CHAPTER SIX
MONTHLY FLOW MODELS

In this chapter, seven monthly streamflow generation wmodels
are described with the basic cbncept.s and some important
modifications. These models are Thomas - Fiering model,
Disaggregation model, Two-Tier model, method of fragments, etc. The
modifications will wmainly be concerned with the preservation of
skewness coefficient for all these models except method of
fragments. Monthly flows are first generated using a Thomas-Fiering
monthly model and then adjusted against the annual flow series
obtained from Markov models.

6.1 REMOVAL OF SEASONALITY

Seasonality in the monthly flows, @ 1, g» CAD be modelled using

a harmonic function. The periodic component in the mean can be

estimated from

w/2
U, =u+ = (A cos(2nik/w) + B sin(2njk/w)) ....... (6.1.1)
k=1
in which
w
A = 2/vZ Qeosemik/w) ... (6.1.1a)
J=1
w
B, = 2/vZ @ sin(2vik/w) : cieena. (B.1.1D)
J=1
k1)
QJ = 1/nz Qi‘d ..... .. (6.1.1¢)
i=1
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w
M= 1/63 Q, veenee. (6.1.1d)
J=1
n = number of years of flow recordss and w = 12 for monthly flows.
Similarly, the periodic component in the standard deviation can be

estimated from

w/2

o, =0+ E(A’kcos(z'njk/w) + B’ksin(zﬂjk/w) ....... (6.1.2)

k=1

in which A’k, B’k, and can be obtained from Eq. (8.1.1a), (6.1.1b}
and (6.1.1d) by replacing Q ; by 5, vhich is obtained from

wn
- 2_1rs2

SJ'= £1/(n-1) = (Ql.J - QJ) 3 - (6.1.3)

1= 1

The periodic components in the means and variances are removed

from Q. by

% —./. _ . ‘
Q,,=@ ;~up/e, (6.1.4)

in which q’, 3 is stationary in the mean and variance. The mean and
standard deviation of g’ —~ will not exactly equal 0 and 1,

respectively, and a further transformation is required:

in which ﬁ’d and s, = the mean and standard deviation of q’i'd,
respectively corresponding to month j. Roener and Yevjevich(19686)
called series q",  the standardized fitted series.

Alternatively, for monthly flows, it is convenient to use Q 5

and S, as the estimates of u, and o, to remove the periodicities in
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the mean and variance
q9,,, =@, ~Q)/s, ... ... (6.1.8)

This method is referred to as the non parametric method of cyclic
standardization (Svanidze, 1964) and the series q, , is called the
standardized series. Srikanthan and Mcmahon (1982) found that there

was little difference in the correlograms of q’ and a, ,-

1,3
Because of these observations and computational simplicity, the
cyclic standardization is preferred to hamonic analysis in removing

the seasonalities.
7 6.2 THOMAS-FIERING MODEL

This model takes into account the seasonality in the monthly
means, standard deviations and lag one autocorrelation coefficients
automatically in the generating equation which is given below

- z 1s2

=Q, + b (q, -Q,_ )+t S5,-r 6.2.1)

1,3-1

o
i

2 172

Q +b,@,_ -8, +t, S AT (6.2.2)

o
H

i

in which bJ is the regression coefficient for estimating the flows
in the jth month from the (j-l)th mont.h, ti,J '

deviate with =zero mean and unit variance, SJ is the standard

deviation of the flows in the jth month and r, is the correlation
h

is & random normal

coefficient. between the historical flows of the jth and (j-l)t

months. .
6.2.1 Estimat.ion of Parameters

Let @, , 5 1=1,23,...,N5J= 1,2,3,...,12 be observed

discharge in the jth month. of the i*" water year _of a set of
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available data of N years then the parameters of the model in the

" month are computed from the following relationships.

1. the mean,

N
Q, = (/T Q, , eeeeeeaans (6.2.3)

i=1

2. the standard devialtion

N
Z_1/2

S.i = [1/.(N—1)2 (Qi“’—QJ) B) o N oo YA D.. (6.2.3a)

i=1

3. the correlation coefficient,

N

r, = E(Qi,J'QJ)(Qi.J-1_QJ—1)/
i=1
N . N
- z — 2_1/2
tz @, @%@, , -4, )17 L.l (6.2.4)

i=1 i1=1

4. the regression coefficient.,

In Eq. {(6.2.4) and Eq. (6.2.5), when j=1 the index j-1 should be 12
instead of 0.

6.2.2 Modifications to Account. for the Skewness

Yagil (1963) has shown that the regression equation of the
above form does preserve the mean, Lhe variance and the correlation
between the flows of successive mbnthly streamflow sequences.
Eq. (6.2.1) and (6.2.2) apply to the cases where the monthly flows
are normally distributed. In order to take into account the

skewness, Thomas and Fiering (1962) replaced the random component
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t.-i“1 by €440 which is definced as

2 a
€5 = {(1+Y(Ed)t1'JIS—Y(EJ) /36) —1}2/Y(EJ) ...... (6.2.6)
where the skewness of ¢ 13 denoted by v(e 3 is related to the
skewness of Q, , denoted by v, by

2 37572

a
Y(GJ) = (l—PJ )YJ/(l—PJ I & N {(6.2.7)

With €, ,8s the random component. Eﬁ. (6.2.1) and (8.2.2) may be
used to generate synthetic events that will resemble the historic
events in terms of means, standard deviations, skewnesses and lag
one autocorrelations. The flows will be approximately distributed
as Gamma. Matalas (1967b) proposed a technique for generating flows
which are exactly distributed as Gamma, but only for particular

values of Y, and is limited to Y, 4 2(2)“2.

6.3 TWO — TIER MODEL

Harms and Campbell (1967) extended the Thomas-Fiering model
for the sequential generation of monthly streamflows, so as “Eo
preserve the monthly as well as annual parameters. In this method,
the monthly flows are generated by a Thomas-Fiering monthly model
using Eq. ¢(6.2.1) and (6.2.2). The annual streamflow sequence can
be generated by an appropriate generation model. If Q, is the
annual streamflow volume for the year i, then the adjusted monthly

flow volumes are given by

i1z

Q, ,=9Q, ,/2Q, , 3 J=12, ....,12 ....(6.3.1
=1

Q’, , = adjusted monthly generated flows

Q , = unadjust.ed monthly generated flows

i = year and j = month
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This adjustment procedure preserves the annuai parameters of the
streanflow sequences at. a slight expense of the ﬁonthly parameters.
Although the results presented by Harms and Cambell suggest
that the model works well, Srikanthan and McMahon (1982) have found
that the model distorts seasonal monthly parameters. To improve the
seasonal monthly parameters, the Two-Tier wodel was modified as
follows. The annual series obtained from an annual model and the
series obtained by summing the monthly flows from the
Thoﬁas—Fiering monthly model were ranked separately. The monthly
flows -for each twelve month period were then adjusted using Eq.
(6.3.1) against the amnual flows having the same rank as the summed
monthly flows. The adjusted monthly flows were. then rearanged
according to the original sequencing of the annual series. This
modified procedure improved the seasonal parameters, especially the
means and standard deviations, but had little influence on the
skewness and correlation. In addition the method of adjusting
monthly data does not allow the monthly serial correlation-
coefficient from the end of one year to the beginning of the next

to be preserved.
6.4 DISAGGREGATION PROCESS

The disaggregation model of Valencia and Shaake (1973) for a

single site takes the form

X=AY +2Z (6.4.1)
where X is a (12x1) matrix of monthly flows, Y is the annual flow,
A is a (12x1) matrix of constant coefficients and Z is a (12x1)
matrix of residuals which have zero mean and are uncorrelated with
Y. The elements of matrix X are assumed to be circularly stat.ionary

and ergodic; this implies that the aggregation of the lower level
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events or the series Y is st.a.t.ionary.
The random component matrix Z may be generated by the relation

of _
Z=BV  iiiiiiieiene. PO (6.4.2)

where V is a (12x1) matrix of independent, identically distributed
normal deviates and B is a (12x12) coefficient matrix in order to
preserve the coveriance and cross-covariance structure of the

residuals. The matrices A and B can be obtained from

-1

A=s_ s~ .. U V¢ (6.4.3)

BB =S_ Ll P\ W (6.4.4)

= Sxx - SXY‘SYY—leX

where S, = ECXX'] ... ereees (6.4.5)
S,, = ECXY] rieieiaaaae (B.4.8)

S, =EIYK'3  iieieeieens . (6.4.7)

s, = B[Y1 S SR A (6.4.8)

and S, =ECZ21 ... O S (6.4.9)

EfX1 denotes the expectation of X.

The coeff ic_i.ent matrices A and B preserve the first and second
frhoment.s. of the historical annual and monthly flows. The solution of
(6.4.4) requires that the matrix BB be positive semi definite.
valencia and Schaake (1973) showed that if BB is obtained by means
of the least square estimator of sample covariances, then BB is
positive semi definite. The techniques usually used to solve for B
given BB are the principal componeni analysis (Anderspn, 1960} or

the Cholesky decomposition of BB’ (Healy, 1968)
6.4.1 gholesky Decomposit.ion _of BB'

In this method, the matrix B is assumed .t.o be lower-triangular
and the elements b ‘.3 of B are obtained from the following

recursive relationships:
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= 0, Jg> Cdeeracaevaenn (6.4.10)

=c e, (6.4.11)

where c, , is the element of matrix C = BB . The remaining elements

in the first column of B are given by
b =¢, /b R 47 AP, (6.4.12)

The .}'th diagonal element is obtained from

J—1
zZ_1rs2

b = e -3 bJ . J=2,3, ... ,w .... (6.4.13)

k=1

The solution is complete when j = w. Otherwise, the other elements

of column j of B are computed from

J—-1
b, . =[c -Tb. . b, .1/b , L= §+1, §42, .. 4 W

1.3 1,1 1.k 3.k .4
k=1
......... veeee (6.4.14)

6.4.2 Wilson-Hilferty Transformation

To generale skewed monthly flows is as follows. Expanding Eq.

{(6.4.1) and assuming B to be a lower triangular matrix, for month j

4

X, = aJY + Eb‘,'k Ve eeeeeeeieeaen. (6.4.15)
k=1
where X0 8, b o and v, are the elements of J'th row of the

matrices X, A, B and V respecltively and Y is the annual f{low.
Assume that the sample values of X and Y are adjusted to have =zero
mean. Cubing both sides of Eq. (6.4.15) and taking expectations

J .
a__ 3 3
a, Ely 1 + X .'I)J’k Etv 3] EEEERRRRR (6.4.16)

ke i

ECx 3
ExJ
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By dividing both sides of Eq. (6.4.16) by Gdscs,one would obtain

3
v/60 = (a /oY 4 1/(66,) TD0 vtv) ...l (6.4.17)
k=1 '

where o s - standard deviation of the j-th monthly flow

Y, - coefficient. of skewness of the .]'*'h monthly flous
v - coefficient of skewness of the annual flows
¢ - standard deviation of the annual flows

and v(v, ) - coefficient of skewness of the k""" random varisble in V
The required skewness of the random numbers are given by the

following recursive relationship:

3 a3 3
Yy = {o v, - (a,0) Yi/b -
A a 3 a a3
Y(Va) =10, v, - (a,0) ¥ - b 2'1Y(V1)}/b 2.2
- -. J,_:o .
. 3 ] < | a3
Y(VJ) = {GJ YJ - (aJG) ¥y -2Db J_kv(vk)}/b 3.3 “°°° (6.4.18)
k=1

It was oberved during t.ixe computations, that the last term of
the matrix B(i.e. bm.m) was always zero or very small. Because of
this the twelfth random number had little or no effect .on the
generated streamflows. In other words the flow during month 12
depends only on the annual fiow and the previous 11-month flow of a
given year. In addition, y(v_ , ) was undefined (or extremely large)
because of 2zero denominator. Consequently, the 12*'h month flows
assumes an implied skew given by: A

11

3 3
Y(v ) =Loa /o0 Y Y + (1/0 , )% bzz.JY(v D LR R (6.4.19
: Ko,

6.5 METHOD OF FRAGMENTS

Svanid!ze (1964) which uses the observed wonthly flows to
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disaggregate the annual flows. This method is referred to as "the
meéthod of fragments" (Klemes, 1979, personal communication) and is
described below.

In this method, the observed monthly flows are standardized
year by year so that the sum of monthly flows in any year equals
unity. This is done by dividing the monthly flows in a year by the
corresponding énnual flow. By doing so, from a record of n years,
one will n fragments of yearly monthly flows. The annual flows
obtained from any of the annual models can be disagsregated by
selecting the fragments at random. This method also has the
disadvantage that the correlation between the first month of a year
to the last month of the previous year will not be preserved. This
pfocedure was used with annuai flows generated from Markov models.

It was found, applying this aﬁproach, thﬁt the seasonal
monthly parameters wefe not, satisfactorily preseved. However, the
monthly parameters can be improved by selecting a fragment
appropriate to each flow in the annual flow series (Srikanthan and
McMahon, 1982). This is done in the following manner.

The annual flows from the historical record (say N years long)
are ranked according to'increasing magnitudé and N class-N has no
upper limit. The intermediate class 1imits are ostained by
averaging two successive flows in the ranked series. The
corresponding fragment are assigned to each class as follows. The
fragment obtained from the monthly flows contributing to the
smallest annual flows. The fragment obtained from the monthly flows
contributing to the smallest annual flow is assigned to class 1,
the fragment obtained from the monthly flows corresponding to the
second smallest annual flow is assigned the class 2, and so on. The
generated annual flows are then checked one by one for the class to

which they belong and disaggregated using the corresponding fragment.
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6.6 FIRST SPOLIA-CHANDER MODEL

' Following Young and Pisano (i1968), Spolia and Chander (1974)
removed t{he periodicity in monthly streamflow sequences by using

the cyclic linear transformation :
a, ;< (QI_J—QJ)/SJ ........... Bas = o o (6.6.1)

Since the resulting residual sequence, {a,6 .}, is cyclic free, all

1,3
the elements a 1l could be considered to belong to the sane
population. They then proposed an mth—order aut.oregressive model

for modelling this residual sequence. Define :

u = 8,1“1 ........... secsssta (6.6.27
where
k= 12¢i~-D+j, J=1,...,12 3 i=1,...,n ...... (6.6.3)

n being the length of the historical record in years, Then:

m
u =Zbau
1=1

2 1/=

. 1 ti(l—R ) 4 feofe-r-- vessasa (6.6.4)

in which b, iS"f.he 1 regression coefficient, and R is the multiple

correlation coefficient. To determine the sppropriate order of the

th

autoregressive model employed, they simply applied the Anderson
test on the serial correlation coefficient of the residual series.
It turned out that either the first-or the second-order model is
needed. .

The removal of periodicities by means of Eq.(6.6.1) is
commonly known as the nonparametric method (Tac et al., 1976).
Another alternative is the parametric method also described by Tao
et al. who claimed that it is more desireable than .the previous
one but little difference in the correlograms of both these two
metheds (Srikanthan and McMahon, 1982). In this study, the

nonparametric method is prefered to the parametric method in
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removing the seasonalities because of its simplicity. Beside the
introduction of the nonparamet.ric method, attempts were also made
to modify the model so as to account for the skewness coefficient.

Since only first- and second-order autoregressive models are
expected to be required in modelling the residual series, only
these are considered in the following. It should first be noticed
that the residual series obtained by the removal of periodicities
from the monthly sequence is in fact weakly stationary in the sense
that it is stationary only in the mean and variance. This implies
that the skewness coefficient of the residual series has still
seasonality. Therefore, it is more convenient to use the notation
a rather than u . '

i,4

6.6.1 For the first-order model:

a _ =p.a + tJu-pf:-"’2 ................ (6.6.5)

1.4 17 1,3-1
where P, is the lag one autocorrelation coefficient of the residual
series. By cubing and taking the expectation, it follows from Eq.
(6.6.5) that :

3 3 3 2 sz

gt)) = (Ea ) - p, E@ )}/ -p ) (6.6.6)

Since
3 3

E(@, D =E@Q, D =g, e (6.6.7)

one obtains from Eq. (6.6.6)
3 2 3/72

g(td) = (gJ—P1 gj_i)/(l—P1 1% [V.Bc2h.. «ees (6.8.8)

6.6.2 For the second-order model :
2 1,2
a, ,=ba +ba . 4t (1-R)I ....... (6.6.9)

g §



Cubing Eq. (8.6.9) and taking the expectation, by noting that

the terms :

Lbps Ea, , ,t .55 and B, t,5)

E(a a t.)s E(a? A

£,9-11,35-2 "3 1,3—-2723 1,3~-13

all vanish, one obtains the following expression 3

2 2 2
-%b, b,E¢a . ,a, . )-3bb,
z asz

et/ A-R) el {6.6.10)

3 3
g(td) = [gd-b 1gd_i—.b2 g, 2

E( 2
a, 4,2

3 1.9

By neglecting the third moments of a, s-1 and a, ,_p» EqQ.
{6.6.10) reduces to '

Z 372

3 3 .
gt = (g,-b g, b, g, /AR L. (8.8.11)

6.7 SECOND SPOLIA-CHANDER MNODEL

This model is based on canonical expansions. Canonical
expansion was used by Spolia and Chander (1977) as a representation
of a stochastic process in the form of a linear combination of
uncorrelated random variables. Let QJ, i=1,...,12, denocted the

streamflow in month j, then :
Q. =Q,+3b, C +C, i iieeieenan. (6.7.1)

vhere {CJ} is a sequence of random variables of zero mean which are
uncorrelated with one another, and bd_k are real coefficients. For
the model of Eq.(6.7.1) to preserve the mean, variance and the
entire correlation-cross-correlation matrix of the historical
monthly streamflows, the variance of C_j and the coefficients bJ.k

must. be computed :

Var(Cl) = Var(Qi)
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1, for all k=j: b =0, for all k > j

1,k Jsk
ini = Cov(QJ,Qlllvar(Cl)
k-1
b_hk = [Cov(QJ,Qk)—EbJ'1bk.lvar(cl)]/Var(Ck), for
a K =2,3..00d-1 vuuun.. (6.7.2)
and 3-1
Var(Cp = var(@)-3 b,  Var(C,)
k=1

In order to preserve the skewness coefficient of the historical
monthly streamflows, Phien (1972) showed that the third moment of

CJ must be as follows :

N

3 a3
E(C° ) = E@Q°))
J—1
E(Qad)-E h?J EC),  i>z .. ..7.3)

k=1

3
E(C 3’

Knowing' the third and second (central) mowents of CJ, one can -
obtain its skewness coefficient by taking : |

2

g(C,) = E(csd)/[varm_,)]3 ... (6.7.4)
6.8 SEN MODEL

The model proposed by Sen (1978) is a mixture of the
stationary lag one autoregressive model and the seasonal
Thomas-Fiering model. It can preserve the historical sequences in
terms of mean, standard deviation, first serial correlation
coefficient, between the successive years for the same month and
lag-zero cross-correlation coefficient between the successive

months of the same year. The model is written as:
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1,3 d 1,31 J 1—-1.3 J
where
Wi’a = Qi.J-QJ .............. (6.8.2)
a«,, B, = parameters which reflect t{he relationships between

successive months of the same year and between successive years for
the same month, respectively:

t, = random variable; independent. of W, . and W, . and
having zero mean. When 'aJ = 0, Eq.(6.8.1) gives the lag-one
aut.oregressive (Markov) model, and when BJ = 0 ,it reduces to that
of Thomas and Fiering(1962).

Besides the mean, ﬁd, and the standard deviation, S,, the
oﬁher model parameters and related constants are as follows:

1. Lag-one serial correlation:

Py =W, W,z 0P (6.8.3)

1,5 i—-1
1 S

- 2. Lag-zero cross—correlation coefficient :

\ 2 1rs2 )
R 1,3-271,3 - CGW 03 (6.8.4)

1 1 1

2
3. 3210 = Z(W W, /S0

3. Lag-one cross-correlation coefficient :

2 2 ir2
Py, sma (D) = TN, W, DEW 0w 0]
1 i R
............ (6.8.5)
4. Model parameters:
o, = (34154_1)Ep5_5_1(0)‘pJ(1)pJ,J_1(1)]/
z
f1-p 3.4_1(1)3 ............... (6.8.6)
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= p-Lo, , (0P, , DV

P75, , 3 seeeee (B.8.D)

8. Variance of the random variable :

Var(t ) sf-sjchza (01=-2p_€1)p op (1 +

+ -1 3 Jod—1 J.a3-1
P 5 (MI/MI-p", | DT seiiniiannn, (6.8.8)

it

3,31

.
i1

. To preserve the skewness coeii iciemt of each historical month

of each historical menthiy sequence, the random variabie + ) mast:
have a skewness coefficient which is detemihed below. Cubing Eq.
(68.8.1) and taking the expectation, one obtains:

.3 a 3_ 3 5 3 2 e
Et ) =g8, ;8 g, -B,;S, g,-3, B:E[w PRV N

2 2
F BB BOW, W T eeeeeeeens . (6.8.9)
If the expectation on the right-hand side are neglected Eq
(6 8.9) reduces to : =

3. 3 32 : 33
E(tﬂ 3 = gJSJ ‘&3 S J—!g.’—l e B:S‘ .gj» ....‘u:‘.. (6&8&1&)

-

Finally, the skewness coeff 1c:1ent. of t. is detemmated by d1v1dlng.
its third moment by EVar(t 1>

6.9 APPLICATION FOR ACTUAL DATA

Using the monthly models witk modification, 1000 years of
streamflows were generated for each river. The va.rioﬁs paramecters
of the generated monthly flows from each model were estimated and
given in Table 6.1-8.10. The following symbols are used to denote
the parameter obtained from the historic and generated sequences.

Hist. - Historical values
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- Thomas—?‘iering aonthly modell

TF

TT - Two-Tier model using the annual flows from Markov
model

™ - Modified Two-Tier model using the annual flows from
& Markcov mcdel

M ~ Method of Fragments using the annual flows from a
Markov model

MM - Modified Method of Frag_mént.-s using the annual flows
from a Markov model

FSC -~ First Spolia—Chander monthly model

88C - Second Spolia-Chander monthly model

SEN - Sen monthly model

6.10 DISCUSSION OF RESULTS

The statistical parameters for comparison are the central
moments (mean, standard deviation and skewness coeff i-cient,r) and the
lag one autocorrelation coeff icienls. They are computed for each
100G years of generated sequences. Based on the resalts in- Table
6.1 to 6.10 the models are classified into three groups and the
performance of/ the models with respect to the rivers in each of
these groups are discussed below.

6.10.1 Thomas-Fiering and Sen Models

Although, Thomas-Fiering model is a very 01G teckmiqpe for
generated streamflows, it has been favourabiy used due to its
simplicity in form and it can be preserved well the seasonal
monthly parameters. From Table 6.1 to 6.10 are shown that the both
models give s_imilar results for tﬁe mean, standard deviation and
the lag-one autocorrelation coefficient for most of the rivers. For
| the skewness coeff iciént., both models can preserve for most of the

rivers except =z few cases. The Thomas-Fiering model results in
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positive skewnoss vhere as the historical value is mnegative in
August for Nan river and overestimates the skewness in Febuary and
March for Nam Mae Taeng. The Sen model overestimates the skewness
in April and March for Ping River. For both models, maximum events
sre more then ths historic records except a few cases while ibe
minimum events are smaller tham those from historical records. A
small amount of zero flows were generated for most of the moments
for the both wmodels, which the maximum beins 22.8 % for
Thomas-Fiering model in March for Nam Mae Khan and 25.9 % for Sen

model in April for Wang River.
6.10.2 Disaggregation process, Two-Tier model and Method of Fragments

The advantage of using the Two-Tier model and method of
fragments for a single site is that they are simple and can be
applied to almost all rivers. The modified diaggregat.ion scheme
does not preserve the skewness of the last month of flow and its
used is limited in certain cases-where the skewness of the randog
variabies obtained from FEg.i{6.4.18) beédmes large « > 10),
Srikanthan and McMahon (1982). From calculations the values of the
skewness of the random variables are found to be more than 106, so
the disaggregation process caﬁ not be applied to generate
streamf lows sequence for each river. Therefore, the Two-Tier model
and method of fragments are adjusted to preserve the annual
parameters at the slight expense of the seasonal wonthly
rarameters. It Is observed that the Two-Tier and method of
fragments preser§e tne seascnal monthly parameters well for most of
rivers except a few cases. So both models should be modified to
adjust for the seasonal monthly parameters if there is a large
different from historic records. The maximum and minimup events
trend to be similar to the first group but the amount of zeroc flow

is more than the first group.
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6.10.3 First and second Spolia-Chander model

Inspections from Table 6.1 to 6.10 show that both models
presented in this study can preserve all first three monent,i.e.
mean, standard deviation and skewness coefficient for mssﬁ of the
rivers except the second Second Spolia-Chander model, which can not
preserve the standard deviation and skewness coefficient. for Nam
Mae Taeng and Nam Mae Chaem. Both models can not preserve the
lag-one autocorrelation for all of the rivers. The maximum and
minimum events trend to be similar in hoth groups mentioned above

but the amount of zero flow is lower.
6.11 SUMMARY

Even though the Thomas-Fiering is an old techique, however, it
can preserve the seasonal monthly parameters better than other
models and is simple to use. The Sen model can preserve well the
seasonal monthly parameters well but the model is complicated. The
Two-Tier model and method of fragments can preserve the annual
paramet.ers and the seasonal monthly parameters except a f ew cases,
they’ should be modified to improve the seasonal monthly parameters.
The disaggregation model can not be applied for all rivers. First
and Second Spblia—Conical models preserve mean, standard deviation

and skewness well but fail to preserve lag-one aut_ocorrelat.ion.
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