a 
1938 September 16-21 SA 5-16 a 
1938 September 17-22 NA 2-2 a 
1939 ]ebruary 2-3 Deer Lodge, Tenn. p 
1939 June 19-20 (Snyder, Tex. ) p 

1939 July 4-5 OR 2-15 p 
1939 August 19 NA 2-3 a 

1939 August 21 NA 2-13 p 

1939 August 25 UMV 3-19 a 
1940 August 6-9 LMV 4-24 a 
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1940 August 10-17 SA 5-19A p 
1940 September 1 NA 2..:4 a 
19il·O Sentem.ber 2-6 sw 2-18 a 
1940 November 22-25 GM 5-13 a 
1941 '20-25 C'.M 5-18 a 
1941 May 22 UMV 2-19 a 
1941 August 28-31 UMV 1-22 a 
1941 September 20-23 GM 5-19 a 
1941 September 30-0ctober 7 UMV 3-20 a 
1941 0 ctober 17 -22 SA 5-6 a 
1941 October 18-22 MR 6-2 a 
19lt-2 May 19-23 NA 2 a 
1942 June 23-26 MR 6-1 a 
1942 July 2-6 GM 5-12 a 
1942 July 7-9 UMV 3-21 a 
1942 July 17-18 OR 9-23 a 
1942 August 7-10 NA 2-8 a 
1942 September 15-19 UMV 1-25 a 
1942 October 11-17 SA 1-28A a 
1942 October 11-17 SA 1-28B a 
19i~3 March 13-17 MR 6-11 a 
1943 May 6-12 sw 2-20 R. 

1943 May 12-20 SW' 2-21 a 
1943 August 4-5 OR 3-30 a 
1944 March 26-31 MR 6-12 p 
1944 June 10-13 MR 6-15 a 
1945 March 28-Apri1 2 SW' 3-5 a 
1945 June 24-27 Georgetown, S.c. p 
1946 August 12-16 MR 7-2B a 
1948 June -24 Del Rio, Te:x: (nr) p 
1948-49 December 29-January 1 NA 2-18 p 

1951 July 9-13 MR 10-2 a 
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is 
nunlber" 

A.PY.B;rm IJC B 
S'I'OR!>S 

storm,~ :c~ 

·:l2.te, 
:.s 

with tl1e zones in wbich the storm was con-
sidered. The moisture lustment (in for 
transposition to the center of the zone for the actm'~l 
elate of storm occurrence is listed in after the 
zones concerned. 

the 
and moisture 

oppos :i.nter-£-Lfied by the 
cyclones witb their attend?..nt 
formation took place on the 26-27th, the other on 
situation is not uncommon for zones 2 (86), ~ ( 
( J28). 

One 
the 
1 h , and 7 

In the Pinkham Notchy :N.H. sto:rm of March 9-13; 1736 (!~A l-29A), 
a Low which formed in the southern Cil..:t1f of Mexico mweC. up the East 
Coast to New England and amlgarna.ted with another Low from the west 
with a cola. front oriented north-south. The first Lc'# set u:p a 
strong inflow of warm moist air which -,.as lifted over the front of 
the second L0>-1 and causeC: the rr.ajor :precipitation. storrr 1vas 
not transposed out of zone 1 (156). 

The urevious sto!'Yl: we.s followed soon by the storm of March 16-22, 
1936 (:NA l-29B), alae centered at H. A o.eep Low 
developed in the Gulf Coast States along the 
Atlantic Coast, quite slowly causing a prolonged inflow of mdified 
tropical air into New The precipitation Has 
mented by orography. ition was confined to zone 1 ( 

(IMV 2-20), was 
south between a warm off the Atlantic 
frontal troug.b in the Miss 
considered possible in zones 

Valley. 
) 8 ( 

This of 
), fu"'ld 9 ( 

from the 
moving 

eto:rrn was 

T-he storm or"' v.,..,.c'n c:: , -:·r,lo" (GT. 4 . .._, t + · ~~ • ~ -~ - 1 Wl~n Cen ers au 
Beloit, Wis._, &"'ld Washington, Imva, with a snow cover deposited 
by a fast-moving deepening Low. A continental air m9.ss follow­
ed after it bad rea.cbed the East Coast, and directed a :flow of warn: 
moist air from the Gulf of Mex:i.co around its western A 
second Low from the west intensified the ·..varm air iP...flov. This 



, as i.t 
ta.ined in the 

traversed the Midwest, released the :mcistu.ra 
a.:i.r from the of i>ie::dco. Has 

con-

( and7( 

of this storm \iB.S Hm.ited. to zones 
2 

~~~~~~~~~~~~~~~~~~~~~~~.~--~-~~~~~,, accom-
type 

has occurrence, but the orograph:i.c effects involved in 
this storm confined transposition to genaral areas ~~ith elevations 
between 1000 and 3000 feet. This storm was therefore l:l..m.ited to 
zones 4 ( and 5 (164). 

The centered at Warner1 Okla.~, Mly 6-}2z_l94.2 (SW 2-~, was 
due to repeated wave action along a quasi-stationary front which per­
sisted in the same vicinity for several days. Association of a 

front and circulation about the Mexican Lew to be 
conductv·e of w<aYe 

northeast-southwest with an High 
front. Considering the possible interrelations 

amo11g the Mexic~1 Low, quasi-stationary and the elongated High, 
+-o~~~n~ition limited to zones 4 (125) and 7 

The su.r:face charts for the storn1 of centered 
shaw that on r.fay an 

~~~~~.C~~.-~~~~-~-~~~~-

northeastward from Arka:nsas to lake Erie. 
By the 30 the trough containing the new quasi -stationary 
front extended southward through extreme western Per..nsylvania to north-
western Flo:rida. wave then moved northward along 
the front the usual 
factor's o:f :frontal a.'1d other mechanisms 

of the warm moist air east i.rnportant 
was therefore lim-part in the 

ited to ) ~"'ld 6 { 180)" 

Mb~~~ELr~1f~i[;~~torms-~~~which tropical air cyclonic 
topography also important. role 

was limited to zone 3. The adjustment 
The Savageton, Wyo. , 

for zone 3 is 
for values in September 



the 
values in Ju.ne. 

Hont. 7 storm. t':IR 
values for the same zone 

The storm 

is 
short 

Dakotas and Nebraska v•hich over Iowa where it reached 
its maximum intensity. The convergence with the cyclonic 
center, -wave action along the front, and overTIL'ming "iiar!D. air were 
the factors causing the heav-y rain. This storm was considered 
transposable within zones 2 (141), 3 ( , 4 (145), and 7 ( ). 

The storm.s centered at Stanton, Nebr. J.ffi 
6-15), and at Boyden, Imva, 
considered of t~h~e--s~a=me~~t~~~~e~.--~~~~~~-=~~~~~~ 
each storm. occurred in the vicinity of a frontal wave in a well­
defined Lov1. The strength of the circulation depends upon the 
temperature contrast between the air masses. This t;;rpe 
of storm is considered possible in zones 3j lJ., and 7. The ad-
justments for MR 6-15 a;e 131, 134, 148, and 145. Those for MR 4-24 
are 125, 122, 138 and 

The rainfall centered at Georgetown, S.c., June 24-27, 1945, 
was the result of a tropical storm which passed a short distance 
off' the South Carolina coast. This storm was limited to zone 6 
( 138). 

The rain in the Hearne, Te.x., storm of June 27 -Jul;; 1 1 1899 
(GM 3-4), was associated with a decadent +::--apical storm which moved 
inland between Corpus Christi and Galveston. The remins of the 
Low later became part of' a quasi-stationary frontal troue~ extend­
ing west-southwestward from a Low which bad moved across the Great 
Lakes to the Atlantic. As in many mjor Texas storms, an ill-
defined persisted in northern Mexico. Two factors, not 
altogether independent, served to restrict the transposition of' 
this storm. The Mexican Low appears to be an essential part of the 
storm. Also, there is a tendency, apparently associated with this 
Mexican Law, for cold fronts to bea~r-rain-producing 
waves or cyclonic systems in the region. Transposition was therefore 
confined to zone 5 (116). 

The misture for the Kerville, Tex., storm of' June 30-July 2, 
1932 (GM 5-l), was supplied by sustained flow around the westward 
extension of the Bermuda • The nnvement into the area of' interest 
of a cold front southwestward from a Low in the Great Lakes 
region brought about a change in isobaric curvature from anticylonlc 
to cyclonic with the resulting marked convergence responsible for the 
heavy rain. The orographic influence was so mrked that it was not 



transposed out of zone 5 (116). 

associated 

'l1he 
terized 
this type, 
turning into a 
Another is western 
tr-ctnsposition was limited to zones 

out of' zone 

The Miller Island, La. 1_storm of Ausust 6-9, 1240 (LMV 4-24}, oo 
curred in connection with a tropical hurricane which crossed Florida on 
August 2 and continued :moving westward approximately along the 
parallel. On the 7th, the storm arrived at a just south of 
C.t>..arles, La,., and started rec':trving :rainfall in southern 
Louisiar~, heaVJ-, became Because of the 
imposed on the storm's structure of its slow westward mnv~m~~·~ 
parallel to the coast line its was limited to zones 
and 8 (110). 

The 
resulted 

sas and ~ 

Eastern States and 
wave 
storm was considered +~·~~,~r·~~ 

The 
decadent 
western Florida on August 12-13. 
ary over Alabama until the 17th, 

After practically 
it began to :move slowly northeastward 

attended by rains • By 
the 19th, the cyclonic 
pra.cticall,y no 
curred at , apparently as 
in by the same tropical storm.. Si!1ce the 
raiT1 along most of its path, and. since 
storms have been observed as much as 
of transposition was to zones 

heavy rain in New 

storm was accompanied 
rains caused b;;r 
hundred mil.es 

' 6 ( 

occurred. 
the dom:lr.ant 

of moist air 
' 5 (141), 7 



and 8 (141). 

The Thrall, Tex., storm of Sept. 8-10, 1921 (GM 4-12), is one 
of the greatest storms of record. Many of the maximum observed U. S. 
values for ascigned areas and durations occurred in this storm. The 
mechanism producing the exceptionally heavy rain appeared to be con­
vergence caused by a change from the anticyclonic (with higher than 
geostrophic velocities) to straight flow. A tropical storm moving 
inland over Tampico, Mexico, provided moisture supply in great depth, 
while another tropical storm moving west-northwestward from the 
vicinity of Barbados served to warp the isobars of the wedge between 
the Lows into the shape of extreme effectiveness for the convergence 
process. Because such a pattern, particularly since it includes a 
warm anticyclonic wedge, belongs to Gulf State latitudes, this storm 
was limited to zones 5 (105) and 8 (105)~ 

The storms centered at Patterson, N. J. 1 October 7-llf 1203 
{GL 4-9), and at Kinsman Notch, N. H., November 2-4; 1927NA 1-17}, 
are essentially of the same type, not an uncommon one for producing 
heavy rain over the Atlantic coastal region south of latitude 33. 
The principle features of this storm type in its ear~y stages are 
high pressure over New England and the Middle Atlantic States, with 
low pressure centered over the Great Lakes region and an associated 
cold front extending southward. The cold front decelerated as it 
moves eastward and becomes quasi-stationary in the vicinity of the 
Hudson Bay Valley. Cyclogeneais then takes place along the front 
over the Southeastern States, north of which an inverted-V low­
pressure trough nny develop well into New England. The resulting 
circulation carries moist unstable tropical air from the southern 
pOrtion of the North Atlantic over the colder air west of the front. 
The resulting convergence and frontal lifting of the moist air pro­
duces heavy rains over the region. These storms were transposed to 
zones l and 6. GL 4-9 has the adjustment 125 for each zone and 
NA 1·17 the adjustments 141 and 145. The storm centered at Patterson, 
N. J., (GL 4-9), is the chief reason for the comparable high precipi­
tation values in October over New England. 

The Trenton, Fla., storm of October 17-22, 1941 (SA 5-61, was 
associated with a mild tropical disturbance first noticed in the 
Caribbean on the 17th, subsequently moving into the eastern Gulf, 
and then recurving into the Florida Peninsula. near Cedar Keys on the 
19th. After roving very slowly northeastward, it became practically 
stationary near the east coast of Florida during the 20th and 21st. 
~ +he 22nd it had practically lost its identity as a tropical die­
turbance. There is abundant observational evidence demonstrating 
that tropical storms can move inland anywhere along the Gulf Coast 
and. along the Atlantic Coast northward to Cape Cod. Sluggish movP­
ment 1 though more characteristic of low than middle latitudes, 
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is not unkt1own farther north. For eY..a.mple, a tropical storm, not 
of hurricane force, remained in the vicinity of Cape Hatteras for 
several in July 1901. Thus, this storm was considered trans-
posable zones 5 {110), 6 (100), 8 (113) and 9 (113). 

V.teekner, Okla~, storm of October 19-24, 12o8 (SW 1-11}, oc-
curred in a trough of low west of an intense High centered 
over the northeastern part of the country. Much of the peak rainfall 
was due to thunderstorm activity. This storm was limited in trans­
position to zones 4 (144) and 7 (137). 

storm centered at Satsuma, Texe 2 December 2-8, 1922 (GM 5-4), 
was due to the l~~ing of maritime tropical air over a quasi-stationary 
front which lay near the Gulf Coast of Texas. This type of storm is 
considered possible in zones 5 (152) 1 and 8 (152). 

A feature of the storm of December 16-20, 1895 (MR 1-1), centered 
at Phillipsburg, Mo., was a polar front extending from Te:ms northeast­
ward into the Lakes region with little variation from its mean position 
during the period. Minor waves travelled along its length. An elon­
gated High predominated off the eastern seaboard carrying moist air 
from the Gulf into the storm area. Convergence, frontal lifting, and 
wave action combined to produce heavy and continuous rains. The 
Phillipsburg storm was considered transposable within zones 4 (153), 
and 7 (157). 

In the Berlin, N. Y ., storm of December 29, 194B...Tanuary 11 1949 
a cyclone moved from Colorado to New England where it became 

and oriented in a north-south direction. Intense inflow from 
the southeast resulted and upon striking a front in eastern New York 
was J:ifted with hee.V<J rainfall ensuing. This storm was not transposed 

zone 1 ( 100). 
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