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PREFACE

Floods have ooccurred in the past and will occur agalin
in the future. References to floods are incorporated in
some of the early wrltings of man. Unfortunately though
man has racorded the event, he has seldom recorded faots
whereby it 1a posalble to determine the volume of flow or
the height to which the water rose. Where man has re-
corded the height to which water rose, much data such as
channel conditions, vegetation coverage on the flood plain,

etec., remalns vague or unknown.

It has been only in comparatively recent times with
the advent of the steamboat that man has systematically
recorded information regarding river stages and approached
the problem in a logical manner. The period of record for
most of the rivers of the Unlted 3tates, however, can be

placed at well under one hundred years.

One hundred years of record for a phenomena with
causes as complex as those causing floodas 1s meager com-
pared to the vast volume of unrecorded events. The
engineer, however, must take recorded fact and make his
predictions. This paper is written concerning recorde
of less than one hundred years and a method used to es-
tablish flood levels upon which englneering structures

could be designed,
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AN APPLICATION OF SKEW FREQUENCY CURVES TO RIVER STAGES

INTRODUCTION

The early history and development of the United States
18 closely linked with the rivers of this country. Along
these natural means of access with the interior traveled the
explorer, the hunter, and the trapper. These earliest in-
dividuals in the wilderness were nomads requiring no perma-
nent home or shelter. They moved free and unhampered by
equipment over the land. They came to see and took from the
land only that which bountiful nature provided without inter-

ference and without the assistance of man.

As the explorer, hunter, and trapper extended the
frontiers of this nation, settlers followed in their wake.
These later arrivals demanded more protection and comfort
than the hunter and trapper. They bullt permanent struoctures
as a protection against the elements. These settlers also
were not content to depend alone upon the bounty of nature,
They cleared the land, tilled the soil, and turned the

wilderness intoc a land of plenty.

As was to be expected, the early settlers chose the

lands laying adjacent to the streams for there lay the



richest soil. As the number of settlers increased the need
for communities arose. These early communities likewise
were founded on the banks of the streams to be near the
farmg they served and to be near the cheap and relatively

rapid transportation by water,

The history of any community founded on the flood plailn
of any stream is incomplete without reference to the floods
which pasged through the valley and man's effort to protect
himself from the ravages of these floods. Many of these com-
munities upon the bankas of the various rivers have been sub~

Ject to floods almost since their founding.



EARLY HISTORY OF FLOODS IN MISSISSIPPI VALLEY

"In the Alluvial Valley the Mississippi River is an ag-
grading, or soil bullding stream., In time of flood the river
goes out of 1ts banke, dropping its load of sediment as 1t
goes, Thls action 1s due to the slowing up of the waters as
they leave the river's channel; and the larger share of this
material settles on or near the edges of the atream. For
this reason the banks are generally from 10 to 15 feet above

w(l)

the lowlands away from the river. Sometimes the com-

(1) Missiesippi River Commission. The Missiseippl River.
Prepared in the Office of the President, Mleslissippi

River Commission, Vicksburg, June 1940. p. 9.

munities along the river were well situated on high ground

but the farmlande along the banke were subject to inundation,

New Orleans, founded in 1717, is noteworthy in that it
was the first community on the Mississippi River and was the
place of origin of the vast levee system now extending up

the Missiscippi River and many of 1ts tributarlen.(z) “The

(2) ibia., p.o.

slte was chosen because of 1ts fertility and proximity to

the river, in spite of strenuous opposition based on the be-

lief that the future town would be frequently overfloved.'(S)



(3) 1ibia., pp. 9 - 10.

"Lees than a year after the founding of the city the Migsis-

8ippl overflowed its banks, and New Orleans was flooded to a

W (4)

depth of from six to twelve inches. “De la Tour, the

(4) Asbury, Herbert. The French Quarter. Garden Clty
Publiehing Co., Garden City, New York, 1938. p. 8.

engineer whose opposition to the slte was thus overruled,
direoted 'a dlke or levee to be ralsed in front, more ef-
fectively to preserve the city from overflow.' The early
levees were small embankmente, yet they served the purpoese
of that day because flood waters, allowed access to the low
ground away from the river, seldom were more than a few feet
deep on the high ground along the river, which weas the only
ground then under oultivation. By 1727, the New Orleans
levee on the city front had been ocompleted to & length of
5,400 feet. Each planter was required to complete the levee
along hie own river front., By 1736 the levee line extended
along both banks of the river from 30 miles above New Orleans
to 12 miles below. During that year high stages caused many
erevasses, In 1743, an ordinance required the inhabitants
to complete their levees by January 1, 1744, under penalty
of forfeiture of their lands to the French orown. By 1812,
when Loulsiana was admitted to the Union, the levees ex-

tended from the lowest settlements to Baton Rouge on the



left bank, and to Pointe Coupee on the right bank.

The construotion of levees by small groups often re-
sulted 1in conflict of interests, at times situated on op-
posite sides of the river, at times on neighboring planta-
tions. One reason for this was the steadily increasing
flood heights that resulted from the confinement of the
flood waters, which formerly could spread in a sheet over
the full width of the valley, but which now began to
threaten those whose levees were low. Recognizing this evil,
gaps were left in the dlke system through which excess flood
waters could escape in the low, as yet unoccupied, parte of
the valley. 1In spite of this, many of the early floode were
noted for levee fallures caused by overtopplng, crevassing,
and bank caving at points where no flood waters were in-
tended to escape. Raising low places in the levees merely

resulted in transferring the danger points OllﬂHhOPO.'(a)

(5) Mississippl River Commission, op. c¢it., pp. 10 - 11,

In the years that followed the founding of the City of
New Orleans, the dugout and the cance gave way to the flat-
boat which in turn gave way to the keelboat. The invention
and development of the steamboat eliminated the keelboat and

placed demands for channel improvement for navigation purposes.

The firest effective step by the federal government was

an Act of Congress paseed in 1879 coreating a Mlsslssippi



River Commlsslion charged with the improvement of the river

()

channel and the construction of flood protection works.

(6) Missiseipni River Commission, op. cit., p. 17.

As a result of the work of this commission, Congress paassed
the River and Harbor Act of 1881 and appropriated §1,000,000
for river work, Thus the first step towards coordination of
all river work was started. Subsequent years saw great de-

velopment in channel works and levees.

“In 1927 the most disastrous flood of record occurred.
Flood levels attalned unprecedented heights and losses ex-
ceeded those ever before exnerienced in the valley. For the
first time in history, completed and seasoned levee works
constructed to the standards of the Missiasippl River Com-
mission proved of inadequate height and therefore failod.'(v)

(7) Mississippi River Commission, op. ¢it., pp. 18 - 19,

As a result of this flood and after much investigation,
Congress passed the Flood Control Act of May 15, 1928.
Among other provisions contained in this act were projects
for "Construotion, extension and repalr of the levees between

Cape Girardeau, Mo., and Head of Passes, La.,'(e) and "for

(8) Missiesippil River Commission, op. cit., pp. 19 - 20,

the prosecution of certain fleocod control works on the Missis-

sippi River between Rock Ieland, Ill,, and Cape Girardeau,



Mo, " (9)

(9) Mississippi River Commlission, op. ¢it., p. 21.




PREVIOUS INVESTIGATIONS OF FLOOD FREQUENCIES

Prior to 1931 studies of frequencies of floods in the
5t. Louis Office, U. 8. Engineer Department, were made at
several gauge stations by seleoting the single highest daily
stage 1ln each year and plotting these stages in order of
magnitude, beginning with the smallest, on semlilogarithmic
paper. Stage, or gauge helght, was plotted on the deolmally
dlvided ordinate and the time, in years, was plotted on the
logarithmlcally divided absolesa., A smooth curve passing
through these poilnts was drawn by a draftsman using a apline.
Seleocting the stage height lndlcated at the twenty-fifth
year as an example, the curve may be interpreted in the
following manner, On an average over a long period of time
the annual daily high nfage indicated will be equaled or
exceeded once in twenty-five years. 8Specifiocally this means
that considering all the years of record and all the years
of future observations we may expect under average conditions
that one year out of twenty-five or four per cent of the time
in years the single high stage indlcated will at least be
equaled and may be exceeded for one or more days of observa-
tion in that year and that in the other twenty-four years
the maximum dally stage or stages may equal the indlcated
stage but 1ln all probability all the dally stages 1n those
years will be less than the indicated stage. Actually the
sequence of flood and drouth years 1s not known. No c¢yelle

trend has as yet been found. The indicated stage for the



example used as 1llustration may actually be equaled or ex-
ceeded in four consecutive years and may not be equaled in

any of the ninety-slix or more followlng years.

The defects of using the single highest dally stage in
any year of observation are several. Firet, and foremost,
the method ie subject somewhat to the skill of the draftg-
man ln drawing the curve through the points. Any slight
variation in this curve may change 1te slope such that when
the curve is extrapolated, usually on & straight line, the
annual daily high stage indicated for some year beyond the
period of record may vary an appreciable amount. BSeoond,
the curve le based upon a single daily high stage in each
year of record although in the twenty-five year period used
as 1llustration there me&y be two or more daily stages 1ln any
cne year exceeding all stages 1ln the other twenty-four years.
Third, although the annual dally high stage can be determined,
no means are available to determine the number of days in any
period the stage wlll equal or exceed any given stage of

lesger amount.

In 1931 the 3t. Louis Office, U. 8. Engineer Department,

studied frequencies of floods by means of Allen Hazen Prob-

ability Paper, (10)(11)(12) In this method the same single

(10) Hazen, Allen. Storage to be Provided in Impounding
Repervoirs for Municipal Water Supply. American
Society of Civil Engineers, Trans. Vol. 77, pp. 1540~
1660, (1914)
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(11) Hazen, Allen. Flood Flows, Discussion of. American
Soclety of Civil Engineers. Trans. Vol. 77, pp. 627~
631, (1914)

(12) Hall, L. standish., The Probable Variations in Yearly
Run-0ff as Determined from a Study of California
Streams. American Socliety of Clvil Engineers. Trans.

Vol. 84, pp. 208-212, (1921)

highest dally stage in each year 1s alsc selected. These
annual dally high stages are then plotted on paper with the
stage, or gauge height, plotted on the decimally divided
ordinate and the time, in years, plotted in order of magni-
tude, beginning with the largest, on the absclessa with divi-
sions spaced in accordance with a probability distribution.
This abecissa 1is divided to represent percentage of time
from 0,01 to 99.99. The plotting point on the absclesa 1s

determined from the equation

- ?n

where: P is a percentage of occurrence
m is the order of magnitude of the stage
beginning with the largest

n is the total number of years of record.

A smooth curve was then drawn passing through these points
by a drafteman using a spline. This curve wae interpreted
as follows: on the average over a long period of time a

single annual dally high stage will be equaled or exceeded
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the percent of the time read from the ocurve for that stage.
This type of plotting does not have as muoh extrapolation at
either end, high or low, and therefore is not subject to the
8klll of the draftsman in as great a degree as the curve
mentioned in the previous paragraphs. The ocurves plotted on
probability paper, however, are subject to the second and
third defects of the curves mentioned in the previous para-

g!‘aphl.

Further investigation 1in the literature revealed that
Mr, C. H. Plerce stated "It has been shown theoretically and
verified experimentally that certain natural phenomena follow

definite mathematical laws." (13) Mr. Plerce applied the

(13) Plerce, C. H. The Probable Variations in Yearly Run-
ore a8 Determined from a Study of Callifornia Streams,
Discussion of. American Soclety of Clvil Engineers.

equation of the normal frequency ourve

-h2x2
Yy = ke s

s

where: k and h are constants and
@ 1s the base of natural or Naplerilan

logarithms,

to quantities of flow and computed frequency curves for a

number of New England streams. These are symetrical ourves
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and to appearance do not fit the observed data especially at

the low flows.

Mr. H. Alden Foater suggested the use of nonsymetrical

(14)

frequency ocurves., He stipulated that the general shape

(14) Foster, H. Alden. Theoretical Frequency Curves and
thelr Application to Engineering Problems. American
Soclety of Civil Engineers. Trans. Vol. 87, pp. 148-167,
(1924)

of the curve must generally follow the observed data and that
the equation of the curve must satisfy the following condi-

tions:

(1) The curve muat have a maximum point. Hence, for
some finite value of x, dy/dx must equal zero.

(2) The curve will be tangent to the X-axis at one
end, and possibly at both ends. Therefore, when

¥y = 0, dy/dx must equal zero." (18)

(16) 1ibid. p. 147.

These conditions are satisfied by the general and baelo

equation for skew frequency curves

%l . Y(x + a)
X X
where: f(x) 1s any function of x

¥y is the frequenoy

a is a constant.
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This may be recognized as the basic equation in Pearson's

theory of frequency. (16) Although these ourves have been

(16) Pearson, Karl, Tables for Statisticians and Bio-

metricians., Cambridge University Press, London, 1914,
p. 1!1.

known for some years their application to problems in hy=

drology has been very limited.,
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SKEW FREQUENCY CURVES

In the summer of 1931, the 8t. Louls Office, U. 8.
Engineer Department, began a study of the frequencies of
river stage heights for a number of gauge locations. The
intent was not only tc study the maximum elevation that a
river stage could be expected to reach in any given period
of years but also to determine the number of times in any
period of years that the elevation of the river stage would
exceed certain predetermined elevatione and the number of
days the stage would remain above these elevations in each
instance. The study was intended to furnish data for an-
other study regarding the economice of ralsing and maintain-

ing levees at the aforementioned predetermined elevations.

The two types of frequency curves mentiocned on pages
8 to 1l inclusive having been based upon the single highest
dailly stage in each year of reoord gave only information
regarding the maximum elevation of the highest stage that
could be expected in any period of years. These curves
could not gilve any information regarding the number of times
in any period the elevation of the river stage would exceed
any predetermined elevation and likewlise ocould not give any
information regarding the number of days the stage would

remain above the predetermined elevation in each instance,
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It was immediately obvious that any study which was to
determine the total number of days that any stage was to be
equaled or exceeded in a period of years would have to in-
clude, as observed data, all the dally stages for the period
of record. It was slso apparent that the distribution of
the dally stages dld not fall into any symetrical form such

as a normal frequency distribution.

Inveatigatlions in the literature revealed the sugges-
tlons of Mr. H. Alden Foster recommending the use of Pear-

son's skew frequency ourvel.(l7) The general and basilc

(1?7) Foster, op. cit., p. 148,

equation in Pearson's theory of frequency utilizing skew

frequency curves

<=

%1 = X =-2a

X (x)

where: ¥ is the probabllity of a value
x 1s the frequenocy

a is a constant

f(x) is some funotion of x

can be expanded to Maclaurin's theorem to

14 X - a
?E% * T, FOX+ XL F .0 X" ¢ ou.

The constants &, ¢, , ¢, ©,, «.c.0s, G, ..... O8N be deter-

o n

mined from the moment coefficients of the frequency distri-
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bution, These constants are functions of certain other

constants /J,’, ﬂ?_, ﬁ; I If we stop our expansion

at o,, the differential equation becomes

1l a4 X - a
'y'l':l:: C, +C X + 0,x°

0o

We then need to compute only two other constants
2

4 - %
where/u,z '/(‘La' anc’_/(,g are the second, third, and fourth

moment ocoefficients of the observed frequencies about the

]

and

mean stage.

2(8econd moment of obgerved frequencies about mean)
/ae S observed ifrequencies

2(Third moment of observed frequencies about mean)
/a:? S observed frequencies

Z!Fourth moment of observed frequencles about mean }
/ 4 > obeerve requencles

From these values and others which may be computed from them
we can determine some facts regarding the curve which will

fit our observed data,

ﬁ% i a measure of the flatness of the curve. For the
normal distribution



7

has the value of 3. Curves which have a value of (G, greater
than 3 have a sharper peak than the normal curve and ocurves
which have & value of 3 less than 3 have a flatter peak

than the normal curve. This value G - 3 1s called kurtosis.

Ai is a measure of the skewness or lack of symetry of
the frequency distribution about the modal stage or the

etage occuring with greatest frequency. If the skewness

s = MG +3
2(54 - 68 - 9)

1s positive the modal stage will be to the left of the mean
with the longer tail of the curve extending to the right and
if the skewness, sk, 1s negative the modal stage will be to
the right of the mean with the longer tail of the curve
stretching to the left.

The mean stage, X, is determined by taking a statistlecal

average of all frequencles,

The standard deviation

T = /wz"‘

is a measure of the distribution of the observed frequencles
about the mean stage. If the frequency distribution had
sero skewness and the form of a normal curve approximately
two thirds of the frequencies would lie in the area bounded

by the ourve and the ordinates mean plus the standard
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deviation and mean minus the standard deviation.

The distance from the mean stage to the modal stage

2(5G, - 68, - 9)

can be computed from the foregoing values.

When all values have been computed, an inspection of a
graph of the observed frequencies will indicate if the pro-

posed ourve apparently fits the observed data.

The Pearson curves are divided into seven general types,
twve of which are further divided into sub=-types. By means
of the constants 3 and G the criteria

7

K =26-38 -6

and

K = B.(B, +3)*?
2 446, -36)26, - 38 —¢)
may be computed and the type curve with its form equation

determined,

Once the form equation has been determined, the con-
stants in that equation are evaluated from the constants
enumerated on pages 16 to 18 inclusive, With the con-
stants evaluated, the frequencies can be computed by sube
stitution of values for the stage, x, and the ordinates to

the frequency curve computed.
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AN APPLICATION OF SKEW FREQUENCY CURVES

The Pearson type frequency curves were applied to river
stage helghts of several gauges in the 8t. Louls district
having recorde varying from 37 to 70 years at the time of
the study. Two of these locations, the 8t. Louls Gauge
having a record of 70 years and the Cape Girardeau Gauge

having a record of 43 years will be discussed herein.

The gt. Loule Gauge was established January 1, 1861 and
& continuous record of rlver stegee exlsts from that date.
During this period of record several stages exceeding 30,0
feet, bankful stage, were recorded and there 1s evidenoce
that earliler floods would exceed the stages of recorded
floods if they were forced to flow in the narrowed channel

existant in 1930,

S8ince the installation of the gauge 1n 1861 many changes
were wrought in the St. Louls District of the Mlsslesippl
River Valley. The channel was ilmproved for navigation pur-
poses by the installation of control works and the shortening
of the river. Dredging took place and bars were removed.

The river was narrowed in places and levees constructed to
protect the communities and farmlande on the banks of the
stream. All of these changes affected the river stages.
The general effect of confinlng the flow has been to raise
the stage, especlally the flood flows., Any large volume of

flow in 1861 would produce a water surface elevation on the
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gauge of a specifled amount, This same volume of flow in

1930 would produce a greater surface elevation on the gaugse.

With the knowledge that the same volume of flow would
produce different readings on a gauge in different years,
investigation was made to determine if the river stages oould
be converted to volumes of flow for the purpose of computing
the frequency curves. This investigation revealed that
rating ocurves were nonexistent for many years of the period
of record, The only method by which flows could be evaluated
was from emplrical formulae which depended upon slope of the
water surface, the roughness of the channel cross-section,
the area of cross-gecticn, and the wetted perimeter of the
channel., 8Since this information was also lacking, the

decision to use river stage heights was reached.

With the knowledge of the variabllity of volumes of flow

for stage heights in different years 1t was reallzed that a
single curve could not be drawn utilizing the stages for the
entire seventy years., The period of record was therefore

divided into seven intervals of ten years each, viz., 1861 -«
1870, 1871 - 1880, 1881 - 1890, 1891 -~ 1800, 1901 - 1910,

1911 - 1920, and 1921 - 1930, It was hoped that the changes
in ten years would be progressive and not cause too great a

variation in gauge height for any volume of flow,

The elevation of the zero mark on the S8t. Louls Gauge

was changed several times since its establishment. All
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readings over the years had to be corrected to read as of

the gauge zero in 1930.

Once corrected, the stages in a ten year interval were
sorted lnto one-foot class intervals. Each stage was placed
in the interval of the foot mark preceeding the decimal point
of the stage. The stage 15.79, for instance, was placed in
the 15-foot interval which included all readings between
15.00 and 15.99 feet. The total number of frequencies in
each class interval was then plotted on the ordinate opposite
the absolesa of the center of the class interval. The total
number of frequencies in the foregeing 1l6-foot interval were
plotted opposite 16.50 feet., These plotted pointe of ob-
gserved frequencies were connected by a series of straight
lines. BSee figure 1, page 22 for an illuastration. The
resulting distribution of observed data would dlscourage any
draftsman from attempting to pass a curve through these
points. If, however, the observed data was accumulated from
the lowest interval observed to the highest and theae
cunulated frequencliesg plotted on the cumulated frequency
ordinates copposite their cell midpointe on the absclssa, the
curve assumes a smoother appearance. A drafted curve passing
through these last points would have a better appearance and
be more pleasing to a visual inspection. A curve so drawn
would be sublect to the opinion of the drafteman and dif-

ferent men may vary the position of the curve.

In order to compute a frequency curve which would fit
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the observed data for each ten year interval, the observed
frequencles sorted as indicated in the previous paragraph
would have to be tabulated as shown by table II, page 37 of
appendix A. An arbltrary origin, 0, 1s chosen as near to
the mean as can be estimated and the first, second, third,
and fourth raw moments of the observed frequenclies computed
about this arbitrary origin. From the summation of the ob-
served frequencies, first, second, third, and fourth raw
moments of these frequencies, the raw moment coefflcliente

are computed. The first raw moment coefficient 1is

D 2 o 4
1')‘Zf

where >fx is the summation of the first raw moments about
the arbitrary orlgin and is the dlstance from the mean stage
to the arbitrary origin, The second, third, and fourth raw

moment coefficlents are

. Zf2
L= T5s

v =f&x°
v, = =7

r . =f2*
L = =7

where Sfx?, XIfx’, and Zfx* are the summations of the
gsecond, third, and fourth raw moments respectively about the

arbitrary origin.



24

The statistical mean, X, is computed from the firat raw

moment coefficient

X = 0 + mV

where /m 18 the width of the cell interval in feet. The
second, third, and fourth raw moment coefficlents are ad-

Justed to the mean stage

I
AN

I
X

,/412

Ay = F - 31x

Izl
A, = P - 2P + e¥'Y - 3P

The second and fourth adjusted moment coefficlents are then
corrected for the distribution of the fregquencies in the
class intervals about thelr centers by application of

Sheppard's corrections.

O/AQ% = AL — 7%7
M = Ay — F M+ gy
The mean stage, X, the adjusted third moment coefficient,
//a%, the corrected second moment ooerricient,r/ég, and the
corrected fourth moment ooafrioiant,c//é, are then used to
compute the constants A3 and K% , the skewness, sk, the

standard deviation, ¢~ , and the criteria, A , and KA.

From these values, the type curve with its form equatilon

was determined.
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H. Alden Foster luplies that a Type III Pearson curve

y = xe-Pg(/ + —g—)'o

lg the only type curve which will fit hydrologlecal data.(IS)

(18) Foster, op. cit., p. 148

The experience in the 8t. Louls District with data concern-

ing the Misslssippl River revealed that a Type Iy curve

y=yl+&)0-4&)"

figure 1, page 22, or a Type Jy curve

y=y(+Z/(-4)"

figure 2, page 26, fitted all observed data regardless of
length of period or locatlion of gauge. It is concelvable
that other types of Pearson curves may fit some other hy-

drological data. In these curves

Yy 1s the frequency at any stege, x;
Yo is the frequency &t the modal stage; and

P, &, a,, m, m,, are constants.

With the type curve and its form equation known, the
statistice enumerated on page 16 ro page 18 incluslive are

used to compute the constants of the form equatione men-
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tioned in the preceeding paragraph by means of the following

equations:

Modal stage

I

2 rmode z - d

Constants: a,, a,, m, , m,
,. 6(52 —ﬁl _l
(3G - 26, +6)
€ r
4 + #8(r + 2)F
r A+~
b A, riHr + 1)
= = 2
? /
ro=m o+ m,
€ = m m,
m’ = rm' 4+ € -0
m = m -/
/
/Té = /ZQ -
OI' + Cyz = b
g _ 7
A ,

Frequéncy at the modal stage

N (m +m, + /)
/(m, + ()
(€™m™)

Y= %

m, +m,

126n+n7 ﬂ@

1,
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With the constants in the form equation evaluated, the
ordinates to the frequency curve can be most easily computed

by a tabulation as shown 1in table III, page 45, appendix A.

A complete computation 1llustrative of the procedure
involved for a Type Iy Pearson frequency curve for the S8t.
Louls Gauge 1s included in appendix A, pages 37 to 48 in-
clusive. The data used was sorted into two foot class in-
tervals and used for another study. It includes all observed
stages for the 1/24 year perlod 1P March 18 to gh April 12,
1861 to 1930 inclusive., Sufficient footnote references are
given that ready reference may be made to source data and

tables used in the computations,

A duration curve was computed for each curve prepared
by summing the areas under the frequency ourve by means of
Simpeon'as Rule and plotting these cumulated frequencles on

the abscissa opposite the correct ordinates.

The median or medial stage was selected from the
duration curve such that fifty per cent of the computed fre-
quencies would occur below and fifty per cent of the com-

puted frequencies would occur above the selected stage.

The frequency ourve for the Cape Girardeau Gauge,
figure 3, page 29, is herein included as an illustraticn
of a slight variation in the procedure described on previous
pages. The observed data for the period of record, 1897 -

1933, was used in computation of the curve. This was done
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because investigation disclosed that the channel conditions
and banks were not materially altered in this reach of the
river after the first date given above. The clase interval
or cell was taken as two feet instead of the one foot inter-
val used in the 8t. Loule Gauge Study. The observed fre-
quencies were plotted as & histogram instead of the type

rlotting used for the 3t. Louls Gauge.
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SUMMARY

A summary of the results of the Study of the St. Louls
Gauge ls given in table I, page 32. It will be noted that
the number of observations in each decade is either 3652 or
36563 dependent upon the number of leap years in the re-

spective decades.

The modal stage, the stage with greatest number of oc-
currences, varies over a considerable range., The curves for
two decades are modeless, Type Jy curves, flgure 2, page 26.
The obeserved frequencles are unequally distributed about the
mean stage rising rapidly to a peak and decreasing gradually
towarde the high stagee. No type frequency curve apparently
can be made to fit thle data very closely. The causes of
the unusually high frequency at certain low stages is merely
surmise, The cause 1s attributed by some to ice gorges
wvhich occurred at infrequent intervals and blocked the normal

flow of the stream, No evidence was at hand to support this

guess,

The medial stage showed a progressive variation in the
computed frequencies but there is insufficlent evidence upon

which to state whether or not a trend exlats.

The mean stages are scattered and exhibit no progressive

changes in the period of record. The scattering is attiri-



SUMMARY OF RESULTS OF PEARSONIAN STAGE FREQUENCY CURVES
S8T. LOUIS GAUGE 1861 - 1930 INCLUSIVE

: : No. : : : : : 5tand. : % of Dalily :
{ Decade : Daily : Modal : Medial : Mean : Stand.: Dev. : Stages over:
: : Stages: Stage : Stage : Stage : Dev. : Squared : 30 feet.(b):
: 1861-70 : 3662 : 9.08 : 11.6 : 12.34 : 6.22 : 38.7260 : .20
: 1871-80 : 3653 : 7.11 : 11.9 : 12.85 : 6.00 : 36.0555 : .28 i
: 1881-90 : 3652 : 8.556 : 13.25 : 14.03 : 6.70 : 46.0506 :  1.03  :
: 1891-00 : 3662 : --(a): 12.0 : 10.99 : 7.50 : 56.2449 :  1.57
: 1001-10 : 3652 : 10.57 : 12.5 : 13.15 : 7.42 : 55.0342 :  1.73  :
: 1911-20 : 36563 : --(a): 12.4 : 11.10 : 7.84 : 61.4186 :  1.45
:1921-30 : 3652 : 6.12 : 10.1 : 11.11 : 7.24 : §2.9126 :  1.70  :
: TOTALS : 85.57 : 1346, 4424 :
: Means : 12,22 : :_49.4918 : :
: Square Root : : : 7.0350 : :

(a) The Pearsonian Curves for these two decades were modeless or
*J-ghaped"”. See figure II, page 26.

{b) In other words, the last column gives 100 times the empirical
probabllity of a single daily stage of 30 feet or over. Areas
by Simpson's Rule.

TABLE I: SUMMARY OF RESULTS

ae
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buted to chance.

The standard deviations show an abrupt increase for the
decade 1881 « 1890 which increase is continued in subsequent
decades. Thle may be significant in that the firet coordi-
nated program for flood protection was begun in 1882 and ex-
tended in succeeding years causlng a greater range between

high and low atages.(lg)

(19) Miesissippi River Commission, op, eit., p. 17.

The per cent of dally stagees over 30 feet, bankful stage
at 8t. Loule, shows an abrupt increase for the decade 1881 -
1890, the decade in which coordinated levee construotion was
started. Thig is significant in that it supports the con-
tention of the hydraulic engineer in his statement that when
. & stream is confined between levees the added area of cross
section required for flood flows is primarily gained by an

inorease in the elevation of the water surface.

The ner cent of overbsnk stagee varying from 1.03% to
1.70% in the last five decades of study indicates that
stagee of over 30.0 feet on the 8t. Louls Gauge may on the
average be expected from 37 to 62 days in any decade. Thie
in part answers the question on page 14 regarding the number

of days the stage will be greater than 30.0 feet.

The curves in no way indicate the number of times the

river stage may rise above bankful stage and fall agaln in
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any perlod, The curves in no way indlcate the lengths 1in
days a single rise can be expected to be greater than bank-
ful stage. The answers to these problems must be ascertained

by some other study.

An examination of figure 1, page 22, will show that the
maximum computed high stage 1s in the neighborhood of &9
feet. Thie is some 15 feet greater than the estimated stage
of the maximum flood which passed St. Louls in 1844, The
posslbliity of such a stage 1s extremely remote as shown by
the minute value of 1ts ordinate and may be assumed t0 be
imposeible of attalnment. We may say in the words of the
insurance and legal flelds such a stage would be "an act of

God".

All curves were teasted for goodness of fit by the Ohi-
EQuared,ifﬁ test. The tests indicated a poor fit primarily
due to the long flat tall to the curve on the right slde and

steen slope to the curve on the left side.
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CONCLUSIONS

From the apparent erratic results briefly described

herein 1t would appear that the high volume of computations

required in this investigation are not Justified. The

questicnes asked were not fully answered. The following

concluslons, however, can be drawn from this work.

1.

3’

4.

That hydrologlc data are amenable to

statistlical analysis.

That volumes of flow be used as the variable
rather than elevatlons of water surface. The
volumes of flow may be converted to elevations
when required by use of a rating curve for

the gauge in question.

That the greater the perlod of record, the
greater the number of observations used, the
smoother will be the histogram of observed
data and the more nearly will the computed

curve conform to the observed data.

That the computed curves should be revised
at freqQquent intervals in order that the
smoothing effect of added observations be
made avalilable and more reliable frequency
curves be on hand for current studies

utilizing stage frequency relationships.



APPENDIX A

This appendix oonsists of a complete calculation and
drawing of the frequency and duration curves illustrative
of the procedure used on the gtudy of the different gauges
in the 8t. Louls District, U. 8. Engineer Department. The
data used for this 1llustration 1s part of a further study
and conslste only of those observations and fractions of
observations occurring in that fractional part of the period
ccourring between 1P March 18 to 6% April 24, 1861 - 1930

inclusive,.

It will be noted that the actual skewness was not com-

puted. In 1ts place a coefficlent of skewness
/\’:w/ﬁ’ =.Ai—2—=%

vag used as a rough measure of this statistic. The actual

skewnegs would be
sk = 0,345335

It will also be noted that the width of cell or class
interval, m, is two feet. This means that the total fre-
quency, N, muat be dlvided by two in the computation of

the modal frequency.
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CALCULATION OF MOMENTS AND STATISTICS
OF OBSERVED FREQUENCIES AND STAGES
MISSISSIPPI RIVER ~ ST LOUIS GAUGE

/86! TO /930 INCLUSIVE
FOR THE /24« YEAR PERIOD
/P MARCH 18 70O &* APRIL 12
* ] el
§ g & § é‘Q r .
L g\ S 138§ Observed X FX? X Fx*
0 3 5) [B § ‘g Frequency
-20] %% -9
-1.0
o1 .12
2ol Jol7
401 S, |° 40000\ -24.0000| 1440000\~ 8640000\ 5184.0000
6.0 = -5 | 371250|-185.6250| 928/250|-46406250|23203.1250
80 9:0 -4 715833 |-286.3332| 1/453328|-456/.3312 |/ 83253248
100 110 *.3 7795838 |-233.8749| 70/.6247\-2104.874]| 63/4.6223
/20| 3’0 -2 | /455417 |-291.0834| 5821668 |-1/64.3336| 23286672
40| 5:0 -1 | 152/667 |-152/667| 152/667 |- 152.1667| 1521667
/60| 55| © 1628333 O o. 0. 0.
180 0 /| /633333 7633333| /633333 /633333| /63.3333
12901, / ol ¢ 68./250| 136.2500| 272.5000) 545.0000| /090.0000
220 P 3 | 68.8333 | 2064999 6/94997|/856499/| 55754973
240 250 4 55.6250 | 222.5000| 890.0000 | 35600000|/4240.0000
26.0 27‘0 5 | 387500 193.7500| 968.7500|4843.7500|24218.7500
280 3 9 ol © /1.4583| 68.7498| 4124988\ 24749928\ /45849.9568
300 3 /' 0 7 2.2500| 15.7500) /10.2500| 7717500\ 54022500
32.0 ’ 8
340 J3.0 9
35.0
Je.0 370 /10
38.0 39.0 1
400 210 /2
S (Summation) (/059.5832 |-/66.2502| 70902478 709.9946\/2/0476334
Divide by Xf -0.156902\ 6.691544\0.670070\//4.240858

TABLE II:

COMPUTATION OF RAW MOMENT COEFFICIENTS
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Faw moment coefficients:

m

Q|

x|

[ Y LI |

v = -0.156902
‘= 6.69/544
0.670070
[14.240858

0.0246/8
i -0.003863
= 0.000606

;‘~ h‘. €
nn

3

V‘t
””
o
units per cell = 2

arbitrary origin = /6.0 feet

mean stage = o + m¥' = /6.0 - 2x 0156902

6.0 - 0.3/3804
/15.68¢€/96 feet

Moment coefficients Transtferread fo mean sfoge

iy = B - = 6.691544 - 0.0246/8
6.666926

1 | PSPy ) J
v, —3v'y + 2%

I

Ay =
= 0670070 - 3(-0.156902X6.69/544)
+ 2(-0.003863)
= 3.8/12094
My =y - Ay vy - 3w

//4.240858 - 4 (-0./56902)0.670070)
+ 6(0024618X6.69/544) + 3(0000¢0¢)
//5.647976

V75 296.33087349

S e

w, _ 1/5.64797¢

a8 = wy' _4.53206066 ) 049040
ot 44.447302

= 2.60/1877

R
I

k = V@ = J0.049040" = 0.22/45

o = m/u.;/‘ = 5./164078
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Sheppard’s corrections applied fo A, and (20)

A, 2, - h o= 6.666926 — 0.083333
6.583593

/“lﬁ - z/-/“z o 2—% i
115.647976 - F(6.666926) + 345
112.343680

]

%

1]

(20) Rider, Faul R., “An Introduction to Modern
Statistical Methods”, John Wiley & Sons, New York,
/939, p.22.

) /453206066
L T T3 T 2853572602

Loy _ N2.343680
% T T T 73543697

=Q050392585

= 29919266

B = 4005052585 = 0.225667

Kk

c

— = m ot = 5.13/1902

[

Criteria 1o determine fype of Fearson Curve @)

(21) Pearson, Harl, “Tables for Statisticions ond
Brometricians”, Cambridge University Press,
London, /9/4, p. Ixit.

K =208 -3@-6
= 2(2.59/9266) - 30.05092585) - 6.0
= -096892435

X = @B, +3)

: 40406 - 30)(206, - 338 -6
0.05092585(2.59/9266 + 3.0)*
4(4 x 2.59/9266-3x0.05092585)-0965924.35)
1.5924332
-395899732
-004022314

K, < 0, ie negalive Below f =0 Type I
curve. Limited range. @2)

1}
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(22) /bid., p Ilxiii

Diagram XXXV, Type I curve @9

(23) Pearson, Karl, op. cit, p. ée.

Distance from mode to mearn “¥
d = a_ }/ﬁ_:v(@ +3)
2056, -¢B - 9)
_ S5./31902 x 0225667 (2.59/9266 + 3.0)
2(5 x 25919266 - © x 0.05092585 - 9.0)
= 77227/ feet

(24) Pearson, HKarl, op. cit. p. lxv.

Modal Stage:
xnnda = ; - d
15.686/9 - 77227/
13.9/3925 feet

Evalvation of constants of Type I curve:esxze)

voxli- - 5)"

(25) Pearson, Karl, op. cit p. lxix.

(26) Pearson, Harl, Philosopical Transactions of
the Royol Society, London, Vol. 186 A, pp. 367 =
37/, /896.

6(6: - ﬁ, - /)
S8 -2/, +6)

6(259/9266 - 005092585 - /.0)
(3x005092585 - 2 x 2.59192¢6 + 6.0)

= 954254497
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,,l

4 + FB(r+2)
r+/
95425477°
4 + 1(005092585X9.5425477 + 2.0)°
95425477 + 1.0
= /7.66/3/87

FLI u, rilr + 1)
e

6.583593 x 9.5425477(9.5425477 + 10)
17.6613/87
= 35786045/

= /8.917199
r=m+ m
= m]l mzl

m' and m, are roots of

mS - rm' +e = 0
my, = 2N - de
_ 9.5425447 + +/95425447 - d766/3/57)
B 2
= 2.5121309, 7.0304/38
m, = m/ -/
= 25121309 - 1.0
= 1.5/2/309
m, = m -/
= 7.0304/38 - 1.0
= 6.0304138
a _ m,
Qq M
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9 +a =b
_ m,
a = b m m,
= 18.917199 £l (IOF
15121309 + 6.0304/38
= 3.792523
mz
a = b mor m
— 18.9/7/99 6.0304138
o 1.5121309 + 6.0304/38
= /5./124675
y = y(/+ x /.5/2/309(/_ x )6.0304/£
‘U3 792523) 15./124675,

Evalvation of y, frequency at modal stage: @7

¥ = N (m +m+ 1) [m +m " o iy )
. b [(m +/) m,

m, m,

e mm™

..... ({xxix)

(27) Peorson, HKarl, “Tables for Statisticians and
Biometricions’, Cambridge University Press,
L ondon, /9/4, p lxiz.

N = Total frequency + vnits per cell

[l + 1) (28)
e’ m"

(1.5121309 + 1.0)
e'l.5121309 X /5/2/\309 1.5121309
[(2.5121309)

e -1.5121309 X /_5/2/309 15121309

1

Lel Z

(28) /bid. p. (xix.
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[(2.5121309) = 15121309 I"(1.5121309) @7

(29) /bid p. lv.

log [((2.512/309)

log 15121309 30
+ Jog I'(1,5/121309)
01795892
+ 1.9477669
0.127356/

[7(2.5/121309) = 13407756

(30) /bid. p. 60.

log I7(m,+1) —= 0.1273561
+log e™ — 0.656710/
-log m™  —=-0.2715624

log &£ 05125038
Z =3.254654

moem o+ =8.5425447

m + m
-J_____' 2 = [./1]18369¢
ml

- FGm — ) = g ~0-002770404

log S29.79/6 —> 2724/050
-log 18.9/7199 — -/2768569
tlog 85425447 ~ —= 09315873
~log 3254654 —-0.5/25038
+log 1.1183696 — 0.0485854
+log € 2904770404 —-000/2037

log y —~ 1.9/37/38

y = 8L986/1, Origin ol modal stage

Reauce equation ond solve for frequencies,
y at various stages.
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1}

8/1.98// (/ +

1.5121309 6.0304/38

tz5) (" mEaes)
3.792523 /5.124¢675

Where x is the deviafion from the modal stage in working units

8.40046 x /0"(3. 792523 + x )

X

L

T

| | T | A |

woolonn

1}

1.5/12/1309 6.0304/38

(/5. 124675 - z/

Left intercept, y=0
x -d - 2qg
Xonods: ™ Zq

13.9/3925 - 2x3.792523 = /3.9/13925 - /7.5835045
©.328880 feet

Right intercept, y=0

X -d + 2g,

Xmets * £.Gy

13.9/13925 + 2 x/5.124¢75 = /3.9/13925 + 3024935
44.16327¢ feet

Range

Z2a,+ x -d + 2qg -x +d
2la, + a)

X, -~ X

44./63276 - ©.328880
37.8343%96 feef

144



MISSISS/IPP! RIVER

~S

ST LOULS GAUGE

~ [86] -1930 INCLUSIVE ~ V24

YEAR PERIOD

u k| g“ Deviation X / _ i
g‘ g g\E from Modol Dew’afian in AQ+x |bg(q +X)| Q- X |lg(d,-X) 840032,(/0'9 log@ +2)" | logl - X)™| 1og y y
B P N Stage, feet |working uvnits -
3 Q Col Il Col ™ Col ¥ Col . XT Col X[ Cof YT Col IX Col X Col XTI Col XII Col XIIT
00| °
20| 710
3.0
4.0
5.0

6.0

8.0 ;g -5.9/3925 | -2956962| 0835561 |7.92/978/ 18087637 | 1.2572378|7.9243033|7.8620207| 75816642 (/3679882 | 244336
10.0 //:0 -3.9/3925 |-/.956962 /1.8355¢/ | 02637688 |717.08/637|/.2325295 n 03988530 | 74326629 |/.7558/92 56.9927
/2.0 130 -19/3925 |-0956962 | 283556] | 04526390|/6.08/637|/.2063303 " 06844494 | 7.2764709 |/.86852236 767757
/4.0 /5.0 +0.086075 |+0.043037 | 3.8355¢] (05838238 |/5.081/1637|/./784485 " 0.8828256 | 7.1065321 /.91 366/0 8/.97/2
/6.0 /7.0 2.086075 1043037 | 4835561 |0.6c844468 | /14.08/637 | /./48653/ u [.0349732 | 6.9268535 /8861260 76.9353
/8.0 /9.0 4086075 | 2043037 | 58355¢/ (07660825 | /3.08/637| 1.1/ 6662/ o /./1584170|6.7339345|/.8/ 66548 055625
20.0 2/0 6.086075 | 3043037 | 683550/ (Q.834774/|/208/637 | /.082/258 o 1.2622877 | e.525¢6064|/.7/122574 5/.5534
220 23'0 8086075 | 4043037 | 7.8355¢/ 0894070/ |//.08/637 | [.O4L&D39 i 1.351 9459 |6.2993938|/.5696430 37./1230
240 25‘0 10.086075 | 5043037 | 88355¢/ (09462340 /008/637 | [.00353// " /4308291 |6.0517078|/.4068408 255177
26.0 27'0 12086075 | 6043037 983556/ 0.9927%91 | 3.08/637 0958/ 642 “ 15012422 87781266 |1.203¢72/ 15.9835
28.0 29'0 /4086075 | 7043037 | /0.8355¢/ | 1.03485/4| 8.08/637|0.3074994 " /5648308 | 54725969 (0.96/73/0 9./565
30.0 3 /'0 16086075 | B043037 | //.8355¢6/ |/.073/6879 7..0{5_/637 0.850/337 T 16228021 |5./266580|0.6 737634 47180
32.0 33'0 /18.086075 | 9.043037|/283556/] | /./1084/48| 6.08/637|0.7840206 L 16760683 | 47279686 (2.3253402 2./1298
34.0 35'0 20086075 | 10.043037 | /3.83556/( | [./40957¢8| S$.08/637|0.7060037 “ 1.7253365 | 42574945 1.90 7/343 0.8075
3é.0 \37'0 22086075 | 11.043037 | /14.8355¢) | /./7/3040| 4.08/637|C6/08345 1 1.7711650 | 36835607 ./_.3790284 0..2395_‘2
38.0 3 9'0 24086075 | 12043037 | 1583556/ |/./996334| 3.08/637 | 048878/7 " /.B140027 | 29475559 g.é 858619 | 485/x /0_3
40.0 4/:0 26086075 | 13.043037 | /16.83556( | 1.2262275| 208/637 |03/84052 " /.8542/165| 1.9201/5/ \3.6986349 4996 x /04
42.0 23.0 28.086075 | /4043037 |/7.8355¢6/1 | 1.25/28¢67| /.08/637 _0..03405/ 9 B " 189271093 9.2055230 1.02/9406 1.05/x 10 ,
440 45.0 30.086075 | /5043037 | /8835561 | 1.2749785| 0.08/637 |2.9//8324|7.9243033|/1.9279344|7438263318.290501/0 1.9571 x10”

7.0 -6.913925 | -3.45¢6962 | 0.3355¢/1|/1.5257730| /8587637 | 1.2690840 7924\3033 1.2829067|7653/10/7|08603/17 7.2497
/3.0 ~0913925 |-0456962| 33355¢/ |0523/689|/5.58/637|/./926/3/ " 0.79/0999 (1 7./19/9505(/.9073537 80.7893
/3.9/3925| 0. 0. 3.792523 | 057839282 | /5./24675 | 1./7968¢6/ “ 08754/52 71139955 (1.9137440 8/.98/1
/5.0 1.08607. 0543037 | 433556/ |(0.6370452|/1458/637 | /./638063 L 09632957 | 70/82336|/.9058326 80,5068
15686196 | 1772271 | 0886136\ 4.678659|0.670/2/4|/4.238539 | /./534654|7.9243033|/.0/33//3|6.9558737|/.8934883 782507
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Table I: Calculation of frequencies for Pearson Type I Curve.
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Sanmipre CALcuL ATION For STAGE = 200’
Stage midpoint = 200°. . .. .. .. ... .. ... (Co/ 1)
Stoge Boundries = [900' fo 20.99° .. ... . (Col I)

Deviation from Moda/ Stage, feet

Stage midpoint - Modal S?‘age
20.0 - 13.9/3925
6.086075 feet...... .. .. ... .... (ol I

I

X, Deviation in working units

Col I 2

#(6.086075)

3.043037 (where m =2). .. . . .. Col XD

1]

y, Equation of the frequency curve

x”’: x ™
x(-3)(- %)

m, m,
T)‘—m(d+x) (a'—x)
qrql / 2

g = 3792523
o = /5124675
m = [5/12/309
m,= 6.0304/38
y = 8/.9811
X 81.98//

a™ a™ = \3.792523"5”'”’)(/5./24675 €.0304738

/ 2

log Y= /.9/37/38
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log a = 05789282
log a, = [.17968¢/

log y = /.9/37/38
m log q = ~08754/52
m, log @, =-7./139953

3.9243033- 10 . _(Col IX)
antilog 7.9243033 — 8.4004¢ x 10~°

a +x = 3792523 + Co/ IV
= 3792523 + 3.043037

= 683556/ .. ... ... ... .. (Col. X)
log @ + x) —>0.8347 741. ... . (Col W)
m, logla, + ) —>1.2622877 . . . .. (Col X)

-z = /5./24675 - Col IV
= /5124675 - 3.043037
= /2.08/637. ............. (ColXm)
log (@ -2) —= 1082/258. . . . (Col XII)
m, loglag, - x) —= 6.525¢664. . . (Co/ XI)

Q

Y, frequency af stage = 20.0'
= Co/l IX + Col X + Col IX

7.9243033
m, loglg +x) —>= /.2622877
m, logla, - ) —> 6.52566¢4

log y 1.7/122574. . (Col XII)
y = 9L8534. .. ... ... .. (Col XI)

In lthe manner frequencies are computed ror various
stages between the right and /leff intercepts.
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APPENDIX B

GLOSSARY

annual daily high stage: The gauge resading or stage at the

regular time of observation on the single day when
the water surface elevatlon was the highest during

that year of record.

arbltrary origin: Any point which is used as a zero point,

and from which all values on the scale are mea-

sured ss deviations.

arithmetic mean: The sum of the observations in a statisti-

cal geries divided by their number or frequency.

agymptote: A line which a curve approaches as a limit,

when the curve 1s indefinitely extended.

bank caving: The failure of a levee due to the bank being

Ko

G

cell:

undermined by the water washing against the bank

and levee sllding into the river.

The runction_2142/u: which is used as a measure of

skewness and a criterion of curve type.

The function or'/zgzyaf which is often used as a

meagure of kurtosis and a criterion of curve type.

The compartment formed by the intersectlion of a
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horizontal and perpendicular array. Also called

classa.

class interval: The width of a clase; the distance between
the upoer and lower class boundaries; the distance
between two consecutive actual class limits. Also

called oclass, class size and group interval.

crevasse: A break in a levee occurring during a flood
through which the waters flow inundating the land

which the levee was intended to protect.

crevaseing: The fallure of a levee due to the opening of
a fissure in the levee either by water pressure
pushing out a portion of the levee or sliding the

levee onto the land.

cumulated frequency curve: A graphic repreeentation of a
cumulative frequency distribution. The frequenclies
may be expressed in terms of elther percentage or

the actual numbers of observations.

cumulation: A summation in which the sum of the successlve
quantities of the series is obtained and recorded

for each successive item or class of the serles.

dally stage: The gauge reading or elevatlon of the water
surface on a gauge for a single day as regularly

observed at a stated time. wviz., 7:00 A.M.

frequency: The number of observations or measures in one
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of the class intervals of a frequency distribution.

gauge, gage: An instrument used for measuring the height

of the water surface. The instrument is divided

in feet and decimals of a foot above some arbitrary
zero point selected that the elevation of the water
surface will in all probablility be a positive or
pPlus velue at all stages. The elevation of the
gauge zero wlll be referenced to some accepted

datum plane.

gauge helght: geuge reading, stage. The elevation of the

Wwater surface on a gauge.

gauge reading: gauge height, stage. The elevation of the

water surface on & gauge.

gauge statlon: A location of a gauge usually named after

histogram:

kurtosis:

some important landmark in the viclinity. viz.,

8t. Louls Gauge at 8t. Louls, Missouri,

A graphic representation of a frequency dis-
tribution conslisting of a series of rectangles of
width proportional to the width of the class in-
terval and proportional in area to the quantities

represented.

The relative degree of flatness or peakedness 1ln
the region about the mode of a frequency curve as

compared to the normal probability curve of the
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same varlance.
mean: A calculated average.

median: That point on a scale of a frequency distribution
below and above which just 50 per cent of the ob-

servations occur.
medial stage: Median, median stage.
modal stage: The stage or gauge reading at the mods.

mode: The value of the observation, measure, or score that

occurs the greatest number of timees.

moment: The product of a frequency and any power of its

deviation from the point selected as the origin.

moment ooefflclent:‘/tq ,//L%, etec. The arithmetic mean of
the deviations of the messures in a frequency
distribution, each raieed to the same power, the
deviations being measured from the mean. The
subscript of the symbol//tdonotol the power to
which the deviations are raised. Also called

unit moment.

overtopping: The failure of a8 levee due to the water sur-

face elevation being greater than the top of the

levee itgelf.

probability paper: A graph paper €0 ruled that a cumulativse

frequency curve when plotted will be a straight



63

line 1f the distribution is normal.

raw moment coefficlent: ¥, ¥, %'  etc. The arithmetic mean
of the deviations of the measures in a frequency
distribution, each raised to the same power, the
deviations being measured from the arbitrary origin.
The subscript of the symbol V' denotes the power to

which the deviations are raised.

Sheppard's correction: A correction applied to the moments
of the dilstributed variates, to correct for errors

due to coarseness of grouping.

gskew: Not symetrical; unbalanced; distorted; extending

farther to one side of the mode than the other.

gskew frequency curve: An unsymetrical frequency curve ex-
tending farther to one side of the mode than the

other.

gskewnesg: 8k. The extent to which a frequency distribution

or ocurve departs from a symetrical shape.

spline: A long narrow strip which can be bent to conform
to curves of varying degrees of curvature. An

ald in drafting.

stage: Gauge height, gauge reading. The elevatlion of the

water surface on a gauge,

standard deviation: 0 . The square root of the arithmetlec
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mean of the squares of the deviations of the

values of the variable from their arlithmetic mean.

statistic: A wvalue such as the number of observations, the
arithmetic mean, the standard deviatlion, or any
other measure which describes or characterizes a

particular series of quantitative observations.

trend: The regular and persistent change 1n a variable

during & long period of time.

twenty-five year flood: The flood, either volume or stage,
which would be expected to occur on an average

four per cent of the years of observation.
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