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on the Gap Theory of Conorete Ageregates®, (with O.K. Lt
and C. Yeh), stre @ue to Arch Shortening - with an
Zxaot Method of Solution Proposed by the Author®, end

"3tress Distribution tn Riveted Joints, Proposing an Exsct
Nethod of Investigation®. Other Tesearohos are soattered
in varioun zagasines.

In 1933, be built the Rimer Kan-shan Bridge along
the Hong Yong Ratlway, China. B



on Jemiary 1, 1934, he left Shenghai, Ohina for
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PREFACER

Tae solution of an ongtusering prodlen may te
divded, in general, into three steps: (1) the deterw
atmtion of the fundanental data; (z) th desimm of
tle required structures; and (3) the omstruotion of
e roject. It often hapnens taat the fizet atap
40 0 most A1ftioult, Tequiring a AEh 790 of engtrsen
¢ judgment and broad experiemce The selection of
tle 1ive load system for s hriqe, or the determination
o the capacity of a water swbly system, is o problem
®at, as a rule, cannot be d/finltely solved. Parti-
slarly ta those fAelas of Aytreslto engtacertng 1t 16
e hyezologtonl duta that makes exgtasers to stacy .
@ u measure besides the engineering scismce. proper,

The ultingse engtasering purpows of atadying
Werology 1s ¢ kuor the elacharges of tne siver ane

Brticularly the stximm value in the preblems of flood
antrol, To sbtain this, there are uruslly two vays:
o direct method and the indirect method, The dtrect
nebo 18 the systenstio strenm gaging by which & rating
cuve is obtcined. Obher greater discharges of rarer
bapentage oun be estissted by the statietiosl method,



The tndtroct methad consists of two parte: the deter-
sinations of exosssive Eeoipitation over the dreinge
axea, and of the rumoff cosffictent to obtetn the
techarge, It 1s the forner part of the indirect
method thet will be trested in this volume.

The author stteapts to introtuce the statis-
+10a1 mothod in the solution of such a problen throvgh-
out the development of the following atatesents. In
Section I his opintons on the statistical theors

are firet prosented. Sections I and III pive his
suggostions on the methods of analyring flood problems
by collecting and interpreting rainfall dats.

| Throughaut the development of thia whole
voluse, one genezel principle was always borne in mindt

*avo1dtng as xuch as posstble unseosssszy spoaches that
sre not e tniMetiee optntons.t £, T Ak 3
This is due to several reasont 1t alwaye appears
o the author that the Tigat atiitude of & wetter should
be boaset, He shonld exprase what 1a bia o 1a0a 1n

a simple and expliolt mamez, quoting others oaly when
it 18 neosssary. Purposely expansion of statenents
without equel inoresse of thoughts wastes peoples time
%o read and makes them dislixe the matter involved.
Ho sttompt 1a here made %o write a textbook o thig’



subject for clementary otutents,  Readors are sup-
Posed to be slready soquainted with the Teferenes
Etvon tn osch of the following articles.  Amother
Tesson 1s that Professor F.J. Seery, the muthorte
mefor profesaor, lost ome eye when he was n youmgster.
In evory tont or exmminstion besidss the sevoral
questions, ho always writes on the bleckboards "rrite
briefly end fully, plesselt 8o 1t would mot bo
irtuous to the muthor to write ny vaguo statesents
4hat would waste any of Ms mafor professor's enerry.

o suthor vishes to take the ghrortunity
to acknowledge bis indebbednsss to T. I, Sesry,
Professor of Hydraulic Fuginesring and §. A, Mordoff,
Protessor of Usteorolog, for, thetr suggestions end
help in tmproving this volums, “

¥. L. Muang,

Janukey 158,

&
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A STUDY OF EXCESSIVE PREOIPITATION

IN THRER SEOTIONS

Section X - Author's Oriticiems and Suggestions
on the Thsortes and ipplications of
Froquensy Gurves. 2
jeotion IT = Excessive Precipitation on mu
Dretnsge Besine

Section I11- Enconetve Freetpttation on bargs
Dratnage Basins. ¢




srworsis
seotion I

Author's Oriticiems And Suggestions on The Theorics

and Applications of Freguency Gurves.

In this ssotion, the suthor expresses bis otnton:
on the akew frequency ourves as the bests of statistical
oetod,  Starting from the fundanented foundstions-the
theory of provability and method of momests, upoa WRLCH
the method 10 based, through the development of tne
theory of frequenoy curves, axd its applicabion to the
engincering f1eld, oritical criticiems are riefly suds
throughout. & thorough atscusston 1, u%.m, voyond
the scope of thts 1tttle voluss.

I~ HISTORIGAL WOTE. A conetse Nistory of the
developmont of the theory and the Tecent epplications
to the engineering field is compiled hedein.

IX - THS BASIS OF STATISTIOAL ATALVSIS. he
artiole trests briefly on how the statistical analysis
1o doveloped rom the theory of probavility and the
ssthod of momente.

111 - O THE STHOC OF MOACNTS, The suthor
crttodes the mothod s being only one of the swilsble
aothods although broadly employed. Two faota that demands

&



consideration in prastical work are mentioned.
IV - O THE METHODS OF ADJUSTUENTS OF DATA I
THS ETHODS OF OMEWYS,  The author proves the follsey
of the ardtnary method of adjustuents of dats wien the
statiation constitute m collection of isolated terss.
The method 1a brosdly employsd by statistiotans tut
hes never been discussed for its Titne
¥ - O THE TYPE OF GENSRALIZED PROBABILITY
GURVE 70 BS ADOPTED, Author's goneral oritioims on

s0 far,

the great controveray are mentioned with the conclusion
i

that the theory of froquoncy curves have got boon suf-

fiotently cosplated to the mathemetiosy theory of

probability to secure o logical founda¥ph on the l

of promebiltty.

V1 - ox T alan EAzE's wrB!  The muthor
Zatens cbfoctions agatnst the Hasexmathod upon the
Tonson of 1te absence of *foundation on the tneory of
probab1ity, snd concluded that it 1s simply an
expirical method of f1tting She obaervations walch is
velueless.

VI~ OF THE K. K. QOUDNIONS WSTHOD.  Some
arittotans and also coments are given about the method.
VIIL - OX THE J. J. SLADE'S FUICTION.  3ome
5




sousatons or 3ladets theory snd obfecHions =

atnat
the Slade's object{odh directed agninet the Pearsontan
theorios axe given. X

IX - APPROXIATE METEOD OF APPLIOATION 10 GRAX -
CHARLIZIGAIES.  Tollep's derivation ta fntrouced end
»lotted corresponding cureston curves are

presented,
X - TEE TTPES BSST ADAPTED FOR STUDY ON HYDRO-

LOGIOAL BATA.  Discuseions on the gemersl requizements

in the stattsticel analysls for hydrologfel studtes

are given aad the best types of frequendy curves available

Tecomended.

e




sEorIon 1

AUTHOR'S ORITIOISNS AND SUGOESTIONS ON THE TH:ORLL
AND APPLIOATION OF FREGUENOY GURVES.
1. HISTORIOAL ¥OTE

Anong the ploneer Tessarahes on the.methematical
theories of probability, the immortal vork af the
&rent Laplace, *Theoris aualybique das Probedilitiess,
& vork which despite 1ts age Tamkine the most importamt
contribution to our present day. Torserly, the Guusstan

statistionl froquencies, and setusl o
from the mommal curve were abtribute
nusber of observations. Through ¥he,
of Loxia and the investigations of
fallaoy of such a dogmatic belief was #imally shown.
The Tesearches of Thisle, and later of Pearson developed
eftervards, the theory of skew ourves of distribution,
of observation. As recextly as 1805 Chamlier finslly
showed that the whole theory of srrors or frequency
ourves mey t brought back to the principles of Leplace.
" Durtag the lest twnty years the ressarch work in
the theory of provebility has received a new impetus.
arv o Lator of th et bemstrioane scof i




eaderantp of Karl Fesreon) the Spandimavien atatie-
t1ctans Testergaard, charlier and Kissz, the Germen
statistionl school undor Lewis, snd Abe briliiemt
Anvestigntions of the Rusehan School of Statistiotens.
Each group of thess investigaticus bawsy bowevor,
roved nlong i%a own particular 1ies, us, for inatence,
the English schools have mostly limited their uvos-
tigations to the field of blology. That unfortumstely

the great mmber of contributions by of the
remaining oountries has Dot been made fyplliar to the
great majority of English readers %o be on account
of the varieties of languages and t100 in 0o~

vanced mathematics fo the orcinary Fenders,

The introduotion of the FrobaM1ity methods to
engincering problems 1s not new, In the discuseion of
@ paper by ¥. E. Fuller, ¥, ks $06, O.K,, entifled
“Flood Flows in Tremssotions Am. Soc. O.%, Vol, LEXVII
(1014), p. 670. 0. B. Pillstmry, Mem. Am. 300, CiE.,
conatders tre application of the nomal law of ersor to
1008 flows, In hia closing ¢iscussions on this paper,
ur, Fuller states: *The values (of flood flows) follow,
ot the ourve of mormal probadilities, but whet s called

o skow ourve.® {,}




In a paper on *Storage to Be Provided tn

Inpounatng Ressrvotzs for Hunioipal ¥ater Supply" Trans
T o e T e e
ankon & practtond application of provebtlity sethods
%o storage proviess, ustns tne noraal lewtof error
1t some mocsication,

In o paper on ¥The proboble Tartstions in
Tesxly Fu-off es Deteretned from a Otucy of oL
ovhta Straemst, Transactions Aa. Soc. O, Tol.
LXXKIY (1931) p, 19, L. Stendteh Hall,dasoc.
¥. An. Soc. O.. gives an emptricel malfod for doter-
=tning the unsymetrioal rrobability wive, togster
*ith an excollent lscussion of the Felation of the
thecry of probabiltty to stresm flow. stuttes.

In the same ctecussion, ¥r. Hnsen statest “For

hts own use, to a1 in drawing at the ends, the writer

18 now ustng a sories of factors for curves with aif-
forent degrees of skew. The
those which ho used in 1913, but the schome has been

faotors correspond to

devoloped and extended to cover varying degroes of
sxew.n

The main soheme of Hagen's method 1a contained
1n Mo book *Flood Flows",




In o eper on "Fhsoretical Freqhancy Curves wnd
Thetr Applioation to Suglfidéring Problems tn Trane-
asttons am. Soo. 0.8, Vol. LXKVII (1924) p. 143, K.
Alten Tostex, Assoo. ¥, Am. 506, 0.5, prepents cliertonts
ettt it o Py e
Gutline and shows the aprlication of the fommlss to
engineering problens.

In  paper on *sbradght Line Flotting of skews
Proquency atat Tremsactions An. Sos.
(1927) . 1, R.D. Goodriad, K. An, Soo
soms equations Gorived by an emtirely
from which ho dosigns skew tre

Recemly 1n a paper on *Au Asymmetrical Probebility
Function® Frocvedings, Am. S0e. C.E. Vol, 60, do. 8,

Part 1 (Oct. 1934) J. J. Slado, Jr. Esq., presents the
oherliexts *Logaritimie Tranafornsd Frequency Seris
an4 shows the spplication of the formilas to hyarologieal
probless.

The riter's attention w

twought to thia subject
% & gtud'bt the anotent and modern mathematioal theoris
f'protaiity anc aleo the parers by engineors on the
application of thess to enginsering fields nfore-mentighed.



IX. THE BAsts OF STATISPIOAL ATALTSIS

The fundanental basts 3T Ftatstionl method Lo
establtenad on the thecries of probeMlty.  These
thaortes besin with ¥he assusption of R given con-
atttons for bappening and Tatling of ovenddl For in-
stanoe, 1 the condition s that the chance of each
wingls evemt happening is uniform, and the problem is
once, tuice,
s, then the

jont thase pro-
babi2ities that arise under wach 4 conattions.
Another serien that oosurs s knowsa the “Hyper-
foonetrical®. Defemars of this serles olatm that it
arises in the way Aat sost of the cowson events heppen.
Thess futamentel @iffereaces in the very theory nt the
outest will ylald various foras of formlas of probe-
114y whioh are so called *gradustion formiles’,
¥ith such an equation of probatlity establishied, the

ext question patuzally arises in the method of fittins
1% %o the va#} amount of data avetlable, The method of
e wpenarad mothot of finatog the constents
e fuitable to a partiouler statiatios) exemple,
41 14 consists of equating the valnes of Zf(n) x o



(which 1o called the nth moment, 84 ia sumed for sll

tons obtatned

velies of  that gooux) fo siutier exr
from the gracustion formula, These latter expressions
w111 be algebrato, end stmltansous equations which
FATe 40 30 solted 10 order to 710d. tha wFAtbmetical
conatenta.

Tra nquations from these mathemstiosl trent-
“ente are coneidersd as Tepzesenting gensrally the
serton of given data, fron whioh the magattude of
chmervtion fo aay srobBLIity o gbeeing o e
sicked out. 3
IIL. ON THE METOOAOF MONENTS

oo nethod of momente has veen bronsly
exployes by the mathemation. atatistiotens n the pure-
1y thacretionl developmest of the basto formeles s
%011 an the prectiond werk of fitttag  given

ton
of datd. It consists of equatimg the valnes of

f (=) xnt to statler expreasions obtained from
Ereduntion formila. It 1s simply one of the avallable
zethods, but 18 not the only method availeble. The

‘mathenatio}#hs have used 1t but they have not shown

“ondy best method. In Blomatriks, Vol. I, pp. 7, @

hat they have to use 1t or that 1t is the




$rofessor Karl Pesrson has shown thaf] the method
cen be expocted to give very good amjts, end yet
he dous not prove that 1t Fouia ive best results.
inoe 1t 4s the basts upon which the thiory of Fraguency
curees 1o, the provlen of statistionl emayyets is
2t tne outsot, entirely questionable ;

The aitustion here fa ther In the fommtim
of sbservation squations, the musber of obgbrvations
Lue., the mmber of equattons, is slvays Brenter than
the mumber of unknown parameters or fants in the
10 other words, we f1ns the problem dgw-detorstoed. And
b mathematiotane attamt to introsude the method of
soments %o solve 1¢. 0f bourse this 1s ake only one

sethod, but not the only method as'we oan have any treat-
ments to take mccount of the surplus date. Evidently
in attacking such o problem, the me$hod of least squares
w11 be the most rational, though might mot the best
adepted. It is the only method that is logloally

sound.
Howpver, the method of least squsres entails

?iueh 1gor 1n 1ts practical application. The mumber
4 NeC g monne the number of observation equations




of fomstng noraal oquations fron them ¥i1 be conaicen-
sble, Tn Arne Fishe: "uathenationl 'rwvf
Frovabiistiost 3, 325, an emumle of six {bservations 1n
Fiven, 1n wHOh the work Af siready terribie., The
wathor Just vontora why not n twenty obervetihn omx e

(s146h musber s 7ot umcowmon 4n rroblens of Fatnfall
30 Poff) ts offered,  Thix very dresbebk offects
the acund logio of the method and makes it %mt of con-
stasratton, /
ot 0 ki of mnsnta s 10 3 e

oay o sreterle, r. bemm Tiaher statos 1n Mo

iathenstical Theory of Frobabilities®: ®In the purely
theoretionl development T€Hatters tut 1itile whether
we use moments or least squares in $he expansion of a
frequency function in o weries; & faot which is readily
s0en from our previous demonstrations,® In the purely

sracticnl work, however, we have two facta o considers (1)

The mthod of noments worie exelusively with azens expreaned
80 ioinite tntegenls Which are often Gifficult to deterains
10 extremely skew distribdution. And {t is only by emoo:
mwoumuun‘.'”ﬁ-t & plausible remult oun be obtainsd and
M1 dacusscd 1n the next subject of orittotm.
(2) Toless tho observations exe vory mumerous, 1t ts 1Pk

B

Ly




hopeless to comuta the monenta of Mgher than the
fourth, because of the very largh efrore arising from
Tenton anmpling, This is cloar when we ¥euember thst
extrese volues of the data ere multiplied by the highest
 mambors and thte povers. \

45t the prectiosl method of calewlatine the
| osenta from the statistios, there are to ways sestisble
(3se Onapter IV, Frequency curves snd Ucrr(chun, by
¥, Palin Klderton)s (1) By wultiplying e fremency by
soropriate values of nt; or (3) 2y kr. 0. F. arayts
smnation method.  The latter in combihation with the

1ognions ethod of trammfarmation 68, u rofaresos
ertical should be My Secomaéndbe’ of 1te

osementont application,




IV.  ON THE VETHODS OF ADWSTRNTS
OF DATA Iv THG UXTHODS OF LOMENTS,

S1nce the moments from the graduation Tormila mst
goraTally be found by nesns of the integral caloulus,
Wil those from the statiation or given datn are fomd
b7 swmation, the latter have 4o be ndfustéd before
the squations for obtatning the constantg oma be cor-
Tectly forsed.  The adfustments depend upon two cases
(1) When the statistios form & -m.‘ur 1solated terns
o oretnates, L.6., qumbisten 67y in the frequency
oo Ta (203 meNajdent ta wnce by 5q,
T, 7+ 37 1n Kldertonts Freqiemoy Ourved mnd Gorrelation.
(3} ™hen they aro = eyvtem of aans et the moments are
Galoulsted by sseuming the argas to be comcentrated at the
aéle potuta of the buses, Lue.; he statistios sre
a1 quentitios of P( probebility) n the duratien
crvewere » = [rax o [ f(0) ax

Tho Shepperats adfurtments w1l pive god results,
if there 1a Bigh comtact® at both ends of the curve,

It 44 the former method of sdfustusnts probebly
Mnmf Xarl pearson of the University Gollegs,

°

#Eigh Qomtaot* means o ourve ol

very quickly to its



It s evident that the axes umiaP the curws i3

luyreosed by /¥x dx, (the oerivation bt eraduntion
eensta st e zoumd by tntegral catouigs) =ha1s the
speoea
i it dtatence apart w Z(Tpg) e = T (me

o untor 1o staps axs foraed men oxetate

asent fxom atatdatios are forsed by sumstjon). There-
xe, e Latter axatouton Ty snouia be 30 dorzectod
{ut after sumstion 18 w11l be oquimlend to tne foruer.
fuiorton gives en sqMan for the atjditment 1n hte
irrequenay Carves and Quepétayon® p. B, a3 follovsr
(s cortvation 12 corfuet) A

[ e M

Yy e (T T

Tpg ¥ Tom5)
+BSET Y, e BED Ty g4 4TTL Y, ¢ 84S T,
"idoh weans that we should waltiply the fizet mnd last
ordtanates by gﬁ» (= 1.1230488),

e socond and th bt one 4370 (o 0,7508542),
tre secor o Jast o by 432 (= 0.7508542)

o thizd gpgahe Tart bt o by S0 (o,

7e12n),

tag fourth spd the last bat tures vy $BEL (= 0.9612847),
{34 Lew% 11 the other oratnates unaltersd. .




Jox coneider -nunﬁ\-—-k curve whten
e sres under the

%- /3
Gorresponding step 17 atbledy and squals T x 1. Tt should

e s
x+ Y3
B TN

18 an appropriate ooeffictent from the sbove

where o x
oquation. or,
ATos & be of @) = Aren
But hers the ordinate Yy situates at the =idpoint
of 6% a7, ( and e4) while not at the conter o" Tavity of
e aren a b o &, (Unles the ourve 1s & straivht line whleh

bod

—_%




never bappens for probability functions). Therofore,

for this aren a b o 4,

an R A fasa

atatlarly,

sxoept wham 7 ='e, tox WhM
are deliberately meds. .\

0 sathot of SheebBk, sivn by Tiderton, ihe
sie ant of corrections 10 used for all powers, wiich has
been dleproved as sbove. Tt might be well fo mention bere
that thie Kind of adfustaent 1s mwt correct for any pover
of noment exoapt fox szes or soro mment. The a1
atfusteonts whioh should be made for esch nertiouler power
of momemt, oan evidently be derived without moh GAffieulty.

rent



V. o gmEuLED rosisLIT
OURYE To & ADGPTED,

A rest Comproverey = It 1s « big wmsolver prodlen
7ot 10 40 Just what type of & pesalized probebility
aurve should be undversally sdopted for all aoncitions
of ovents.  Stenting am
ss6h of the two theoriss,atdle Seetr owa merite ans defests
of their opponents.— The Peersonfsn Curves and the
Grea-Charl ez Sertes. )ﬁ .
The Peazsontan Netasd
ronetrical seriest a ite

om side advodatos of

Pp—

of provabiisty
thory. Tho Latter 14"dnlottd 18 the purtioulsr sase

s follors:  “The chanoos of BHMEE T, = 1, 1.ou. O
Back bella from s g contaisiag m blaok smd qn W te

balls when r balle are draws, are given by the sucosssive
Yerss of the serts

m
E{1exe, =1 i@l .,
or meml 2/ (n-mim- 2

Jext ths mothod amused the to obvious charscteristics

rtrimtiont ¥ » 0 shen $E.« 01 md (3) A potnt of nextmm
orticate 1o the ourve called mode + §X = 0, whem x =-a.




15,

I tollowss §F - LR

()
Auother asewmption 1o that the fmetion ¥ (x) oan be
expended by isolaurin's theorem, 80 that

T,
fyming the gumersl torm of {30 Myper gametricel seri
renzaon praves, (thie step, 4 R on))

% DR Y R

Crtttotems on the re: y are mortly directed
tsatnet the neufficteut Shseretioal Baats of the system.
Tha obfection tem on the Tash that 14 1e based on the
emirion] charsoterietios of frequemey alstribations.
fo the muthor, ovever, 1t seems that othax seriss ltxs
oren-Gharlter are a11 empirical or aterting sith an asewm-
Hon, It 1a 1nterosting to note that & paper rost before
1he Statietionl Sootety of Englend, Professor I. Y. Kdge-
worth, vho has Musele mugsestod other methocs, pointe out
that Pomeabuts Generalized Probebility Ourve appesrs more
fust41able the longer 1ts philosopiie busts ie subjected
o ortttoten.

Fryets explamation of the Pesreon Ourve 1o ratder




1.

instruotive: (In his *Probability and Its impinecring
Uses® p. 344) *Ihis foundstion consiats of the obuer-
mion that, 1n u certatn approxinete sense tne Norsal
Lan, the Blnonial Law, the Jav end the law of

repoated dependant triale oty the ateferential
aution 2 x R . _wtE
for soue seta of valuss of
0 Geam-ohaxdier sestay -
wich 15 claimed as mich -m” APALLy than 1u thet
wter 17ing the Pearaon 1t comtata of
the uss of the infinite serles y = & F(x) + a5 pAAl(x)
AR v eere Bx) w—1
- aw

~(x-0) /a0t

Iather then  closed expression, The curve has been given

b Zdgoworth, Gamb. Phl. Trans, Vol. XX., pp. 36-65,113-141.

Various merits end demerits have been raised on this
eriss *hich will not be glven heve.

The potnt to be moticed, Bowevor, ia this: The form
of the function Ffx) 1s sleo asmumed.

Author's gemeral oriticien - ALl statistical analysts
st prosent are more or 1

ompiTioal. The two fundamental
Probability series are the binomdal and hypergeomstrical.




m

=ore comon dtstrilution lave lead to then tn &
Bore or lass approxinate ssnse srer The Hormal Low,

1he Poteson Lew, the Peazsom Types, and the Orem-Charlier
sories,  while none of taaw ghve pm exast solution mup-
porting the perfeot MW&MH:,, the veereon
Types wnd tha Oren Charltey ey, weually offer vide

(320 posrscn Types) stnas vhas s mp surtictont ovidanse
o mppert the latterts msre {spreved theoretioal Seste,

Like the presemt attuation of the voriats
apiritual eivilimation, the mathematical theory of pro-
bAbLLty with 148 epplioation to the Sheory of frequsmey
aurves has wot doen daveloped fur encugh emen o support
140617 on & doglonl foundation. The fature solution of
Aha probles shouwld e411 explore fts way throush the nesms
of mathenatios as the Oreat Laplace atd, And so, oa
angtnacra, have o lay domn hsz birden on the shoulders
of the sathenctiotens.

VI, OF TH ALLEN RAZENMETHOD
py

Traa 1n. S0 Yol. 87 (1994)
Easent *T1004 Fiows® Join #iley and Boms.




fhe factora of axew curves 4n oomnection with the

#tudy of storage and spilivey porblems in Galifornia
stout twenty years ago.
srepared

o uned o mmber of artifically
168 of torms whose lagarithms follow the

wommal law of error and called
Probability Sertes’. In cases

W sorten "logeritmtc
% B4% 40 most cases, the
% of vartation of
* of obervations do not carrepEnd with sech other
 those of the prapared series, hioh he called Sodiried
logor1thmto Probabtlity sors

tootficlant of skew and the oot

Toe prepuration of
meh an artifiolal series is fully shown in Tables vIII,
X, and X of the Appendix of Bs *Flood Flowat,

This method 1s entirely undesirable. It fa purely
mpirioal, with 1tttle matbemationl baste underlying it
!t a1, It s stmply & method of Titting the aste by
[Faw128 & emooth curve through the soattered otnts,
ot £t can 1% the data botte

exoept

Yot bis method 1s mot rigtd by itself. Hozen

e
[1 Mo *Plooe Flomt 5. 57, von tnepecting 10 plottings, 15
L:. found whioh, consicered in thte

7, ould bo better
ated by coefficients of skew somewhat afferent

fron ¢1os
(R

Teached by the above dssoribed mathod of cale
T poceauce followed when thia condition wes
Prezved was to make amother plotting based on x lower or




higher assumed vlue of the coeffiolent of skew.... .*

i e S
B A

e 1 10 suting mere KR v0ns 20
¢ata, the whole reliability of
..
st v o s, S e s
escian o o emott o bl bR

G e R e
it s i iy Sk -1 S e
M S
i o L it ot b iaboem
ittas

It often happens that evon 47 the cber-
vations fors sn extremely frequemsy dletritution, ite
logarithm will ba nesrly noreslly distrivuted. In fact,
s 10 & matter of definite commequence. logaritima of
mmbera w1l surely show smaller variations than the mmbera
themselves, 80 that logarithatc plottings W1l evidently
8ive more emooth fitting curves. Ame Fisher also satd: *
“This fact yas already noted by the emtnent Goraan paychol-
ogiat, Feohner, and also mentioned by Brukms in he Kol

* Fieher: Tuavhemstioal Theory of Probability! p. 237.




Lektionaselenre. Bat nedther Teoher o Brus
have givn o anstafoctory thacsetigal explmation of

the transformstion end beve unl-lh— olves to using
1t as lMldl‘l“w.

There s another peint -.‘ (ibe ~athor
iehon ¥ oxvress his cpisien hew en tatens #
¥ cueees Tor strom-flow Cate, \-Jz’m zonsome
why mathomaticsl enalysis is med Tiret, the
attriculty of applying the nelees 18,400 Erest for
socie engtnsers) and, second, sad il taportant, such
shorb=term Yeoords ae are avalladle sre mot long enough
%o serve as = bosis fo3 & canslneive Getemsimation of
the shepe of the curve,® Fasm's ides,and nlso of meny
other eaginests, is that the loogar ¥oe teres of Tecords,
the nore ve ash gepend wpon the Weoretisal equation
of probability, while the sharter the terss, the loss
¥111 be the theoretteal equation Teliable. This is
wrong - in ase of sbeonoe of loag tarm reoords, the
more tooues thy importence of Beving © loplo equntion
of nound theorefigal bnsts, o that with n mmell crount
of zecord dvailable cue cmn §H11 meke use of 1t end
obtetn good Tesnlte, On the other hand, Lf the tarme sre

+ tagbertlods bu. tos, 0. ol 84 (197) 7. 24,




atnngant, end of wiGer ranss, squation dsrived
theretron has mich beuring upon the dats, shich, {f
oorzect, ahould be of lagte atstriletton g thet
Teliance wpon the probability my,.‘u—- prt
tmpertent,  BAth mon & view n ot
be able to viualise the valus of souleRtns rn
oqiation standing on the logle Shaod of provabeisty.

VIL OX TEE N, % BOGIRICH'
e,

In & papex on %utralght Line Plotiing of Skew
Froquency Datat, Trans. Ap. Soo, O.k., Vel, 91 (1927)
P 1, % b, Goodrich, throush severel yenrs stady
seazohdng for equations hat could be used se gides
1n estimating W wagaitudes and frequencios of floods
and 1n exsenting the equations vhen found, sugmets

= 56t of entixely empirical equations from which he
Gouigns sew Troquensy paper for plotting amy hytro-
logtoal atatistlos, Fis penorel aquntion of auration
ourvs 1a embociga in the following funottont

Vemomeriizas

= g®
®-n3

*hioh Ja pgutte 20 b too complieated for peneral use
and ghves atottor three epsotal fomms of (a):
7




. x(R-m®

-
tunepeER® -®
c-n-ﬂ"[H].‘ e (8)
The corresponcing frequeay curves are respectively
as rollowst

$omnormantT X,

wef mnornleN mxw

vl enox ey QU Rl

The nost remarkablo point in the form of the sbove
fanotion 10 he sktking sinilarity of oquetion (3%) %o
Tuation ()
yeo @ ot

aa presentad by H, Alden Foster, ¥ith R° in plase of %
1n the exonent of @, Hov ince the latter in - trens
forned fora of Jeaibon's Type IV, Goodrich'a Gq. (3')
eorseonds S0 18 and thorofore should attain ue sownd

WW
o v
DR e e




of 14s empirical origtn. Furthermore, his inpentous
method of plotting data inctdent to the type of Fa. (31)

new 1014 through the mathenatioal mpans of tremeforning
the complicated Pearson's Equations to such forms am to
render the graphical trestoent possible, Resders will
apprectate the suthor's coments on Goodrichs influenos
“henever one day wuch & method astuslly ccours. Those
verend in the handling of differential equations will
% surely avare of such a posstiility,

Foverthaloa

Gooartehts Eq. (A) and (8) do
eay fora of other Pesrsondan Types, although
they have simtlar scopes of applioation to some of the
latter. Comsequently, they are empirical as they are,
288 do mot stand on a sound mstheastioal foundation.
Thetr application will f1nd limitations me ¥r. Goodrich
bimself said: (p. 40, of his paper) That thers are

ot poss:

oertain limitations and étfficulties in applying

writer's cquations, sspootally when both limits of the
curve are fintte, is asmttted.”

Mr. Goodrich's fMethod of Jtraight Line
Plottingd howsver, has navsignificance. As pointed
out by thbTeuihor in Arttole 11, basta of statistionl



mothods constst of (1) the adoption of & Tensomable
probability theory; and () the method of fitting a

Biven set of data to cuch a Geduced oquation. The

method of moments 1s siaply a process of the lstter, but
10 neither the only oms nor the besk, Hore lr. Gooorich's
suggostion, by Tuling the paper a0oeraing to o theoret-
foal fumotion of probavility(shetber it 1s correct or

not 4s another question) following which plottings will
trage ‘s stratght lins, 1s a new prosess of fitting the
dsta, Bt in this process, however, there 18 no -
f1ntte rule in weightng any datum along any range of
Hnothor this

sagattude as the method of moment does.
10 148 meTst oF dofeot we do not kmow, until me know
the mazner of the mathod of fitting by the method of
lesst squarest.on Graphs. Personally, the suthor
fayors 1%, though he could not prove 1its proprioty.
One of the deacrits in the Goodrich method
is the troubles encountored in dstomsining the linits
8, 0F b, or stther, The type of ourve that a sot of
Eiven data 1notdent %o could mot be undetstood wntil 1t
16 plotted on the akew frequency paper. For inatence,
shon_t ottad to 8, =1l be

The resder should mof 13
SRR
HEE




25.

Goncave upvard 1t the comstent & is postiiw,
&1 w11 be concave dowmard Af negative.  After the
correct valus of a 1s deterntned by several tricls,

7 a1 (R-s) w11 plot on a atratghd lins. Purthor
hazard opsrations are required in fitting Za. ().

Such 1 way of findtng the Ltxiting peints is, of courss,

stants. In case the limit or limfta should bo assumed
from the phystoal conditions on sooount of the irroguler-
4ty of the data, then such extra-statistionl constents
#hnt oalls for the exezetss of the engineer's jucgment,
411 be umally o uacertain 1n a measure as to bs
contragiotary to the liniting tendenot
retical eurme,

Another weakness 1n the method 1 due to the

of the theo-

1=posstbALLty of computing the probeble exor (or mesn
square error) and ooeffioient of skewness of the com
stante 1n the fusctions. Thoss now fastors a3 *iverage
rango", fquartile ratiot siggestad by ke, Gondrich are
2ot equallea 1n'¥alus to the well known fastors mamtionad,
ur, Alden !nlhr.“h this same opinion. (See Discu
on Goodrich's paper, p, 45).

tona




VIHL. ON TREJ. J. SLADE FUNOTION

Rewontly, J. J. Slae, Ir.Baq., presented o paper
to the Prossedings of An. 900, O.. Yel. 60, No. 6,
entitlodt *n Asymetrio Provability Fumotiont, on
*bich the mathor wishes to express his opinton.

¥r. ¥lado's oriticiems on the Fesrson Curves 10 %0
satedr= horeas Sa. () (oo, 1 o Llxsadp oy

“ontain a1l frequency curves, 1t is quite 1ikely that it

aleo contatns many ourves not sven remotely Telated to
Eq. (2) does not provide

Pearaon assumed that F(x) can be developed in m Maclaurin
sories and 1t 18 permtestbls to drop all the terms of the

msctantific manner of ascuming that F(x) ie a quadratic.®
Lr. Slae 1a rateing these two objections againat the
Peaxson Curves 18 foo dopuatio. He see

Dot to nave
sexlised that Prof, Penvsch did prove the parfect correct-

e of dropping a¥ijthe terms of the serts

attor the
squze fron the dorivhion of the gemeral temm of the
brpes-guonstrioal serfes that 38 Ma basto thaory of pro-
WMIity. . (dae Fldertonts Traqueney Ourves and Oorrelation)




Sricently the queetion 13 whather the series could be
1erves 58 dasto theory or mot. (See Discusatons, Art. V)
48 to *he mamer of ropsing the cubsequent terms
7athor the Ohiof mertt of the Porson Ourves ows the
Gran Chazlor Sertes in that the forner doss prove the

Jemiostbiltty of ouch a maaner, While tho latter drop
the subasquent terme of the nasumed infinits acrien simply
¥y poroxtaation.

ABptn, Althouh the equation may contain curves mot
1eletod o frequenoy funotions, but that w1l not ba &
iraxbagk to setting ouch an equation, beosuse 1t ia per-
sters of wMoh aze to bo deterntned
fros the ast of data. Tor instance 4f the desired funotion
1 2(x), wna the present fumction F(x) contatns £(x)

Wt also other curves such thatf(x) = £(x). - F (x). Every
£(x) W11 aloo satisfy F(x) wnd the curve

footly goneral, the pare

prtnt statoties
of P(x) can represent f{z) s well.
s tyre of frequency curve

-
rpronentod by the functions
- of [Boma (x-m] 2

s fusotion

ree
Thoh s defined from xm b to xm 00 .
srequmes 1ts similariby to two well known functions: (1)
The Joreal Low as 48w final 1imit when he cosffictent of
kowness = 0, and (3) the logarithmically transformed function

-




of Gram-Gharliey deries, from which it s entirely
dfforent, Bowever. Inotdently, bs function s samumed
oF vith o perfevt bearing on the theory of PESBability.
30 1t Teturns finally to the fundmental question na
@leouesed tn Art. V.  While from thiu atendpotnt the
mathor would st111 prefor the old Pearsontiam Types.

It seems that ur. Siade has not tested the
ope of applicadility of hia proposed function, though
he coes give an exwmple for compuring the resulta from
Ms and'She Pomrson Types.  As the funotion doss mot
9poaX to bo as goneral at the outeet as other well-
Yoom funotions Go, we have o wait for subssquont
tentinontes,




IX.  APFROXIVATE ASTROD OF APPLICATION T0
CRA-CHIRLTER SZRIES

If in the Oram-Onarlter Sertes civen in Ast. ¥,
the oriein fe takon at the mown, ond 1f for stmplicity,
the ontire ares of the curve ta demigmnted e unity,
the cooffiotaxt A, tecooes unity, end the squation rotucos
°
Twlx) vy P 4 A T 0L

L
-
e o= stenderd doviation = 4/ 2 - (24)?

=g =, =a2 2
POEE ST NE SRR
el s i 7

ordinary constderations on acoount of the tramaforstion

of oxdinates. Gee Davemport, C,B, Statintical ctbods,
. 3, 194, pp. 20-31. for formlas doduotn- thsre to
true mem,

ALthough the use of the terma of hher order
or

"1, of course, give en aquation contatning -
)
mmbex of constazhe, aud on that secount sill cive a closer
on45 any lutted sot of but the




|

DFobable error of the constants derived from the Mrher
Powera of the deviations 1a larger, so thet it ls
Juati716a %0 xosuce tbe equstion to the form, .

Tarx) +ag iy

which becomes,

-
07?' e [‘ﬁ;‘?'ﬁ’]

And the equation of duretion curve for definite intsgrols
betwsen % end x; will be

P"-J"ru J'#m exofzh s §‘

et

whare K= essffictemt of sxemess =//y/ ~°

The quentity enclossd in the brackets ventohos shen
Xm0 and 1¢ ean be evalusted by cirect cmmtation for
dftorent values of X ma 7. o rirat torn

Jrin ex 10 e awation omsstion of o wor
856 140’ value can bedabtatned from ordinary buots of

lanst squares,  Tofiey, H.R. tn raquency Ourvas of
Climatio Phenomess® Uonthly vesther neview, fov. 1916,

7. 634843, Jia conbined the two teras to form now tables,




a

fie sathor makes a corresponding set of Gurstion curves
Igtving the peroentages of the ares of the froency curve
to the a1 Gf the cretnate vhose sbesiees is gGifer
valuss of k o8 intervals of 0.4 frem k = <l.d fo X = 41,
By interpolation from these curves, 1% is possitle to fin
the probability of an observation being grester or leas
Aben sny valus,
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X, THE TOES B3T ADATED FO
OF HYDROLOGIOAL DATA.

atipy #

A8 potnted out in AT, IV ad ¥, the wholo
of statietical nothod 1a queor dus to ita Inc: of
8 perfoct gemerelised probadility thoory axi of &
somd logte tn the une of wethod of momsnts. ime
Ploner states that * mong the leuatug
Betheastictans'6t fhe present tine there exista no mi-
fors optnion o1 to the truth of the axioms underlying
the therry of mOWMllties." Hovever, thero theme was
nabody ever. raistng suiptoion amuinst the use of vhe
ethod of onento o fer to the muthor's kmoslodgs.

Fron suth & stercpotnt, the author {a emmintng
#11 theortes st pressrt availsble, in inolined to prafer
4he 01¢ Tuarsontan Tyras, both Zor 1te e sound mathe
mationl foundation ené for 1ta correralively ider soope
of erplicability,  Tace type

) coantiared an the best
sTadlable at crasent, will alvays \ employed for atudtes
of hysrologionl data wlees Gifficultias nve onccuntered
*hich gl unastistactory results in which caso the Orea-
Oharlter Geriss w11l be resorted to ss a speoinl investie
stion,

137, fuathematiosl Theory of Probabilities

Fiahar,




Thoss-Seviose ant Weories wy propones. biflignescs,
Hologtets, or other spectalists for umes in thelr om
1161¢0 aze mot dssirable for thetr gemeral imsuffictoncy
in theoretioal basts. These inolute: Allen Hedhis tiethod,
K. . Goodriehts Nethod, (only Eq.(8) omn sometimes be usea)
J. 3. Slade's Kethod, and J.0. . Kapteyn's ethod, otc.

Verious objections sgainst the Pearsontsn Types s
fer 7etasd, do tot, ax they sppexs to tne suthor, po
sutfiotont Fessolive.

R. K. Horton, Mea. An. 800, C.E., states * “Tolley

a8 others have shown that none of Professor Pearson's
curves seem to be very satisfactory for repr
Ta0fall vartation,* In facte when we read Tolley
PapeT on *Proquency Curves of Olimatic Phenomenat ws could
208 #1404 any strong contzoversy directed sgainst the

. Elo slight dlesatisfaction with the latter in
the paper 16 probadly nothing more than a means of defending

entation of

Poaraon

Bo own theory. Frofessor Zdgeworth's paper (ses At. V)

Sgatiatioal Soctety of London might serve

read befors ©

a8 & concluatng anewer to any spspioions on the Pearson
. Horton B
frequency curves utslized by blologtats and statistioians

In the sase pape:

on only bo integrated for rarticular cases. For this
hol;
. mmy Feathor Review, November 1016, pp. 634 - 8ez.

aotory for engineer:



5 shore tnteg frequenots

Tathor than provedilities
of indiviusd dygnts, are mostly Toquired. e cunot refuse
to sdatt tuat, Fosuon's Nethod 1a often dLff1oult to apply,
ot the tabigonide By Kark Fexraon sx Tabiss for statis-
Hotans and Bametriotanet, TTables of the Incomplete
Y, S T RO o T TR

Canbridge Univergi¥y Pfess do simplifythe proos very
o, Fur Xe. Alden Fosterts vorks on the
Tioluttons o 1 and IV ars ingemtous mnd nizht be

extended o dovelop other types. Apain after frequonoy
curves plotted from the Pexzeon equations, graphicel
iatogration may be.ussd o obtatn curetion ourves.

Another faportant potnt which might well be sxpletnsd
bere 1o that .ﬂ 48 Dot desirable and yet not practiosble to
fix the 14utt 6F tnfhe of observations by phystosl cone
Abons, A nethomation) equation usuadoontetr et
fanottons of phyetosl wtations, other soluttons which
oannot be ¢xplained sudk as negative mmbers that mean
Hting 1n soe of 4he oxstuary mstters, or isaginery mumbers
th0se axtatonoo could Bet be fmagined by humen winde. For
b, soworologiefh g angtuaers 5 to 11 e lower
Hatt of ratnfall $qual to sero. But if ons tnaginos this
witer one gagrge’fastastiontly, be s 1ixely to think that
u«-—m S sranmptration of vater to the atmosphere

the




at tin

of mo ratafall oould repaeem westive

Teluen of ratafall. 19 44 seRliy Touschadle.  hgatn
Af such arbitrary n-lil are onse given to a set of
uhnnnlnn-,\c wn wurely upset the whole theory

of Troqueney ouFye by the dntrotiotton of sush ogmatto
commtante.

* Alden Foster *Theorstical Fréquemcy Ourves® Transsotions
ol 87 (194) p. 18, states
Tanoff canndt have .a valus less than sero,

Aa. 800, 0.

J. J. sladats partly bounded and wholly bounded functions
1 t4n darmetrde PibebMYy rmoticns prooeecings .
800, O, E. Vol. 80'{0ot. 1934) ¥o. 8, Part I.




SyNorsIs
sFor1om rrdd”
EICZIGIVE PREGIFRTATIONON @

0 hts e, 35 Foststonttens rebotas 1
intvidual Tatnfaly §tations are trested,  The method
23 used by tho Wiswt Goneervancy Dtetriet in this eon-
naction tavolvey he afndtas of depth ant turation
AAreotly Tron s 7a 106031, Tha method propossd
b7 the suthor, Bikerer, trosts tho total depth of retnfaly
£703 the constderaboh of steme prodaetng euch dspths.,

T~ s00r2 oF TEVRSTIOATION

The mrtdole §ives the fields of englneering to which
iten of $his seotion om be appited o3 have posssdle
rmltcation, '

L= & Purposs of-studring Frequemey.

The crticls exslaths the nacsssity of frouenoy stusy
57 the constderatitn of 1ta betng a funotion of meent tuce,
sls0 gives 4> gractionl purposes of such a study.

51 = SFITISH B THE MIAMX OOHSSRVANOY DISTUICT,

A Sriof outline of fhe.athod 10 ttsaduced for
mbsequent éritiotens,.

19~ AUTHORMS TRSAGAERNT T0 THE MIANL oI
maon,




The autthod Whows two potmbs of falltacy in the mant

AGNITUDE TWVEXCZOGIVE FRSOFITATION OF BIALL
auTieGe wagi.
In thts arfloley nethod proposed by the muthor 1s
irtrocuced. Ty desuried descripticns and hs opinion
o8 the generl stafiatioal means and applicstions o

mginooring fiold are given n Sestion 1°, S0 whieh
Wierence to made. The artlele also explains why the
minfall data osllected by b6 Ulemt Comservanee District
oum0t bo ubilised, and shove adaitional mistakes in tde
damt -um.m Notnoga,

= A1 EXAGLE « BY UETHOD OF NOW-STATISTIOAL
T ATION ‘CURYE,

An exemls of guadrangle S-% 1s worked out by the
@uratton ouxve fxce tho data of iemt Conmervinoy Distrit,
The nothod 1s destened pnr\hlﬂ.lrly for utiliving the
e date. It 1a better *nn the Niamd method tup
4 20 ot ne 10 st iBhod used 1 Astiote v.




sxorrom

SICS3ANE FRSCIRIATION O UTALL LAALIAG: BATITY
1 - 80083 OF xw:ﬂuﬂxﬂl.
¥ith storese of wa :g:::. 10 copbermba. oxtmnrtly
o 0 i R i e

in the samel emcunte e presipttation, 1In some other
10168 of enginferingthe apnthly atetribation ta of
ehset Amportanaiy s tn others SHL11 £ S0 he exsesnive
Precipitation vhich cocurs Guring shorter ntervals of
tias which mey require laveatigatien, In the letter
Slass, the problews of flood flows mnd flood sontrol

oo ususdly tavolvec.

The aubjeot of this seotion finds its spplication
in oasll cretnage basjps,  The elements tnwlved hereby
478 only depth and Guration in Teletion to thotr frequency
of ocaurence. snother tmpartant olement, arec, haa mot
been taken tato oomstderaton . The ratnfell cata
amployes £ro montly the maxtmm totals of honvy prect-
Phtations nich navo tesn reforded in atations 1n the
sreas conoernéd.  As 1p glbet w11 csses, these veluos
of Fatatall depth w32 ot oonstderable nrons, 1t
10 evident that thd Application of present work w1l be



1talted to mall waterehesh, osy of ot more than
sbout ten aquare miles, for the dostgna in those
Thelds of enginsering worke sush ga:

1. sover eysteus,

2, Br ulvert’
3. D -
s 4 9

2 g
12 - puRrosd G SeTINS FRzquaNoY,
The word froquency shen applied to netewrological
~Phesionans of 1rregulir oseurence 1s best Gofined
" ts the mmber of tass, within a selected period of
7oars, tiat o particulsy phenonsn hes teken pisce.
Dividing the portos by \he mmber of wuch happeninga
*he quotient obtainéd {¥.the averam length of time
4n years during which SNy phanomenswy/has happoned once.
Thts verage suber of yaers 18 aloo, thourh lons
acourately, spoven of a the frequoncy of the Hhenomenm.
50 £ar a0 theso ensmena of flondn nre moncammd,
theze ta a ‘tandency to logk upem n grest flood na
2uxely nover to oour sratn. A
# matter of fagtffiereat f1c0tm at 1ong tntorvmis
8 ok & pars Y natural couzee of ovemta ns nre
Saaller floods ¥ more frequemt intervals. It follows,




0.

therefore, that the jurpose of studying the froguency

of omessive precipltation 1s to two-told, First,

1% 15 tho purpose to koo the megAEe of the Froetost
lo0d to be protectod ageingt, An XEGENI:to i%e peTiod

that the dppth of vd ot on inorenses very alowly
with froquensy of more tham waoe 1n one hundved years.
Renoo 'the mximm values &f Fainfall slready recorded
" #uring the past century wily grobebly not be groatly
emisoced 15 the fubure, Sedemdly, it 18 also cur
Pirpone 16 deteraine the peobable mumber of tima that
2 1and aren 11 e Siumdcfed by itforent magnituce
of floods in a glven m’!f years, One of the nins

16 10 compave the land VAJES before and after the
proviaion of protection . The dsstgna nre often
satertally effected by the desize to seours flood pro-
teotion with's nintmas to the/above cams Tere-
fors, the adility to

bl floods of aifferent ragnitades s

of great wnfulsest,




the problem 1n hend 18 the proteotion of

ct837rent losn of 11fe may be 1avolved, and whdh tho
7Foperty doaage mey be very great, tbe Trequeney of flood
a7 ba more or less material, fwr 4% the protaction of
auch citios there 13 o wiacle
shsgrihe Sadk Susmt o A
voura oy come tomorrow.  fhied wre asses of
flood protection, hoveved, Possibly somsthing
Less then complete pro verrested, en0 1t alaye
aerves o usetul wmnl! ;able 46 form soms Loon 28
shat may b emeotes of FINAPWLLEE vorks vhen somatcen-
ing their usefulness over a ldmg porfed of years. A
knonledge ns to the laws of frequemty, if there are any
uch, sould further pemit & Witer idem as Yo witisate
maxtmme than would be possible without suoh knowledge.

111 - STIDIED BY TR AU CORMEAVANGY DISTAIGTS.

In crcer to deteraise & tarly for the engineoriar
design of the structures for the pretestion of the iiami
SAver Vallay fron floods, the engtasering staft of the

ond. Conservancy Distriot, under the trection of A,

s o s o
e e e b 0 0 1 e
the  preot was dafined as follows:

i 2 i

inches 6 more: (a) Any one-dsy rainfell at one station



moumting %o 10 pageent ox nore of the nomsel
rrecipitation} or (b) a total reinfall at one :':r’ln
smeumting to 15 peroent or noFe of the nomal smmal
Froctpitetion, rermraloss of the mamber of davs tn the
90700 of exsesaive proctoitation, so fhng un the sverase
Hnfell for the pertod ta not ln‘%m 1noh 1a
2 hours. c

2. Thero tho nornal ammmal ratnfall fa less
then 20 tnohes, n tote Tedntad] of 4 Lnches of more,
“egaraless of the length of She periets, so long ms
tho averags Tatafall for the period 1s nob less than
3 teh 1 26 b,

Of the. 4,318 stations vhere records weww
scarohed, 1,252 vere west of, and 3,04 east of, the
10304 se71¢tem ¥HAGh pusses about 110 miles east of
bemver, Colorade. An average of adout 10 reoords of
@esstve precipitation vas found for sesh station,
Snce the ratnfall conditions in ihe vestern part of
the Untted Staten ¢iffors matertally from those in the
<stomn part, mo atuty waa givon to the precipitation
umrﬂne?-n of the m”-l'lﬂ/l- DOF were the records
of the prectpitation pria¥ & 1670 coneldered tn thets
i sty o the amnll mmber of stuttons ta.



\

in extotonce beffre that cate. Prom 167 to 14,
& total of 3,681 periods of excessive precipdtat
weze found, Of these, 13,3 were recordsd at one
station only, 536 at two o five stations, and 40
ot wix or sore stetions, .

In ortor to utsitse a1l exis ntary
roocrds thnt possessed any valne even ey
carfored mtortally in longth, amthod was adopted
WhLoh fe emlained as folfemss Assuso a mumber of
Fatnfell stations, say five for convenienoe of 1llus-
fration, looated ¥ithin an sren possessing unifors
/7nfal) chereotertotics, At Bation A conplete Tecords
have been kept for a period of 70 yearsj st Statton B,
for 40 years} st Station O, for 60 yeare; st Station D,
167 80 yoars; und ot Station 5, for 80 yesrs, the agzre
M of the period of record being 300 yesrs, ‘Treating
“hta ngromte ae  stngle recond for the area umder
sonatdexkion, by the definitions of frequemcy, then 1%
s angumed that the hghest atnfall intemstty rocordsd
1n the ehitire poriod ocourred with a probable frequeney
of once 1n 300 yeurs, 420 socans higeet txten-
t7 tas voen gguetted o exsescat on an svorage of once
350 ’Fz"' the thire highest rainfall intensity




~
Hos been equallod 6 sxoeaded on mn avernge of Tu i
100 yours. The process 1s capeble of indefintts’emen-
ston, betng Hntted only by the maount of deta on hand.
To 111untrate vith mn actial case, take the

quadrangle of the sarthla surface tounded by the 39th
ond 41s% parallale and the E3rd asd Eith meridiens,
in which the iiant Tiver Valley is locall, and vhioh
for conventence of Tafererce hes been desighated o
ok, This quatrangle contatns 28 ralnfall ststions
*ith & totel parled of record of 713 yours, mo strtions
Raving lesn than 10 whole years of obsermtions boing

Jnded. To mavertatn what e-bowr rainfall fntensity
Bas boen aqualled or excooded, on an nverage, oose in
100 yours, st ony potnt tn this quadrangle, select from
the combied reccrds the seven rastest B-hour fnten-
100, abd tho lonst of these 1a tho Cestred Tatnfall
ntenatty. Arfanged in order of magnitads the fipires
20 ns followsr

O rente perlod ot Fooure = i3 Soaper e &

hes

weeal

55338388




7o b Tosapetos table 16 appwars hat om Yasenatty
o 6,40 tnehen 0 one day Bas arn squalies or eibaecns
126 18 thozafore 14kely 1o be ewaalies ox oxcentad tn

“uture years, on an average of oo 1a 100 yoars ab eny
Foint in quadrangle S-E. This Tigure 540 haa heen orlled
the plurial index for the quadrangle gorresponddng to an
100-year period end  Bé-hour Tainfall MVbnsity.
statlar proces

4 days, 5 days, and 6 days of geeatsst
precipitation 1n & 100-year perlod.
In this way &

1ok o 26 mepe sriiactroptoviss
,ntl, was compiled showing graphieally. the pluvial
20 g of 120 131 ondegree guatrengiss nst of
103rd mertaten.
R
Toen et potate i sich e mstior olbiod
100 in the nethod deseribed nbove as used by the ismd
e
.

The Conservanoy enginsers considarod the »rrTegate
s of Tecorta of ll stat

avtlerle to the qunsrmogie
4 for the sume, sa0 the

by emong 11 stattons having this
probadls frequescy. For tnstence, Lo the
tartzatiSn qotes stove, the sgzregate of the ported of



i =Aaiba 0% b Tivo stathons 1o %0 youm. Y Trsattng
thts copresato musber a8 o etngle Teoore Zor the sen
anter consiGoration, they sammet tuat the izpest Tine
fal tntenatty secortad 1n the entize perloc Joa ocourred
VAth 1 srobebls fraquemey of onee in 300 yosag, the
cocond bighaot 1ntenatty has baen squallac o3 amcotes
on cn average of once in 160 yesrs to, | This, as
e 50 20 st st e ke a'gpatla
cosumption mlece the pertodicf years kept fn o fne
e1vidual station‘is chronologleally different from eash
other. Zut usually this i met se. Fezfods of records
avetlade often coarred 1n seme years, 1f this Mighert

* <
¢ intensity ever recorced happens in Station O of 60 year

' pertod, why 1eit mot equally possttle for 1t to happen
1in Station D of 80 year period Guring the 60 yoer period
of 3tation C that is included chrenclogically in the 80
year period of Jtation D? Under such conditions all
that ue’ can say Lo that of the highest fntemsity ever
Tecorded in tWé quadrengle, the frequency for any point
in tho same wst be grester than $he chromological period
of resorta agsregstod w stations.

% a8 long as the googgaphical and

a stom of any tntensity has equal chanos




.

", -
%o ooour ut diy potnt within the sren, Unlesslcer
exae: t1one1 oases, any such ohango of sn epprodiable
srount in » quadrangle of 2 latitude and longitude is
ssuelly saxe. ~Therefors, it 1a correct to asien the
lowest lintt of frequenoy to the chronolopicilly rire=
fmted portod of records mmong all stations, frile it
45 not fustified to fix the prodable Ydue ad ogisl
40 the serremnte -erlodn that oo BSERLally tn
the e yonra, 5

2. As previously mentioned, thy tuttcs of the
prosent investigation finca e epplication only in
raall drainage besins of not move them!about 10 square
niles. Faturally tns data o be ued ean bo teken from
rocords of indtvidufl ruinfell statiods, Sinse Tatnfell
Tecords of muffiolant length are not availsble in sny single
station, Tesort to Tecords of other stations ¥ithin a tro
dogres gusdrangle possessing unifors olimatolopical
conditions vill be the only way of solition, The pro-
blos, homewos, confronts =t e outest, the Aifficultios

srrive at conclusions f5F a Slngle station. Tue remilts
il i sepelielosem
itemt engifaars ero st to denote the mean frecisscien
sorresanding to thetr revpective magaitues thet ray




L R« N, S

frew a1l points 13 the samo,  For instence, lﬁlth

amme caso na quoted thove, 1t 1s wiewned tant the

highart tntonad ty cocurred tn Station O of 60 yoar

pertod of Tecords, and mow auppose that the goond

Mphest interaity hea oocurred tn Stabton A of 70 sesra

Portod anc that the two stctions togefher hew 9 yoars

af Tedord tn chronslogy) then 1t 18 gadkly eem that

4he probeble froquency of the second RighWet intensity

azy be taken 22 %0 yoars or less so 1ony as the tro

highest records ¢1¢ not come from 4 single eyclomlo storm

or thundortorn. Mhdls by the Memd Enginer's Nothod,

1610 30w150 gwars,  The ariterion won which this

i tererence 1100 comeats ot mueh explamation. In the
formex, vay the Tewslt shovs the mgaibls oocurrence of

the s0ond Maghest intensity within & 90 your peried

in any potnt in the quidrangle. 1t fnttcates tho frequency

of tho ooorrence of wuoh an Antemstty, Whilo by the

Fiant mobhed tho Tosult shows the pRobeble YOIy

frauency 5z th stated intenedty 1a o potak tn the qusde

Single by turtas the meggéALL awatlable potnta (1.e.

stations) 1 'the pm’ Tt 1s the mean froquenoy of such

o tntemstyrEeinl.  To oxpreas them fn waticontionl

terhs, W 7 = proanility(or froqueney) of ocouresnoe

of & stomm produotng ey given intensity,




¥y .
P = probubillty (or fraquency of the passing of

such @ stors over any potnt(staticn) 1n the quifrencle.

(constdering equal chanos in may point) Th

rron the
fomes wey of zassoniog, the Trequency w1l b = By
sh10 from the Vit Sagtarerta Kothod, 1% et be = p £ P,
Fron the atantpotnt of the st of sodteation of

prenant ok, (for sanll sress) wad af fhe unté nsed for
savestiention, (1.0, ons statiom) whjpwilod to conclude
42t the Visms impneexta Nethod wockened 7Ae1d sppropiste
results for which we are in search. 5

" R ioh o Wmmmﬁ?ﬁ“ﬁ'

ke mentionag 1n AFt. IV, 3n sttacking much o
Fobley of detersintng the frequeacy knd magnieude of
exceative proctpitetion on small ératnige aress, we
Ghile koep 1n ning that Zizat, 4t L the requeney of
S N S e o e o

Shet s o in sesroh of st secontly, thet moh atorms

retosrod to_are thase ahoh ocourzed 1n nresa rozsousing
the same guopEsphical contittomm, A nethor poposed
by the nxmr 18 nhuv?"ln ‘the following proceases:
1. chiog 6 Sowndnry 1sen of 2 mocreshtoel

. (3ol ton1as) prom chtemtolopion i, 58 1o

1515 4o catoratne much vomdsry 1toen of aress within




; 50,
*hich the asne moteorolopton] coniitidan mickt be
axpectat o cemur ae those of the plase of city o
watarabad referzed to. Siatlsrly, the eme macnttude
and fraquenoy of « stom might be expeoted 1n sy point
ithin the sons. Theno sonen should be extended sa
1nrge s the olmilarity of climatologioal tttons
peruits, Each sone fe of courwe, b meceasarily of
uniform size. Tho mothod as used v ‘Yimed Conser-
Yancy Distric of dividing into two o 1ntitude and
longttade quasrangles ta not 0
Soining quadrengles may usually ume oltmatologtenl
contitions vhtle n one o concition nay be
evruptly changed, Ke oennot, ‘thefefors, afford to study
the fréquency of storms and magnitude of rainfalls from
the quedrangle divistons.

2. Oollgettng e1l zetafall date in stntions

"ithin the esme sone,  fhess cnta shuld, of conrse,
1nelude the pericds ant Caten of ccoirmetse, the ferthe
of FIBfATL seourasd st ‘ie Tiowtions and HHa-Tomelt of
rocords of the atations. Next grow tomsthor tiose

The several ase

re00vas of tte flond that oosurred durtar o sme
storm, the of which, considored as the maximm
dapth g Antall that onn be sxpeoted fros muoh n atorm

1n passing the geographical sone conosrned, 1u entered



0n to wnother dots shest, Tha Tesords thus ploec

out should not have any lover 1mdt suth no the Yimwd
Eogineers 410 in dofining 1t exoessive provipitetton,
Tho Tesson s expliett  As vo wre wtucyln; the
atotistical ooourrences of femendous storg the ocords
of extrenely mall stoms besr the snne importance as
tho30 of tha big storns in studying their clatributions.
This 1o mnother Tenson vhy tha dats collected by the

idant Conservanoy Distriet oanne¥: for such &
stuey.

3. Applying the statiets .

The authorts cpinions and
sppitoations of the mehod 1n Sectton I ;

45 2 0 b e ARl W e o8
i Wi, SIS, SRS e meo¥h s
gonarel proceduts is as followsy Af4er srrancing the
R s e S
e
s i s S

o eecice e
rogords exprossed aa 0 e west to geb A Ay
o ,..,,;:,,,sf":.‘,f oty




4 (43=32)) (3357, )

The valus of X will daterstne to shich of the seven
Fonrsontan tyoes the set of dste belongs. For tyes
1 and 11, %, Alden Foster hos otmplified Sho srocess
by nrovidtng ready nede auration aurves
types, Trequemey curms should bo interzated stther
algetratoally ox graphieally in order ta guf dwretiod
ourves, fron which the peroentages §f hanpeming omn
b ploxed out for my epth of retfil,

1n oase where the Fe Trpes onmnot rive
good fittings to the dats, the aprreximete Oram-Charlier
967108 La suprested t0 by the nEAREY avalable, The
su30 valuse of 3 4 K3 as calaulates and the oefficient
of variation - and costriotoms o} kewnass © are
uwet. The muthor has prepared  det of duration curves
for differsnt coefficlents of skewness.(Art. IX, sestion

Tor other

T) The dopth of vatnfall corresponding to tny veroen-
tage of hapnening can Teadily be interpolited.

Horas that night ba emected 1n every handred stores Ip




& ar
1n & very griet rier of atoraly, Tats &ses no¥,
howover, show tho frequenoy in yelM et Bappening

a% a1l Gevertielass, we oan find the romed tnfereal
in days of sucoseding storms either from mteoroloplonl
atuttes (tha 7.9, Feather Baresm provides/his) or
¢irectly from tho nst of data Just referred fo.  The
avoras tuterval squals the chronslogteal pertod of
Tooorea for uil stations in the soms(tranatprued into

mamber of Gays) clvided by the nasbo¥ of stoms
in this period, The zormsl or oy 1nterval so
found divided by any peroentage of il v

the frequenoy {n days of happentng of ‘worms preater
#han the corresponding depth of ratafall to the pen
centage referred. -

“ 7
© Trens, ia. doc. O.E. Vol. 87, {19M) Theorstiosl
Froquency Curves;




2. mROD TTAULE D T
Gimes ¥irh 44 HigsAAE S

An atated tn ATS ¥, on asoownt of shismee of the

Janindtation that the vimd Genacrvmney TAsteiot de-
Tines, thone dxta slove the Jmits oot e used fox
1irating extress veluss tn applying the'stattation]
mwthod,  Sovortholoss, n order to utilise the prosent
avatlanle, snothor nesas iv hovaby introdoed -
Tio nothoc of asbitrarily adfusted aretton ourves,
An exazple worked out below might well efplain 1%,

Trke the quadrangle 9-E bounded by the 39%h and
410t Darallels mmd the 34 s 85th meridiuna, in wheh
the viamt Aiver Valley is looated. This quadrangle comtains
76 Tainfsll stntidns (total mmbez in history) soms of
Shich zocording Trom the year 1850} end W to 1931, the
reresntod chromlogtes perlod te 82 ybers.  The
seanrtve Procipitation Shesta® prapnred by the Hant
Gentazvingy “tobriot for the cudzantie ax collosted md

e
st Iday practyttablon of shown n the table, The
colimm of *Average mimbar ot storae pex yees sbove the
FAu* 13 fount By atvidtng the quantittes 1n e octen
ofvmbor of storan above the ppA.+ by the fotal variod




Of Te0OTd Of 82 yeaTs. Thase are then plotted in tre
logerithuto probability sapex in order.to reduce tho
cuTvature of the curve aue to irregularities

A stratome
1ine drawn nexr the majority of the joints s sn
ATy sifurted tunssion sve,

That part of the data below 2,85 tnoie are not

used in plotting. The reason is that the defimitton of

the exoensive precipitation doss not give a fized lomer
st for a1l stations o0 that in the renge of hie part
of data from 2.55"t0 1,15 %available in tMe’Esccasive
Prooipttation Sheata® 1t mill probadly osntatn other
uantities from sons stetions that are disorded due to
the relatively highor 1inits of the sems

I% should be kept in mind that the present method

15 stmply one of Titting the caf

It 18 non-statiationl,
Hevertholeas, 1t ponassses a mich more sound logto than

e mothod uned Ry the Ulamt Conserancy enginoers on
secount of its avotasnce of the two fallsotes of the Intter
8 mentioned tn Art. IV.

The zesult T7oa the lieMl Fngtnecrts vothod ks riven
1n AT4. II1 16 5.40 (a0 onlled *Pluviel tndex) tnehes for
madrengle S cormébaponding o a 100-yaer portac anc
W-hour Tatnfall. Th quantity ie 6,08 Loohes fron the



Fresent method, showins quite n grest disorepency.

‘sthod cannot show eny Tesult whenever the pertod 17
the agpregated poriod of Tecords(for quadrangle 6-3,

Period 1 715 yenrs)., Thia is remaykably snother merit

of the present method.




Orastast 160y pt. Reswris 1n quadranglo 6-
EMM:J#:W...M Pottod of
Record = 83 years.
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sECTIEY 11
SXOSSIVE PUCIFITATION OF LARGE DRATAAGE BA31HS

Thts saction ta deroted S0 » gonerel dasort; o ¢t
olimatie controls on the rainfall charactpristics in
opusing flaode tn agtons 1n any pert of e vordd;

e 10 & detatled demortption of the stors Gontrol
partioulorly 1n Zestern United gintes, Some gmarel
aselyets of flooé flows and o method of astisstion from

S e NS S T G Ly
fiom thoss collscted by the Ninmi Conservancy District
Gmtnioed in faokaions Mporte ez -

¥ o s U B
emmmeration of the gemeral controlling feotors which
etz o yrobude uay given stomsie.

15 s 0 700 moa, e srsts e
attempted/of flood problems in three representitive
types of climatd in the temporate sones of the world.

R gponsid et S8y guitiontusty o
Tastern’Asis or Ofina proper as sugpested by tho mithor

111 - comiOr TIVSTIONION, | The stn wnd chareoterte-
o of She present stuty are potated out,



a1

V. Pomatien of Oyolontc Storss,  This is
a general description of oyolonte storms, especizlly
of those happondng in the Zaster United States ‘rom
the meteorolagical potnt of view,

V. Mlent Cohawrvanoy District sfudies or the
Effeot of Great stomss, This in u brief intwacuoti
of thotr studie ¥

VI, Geologiesl Location and Semsomal D
bution of Grest Stomms. S0me Clacuaions in rermrd
%0 these points are given from stucles of ths results
of the Mant Conservance Diatrict.

VIL Discussions of Tine, Arca, Depth Aslstions,
This introduces soes disoussions quoted from the
Distriot report with expfanations by the muthor,

VIII. The Proposed Division of Violent Stoms
Sones in the Eastern United States, It demcxibes
the Yugpose, basts, and methods upon Which thi muthor
Proposes the division of storn somes in the Zustern
nttas stat

I5.  Stendard aximim Time-Aras-Depth Gurves
1n e zonas dtttis Bastemn Untted States,  Five
hinte contutntng the tise-areadenth ourws Tor esoh
sone aro preibied.

of the Tine-Area-Dosth Cwrves. It ces-
ortbes the

thod of usinr the data in & praotioal sanner,



B
XL, Tho Praposst Nethod of Extrems Tlsoding,
This 1a dnother methot propossd from the constderations
of the mmount of water brought over by grest storus.
Statiatioal settuation te hors introguoed.




Ging,
seorron mr
EXCi3SIVE PRECIPITATION ON LARGK DRAINAGE BASINS.

THE GENERAL OLINATIO GONTRDLS *

Olinate 1s briefly defined as averbs westher.
Means or everages may, however, be mads up of widely
#8ffertng valuss of the elements which o inta
them,  Therefore a satisfaotory preseitation of
Sltmate mst include more than mere wveriges. It
ohon a1 v omoiat S ek A
4atly, sonthly and anmial chenges, and of the
eparturs, neans end extrems frem Abe average oo
21tions whioh may be expicted toloveur at the
stme plase tn the courss of Hme. S0 olisste
1o the resultant of maay verlablés, | Ops olimats
differs from mnothsr beosuse of . different combin-
ation of the cottrold]
“The general contiolitng factors vhioh combine
%o prosuse any given clisite zay be amuserated s




R
(1) ‘Latitade or Solar Control,  The wmum is
obviously the fundamental control of olimate, The
goneral dstribution of texperature over tho saxtht

een. - em. o G i s
b eSS
et o w1 s mmssaasivass o
el i g

of the amme lattitute eirols would
have the amse olimate, for tho intensity wnd mourt
of aunehine depend upon the angle of inbfdence of

the Sunts Tays and upon the length of 4y, and both
of thess cen be asourately dotermined from estronc-
miosl caleulation for any latituds, Such a cendition
1s vory deoldedly modified by the eis¥ribubion and
4afluence of the suceottag contrels.

(2) Lant and Water, The tnflymes of lstituse
5y e sholly overcoms by the effocti of land end water.
Lané and sater ave Tyganentally aifferent in thetr
behaviour regarding abdorption and Tedtatisn,  Land
aZoss and tho alr over them warm ané cool Feadtly and

%0 & constersile degrest

ter nrens and the atr

over them w 1 slowly and reletively lttls.

Thts resto rence in the manner of wamming and



oo The,between ond snd water aress osuses the
changoo of Minete tn two vayst  Tizst, the sossonal
changes of gerozel wing diroction over lereer oon-
t1nental sren upset all cltnatic omditions by the
so-cnllat sonsaons produced 1n this wey, :In Inits

thie oftest 15 30 pregpeinant us

Ronsoon Fatnfell results from he inflow B a larce
Tody of wara, roist air from the en on o the lmd
ares; a conssquent reterdation of the vpleoity of air
Fsian, aa o S L, S S
-of the atr, the Tainfall belng particwlarly hoavy where
the winds bave o climb over high lands, Thus, in

" Intta the precipitation 1e heaviest at.the Bay of Feneal,
where Cherzapunst, at the hotght of 4485 foet in the
Xbast Hils, has a meen anmual ratafeld of betwen
400 ane 500 tnohe: Seconcly, for thase varts of
continents mear the ok side of ocesns, beiag oxposed
46 the tnfluence of the coean, With the prevetling
indo Bloving directly from We conservative ooean,

4hole relatively mild and




g

i e, i s
pecially when high and extended, sre effestive olimate
barriers, If they stand in tbe path of the preveiling
wins, they may bring ebout marked diffareuses in rain-
o Mo s NS 1 SR
Aot AN stk FiSn e a bt portadly

o sintvert coust, Yher preveus coems fafilptope from

7
extoncing inland. Thus the Paeific const Tamges -

Ousosden, terra Navada, Cosst = prevent fha influence
of the Focifio from betng oxrried far 1 continmt
4. thus sepazates & naxsos cosstal belt, mch of WhLSh
Jas & mcified marine climate, from an interior, sast of
‘e sterra Hovade-Casaadew, whore the Eatnfell 13 less
024 tra unges of Semeratize e weh grester,  In
Ohinm, the Mount Ying Ranges ( FE ks W ) vow-
sver, are not high encugh as a barrtex’to ‘prevent the
winter nonsoons Bloving southesvbvard and crreyins fine
sagés fron the Grost Bhiolin Semert fron teing onrried
far into the Central China ns to give #h¢ troubles:
copontts. Ths muthor Srpem Grem of the onenge of
ayerything in the Purt of Mo country 4f the

slevnted 00 feot hsor tn
o spoh.

e loese
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Prevas; Fovailing cin's
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the ropion. In belte between letitads 30° ant C0°
north 1t 1s chiofly the south-wsterlies that preveil.
u belta betwoen 259 north and tbe oquaber tho n cth
astern tade winds prevatl. Ae winds ate of

oritioal tmportance in controlling vesther tymos,

thetz étrection and yolootty must in cohsiderod in

any study of olimate, The prevailing yind in mrmer
may be n very wara cns, os i the cagh gver sost

of the askern United Btates, whera Soutb-westarly wind
d17ections axe dominamt uring the het months, Such
conditions maturally inoreass the shmer heat, OF

the prevatltng winter vind may b #-e614 ome, ca in

Now Ingland, thus meking the wintery more severs,

The great permanent axvas of high mé of low prosmue
ndfacent 40 o comtinemt - 4o so=called “Gemtora of
Actiont also play @fonsiderable part in dotermintng
%4uo ctrootions of the prevailtag winds on the continent,

L '(8). Altatude. Inaddition to the bursier
effecs, muntaine g hland have oertatn onoiel
olmatie 128 beomuss of thetr elev-tions

It 1a hers that the contro) of climate



S, %
by altitads 1u met, - Momtsin and platesy elimstes

are alvars placed 1n & Growp Jy \hemaslvem as dlo-
+ingutshes fron thoso of lowlanity ‘Tné’ fbvmer ns con-
S e 100, e pnctec i « e
cocrease in proasire, temperature and sbaojute humldtty;
58 an tnorensed intonatty of iasolation ef Fastation
Bigher wind velooitiesj umally a groeter)fvequency of
ratn st eacw, ant, ¥p:30 & oertein altithis; vore of
14 Armin, the looal tppograplr 16 of grise 1sgort-
anos 1n bringtng sbout modificaMons 18Calinstic con-
388054 s omitadig bRy
funerdl winds end givo rise fo lossl wile.

"(6) stors comtrod. 4n clsae 14st Lo the
e e
antioyolones which cotavaine the westle From dry to
day are ossential climatio coutzoles SIf the weather of n
cartatn seotion heppent to bo EIMAINLY unde? storm
Bifizol for fnrt of the year, 1) the Zastern nited
Skates. diring winter, e of the othor oumtrols,
such 68 Jatituce, atez, altttuds, otc., nay




thie subject 12 of uffieiat ixpothonce to verruat
ito consiceration in lstter sybioles,

(7) oceon Gurrentd; "¥hs booss ewrrents
con have tmportent influence on the olthifd of o
sejncent lant obly shen the wind ts blowingien shore.
e S
any ncorn curzents, ke conserveMYe bodlde, end
therefore tend totomper the cogling o tHs heating
of any Jand over which thetr infloence miy be carried.
It 1 evident thet the OUIf Stresm mnd ¥ OWIf Strcam
DrAft do Xeep the North Ablantic vaters §1f the ecstern
const of the Untted States wamer thaw Yoy would
othoretse be, ant that the Luborader 10 n cola

Flow #hioh Ght1le these sems aters 49 » Yomer tomperature
than they would otherwise heve. Aud of-fhs Pecific

stéo th Jupan Ourrent, Floviag southemd.aloay the

Gonst with n suborstuate eddy otroslattog eroead the

Gl of Nlaska, oomtetnly helps o keep the Pastfic

tine irato of eric rugger e s Smarsts an
Sy would be without ptaSerrent, A glanse ot the
ttothormal churggrppedii worle at cnoo ehows the otfaot

of theve curats tn deficoting tbe Lecthares.




. ANALTSES OF Fload rioms.
The floodtng of » bastn aimg Yhepks of o river
1n otthar the ciroot or tndtzelk zomait Ytiamonsive
precipitation on %, The study of agentdpansing
such exosssive precipitation 1w nevsssarily assocteted
with the siudy of flods. Theds agenta should be
axched fxon the type of climaW resultiig Trom the
combination of the climatic controls as deferibed

13 the sbore article. Let s trest onlf the flood
peoblens in rogions of temerate. sonenFor our

snter

Thg United tates of Americs sasy'ef the fockies.
The continental area of the United Statew ltes elmost
entifely within what 1 generally knowass the belt
of brovidling westerly vinds. These afe mesbers of
the puneral atecepherts olrculation,.  The ootk in-
lbncss of 50 oranging sessonal pessuzes over the
agptpnent sad over the adiscent Ghesas, bowewss, azs S0
& Livge exient persmomt 46 ¥he general control aver
wuoh conatent aiz wpyséat. The general configuration
of the f4ne trené of mountaine and of valleys;
Locations ' ¥indward or to leevard of momtatns oF of
Iaken; ehpomre %0 1ans ane ses bresses - a1l these




faotors hav @ part in controlling the olimate. Then,
varying from day to day, move temporary fhmn any of
#hese othar controls, comes-she evemmeleingtag infivence
of oyclonss and mnti-oycloneky} The comlgnss of these
Pansing conéitions over air moksments isaften so
complets thnt eaaterly winds S of fregemt oocursence
4hroughout the belt of the prevaling.esterlis
Thote ta ths  grest ring of Vibray resther over
the temperate sones as = whole, osoillating poleverd
m.munmnmmmmu.(mmm
eoures of 1ts regular migration, azd acros
e Untted Staten avings thts stom n;« a8 the e
T Goaga north of the aquator.  Soaverard £ snce
in winter, follovtng the dcolintng swn, poverin the
oven o the QU of Moxioo, _doattered
+RISUgA the souther quadrents of the larger oyclonte
orks, ospectally during the verer montha, cons
loeal ctsturbanses ~ thunderetorss caa tormadoos.
‘% a000nc. Dot of local storms south of the renerdl
“or@lonto stors belt aleo swings baok and forth semson-
337, covertd; pesshinitiy ae vbots coustey 1n semer
ne botng €arFiod 2o tnto ens aven acrons e soutnern




states in vinter, Therefors, the weather types

of Sustern United States varying sessonally end
FogTerhioally, result fron a combinabien of poriodte
@apmal eloments, under the ooitrel of the mum, (the
10081 stora control) and of nompertodis, ‘eyslonto
3 axtteopolonto elomeuta. (the epolenty sorm
control) ‘fuo former 1o predouinadt in sumer wnd the
latter 1n vinter.

The above teousston of the cltmates of
Tastern United States leads us to conoluds that the
Osases of a1 flosds 1n the States may bb classities
s follover

(1) Oreat stors of wids aimtrivatton.
(2) Tamaerstorss covertng only miall arens,
%0 (3) Melting smovs.

2 1% 10 true, of oours ‘that thess cmuses grade
§8 eash otter ana mo 1tne of domration omm ve
Tt for the purose of explanation, 1ot us con-
 then sepazately,  Each omass oun b zeprosented
b7 the aurve Aatted coondinutes of depth of sractpitation
ang Peroemtage of ehance of happening ms piven in the
tollovtag atdgremi’
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Tebth of Frcerfytodion indorms

&
Araysis of Flosd Flovs For The UsA

he ‘floods from the malting movs will be the
00t regular and will have the mallesd eoefficienmt
of variation bacesss e ate of melting depents won
the rise tn Semperature st & cartain senson She your
nd temperature conditions are in & general wey less
Teriable than rain condttons, G0 the curve has n reneral
smaller imelination, The floods resulting from rreat

#4311 vory mich wre 1n sise and w1l therofors be
od by o Steeper ourve on the plotting. loods
@ to thunderstorms way happen onoe in 1000 yeers, but




hen such a flood does come 1t willbe Bg. The
ourvs representing such floods will $herefors have
stespest inoltmation.

It 1a apovent tht each curwe WAV control
whete 1t is abowe the other two] and thed. the curve
showing all of the ammasl floods will b6 wade w of
Parta of the thres curves, ench part betng that curve
hich 19 above e other two.

Nelting snows conatitute a flood facter madnly
4n the north and in stroms flowing frow high montains
1n a1} parts of the United States where the climate
48 warm, thig curve can bs omitted frow Ahe disgram.




SASTERY ASIS OR CRINA PROPER

The Contincntnl ares of the Republic of China
also les matcly in the belt of the provailing
westorlies. Oyclonos and enti-cyclones swoep over
the country one aftor enother the smne as in the
Unitod States of Aorica, but lews in strenth,

Here the goneral sessonsl preseurs control over the

winds dus to the offect of land water 1s more exphatic

ad the stora control 1s Telatively leas taportent, so

that the northwesterly vinds rematn in wush less dle-

turbed posseesion. The latter are tndesd so marked

that they deserve the mams of wimter momscons. For this

resson, Ohina has drier and 1ses oloudy wimters taan tiose

¥hich oharsoterize the Atlantio seaboard of Forth

Aot
n June end July, the wenther 18 wef, sultry end

oppresatve. Now o large body of warm, mokst air flowing

from the aes on to the land area Tesults in ewesor mon-

Gha TAdRfall. - This happons eséh year almost always
&t the tine when plums turn yellow end so it is mamed
the *Yollow Plum Ratning® by the Ohtnese( =5 45 ).




The ratniag uually has o contimous period of as
1005 s thros weeks with soms intereivatons st

tinea of om or two days. It 1s thls swmser monsoon
Fulwfall that makes southern China partioulerly
suttable for rateing rios which ocastitutes the main
Zation of the Southern Chiness, It is, hovever,
thta swns sumer monsoon retnfell, asoompnnted by

o tremnous depth of loses sand brought over the
Gemtral Ohina by the winter monscon thet makes the
paople liviag there muffer from the Gtsastrous imm-
aations ma the remulting femtne. It 1s Gus to

these monsooms that the hycrarlio enginssrs of the
world 1nd 64ffioulttes 1n planatag the flood oontrol
of the Tellow Mivez.

1o devistog flo0d control provlems ofrivers
in the Untted States, & seven day Guration reinfall
would usually be considered as Father euffiolest for deter
mining {8 maximm dapths over the catohment bastns.

Tor the smms problem in China, this Quration of retm
2ol 4 far from onoush. A three weck poriod retnfall

48 gunerally ot uncommon in any part of the China
Propez, snd Gesiens should bo made to provids this.

It ta rather ridioujpus thet soms femous foreten engineers




Who were fnvited to Ohina, demignsd the riwer worrs
by providing the flood oepsoitiss oeloulnted from

Ahe Neston ©, Pullerts Formlas. This wids differenc
1n curation of Talnfall betwoen Ohim wbore the mijor
control 1 the monsoons end the United States shere

4he stos control predontnrtos, makes no minplo formle
commonly used in the latter applicable to the forner,
Thts fdss, never noticed by anybody so far na Tecorded,
should be particulerly borme in mind for thoss who

axe ongaged in the river works of Ghina.

It folloms, therefore, that the cmasen of
f10008 1n (hina ox Zestern Aste may be clsasified ax
toltomt

(1) Sumer monsocn ratafalls of pwesttonlly
oomplets severing over the whole erainags besin.

(2) Oreat storms of wide distribution.

(3) Toandsretorss covering only small ereas.

(4) xelttag movs,

fhane factors can be repressnted in « sintler
wed a8 sbove desaribed ty the following curves:
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Phalysis of Flood Flows in China Proper
Beré, on svooumt of the effeot of wumer monsoons,

the combined ourve will give more depth of predipitation
for rare chances of happening than in the Oase of Xastern
TUnited States,

To sttempt, of course,’ 1 made to give mmerionl
Tilnes to the ourves tn either dlagrem beomuoe suok

Teluse are obriously beyond reuch under presemt conditions.




FESTEA SURCPE AND PAGIFIO 0OAST OF
THE UNITD STATES

In thosa regtoma, meTine slisntta typer are
carslet by the prevailing westrlies on to the
western onsta of Mo contineats, giving thom nile
wiators and cool euawre, Abundant Tatnfall and
 Bigh degros of clousiness and relstive mmictty.
Horthewostorn Fuzope 18 partioularly favored beomne
qf the romarxeble high tewporatures of the Torth
Atleatie Oceam, and lmomuse of the influense of the
¥inds controlled by the low presswre aree 6f
Toslapd, Along the western coss¥ of Morth
Avorion and of Purope the mean smmml ranges of
temperature are undex 25 dogreas. The Tainfall 1o
yet woll distribited throughowt ¥he yesr, with the
marked maxtmux in tho fall and winter which is
chareotaistis of the narie repins, This mexes
the problen of flood control muh sasier if othsr
oopdttons exe squal, Eswever, flood flows umlly
Tesult from melting onows that ave mecwmulated in
higher nltitudes,and ¥hich slement nov beoomes of
magor contrel.
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I, 8S0OPE OR INVESTIOATION.

A sforementionad in the last articls, the prinaipal
faotors omusing the flooding of a Tiver in any pert
of the world are oyclonic storns, thumderstorss, monsoon
Tenfalls end melting wnows, These casses grade imto
60k other and no 1ines of Gemarkation can ts dram,
There ave mot enough data vith respect to floods from
-thunderatoms to sarve at the present tine as o beste
for dny rattonsl method of study. On melting smows
many stuctes have been meds, end since they are more
Toguler, the réeults can be expocted of high relisbility,
Agatn, they constitute & flood factor mainly in the north
end in strems flowing from high mountains and are of no
smportence for other Teglons than that mentiomed.  The
monsoon Tainfalls are the frine control for flood flows n
Zastern Asle, but there ers onlysemall smownt of date
available for mny intensified Yesearoh. ¥e, therefors,
ad better Mmit our tnveatigations o those of the cyolonic
storms{ It 4u the major climatic control as well as
that of the exosssive pracipitation over the United States
east of the Rookies end 1s especially smphatio curing
viater and spring sensens.




The dlscusuion of ratnfsll statistios in
Seation II was linited % a consideration of em-
©sssive precipitation records at indivicual etntions,
This invelved the ®o imortant rainfall fastors of
depth and curation, but igiored a third factor, sres,
¥hich 18 equally twportant. The next logioal step
in the investigation, tperefore, 1s to stuly o mmber
of large storms as a whols, giving consideration to
a11 thres of the factors, time, nrea, and depth,
whioh detemine the size of storus.

It 4s natural that ratnfall conditions should
e stutied tn an effort to understand and' sccount for
1004 flowa and o get an fdea of the probability of
the Tesurrence of the conditions that have produced
dontrastive flood

The United Statep Yeather Buroms hns a trenendous
mmoust of data in Tepard Yo Tatnfall at a large mumber
of stations and oxtending over many years, In flood-flow
Tocords there 1o mothing approaching this volwm of cata
6ves in a Tenote degres, If definita Teletions betwesn
7ednfall ané raneoff could beestablished, the problen would
e eimplfied. Plenty of hard work has been done upon the
tucy of Aheso Tela¥ions, and much has been lowrnod. The
| Jelations are variabls beosuse there are inmumerable other




ez

fastors, beside Tatnfall conditions that mist be
taken into account since they affect the proporticns
and the Taptdity of Tun-off.



1V, FORATION OF OYOLOMIG BTORS

& o7olonte storm ooeurs wither tn the tomperste
Latttudos o bogtne with in the troptes and submocuemtly
changes when 16 cnters e tesperabe, Thens otorms
a7 doptoted on the datly werthor maps as areas of lov
Faeasurs, and apooss in geeat mabers wnd tn slsort
infinite yeristy as rogrcs posttion md fors. e
Senselens chusges 1n the veather of the United states
57 tus wlaost teiirely o $he syposch ane paseage of
these szeus of lov sreseure. Tor thia resson, they
are somotines spoken of as the lowe of the westher map,
ox staply “lovat,  In these aress, spirally tafloving
vinte tum comteroloatwise 1n the north hewmienders and
clockiag 1 the sonthemm, | The ¥isa weloctty i penerally
=otarate; the nooompmariag eyeds axes 1s tmense) precistd
tation wmally cooure; “Wa ohanify in temperntyre and
hmictty are lerge and well marked. The hole fomation
15 £r0m o fox huntred %0 severad thousmmd niles in
Ctameter and roves with moterate wlootty froa soas vesterly
to some eusterly quarter,

1 an obesrvex faz above the exrth could Took com



upon the whole northorn hemtephers, be would ses o
Gasssloas proossston of love between the hirtieth
nd e1Eubeth parallels of latituds, moving sastward
ané onotroling the poles, Then big cloud axves would
loan white tn the reflected munlight. The ressom for
thte astwart motion 1a beosiss this 1a the prevatling
¢470cHon of both the urface winds end the fert-moving
Wper atr currents 1n thoss Intituses. Toe Joug thus
X178 with the guaeral wind sysiem

i lows may originate mywbers, A good part of
those hioh yisit Furope orlginete over the Atlasite

1o the Gamadien Praivie Provinoes just east of the Rooky

Nountains, Soms of them come tavough the mountaing
from the north Paoific, while a few criginate over the
Lerragoasa.  The longh 3t $ha path fotiowed varios from
« fon tontres attee 948 g ure onese, ere ham
s or s trositimeais ot 110 tihas

The tropical cyolones oome up from the troplos
424 fotn 4he exteatouptoel. cnes fn o plssest over
West Indtes and over the Philippine and Japen. As soom
s the tropioal cyolone emters the extratropiosl regien

i aees. tis vieioaens




1f the smaller portion of the world is constdered,
a8 for exsmple Darops, 1t is found that not all aress
aTo covered by the same mmber of lows, The lo

%0 preter to travel certain rather dofinite paths; snd
12 the actusl paths folloved by the Jows for a mmbor

of yoars ure goneraltse or sumarised, 1t 1s made
evidemt that o more or less defintte aystem of storm
Mraoke prwmt,

£10 by M114s T, Miloem 1 s Teteorology®
422858 1o pFEbably safe to atfire that mo mubfset in
meteorology has baem sore thoroughly studied by the
stattntioal mothod, that fs, by gemeralistng ststist
then have the highe and love, Simoe the files of eatly
wosther maps, particulesly for the Untted States and
Turops, comer » perio ofsfrom thirty to forty yesrs, the
satertal for such o staty 1épmle. ALL the statener
“hach bave baen nde ng, the ctatritatton of the
moteorologtoal elensnta sbout Miehs ang lows, thelr

tracks and veloctty of motion, have been gained by the
{aductive mathod of ressoning end sre Based upen the guneral
cenelustons which have been drawn from tables of stetistice
thout highs and lover.

1t




One clesavantars of the stor atattatios, Sorevor,
1s that moteorologlits have not so far given any corplete
exlanation® the oripin of lovs. Thts makes the brmmoh
of sotemon ot wel1 ertablished,  The prosest thevsisar
origin of addy ourrents, lows rasmulttag from hieha, cnd
Blevlowts Ooumter ourrent theory aze ot sxttsfactardly
1n6 wil ackiowloced, T sttempt wi1l b made o emlatn
i ther of them.

The goacks of Jows noross the Uaited states have
Somm guunrelts by B, maseld wnd Vescloef, e
Hgvlow epwten t0 the mont Mghly Generalised so that thers
¥111 be obly smal peroentace of lowe whioh will follow
thesa tzacks.  The Russell syvtem ta e naxt, and the
Teadleot syeten s the lesst ceneralised of the dies,

thus asoourting for the paths followsd by the larpmst
mmber of lows, At a . lotter 1n one place for a
tay ox w0, ox turn ikgrdy abide o ono direstion or en-
6ther ox more errationlly in almost mny direction, thems
eaaralized traske simply soesrosent noreal babavicu,

Ia the figure folovine the Bgwlow aysten of
tracks t show, Tha matn treck follows tho morthern
Soumdary of the Unitad States across the Orest Levas and
8 the t, Lerrenos Galley, Thts main track ie fotnad

\



by Abros others coming up from the south. Ona comos
up from the Colorado wnd Utsh and Jotns 1t Bear Leke
Superior, Another cones up from Texas and foins 1t
near lake Muron, The third comes wp the Atlantic Conot
&4 joins 1% near Hown Sootia. There te  econd catn
rack across the Texs wnd the Oulf States to the Atlmntic

coast, whero 1t oither tums nortiward or goes out over
he ooeun,

2

The broken line shown the average deily
movensut,
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V.  MIAI CONSNRVANON DISTRIOT STUDIZS ON
THS AFECT OF GRAT STORIS.

After the Bayten flood of 1613, the Mism Comm
servancy District was formed to bulld reservoirs,
%o snlarge river chemmels and to do otber work messesary
to prevent yecurrence of flood demage, Arthur E,
Mozgan, Ohef engtneor of this Distriet, carried cut a
bty of the meather Burem records that i wniqus,
The results weeobtained in Part V'of the Mwdd roporto.
The study covelgd all records sf.wmu stabes
Weathar Burem enst of the fodky Nomiaine, sl the
Terults have boon srrunged so that 14 1 possible to
#06 what thess records indloate for high rates of pre-
ofpitation end o that they axe of practical use when
applied to sotual probless,

Proveting the yeur he mmber of Teinfall
obaerving stotions was, %o farnieh sutticient
Tocords to deternine with precision the areas ooversd
by tmportant storms. Since that date the Tainfell

atations huve beon relatively more mumerous, constont,
ano wntfgraly dtetribated. Hence for tbe purpona of

¥ stucying fraqueney, sessooal end rographionl dlateibution
Of large etoths, the b-yesr period, 189201918, was sdopted.




In thie stay a1l sorme wore fncluded that
had records at five stations of Snéay preoipitetion
oqualltng or exoveding six tnches. Records of 180
sueh storms were Tome, They were divided nto two
roups, 47 northern storss and 113 southern storie,
together with thres other importamt previously comurTing
storas. The itne of Giviston betwesn north and scuth
was somewha¥ arbitrarily chosen glong the noMh boun—
aarton «i’n Garoline, Tennesees, Arkaness, and
Oxlahoms. Thes groupirg of Y1fseres hes cértatn
conapicuons defoots, ss 1t pleces Yows ené Hltrete
storms in the aume class with thos of New England,
although the douroes and oharecteristios of the two
7pe0 are quite cifferent, Nevertheless, the sub-
atvinion has proved to By of material assistense mot
only 1n making an 1ate analysts possible of the
Telative sives of thé storms, but sleo by Wringing out
olearly fnote Telating to Sheir sessonel elutribution,
The relative sizes of the storas were Goteratasd
by showing grechicelly the txmety highest S-day rain-
a1l records 1o sach storm,  To Go this sach storm was
Aven u seperat oidinate on & sherd of cross-ssotion
anw", ana on this crdtnate vers platted the highost,







the £474h Mgheet, the tenth highest, and the
twentioth Mghent velues for the maximm S-day period
of the stoms. The nocompeying figire plotted in thls
mannez, showe the 47 grost mortham storms nrc ‘b
113 groat southern storms arranged in obrenolopionl
oxer, The wpor and lower extremttios of the linws
reprossnting the ehoran sbow, Tespectively, the hichast
¢ the Sreptteth bighest valuest the wper cnd lomor
otzcles ehow] respectively, thacgyfin nighost cnd
tenth bighest values, The solfd'}
for which mepe and tine-sre-depth cives vers oram.

The -day maxtom period ves chosen for seceral
Tossons, lany intense storms last ordy 1, 3, or 3 daye,
and obvicusly it would not be wise to compare the maxie
m zocorts of such e with rocorda sosoeaemting
the total paectpitation H¥b-tay or G-day stomss. on
the other hand, 1¢ would not be faix o comouro the maxie
i Jmdny recoRés of o 6-cay atorm with the mozimm
1=day Tecords of u lmday stoms, The 3-day period is
Sheretors, oomsidered o fatx averags for the murpose of
oompartng these types of storm.

The report then proceeds With » dooristion
of some Watrey4hres of the most motatle

orm that have

=



awept the countzy in the entize period covered by
the Neothor Burest Teoords. Ths work conststs of
& number of ¢iatinet stepe as followat (1) The
Fainfall data pertatntng 4o the storm is sssesiled.
(2) Thare are deterained the l-day period of greatest
average Tainfall, the >-day period of greatest aversss
ratufall, asc so on, Wti) the whole durstion of the
atorn 1e covored,  (3) On & laxge soale mep of the
Tntted 3tnted, shoring 4l nur’.iﬁ observation atations,
theTe 1a plotted at esch statich §BY figures soming
the smount of preofpitation for thersatibum I-dey of
he storn.  Siatler mps aro propavea’for the mucconsive
Pertods unttl the whole Guration of the #torm, or until
the maxtmm S-day poriod 1e covered.  For atorms of more
#hen 5-day the napping ves Goxtined to the five comsec-
utive days of maximm L. (8) on oach s
4achystelsere drawn, To ooVer all the ddye of the atomms
ared for thi stuty, 114 such maps were Tequizod. Those
8ape have baen Tetuoed to o muall seale for subliontion
outtting the individusl records. (8) The arous contained
Vithin the techystals are nessured with a plantmetor,
(&) The average dopths of rainfall aver the areas are
seloulatod, (7) On ocordinate paper & ourve, deaimmsted




9.

& *time-area-eptht curve, 19 platted ustng
the resulte obtained from each mep, platting as
orcinates the ares in squere miles contatned
¥1thin e4oh lechyetal mnd the average depth

in tnches over suoh ares.

seaults thus dorived are expected

%o apply to different seotions of the

Sastern Unitsd States, in detersining the

st probable distritutton and tntemsity of

arent stormn whioh mafigou in the future.
%




BOUUHIONS 1CCATION LMD SERIONAL
CISTRIRUTION OF GRIAT STOMMS.

o peneesl ogrephiond . sessona et
bution of the 180 grest storms studied by the Miami
Conservancy Distriot are shown in the folléwhgy chari.
Trom a study of the ohart, 1t was desided by the Distrhet

‘ enginsers to divide the ysar into quarters beginning

| cupvettranse mtien 5 yimasey', oy 400 amgurt

| 1 In e tlent e of 0 yogy, ourtng e sntne

| of tormber o 4ori3, 21 stora, a8 s tions, evese

in the Misetesipp Walley from the O of Mexice to Towp,

TiMacke; Toatoon and ks, Tn 100 sooogh halt of e

yoez, 1y 40 Gutaber, thay osour seispigaily slong

the Atlantio and Qulf Coastal regions and' 1= the Gentral

Miantastzpt Tedley, the gt maber of, snterios siorme

coeursing vest of 5o Masitont tverdt, i both srth

i vy hm: e sARES b sowie dising Yo rme

sonths. In the aorth, they end So oo frequmtly ia

i ety v S S Sty

cectyimmes: Thopigit. e wiins ez wtima: vl







hove comrred oF apssorisately 3 storss eadh siutes
sonson. 0f thts mmber, 30 wera in he soushern grow,
cutto svenly distriiuted ows westom Gaorgis, Alsbass,
i1astastppt, louletana, Atkanass, end Eastern Toxes.
e maanm, of courss, that a wiater storm of the
datined dutamatty suz oize coatrs on 4 svorsge of once
ezy thzee yenrs in tho Upper satestppd alley, and
once or teice asch yems over some part of the southor
atates, For mummer storms, there wero 112 in number
oves the ssase alonz the Atlantl mnd QNI cosst snd
clong the Wyaetanippt Rver, Thta 3 an average of

4 or 5 each year somewhere in the Usiited States east of
the 10308 meridian,  Of ¥his mmbez, 13 storms, oF s
average of 1 atorn every 2 years, obllirzed on the north
Atlontic const, and 26 storas or an average of 1 each
yeu 1o tho tuterior rogiph along the Jagrisest v,

That aome paxta of the United Skates re apt to
have more chance of passing storas oF have storme
Jieietng beevier proctpttation than other nerts naé
a5t %o have, may be attributed to some of mll of the
folloving olmrtte controles

(1) The latitads of  place mithtn the tnttes




states 1s clways the comtnant factor,  This s perti
aularly nanifooted in exssining the chart of fhe

nomaal anmual sinfall of the country. If the Unites
taten could be Langined to be of uniforn slevation,

1t 13 probuble that the ischyetal lines would run.

noarly due east and west, evenly speced, with m alisht
northensterly dfflection ness the Atlmtie comn omaed
by tnereased stnoupberia motatare from the souros, and
conversely a southwesterly trend west of the O7th

ridtan omsed by inoreustng lstesce from the Oulf,

The reader should mot nfer from this that hewvy Tatn-
fal1a owe their mofeture exclusivaly to evaporation of
otesn waters. mnharl.llwww 7
#rom 1ana surtaces,

(3) Toe next \,wam factor wAll b the
clatzimtton of lans and sater, o gobetal roctons
Proximate to the ses will surely reosive creater
tnomt of mistare thn places otherwive located, 94noe
ost of the henvy atorma over the interior prrt of the
United Staton owes 1te motsture from the souros of the
Oulf, this effect of 1mnd and water tends to sccentuate
tho latituse control,




(3) Difference tn altitude 1o responaible for
much variation in great stors froquency and atrangth,
® o01ded dsoreass boing noticerble tn mountatn Tertons.
For instence, the Appalachisn systen is remponsible
for a pronounced southerly dsflction in the inohyotal
prest

The 7apialy tnoreasing elevations of the
Oreat Platns region west of tha 97th meridimn con
tribute matertally tomard deoronsing the moxad nrount
of prectpitation in the westsard cirection.

(4) The effect of mountatn barriers is dlscersidls
Dowsver, only in the division of tha whols United States
1nto the parts of entively different climates by the
Rocky Mountaina. It is the castern part ohiefly of
continental elimate that wo are no¥ Gonoernad bout,
Another leason that

cun 14&rm Trom the ohart
of northem nd southorn jorus arranged by sessonsl
oceurrence, is worthwhile o be mentdOREY hero: Over
the Unitec States there 1s a belt of wtormy renther
omoillsting poleward and equatorwnrd as the sus noves
o and £r0 1n the cource of ite reqular migration,
Horthwerd nozoss the oountry swings this

tora belt
5 the eumer oun oomes sorth of the equator, ant south-
axd 1t

4ngs in winter following the deolintng aun,



covertan the comtry to the (MIf of vexteo.  The
hart shows that the morthern stema cocarred Arring
the hiTc quarter of the years = Vay fo July = nxo
Practicnlly of anse regnttudes and tn sane cmount
a8 the souther stoms cocurTiny during the firat
quarter - Hovember to Jwmmry. Thia 17 oxactly Tt
| vy emect from the theorsticed sensontnr.

]
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VI, DISOUISIONS OF TIME-FAPTH RGLATIONS.

Tha ctsousstons by Miomt Gonservanoy District of
tho Vise-azeomdopth selations oxe o dnetrictive
that they ave vorthuhLle to be quoteds *
“Exom & kmovladg of the oasaes of preotpitation
40 ntertor continental regtons 1t would b sxpocted
12t the maxtmm leday perlod of Tainfall would be
proceded and’followed by perlocs of gratually tnoressing
iy gntin THRSAIY, cepsotal iy g N
montha,  This 1n gemerally found to be true, the mextiua
Iday Tasnfeld zerely ooouretng on fha firet or lest dey
of the stom sertot,s .
*Another very notiesable fact tdthat the copth
of zatn vhioh falls on the maximm day 1o aluost lvays
more than Balf the total of the otorm geEyed, romrdle
of the mnber of days in the latter. Thts t8ticutes,
that ok Higher zates of sreatpitation ocur tn serters
| of leas thana day.  The nocuracy of tais Gonolusicn
Das been verified at inctvicusl wtstionst.

* Iie itent oneervancy District Techntonl Reort To.V.
13

d
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The bovs txo fects cnn readily be explatped
if one hns some moquadntans

o wth wosther ropa,
The *lowst travel ot an nverage velocity of 31,7
riles per hour eaatwerd. That te shy the hishor
Fates of precipitation alxays occur in pertots

£ leas
hen & day. It 1o oaturel that the oenters of lovs
epprossh » rogton grasuelly, firat costng the lover
Leobera (o7 aqual preasure lines) mext following the
iowest yressures or osmters, and lestly costng tho
lowsr facbers agatn. I+ follows, thersfore, the
estmin I-day Feinfall rarely oseurring on the firet
oF last day of the stora period.

*In guneral, thers are wo very great aifferonces
betweon t1o longest atorm and the seodnc or the thtrd
longest. Thts is more nearly true of the gorthern
Erowp than of the southerty and for the leday, 3-day,
ant 3-cay pertots then for the d-cry sha Fatay oeriods
his potnt w11l be ctsoussed later.




RIIT T piCPOSID DIVISION OF VIOLENT stowc
3 TK TRE EAITT UNITSD STATH,

Ao explatnod tn Art. V2, sons “cxta of the Mntted
atrtes azo ant 1o have more ohanso of raratas vioma
oz vave stoms ylolétn: heuvier proctytiation than
other snxt ure apt o baw.  The Tossona o bo found
£20% the grmesad cltmatio contzols deseribod n Arb. 1.
his 3 eds 1o the tatrotuction of s dmportant feature
catmmtolom, the ivision of stoms smes 1o tho Tnitet
statens

Tartoun clarsifications of olinstes Bave bean made
Zor the wholy werld aa WLl 5 7or some pEFtiGUIEF perts
of the voria, But the present work 1a of x aifferent
s, This division of sones ie made $rom the stondpotnt
ot the trsquenoy and mntbuce of the passing vialeat
stomms. It 1a ot = olesetfication of Qlimstes, slthongh
the afforence 1n the ohsnoes of passiig S¥ires botwen
any tuo zopioms in a somit of etffersnon tn ciimatoss
It 1a 04121 1ot & classificatton accorctng o the fopth
of prootpstation, slthough the depth La n Glrect Temat
o pusetng atores.  Consequently, fhere te mo stngle
climatto classifioxtion available b own be cirectly
¥ it




@

108,

Tho classtfiontion hereby preposed 1o based won an

exaatnntion of the thres ways of rm—-ntnln- o
the evatleble datds

(8) The geographicsl alstribution of rainfall types,

(2) The maximum precipitation in 24 conseeutive
bours in various parts of the United States
™4

(3) the Goographical looation of the 160 gree} storas
st8ctod by the itemt Conservancy Diatriot,

THE OSOGUPRICAL DISTAISITION OF RARNPALL TIVES,

Tho rainfall types bere given are those of Ward'sd

‘based wpon en exaninaticn of o lazge mumber of plobted
monthly rainfall sacunts for selected stations in all

Perts of the United States, snd wpon a comparisen of the
curves thus obtained vith the Fainfell trpes sugrested

by Oroely,? Honry,3 ant Kinoerf,  Eech type ie {1lne-
trated by » ourvo shoving the nonthly saEEte of Satnfall,

Those curves axe compoetter

Each cne te based upon the

records from several (usually five or six) stations in

The olimates of the United States - Fard, pp. 186200,
A, 7. Oreely,*Rainfall Types of the United Utates,*

Totional GsogFaphde ¥agasing Vol. B, (1893) pp.4s-58,
nate . ¢
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the eme gmeral Gtetrict, In usiag a Omosits
ourve instead of the curvs for a single s¥ediom, the
adventage 1s that tndtvidual local pecularities sud
orrors avising fron the topography, the altituto,
the exposure of the gage, wnd from other looal eon-
trols, sze %o @ consideradle degres meutralised. Of
ooures 1t wask ot bs expected that tue curve for any
1noivicusl etation 4n any glven yeer Will egreo sb-
solutely ¥ith the typo Gurvo for the dlstrict. Those
coufifbtte ourves ehow only the momal domizant type
of rainfall dlstribation over the syeas for shich
hey have boenm seleoted ss illustrations,  Hoth
the locations and monthly dlstributjons of these types
are shown in the ascompanying ohert .

¥ appenre 4 b8 cuthor ek ghat o oen lowtm
fron the Tutafall types Shat bas n Yeeiiag on oz
purposs arer (1) the relative ummal e nenthly mownts
of precipitation for different types give - iddex to
the frequmotes of passing storms over the Yempective
Toglons with dus refereuse to ihetr geogrephicol locations,

B o T e B e e
BB S R
5B Frsolbitation wa the mmtetty soctyon of

of Ameriont, Agricuitire, Pers 11, Olinate’ (13
vv- 8, 77, T




Thuo we have understood from the stor fogorca that
there axe many nam heavy storas rescrded over il
Tagions of the Uissourt type than of the New Sigland,
Hevertheless, from the prasent chart, we sse that

the latter zeceives moze rainfell monthly and mnmally
then the forasr. This shows readily that the Masouri
typ0 has haavy storss but less in mmber, while the

Yo Iaglant typs hes many more storss but of sl
agnituden, The plzase %all roats lead to Romed mirht
bo Sbbupnrased 15to %) storm trasks 1end o vow
England*. (2) The geogrphical looation of each
type provides the explanstions for 4he causes of

uch dopth wnd dtatritmtion of Tatnfell, and thorely
have some ovitical bearings on e wWpected heavy

storas. Thus 1n $he Tozes const Yrpffphere ta a
Barked sarlp-fall (septeaber) 1
Tatioally ¢ifferent frou the North n-ﬂ"fam e

This 1s beomss the strong southesst wind from the Gulf,
which {a essentially mnsoonal in charester, interferes

*1h the builatng up of swmer cwmll and cwmlo-niwbt
clouds. In other words, comestional processea eo on slong
$ha northem goast of the Culf But

tnterruptac on the

T 7 TFoqaeney on
R. Vol.49(1921)pp, 498499,
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Sostismet 1, 1 e e il ok
of eack type from s ont’
FO18% of View, The rendsrs are emected to Tofer
to these books listed,
(2) Moxtmm preotpttation tn 36 consecutive hour
Tha data Togarding heavy rainfalls during the twenty
your period 1696-1914 have been ohartee?, ¥ e nesvicet

Fodorded ratnfalls in trenty-four bours varted fron
over 10 tnches slong the Oulf Gosst 1n Texes aad
Loutfans, whero the dowmpours cocirred in connsation
*1th Test Inttan hurriomes o 4 nehos over the Platne
and the northonstern states. (see ¥he masompenyivg chart)
On the north eoif1o Gonst the twemtyefour hour mousts
have not excesded 5 inches, although $he mean snmual
Fasntoll 1o haaviast there. "

he tmportance of suoh a charyAigmeloptag the
Slasnif1oation of atom sones 1 s that the
Toadex shoul not neglect 40 mottos At

The records of most intense atafell piven by the
Ntast Gonmervancy Distriot n oharte® of Ieday to Goday
Gurations should be more socurate than the prosent chast.

* utem Distriot Technical Reports Part V.

ection on Precipitation and Humidity of the Atlas
*3 Tioan ip ture, Fig. 70, Text Page 42.
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o ey t0 ey dusations sneuds m st et
then the present chart, The peried of reosmd 18
208 1692 t0 1918, being 5 yoors longer then the latter,
The records show a1l fnoreass in saximm depins, bt
the relative values and tendenotes of contours do et
chango very mioh, % for ou¥ puspose, thass charts
are tot zeproduoed here, elthough frequent Tefsrence

10 whtch hes boen nade.

(3)  The geoprpphtonl looation of the 180
greifutors studied by the Uiani Conservanoy District.
he 160 stores ooourred durtng the period 1893-1018
have been platted in the scconpenying chart showing,
ths googreshical locattons of the cemters of astien,
The thirty most fmportent storms vbose las-eree-depth
Zelations bave been studied by the District are marked
with cross and musber, The other stonis,Wiw tots only,

A Elence at these plottings shéve reatily
Which parts of the Castern United Statos aro mre b
%o have violent storas passing through, Dut thess
4nttcate the mumber of storms of great sagitudes above
that dofined. Gnall storss though of grest mumber dave
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of Tepromentations of relafall date a dirision of
Violent storm mones in the Zastern Tmited States is

horeby proposed. (See ascompanying ohart). The

civiston 1s rather general. Agatn, we ohould say that
1% 10 more empirical than theorstical, in considering
4ts original bast

Yor tnstance, although meteorologtete con-
20t ewpletn wiy the *Centrel isstssippt Zene® ae bere

nomed 18 apt o bave more paseing oyolone staras of

tresendous wise then the %Mo Zone® 1s cpt to havej still

the yesords shov hat 1t happens o b so. Neverthale
the eatblishing of the fOULf States Zonest, the fAtlmtie
Zoness snd the fHew Ingland Zones® Lo besed mainly won
the theozeticel climatic controls over thase Tegions sn
611 as an cbeervation of avatlebls Tecords.

It hould bo boroa 1n mind Shat the division
Itnes of sones s0 dravn sre mot rbaolute, » Epay do not
roprenent separations of two parts of diffgment oharaster-
Lotton, Except due to abrupt obanges of Phyatopreshic
aonditions such aa thoss between the Atlantio and Obo
Zones by the etfeot of Apoalachian Ranges, these chances
Sowerd saoh sids of  divieion ine sre alvays Eratusl.
Tha zensons for 0ividtag these sones in much
« mamner have quite fully besn expleined n $he preceding
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and present articlos that it might seem to the
renders ss & natural cODsequITOS.

At fizet, the anthor plamned to classify storms
apcoréing to their tracks as desoribed in Art. IV, dut
Luter on he felt that such a way ia fmpoper and yet
fot destrsble. The objections wre svidemti (1) stom
trecks are ot definite at a1l Thoss proposed by the
aifforent nateorologists Tepresent the gomeral Toutes
only and axo subjeck to vertations.  (3) The
tracke shift oeasomally, norihward Trom Winter to suner,
foltoxing the migration of the ef, Ousd e faster can
hazdly, if not eutirely tmpossible, Yo e faxen scoount
of in davising @ Olassification, snd (3) The strength
of atorn and ancunt of precipitation sven varies along
och track, This makes sach s olassification of little
usofulne







IX, STANDARD HAXIMIM TIMG-AREA- DEPTH
TH TR Bl OF THE SASTH DVETED STATES.

Tron the gographical locations of the thirty most
tmportant stoms the maximum tiseares-dppth curves
20 nade for each of ths seven violent storm somos
Teprasenting the meximm zelations of the storn festors
Teoorded during h poriod 1896-191, Thess are
Plotted foom tho originsl carvaa made by the iadd
Gonesrvancy District on Techniosl Teporte Fart ¥, Tig.
94103, The ourve of oush sone here drmm 1
Dowevez, mot naosseartlty from one siugle storm in
the 20m0, It comstuts of uarts of soms curves that
111 pive maxina dopthe of rainfell for thess Tes-
Peotive parts. ‘n tho subsequent five charts of five
lengtha of duration of Tatnfall, tho sSorm mbers are
Reziod WhIch oan bo roforred to for thelr logations and
im0 of socurrence fron tho oharts of Arts, VI and

v,
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2. USZ OF THE TIME-AREA-DSPTH OURVES,

1t appoars to the author that the praotiesl uso of
he tize-area-depth curves should be ss followss First,
&cteratne (1) The stom zone to which the vatershed
‘belongs, (2) The sren in thousands of square miles

of the watezshed, and (3) The approximate tims of con-
contzation of water flowing from the farthest end of

the watershed to the point vhere Yhe protection or axy
enginelring work ta to be provided. Tiep, Up referring
%0 the time-sren-dopth curves given in ATt. II, the
mexioun depth of zatnfall of a Guration equal %o the

#1n0 of concentration in sush an ares of vatershed within
the zone oan readily be picked out. This depth divided
by the Gorrosponding duFation will Eive ®he averess

Tate of tntenstty of ratnfall.

If the watershod {n question situstes on or hear
the border of two or three zones, thon the several time-
aTea-depth curves for these sones should all be lnvesti-

o find the sultable results which are not mecopsarily
the extrens valuss asong the two or thres sones.

Y o5
tion 19 in turn depending upon the intensily of raiafall,
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in dealing with such o matter. What wo nre interosted
1n eventuslly s the maximm discharge of the river
channel to be provided for, This tnoludes a time
factor, ormther o rate than simply an mmount. 'nttl
the time of conoentration from ths farthest ond has
elapsed the shole drainage area sbove the point in
question will pot all be taken into sffect of the
covering ratn, comssquently, the Tiver discharge will
Dot ressh the peak. 8o in order to utilize the whols
dreinage azes, the Suration of Tainfell sbould not bs
whorter then the tine of concentration, On the other
hend, 1% 1a & fact thet the longer the duration, the le
will be the intensity of rainfall, which will again Te-
Gace the river dlschargs. Tosrefore, the time of con
contration should be teken as the @uration ia emtering
the Vme-arom-depth curves,

This method of ustng the curves svidently inwlves
& mumber of sssumptions, and ell of which tend to make
he average depth over the aren appenr gronter than
would probadly aver ooour in a stomm idemtical with the
one applied, But in considering the cass that u procter
stom than eny yot recorded may matertally outweich
o1l of the above overestizstes, we have to vork the
prodlen on the sids of safety.
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Py the present method, the frequemey or perted of
ooourrences of a great storm 1s mt ceterntnate, e
4835t of wtorns in sach sone ent the complicatensss

©f defining the sises make both the atatistical ma
ompirical methods tmpractioable, Foteithetanding this,
50 nttempt W1l bo made ato attack the question tn @
Zater erttls,

In conatdering the effect which o storm ¥l pro-
a0 1% 12 Desemsary %o take futo mocount the Sopecrapiy
of the ares, season of the year, vegetadle gropth,
churaater of surface soil, its condttion and degres of
sabaration. These enter izto the main problems of
hrerologr.

The timeerea-depth oufvss here presented nre
20t adapted for use 1n the desien of sewer systens. Tn
e lotter, tis umits s small aa hours and mimites, end
units of aren as smll as scres are ovaential. seotton
I apples more perticulerly to ratnfall over small o
nogltEtble aroas,
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XI.  THE PROPOSED METROD OF EXTREUE FLOODING,

Trom conatderations of the effect of grest storms
45 trocuotng tnuncation of the watersheds, another
fethod of extrems flooding 1o bereby proposed,  Tn
stutying ouch a probles, we om slvays analyse 1t tnto
€30 Ferte. First, we cetersine the probebls smcunt of
Prestnitetions trought over the watershed by th storm.
Gecondly, w f104 the Piver dischargy from the ctetri-
bution of eush an mmount of prectpdtation with respect
%0 the watershad below, The method mew pressmted s
eabosted 1n the folloving stepai

(1) Tnowing the storn sane to which the
watershed belongs, 104 ite wrea, shape and orientation
Tron the contour nap of its topogrerhy. Investimute elso
e t1se of cosoentration,

(3) uake a 14t of the storss frem the records
thut bad paseed over the sond in time-cres-depth relstions.

(3) Toowlag the area of the watershad, the sppToxi-
mate tiae of conoentration, T4gure ut the depth of rainfall
of ouoh pussing stora, Multiply the depth of thh drainage
eren, gives the maxtmm amount of prectpitation ower the
watezshed for each storms



(4) If only grest atorus have been zevorsed,
©8 ususlly oze, spply the mathod of arbltrarily st
Swrted Gurstion ourves to the emounts of prectpitation
coterained in (3),  The method 1s same as used in
Art. VI, Fart I, The curstion curve ie extented to
£1nd grester amounts of precipitation for Farer chances
of appening. I oase a1l stores, Grest o s,
have bean xecorded fox a period of years, then the
statistionl method oan be used. Refer Part .

(5) Arrangs thts mount of precipitation over
the tratnage area by neane of fschywtals of an ddesl
#torm with respeot o the topographte contour mep in
wuch a mamner an to produse marimm dlschargs et the
otnt imterested, This step might Tequire soms oxplen-
ation, Usually a st of 1as sonest representing somes
of equal tms of conentration ehould TLEsh be made.
This 1a similer %o the run-off caloulstions in aswerags
dsstgus, (Refor lotonlt and Hey *Sewreqe and Sovacs
Beposalt) Thon put the center of storm with hichest
7ate of Tatufall on the farthest "time smne3 e the
lower rates on the mesrex *ilme sonet,  After sevorsl
triale have been made, the Glsoharge st the point oen
thon be coloulated, The Wltimate velue ¥ill evidently



e alaont oqual the smoumt of prectpitation from ()
divided by aumation.

Tos rummott costricient Lo bers considered
equal to unity. Ite Getermination is snother bir,
Andependent protiem.

It should be noticed thet the present problem
1 quite an inyrichte one. 1f the etors cexter ta
noving from $he wper to the lover parts of the water-.
ohad, the river Gisohargs will be setertally ineressed,
Aratn, the relative eises of the drainage erée md
stors wres w1l bave direot boaring on the remslt
throughout the process of the mathod, The oriestation
of the axts of the watershad is azother fastor of prise
Smportance,  ALL stores with deohpetal ellipses point
rom cue Fast to dus torid, mostly mortienst, bat m
ono points in the Zast Test gusdrsagle,  Thts 1s due
%o the effect of the provai)ing wosterites, Yor if
the vatershed exts lies in a northewst direotion, 1t 1s
D% o cause more fioods than othorvise in the orth
wost cirection from  smms sixe of stors, In ooe wore,
D statomant basides guneral principles omn bere o ox-
Plained, The reader should try to vieualise this himself,
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