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Estimation of return period by Hazen plotting

Plotting of data and return period

then a probablility paper is chosen for use, the plotting of data on
the paper requires the knowledge of plotting positions. Nurerous
riethods bave beén.prOPosed for the determination of the plotting
position, for example, Hazen method, Weibull {or Thomas) méthod,
Gringorton rethod and Chegodayév method.

Eany kinds of probability graph papets are used in order to plét the
data, ‘Such’ as norma! curve paper, 109 AGITAL curve paper, extream
Ccurve paper.' ‘

1f observed data aré plotted by thesé method in loq normal paper,
the pxobability can be estimated from the plottlnq. Hhen variable N
hydrologlcal data afe oblained such a$ annual max1mum ralnfall or
flood, they are axranged in order of magnltude.

The maximum data is haméd as x;, the decond is X2, and the i-th is

x; in general.

1f there are samé value data arong them, each order esust be given to
each data, as the total number sums up ¥. Taking i, Xz ::s X4 on
the axis of absciésa, the rectangles which area is 1/N respectively
can bé drawn with the cehfers of X1, X2, ... Xy on the axis of
35561553,6354éﬁéﬁﬁ;fiﬁiil;'if the area of aiiﬁrectaﬁéles is suméd

up, it becomes as unit area 1.0.

A probability densxty curve is obtained by Sﬁothlnq each tectangle.
The probability on specinen beydnd ) is Hl"i/(QN}, it is Hz 37 (2N)
beyond x3, and it is H (2{-1/(2“) beyond ®j, in general

The probability W; of being égualed or exceeded in i-th data is
giveﬁ as the total area of right side rectangles from Xj, as shown

in fig.-1 Therefore Hazen plot is obtained.

oi-) % 2i-d
i =N YT
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g R L& x

1Where,,_ i . L. .

Hi ¢ probablllty of belng equalled or exceeded Ain i-th data }

i ¢ the rank of the évent in order Of magnitude {The largest évent
has i =1}

N . The number of recérded years.

In stead of probahxllty H’l, retum penod T,_, 1s frequently used to
define the design ralnfall or the d:e31gn_ﬂ_.oqd_l_

_ Return period and probability are 'r_ééipfoc;a_ls. ‘_
Ti = L/W;

-Thé probability of non-exceedance is oné minus thé probability of

- ex_ceedanc'e .

There are other \_.'éi:ious_ formulas for plotting positions shown as

follows.

Heii-)u.ll {oxr Thomas) W; = i/(Nﬂ)
‘_-Califoq;nia T 1{‘N
Gringortén . Wi = (i-0, 44)/{h+0 12)
Chengodayev . Wi = (i-0.3)/{K+0.4)



Iwval method

This method is derived from lognormal distribution by applying the
exper1menta1 ‘distribution.

. Y
— _£2 ST
P(x) = JE. _ia e . d€ _ '
. x+h . -
E = a log 10 + b ! {~b<x<x)
o Poundamental ejuation;

1093 ¢ {x+b} #-lég{o(xifb)'¥'%£
where, a4, b, xg 't constants

o Bstimation of the constants;

. .'" . N - .
N T _ N
*hEn i bs s (=3¢

, +s=HNH111)

N
L1 ,
1 o =_): 104 K
Og16Xg N i1 0greX;
'1'1& _:u

' 109;o(xo + b} = §if oty = 5
N B g«u TR
S a § N-17§y _99‘930 + b R-3 X

. 3 - N ‘ .
5, = j%.iz {logrolxs ¢+ b})? - {logro (e + b)}2==I‘ 7~ ()7
i=}

— i1 —



Relation betweén N and &

100

! ¥ » . :
@l el &« 1&l o 1é .
# occoo] 37| n3én) ]| rsue] ety WV
c3] esess] sl name] w3 vssm] ks 0] L83
o] oaies] ) vame] A gk} e ol v.som
s] ossi]  e] wL3so] @] stz e 0] raes
o] ocsis]  wa] wasee]  as] wsasf o B XL
7 orser] el vews] #| wsrs] Y - )
] aim] B3] vasrs] 7] ussy. s 0], LIS
8] oecae]  u] nans] o #] . isms]ooan ] wem
1] e we2 5] Lo 0] “hssad 15 * ] v
n| el ] o] o] isss] s we] Les2
] 098 a] vLae] sloLsnr n . 368] LS
13] nécee] sl nasdl s3] 1se] s T gie] wen
ut 103 o] vose]  #f] e s sl Lwn
1] rosul sa] wase]  ss| idom] ez T - L
6Y Lol 53l »as73 Bl reus] o) LSSSe
Wl LIS 53} 34534 81l veenrf 1o 0o} Lws
1] vizss] s rowf o] ress) s ] s
1] Lmss) sl was]  oss] weiss] e a]- z.o0ne
0] s 5] wLams sa] Leical 1 8] 2 00s?
nl gl ] Len) nl veassowes ‘ssa] zens
2 aasst st Lonf 92] nens] s Toaa] seiés
#] vzoe] s8] a2} %] rexv] cse g rem
zt] wezes) s3] pasml o MI o neas) e | zewo
5] Ly e vsea] ] wesul . ool 2exs
6] nzmesl 61 1s0ne) ] Lesf 1S D] 2esse
‘Lz 52| 1.5 1] nexs) i TS B XY
wy amoal ] wsise] 8] vess| s 6003y 24357
»] 1zE51 &) vLsm Bl rant 1w &0 2891
wf el es] isma] wo]l vedof 1% 0] 21084
nl emes} o] B} Wi} aené] ol =) R A PIL
1! Lnn)  s7] Lsas] 102] rese2] el 5 ER ET
Bl Ll e Lsuo)] K3} assz) o ol 23508
ap rassf  es] vsen} ] oaesn] 2 Te0] 216
ss{ 1asal  a) sm] s ven] e Csso] rase
] vssw] | nssnl’ows] weea] o] wesa] xe] st




Curve Pltting
After the hydroldgi¢ data are plotted'On a probability paper, a
curve may be fitte&_tbrthéﬁbldtted points, The curve is a straight
line if linearization of the distribution is attempted. The straight
line can beé éssentially represented by Eq. {1). cCurve fitting may be
done ¢ither mathematically or graphically, ' In general, a mathematical
" curve fitting can be achieved by thrée methods:  the method of moments,
the method of 1éast squares, and the method of llkéilhood OF course,
the mathematncal flttzng ‘does net necessar1ly require data plottlng
on a probab111ty paper. . By qraph1ca1 fltting, a stra1ght llne 13
:“51mply drawn to fit the plotted data by eye flt, and this nethod is

the simplest but 1nVolves human error.

X = ;‘l‘ gk aai;;r’. (1)

varlaty -

the pean

standard deviation

a x| X

1 frequency factor
¥ethod of Moments
By this méthod, thé statistical parAméters or moments aré computed
from the data and then substituted in the’ probability function of
the given dxstrlbution. This method 91Ves a theoret1cally éxact
fitting but thé éccuracy cin be substantially affected by any errors
iavolved in the data at the tails of thé dlstribution where the
morent arms are long and the errors are thus magnified. The rethod

- originally proposed by Gumbel to fit Type I éxtrenal distirubtion is
a method of moments. Llebelin wodified this methed by order statlstlcs
and developed a procedure which maintains the original time order of
the extreme-value series, divides the values into subgroups, and then
weighs each obsézvation according to its ordered rank in the subgroup
which in tdrn_is a function of the sample size. Hershfield made a

comparison of the two procedures and concluded that the Gumbhel

3 —



procedure gives a better estimate beyond the range of data foxr the
rea"y ) independent data tests, but 0verestimates the longer

recurrence~intervals in the dependent data tests,

Vettiod of Léaéi SQuéres

By thls method, a regre551on line 13 computed to flt the plotted
data. The curve s0 obtained may not représent the exact theoretical
distrlbution but it glves a better overatl fit than the method of

. moments. For extremal dlstributions, Gumbel Jntroduced a rodnfled-
least—squares method by mznlmzzlng both vert1¢a1 and horizontal _
‘devrations and taklng the geometric mean of the parameters obtalned
from the two mlnxm;zat1ons. Based on the general equat1on for .
hydrologic frequency analysis, Eq. (1), proposed by Chow, a least-~
SQUATEsS procedure for fitting a normal, lognormal, or extremal
distribution was developed by Braken51ek

Method of Maximum Lixeiihooa

By this rethod, the value of a parameter is determined to make the
probabillty of obtaining the observed outcome as high as possible,
Hathematically, 31log p(x)/8u = 0, where p(x) is probabxllty density
and u is a statistxcal parameter.‘ Tnls wethod prov1des the best _
estlmate of the paraneters but zt 1s usually very con911cated Eor
practxcal appllcatlon._ K;rball has suggested this method for

fltting extrenal dlstrlbutlons, and a practical procedure was later

developed hy Panchang and Aggarwal,
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TANK ¥ODEY, METHOD

Explanation

The tank model is intended for calcuvlation of a run-off with the
catchment arga'of a river substituted by a combination of a number of
storage typéimodelfveSSels {oxr called tanks in the following). It
was‘p:opbéed by Di. Masami SugaWara. For example, let;s consider a
nndel'Bf:fohf;tahks'arranged in series as illustrated in Fig. 2. 1.
The outlets on thé'right.hand side of the respectlve tanks represent

run-offs and that it the bottom represents an inflltratlon.

A preclpltatlon at & given time R{t) is added to the uppermost
'_tank v,. Tne watér reserved in the tank Vl Tuns off through the
" outlets on the right hand side ox infiltrates throuqh the ouklet at
thé bottom into the tank V, in the second stage. The storage waler
in the tank V, suppiied frem the tank Vi then runs-off through the
‘ outlets on the right hand side or infiltrates through the outlet at
_the botton into ihe,tank V3 in the third stage. Thé process is
. repeated tb the last tank. &

Thé éﬁdél-ﬁgy:bé'réééily understood when if is considered ‘in
‘reference to the mechanism of run-off in a basin shown schematically
in Fig., 2.2,

‘Fﬂain hets ‘the séil’ layér 6n the surface of the ground. Whén the
’surface léyér éontanns Water moré oy less, theé rain water flows over

- the ground.uérface. 1In the model of Fig, 2.1, the outlet provided

* . slightly aboveée the bottom on the right hand side of the tank V)

" corresponds to such vun-off,

whén the rainfall continues so that the surface layer contains water
- sufficiently; the surface xun¥off increases. This corresponds to
the upper 6outlet on the right hand side of the tank Vy.

The water ¢ontained 'in the surface layer continués‘to_intilttate_
‘inté the lower side, and this s représented by the outlet provided
at the bottom of the tank V.



rp

Fig. 1 . Tank,modql in serial- _ Fig. 2 Schematlc representation of
four stages the mechanism of run-off in
’ ' : B a catchment area”

: The water' 1nf11§rating from the surface layer stays in a flISt aquifer.
Khén sich water accumulatés in excess of a. certain limit, it begins
to tunS—off €rxom the aquifer. Water seeping out of a mount@1n—s:de
is an example. This corresponds to:the run-off from the tank Va.
‘The water infiltrating furthés from the first aguifer td the léwer
side stays in a second aguifer and presents a similar behaviof té
that in the first aqukfer. Hater seeping out of a mountaln fOOt 1s a
. typical example. This is répresented by the run—off fron the - tank Vi.

‘wWater- 1nii1ttét1ng furthey below 'is stabilizZed as underground water
and rund off géntly at’thé timé of a 16w or droughty. watey'’ tevel-of
river. This is repxesneted by the runioff from the tank Vy.

. the” tétal of thé run-offs €xom thé outléts 6n thé right hand éidé of
the respéctive tanks is gnven 45" A value of calculation foy thé run-
off of the catchrent ‘aréa:

Thus, sééing the tanks in thé modél: against the ran-o6fE coeponents,
‘the tank V} in the uppéirost stagé corrésponds’ “abproxiwately to the



surface run-off, the tank V2 in the second stage to the intermediate
run-off, and the tanks V3 and Vs in the third stage and after to the
bagse flow discharge.

in 'thé.taﬁk model, thrée to four tanks are arvanged in series
.generally, as illustrated in thé foregoing. However, various arrange-
ments of tanks can bé considered according to the characteristics of
the basin. '
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STORAGE FUNCTION METHOD

Outline of storage function méthod

The storage function method is a run-off calculation to obtain flood

discharge from thé rainfall which has fallen into the river basin or

. the inflow dischargé to a river channel. This wéthod was proposed by

Dr. T. Kimura and it has been widely applied in Japan for flood

routing.

_.As the f16od run-off is non-linear feature it has an advantage to

express a storagé charactéristic bétween rainfall and run-off like
tank model méthod. And it can show the actual feature of flood run-
off Flow which changés slowly as unsteady flow, if its coefficients

axe detérmingd propgtly by water level records.
Basic equation

If flood run-off is assumed by Manning's forﬁula, the storage

amount {S;) of a river basin or a river channel is expressed as an

exponéntial function of xun-off discharge {Gp).

Sy = KeQy¥

whére, K. P ¢+ Constants for a basin or a channel

. fhis equation of motion is corbined with the following continuous

equation for a river basin or a ¥iver channel.

{1} for river basin

L _ a
3.6 'R ya®A -1 = 3t Sy

where, £ : Inflow coéfficient
" Ryyet Average rainfall in the basin (ex/hr)
A : Catcheent area at.the calculated point (kn?)
Ty ¢ Léq'time {hx)

01 (t) = o(taT))  (md/sec)



Run-off discharge subtracting a certain base flow
from the river basin after lag time considered

$; : Apparent stoérage amount in the basin.

{2) for river channél’

where, I : Inflow discharge into the channel from éﬁénbaéiﬁ,
- lrrtr;butaries and/or upper boundary of ‘the ‘chanfel (n?)
fi f ThElow coeeficxent
Ty Lag tlme (hr)
S gty = Coterr) (m /560)
'Dlscharge at 1oser boundéry of' channel “After lag
time '
Sy : Apparent stérage in channel
Division and layout of river basins and river channels
A river basin is divided into smalle Eésihé_%ﬁéhuiis”éétéhméhf'aiea
is extremely large or when the discharge from such smaller ba31n as

trlbutary, upstream of water level gauging station ox upstream of dam

is needed.

" %he application rangé of storage function is 10 v 1,000 kr® in basin

area, however, a basin is usually divided into spaller basin than _
500 km?, For the storage function in river channel, 10 A 100 knm is

preferable in the length of river channel.
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