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CHAPTER III

THEORETICAL CONSIDERATION

——ts
LRI D

-

3.1 Baosic Approcch of Hydrological Dato

Most of the raw data of hydrological stotistices supplied by
nctwork is in the form of time sarics, Since the dota necessarily
cover only o certain period of observation, such deta represent only
tn obscrved sample of the entire populction of the contimacus process.,
While the time or space elument of hydrologiccl phenomens may be the
same, each phenomenon is chaoracterized by o cortain value which vorics
in time ond spacce. This chavceterizetion is celled veriable and its
particular value is a variate, Thus, discharges are voricbles and
flood flows are variates, The variable ney bBe continuous or discrete,
The discharge is continueous-where as the-different size of rocks

contained in o bedlood sample are discrete,

In hydrology, the wveluc of onc varizite is usually independent
of others ~nd the voricble in the equation is colledl ramdom varisble,
The rendom character of hydrological vericble is most important for
justifying the use of statietical method for their processing, 411

the time serics may be charactorized by statistical paranmcters as follow:

1.) The arithmetic ncan is conputed as
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where XK.
1

variate,

n

I

total number of variates in the serics,
2,) The stondard deviation is the most used poremeters which

indicates the dispersion of varictes in the serics,
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for the short scriecs,
3.) The reduced variate is the ratio of o varinte to the arith-

metic mecan,

Wk = e (4)

il

4.) The amplitude is the difference between the maximum value and

the minimum valuce of the variable in a scrics.

a' = !xmax e ————— (5)
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A further characteristic of a scrics is the frequency distribu~

tion of the values of the variable and is cbbained by frequency

cnalysis of the series. In the computotion of hydrolozical characteris-

tics of a basin, the frequency method is to adapt series of observations

of one phenomenon to anothor phenomenon of the same catchment. fn

objective mathematical method of relating the scries of observation is
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therefore needed.

3.2 Method of Flood Flow Estimotion

The magnitude of flood flow at T ycars return period is
estimated by using frequency analysis of thce amnual peak discharges.
Various methods may be used such as Plotting-position Formula, Gumbel's
Formula, Pearson Type III Distribution, etc. In this study, Gumbel's
Formala will be uscd and his theoretical concept is submitted here

as shown below,

3.2.1 Gumbel's Formula

It X1, X5, XB’ cevane, Xn are the extreme values observed in
n samples of equal size N and if X is an unlimitod, exponentially
distributed variable, then the theory of extreme values states thaot,
as n and N approach infinity, the cummlative probability P that any

of the n extremes will B¢ less than X approaches the cxpression

PLALONGR B e ()

where e = the base of Napierian logarithms

b = the reduced variate, and is given by

b = a(X-X

—_—)

£)
a = the dispersion paramcter

X, = the mode of the distribution



For en infinitly large sample, it can be shown by the theory of

extrene values that X. and a are functions of the arithmetic mean

i
¥ and the standard deviation Sx

X, = X - 0.45005 8, ————— (&)
a _ l.=20250 s 15)
S
24

where X and Sx can be computed by eq.(1), (2) or (3)
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Eq. (6) is an expression of probability of nonoccurrence. The return

period in years can be computed from

T T e —=—=m== (10)

Combining eq. (7), () and (9), the result is

b= LeBED (x T, 045005 5) —— (1)

X

Eq. (6) end (10) yicld
b = -ln(-In(1 - 7)) mmmmeem (12)

Equating the valuc of b from eq. (8) and (9) lead to
o3 Sx 1
X = X = 0450058 - ?:Eﬁzgg“ha(-ln(l - E)) - (13)

In this stuly TRT X3, seseensy & arc the anmunl peak
discharges (moximum flow for cach water year, I = 1) and X is the

anmial flood at T years return period. Eq.(13) can zlso be ucsd to



calculate the monthly flood by replacing the ammual peak discharges

with the monthly peak discharges.

3.3 Relationship between Flood Flow and Basin Characteristics

In the study of floecd, the ammucl flood ot T years return
period is generally assumad to be a function of basin characteristics
such as basin area, shape nusber, drainage donsity and slope of the

main stream, etc,

Q.T = f(A’ Sn, D, 5, ooaco)

where Q‘I‘ = amnual flood at T years return period
A = basin arca
Sn = shope nuaber
D = drainage density
S = slope-of the main strcam

Thie above function can be shown in the mathenetical form as the

following cxponential equations :-
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n n
. KAls?g3 e (20)
n
n, n, n, n
- KAls®pPs4 (21)
where n1,n2,n3,n4 = constants derived by fitting the multiple

regression line to the available data and

arc called "multiple rcgression coefficicnt’.

K = constant for a particular year of return

period

By logarithmic transformation of all variables, the general relation-

ships expressed by the above equations can be transformed to a multipls
lincar regression of the type represent by eq. (22)., 4nd the computa=
tion of the constants K,n1,n2,n3 and n, for any return period can then

bc made.

3e4 Maltiple Lincar Regression and Correlation Analysis

If there are m veriables to corrclate, including one dependent
and m-1 externally independent, the general equation for multiple

linear rogression is

X1 = B + 1322;,J + B X + eness & B X — (22)
where B1 = the intercept
Bj = the multiple regression cocfficient of the dependent

variable KT on the independent varicble Xj with all

other variables kept constant (j takes from 2 to m).
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Applying the least-squares method for the sum of residuals

' o 1o -
Ay = X =By = BXy = Byky = ceess = B X

which m partial differential equations in 81, 132, 83’ cesany Bm

give m linear equations :=-
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where X. 2IEX. /N

i <

AX, =ZX, - X,
3 = i

. 2. ined = 2
> (A.Xi) = ZXJ - N(Xi)
X(Axiaxj) = zxixj - inxj

with i taken from 1 to m and N is the sauplc size,
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When thore are a small number of variables, either ungrouped
or groupcd data may be used for the analysie, TFor imore than four
variables, the use of multivariate distributions in the form of
grouped data will becouc eumbersome, because of the difficulties in

obtaining a suitable representation of the multivariate distributions.

The degree of correlation of a dependent varisble X1 to many
externally independent variables it € multi-linear association is
neesured by o multiple correlstion coefficicnt, It metsures the
eombined influence of all externally independent veriables in terms
of the difference between the actual and the estimated values of the

dependent variable, The coefficient is exprcsced as
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where s, = the standard deviation of cstiuatcd velues of X1
1
50 = thec standard deviation of actual values of X‘l
S_] = the standard deviaticon of residuals

The multiple corrclation cocfficicent varics between -1 and +1 the
relationship may be ascertaincd on the basis of the valucs of the

cocfficient as follow :
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Ry =1 direct functionol dependence,
0.6 < Ry <1 good direct corrclation,
0 { & € 0.6  insufficient dircet corrclation,
R1 =0 no correlation,
~0.6 < Ry {0 insufficicnt reciprocal corrclation,
-1 < R1<f-0.6 good reciprocel corrclation,
R1 = =1 reciprocal functional dependent,

3.5 Basin Characteristics

There are various basin characteristics widch have been defined
in many different publications in theé past. Soue of them to be used

in this study are reviewed here,

34541 Basin arca

The area ﬁu of o basin of & given order u is Jdefined as the
total area projccted upon 4 horizontal planc, contributing overland
flow to the chennel semment of the given order und including all

tributaries of lower order.,
In the gencral casc, the total arca Au of o basin of the order

u moy be written as

-h_-u = (E-‘ﬂl-[ "i‘zn-&a*“ st e v anan +E:Au_1)+

( Fihyg ¥ 2 by + voamamaes Zfﬂbu} e (25)
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where ﬂOu is the area of an interbosin arca contributing to a

u-order segment,

The area of basin of a given order can be mcasured by polar
plannimeter from a map on which the perimcters have been outlined

for coch order.

3.5.2 Shape nunbor

The shepe of a basin can be exprossed in terms of various
casily defined and measured factors. One measure of basin shape is
given by the quotient of the busin arca divided by the length of tho

nain stream squared and Aig calléd “"shape number',

5 &=t s [0
L
where Sn = shapc number
L = 1length of the main strcan
A = basin arca

3+5.3 Drainagc density

Drainage density is defined as the ratio of the sum of the
length of all stream of any river system to the total arca draincd by

the system.
D = -a-.I—‘.- ————— (27)

where D = drainapge density
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basin arec

2.5 sum of the length of all strcom in the river system

Drainage density may be thought of as an expression of the closeness
of spacing of channels. It is an importent indicator of the lincar

scale of lend-form elements in stream-erode topograply.

3¢5+ Slope of the main stream

The slope of the main stream is probably the wost significant
physical characteristic after the basin area. It can be determined by
dividing twice the mean height of the stream profile above the point
of interest by the length of the main stroam, The mean height of thc
profile is obtained by integration of the clevation~disteancc curve
(stream profile) and dividing by the length of the strcam, The
integration can be accomplished by "plannimetering' the area below the
clevation-distance curve, This slope is zlso given Ly the slope of
‘the line drawn through the origin of the streamn~profile curve such

that the area under it equals the area under the profilc curve,
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Length of stream

The most commonly used length of stream are L

and L
c

L which is called " length of tThe main stream ", is the
longest length measured along the main stream from the
point of interest to the drainage~basin divide., This
length is normally measured on the topographical map,
which along with the projection of the main stream to
the basin divide, may cause some minor discrepancies
in the length when measured by different individuals,.
However such discrepancies are generally insignificant

in their effect on hydrologic computations,

Lc has been previously defined as the length measured

up the stream channel from the base of the drainage

33



Ah

arca to a point corresponding to the centroid of the area
above the arca-distance curve, Later, somc writers lLave
added physical definitions of Lc-which arc not rigidly
correct while others lcave the physical interpretation
of Lc purposcly vague., Therefore Lc is defined as the
distance from the outlet to a point on the stream which

is ncarest to the centroid of the basin,

Fige 6 shows a basin arca, Axis ¥X~X is drawn per=-
pendicular to tihe major axis of the arca through the
base of the area./ The truc area=controid is then located
a distance ¥ aboveé this axis where

2231 /NA

y sessenwes C 28 )

y3
in which A is an clemental area, v, is its distance
from the axis X-¥, and A is the total areca. The term L0
can be expressed by the similar formula
Z OA
Y2

L (R

c A

i seassvess L 29 )

where ya is the distance measurcd along the stream to
the point on the stream at which overland runoff

resulting from rainfall on A A first rcaches the stream.



Fige 6 Hypothctical L
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