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Abstract; Regional flood fiequency analysis has bheen developed by employing the nearby site's information to
improve a precision in estimating (lood quantiles at the site of inlerest. In Lhis paper, single sitc and cegional [ood
ftequency analyses were compared based on the Z-parameter Weibull model. For 1egional analysis. two approaches
were employed. The first one 5 Lo use the asymplotic varmances of lhe quantile eslimalors derived hased on the
assumplion Lhat all sites including the site of mteiest me mdependent each other, This approach may grve the
maximum regional gain dve to he spatial independence assumplion ameong siles The second cne is Hasking's
1egional L-moment algorithm. These methods were apphed to anuwal flood dala. As the resulls, bolh methods
genmally showed the regional gain at the sile of mterest depending on grouping the sitcs as homogeneous. And
asymptotic fonmula generally shows smaller variance (han those fiom Hosking's algorithm. 1I the shape parameicr of
the site of interest from single sife analysis wy“quile dilferent from thal from regional analysis then Hosking's rcsulis
might be better than the asymplotic oncs bécause the formula was derived based on the assumplion that all sites
have the same regional shape parametlcr. [firthermorc, in such a casc, regional analysis might be worse than single
site analysis in the sense of precision of flood quantile cstumalion. Even lhough the selected sites may salisly

Hosking's crileria, regional analysis may nof give a regional gain fou specific and noncxceedance probabilitics.

Key Words regional frequency analysis, Weibull model, Hosking's 1egional L-moemenl algorithm, regional gain,

asymplolic variance

regional regression, which defines the relation
1. INTRODUCTION . .
between flow characteristics and drainapge

Regional frequency analysis has been a basin characleristics. Another model [for
slandard  praclice  in  hydrology  for tegional flood frequency analysis is the
determining flood quantile magnitides at  So-called index flood method. This approach
ungaged locations and al sifes with short to regional frequency analysis was used in
records  (Darymple, 1960; Benson, 1962; the 50's and renewed in the 80's. It employs
Stedinger and Tasker, 1985; Cunnane, 1989). some form of a dimensionless average Hood
When the sample size is small al the sile of frequency curve (Darlymple, 1960). Several
inlerest, the single sile analysis may resull in  Innovalions and developments have been
a precision problem in estimating [lood made on ihe original index flood method of
quantiles. Thus, regional flood frequency regionalization (Wallis, 1980; Greis and
analysis has been suggested to improve such  Wood, 1981; Stedinger, 1983; Lettermaier
a problem. One of the popular models is and Potler, 1985, Hosking et al, 1985,
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Hosking and Wallis, 1988; Boes et al,, 1989,
Heo et al, 1990), in which the annual (ood
dala al each sile is indexed by dividing site
data by flood. Then, a
probability model is fitted (o these indexed
flood data based on the
having identical distribution all over sites in

1ts mean annual

assumption  of

a region. Once the regional parameters are
estimated, the [lood quantile at the site of
interest is estimaled by multiplying the
estimated regional (lood quantile by its mean
flood. Therefore, ihe
method could combine the data al the site of
with the data at

Recently the regional frequency analysis have

annual index flood

interest nearby  sites.
been carried out using index flood procedure
with  L-moments (1985)
introduced the L-moment algorithm (Rao and
Hamed, 1997; Parida et al., 1998).

Consider there are

since Hosking

k sites in a region,
Then the indexed data becomes as Table 1,

where #, and g, are sample size and sample
mean at ;% site, and X, is the flood data
for sile ; and vear ..

In flood frequency analysis, the most
impottant decision is to select appropriate
probability distribution for the given annual

peak floods. Many probability families such

as the normal, lognormal, gamma,
log-Pearson type I, generalized extreme
value, Gumbel, Weihull, log-Gumbel,

Wakeby, and two-component extreme value

Table 1. Indexed Data of Sites in a Region

Site Indexed data
1 Xl Xl Xgleg. oo X

2 Xofee Xolps, Xulee, ... Xa o

k 4¥iz]l"f-5k5 X.’é}/#.’e: Xfa‘]/:’-’:k! saes Xﬁ':z,{/‘}'—ik
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distributions have been studied (Greis, 1983,
Rossi et al.,, [984; Cunnane, 1989, Bobee et
al., 1993),

In this study, regional frequency analysis
has been performed based on an index flood
method and a  two-parameler  Weibull
probability distribution. Even though Weibull
distribulion may nol give a better [l 1o
given data, it was used for the candidale
distribulion because analytical solution can be
obtained fairly easily for regional frequency
And  the

variances ol single sile and regional flood

analysis. asymptotic  regional
quantile estimators have been estimated based
on ihe method of maximum likelihood (ML),
the method of moments (MOM), and the
method of probability

(PWM). Then these formulas were applied o

weighted momenls
some actual flood dala to invesligate the
regional gain due to regional food frequency
analysis. Finally, the results were compared
with those from Hosking regional L-moment
procedure.

2, REGIONAL MODELING

2.1 Asymptotic Regional Algorithm

Let us consider a {wo-parameter Weibull
model as a parenl model at each site in a
regiom.

The cumulative distribution function {(CDF)
of Weibull model is given by

F,:lfexp[*(xfﬂj)?‘], x=0 (1)

where, 4, is the scale parameter, », is the
shape parameter, ; indexes the siie. The sth
moment aboul the origin and quantile at site
; for the two-parameter Weibull distribution

are given by

wln) = BT (1-+vy,) (2)
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£l = A1 log(l— 1" (3)

The index Hood stales  thai

(g /p(f) does nol depend on j, thus for
the Weibull model

assumplion

(D m() = [—loe(— 1" r{1+1/7)

should not depend on , therefore, il implies
all shape paramelers are identical, thal is
y,=y (Boes et al, 198%). In addition, it is

flood data X,, X, .. ,

i with record length

assumed that the
K,
independent and identically distributed and
independent

of sile n, are

across the sites. From the
assumption that the shape parameters of all
siles in a reglon are idenlical, asymptotic
variances ol unbiased quanlile estimalors
based on ML, MOM, PWM were cvaluated
and the gain of regional flood frequency
analysis  over single site analysis  was
gquantified based on the [ormula (Boes el al,

1089).

2.1.1 Asymplolic Variance for ML(CRLB)
The Cramer-Rac Lower Bound (CRLE)
gives the asymplotic variance of maximum
likelihood estumalors. If' the site 1 is the silc
of interest for regional analysis, the CRLB
for the variance of unbiased estimators of the
th quantile at sile 1 is given by (Boes et al.,

1989)

CRLB[ E(@) ]

zi(ff){i 4 A7) = logl —log (1= ))?
T i, - C

)

where C=1+T"(2)—[I(2)° = z°/6, (2
and ['(2) are the first and
derivalives of the gamma [mection evalualed

second

13
at 2, respectively.

2.1.2 Asymplolic Variance for MOM
The asymptotic variance of the eslimator

of the

gth quantile at site 1, () mam

which depends on weight-coelficienl w18
given by (Heo et al., 1990)

AVARL£(q) o ]

4 G 92 i —d
=&y = HI = =) Coul 1, UJ+% o
2w S, 20-—wdoh 1 s s
2, D" >, - S, o7 0
(5)
where
S=uw-p(l—1/7

FA{L =) - @(1+2/79) ~ log[ —log{l — a}]

D= g(l+1{y)— {1 +2/7

V=Zlpy U= V-2,

o= L4277 I+3in

UL+ /y TN -2/
IR EY 1L I

A1+ 2y 4

g =T+ UP I+ —1, and @ - s
the digamma function defined by
myr¢.), and r°(-) is the
derivative ol the gamma function.

AVARLE(@) yron ]
w, the minimum of AVAR[E{d) o] can
(5) wilh

firsi

Since is the functlion of

be found by differentiating Eq.

respecl 1o w and equaling to zero, which
yields,

W =0 — Cov( V, U o, (6)
where £, (g my 1 Dol an estumator, hecause

woy 18 & function of 3. Sel Wy, =, ()

and define the iterative estimator by
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a(Q)MDM =[—log(l—gq)] 1— Fiew
[ o B1(HOMY -+ (1= i) - By (MOM),]
(7

then the asymptotic variance of & (q) yon 18

given by

AVAR[ /5\1 (@ MOM] =
. (%)
=2 1 s, 1 T o]
51(9‘)[ 7 au{l—py) + E?’E—; 7 020]
where
T=g(1+1/7— Cor( V, I)D/ o}y log[ — lag(l — )]
and coetficient

the cortrelalion

puy 18
between {7 and 1.

2.1.3 Asymptolic Variance for PWM
The asymptotic variance of the estimalor
of the th quantile at site 1, Z{gam is

oiven by (Heo et al., 1990)

Ela)
T1+6)

3

AVAR| E{@) ] =

IR &
[ H]{ g
- b
+ glfxgw-m Y}
it

FAHDI(+26) — AT +26)

(9
where G=1/7,
X= [ 27451/ 11+ 26),
— {229 (1 4+ 26)
Y= [1—2"C+dB(1/D1r1 +28),
— 1+ 2+ O+ 20
and  H(1/2)=,F(2G.G1+G:—1/2) is the

hypergeometric function.

For the purpose of comparison of regional
analysis and single site analysis, the concepl
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of regional gain was iniroduced to measure
et al., 1990).
zain due to
the
asymptolic variance evalualed from regional

the relative analysis effect {Heo
The regional gain, asymplotic
regionalization, is defined by ratio of
analysis lo that {rom single sile analysis for
each scheme of the parameter estimations
of
likelihood, and probability weighled moments.

such as method moments, maximum

For example, the regional gain at site 1 for
PWM can be written by Eq. {10), Note ihal
if the value of R is larger than 1, there is

no gain al sile | from regional [lood
frequency analysis. [n other words, single sile
analysis is  better than regional [ood

frequency analysis in quantile estimating.

Avar [ ;El (@) puw] mecronar

R = =
Avar( & () ppel serw

(10)

2.2 Regional L-momeni Algorithm

(1990) delined
L-moments which are the linear combinalions

Hosking the concept of

of the probability weighted moments and
shown that index flood procedure based on
L-moments  yields robust and accurate
estimates. He also suggested some slatistics
that could measure the discordancy of data,
the homogeneity of a region, and goodness
of i, then
amalysis procedure with 4 stages (Hosking
and Wallis, 1993),

In the [irst stage, the sample L-moment

and construcled the regional

ratios for dilferent sites are compared. And il

is checked wheiher the sample data has ihe
and

not.

inconsistencies,  and
The
discordancy D, is not considered good for

if o the

Zross CITOrs

slalionary or measure of the

the regional analysis exceeds

critical value 3.
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D,=%(z¢.—a)TS_l(Hz_;) (1)

is the wveclor of L-coefficient of

variation (LCV), L-coefficient of skewness
(LCS), and L-kurtosis (LCK) for a site . 5§

is the covariance matrix of , and » is the

where g,

mean of veclor u,.

For the rvegional frequency analysis, the
and it should
stalisticat

region is mnot geophysical
that

characteristics. In the

include sites have similar

second  stage of

regional analysis, (he degree of rtegional

homogeneity is estimated using heterogeneily
measure F, in which the region is accepted
H{,

as  homogeneous  if possibly

heterogeneous i 1 < #<¢ 2, and definitely
heteropeneous  if K =2.  Heterogeneity
measure H is delined by
V_,HV
-y 2
H oy {12}
where, J is the weighted standard deviation

of the single site sample LCVs, w4, and o

slandard deviation of
simulated 1/ values, respectively.

are the mean and

In the next stage, a regional frequency
distribution is fitted to the observed data of
several sites m a region by using a goodness
of [l measuwre Z which describes the
relationship between the LCS and LCK of
the fitted distribution and those of the
observed data. Hosking and Wallis (1993)
suggested that fitted disiribution be proper if
ZH5T would be sufficienily close 1o zero and
that a reasonable crilerion be | 2”57 | <1,64,

in which 277 is given by

UST R
Z'f —{ 1\+ Bq
ay

DIST
ZPET =

(13)

R

where 7 is the average L-kurlosis value

15

computed from the data of a given region,
B, is the bias of :f, ¢ is the standard

n

deviation of (F, e

and is the average
L-kurtosis value computed from simulation
for a fitted distribution.

Then, the
obtained from goodness of {it tesi should be
fitted
Using ihe index flood method, Hosking and
Wallis  (1993)

magmtudes at

regional frequency  distribution

to the data and scaled pertinently.

estimated  the  quantile

a site for a given retum
period from sample mean and the regional
distribution  with weighted average to the

data,
3. DATA APPLICATION

3.1 Data Description
Flood data were collecled from gauging

stations in Illinois, Indiana, and Wisconsio
(Curtis, 1987).

record sites having at least 10 years but only

There are 394 conlinuous-

21 sites have more than 33 successive annual
Mlood data. For the homogeneity problem, we
trimmned the list by removing 6 sites based
on the skewness, the shape parameter
estimales, drainage areas, and sample size of
each site in a region. For the remaining 15
Table 2, Weibull

rejecled  al 5%
significance level by using a ¢*—goodness
of il test {Koitegoda and Rosso, 1997) and
a probability plot cormrelation coefficients iest
(Filliben, 1975, Vogel and Kroll, 1989). In

addition,

siles as shown in

assumption cannot  be

independence assumplions for the
region were checked by computing sample
autocorrelation coelficienls and Cross-
correlation coefflicients and then fairly well
satisfied (Salas et al, 1980). Even though
the estimaled shape parameters are not alike,
all 15 sites are lumped into one group. In

addition, for comparison and illustration, two
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Table 2. General Description of Selected Sites Illinois and Wisconsin Regions

Site | Sample | Area | Mean |Sid. Dev.| Skew | Sile | Sample | Area | Mean |Std. Dev.| Skew
No.| Size | (km» | (cms) (cms) ness MNo.| Swze | (km) (cims) (cms} ness.
18 60 3926 187 302 0.702 | 235 44 2248 83 +1 1.259
45 + 63 651 124 68 0452 | 262 43 1499 Lo4 83 0.515
55 36 639 163 83 0.825 || 2065 55 3240 381 216 0.624
al 43 3434 205 117 1.070 || 307 57 1424 169 112 1.237
63 69 1354 123 86 1.105 | 327 40 2807 409 255 1.169
124 35 5415 349 168 0.760 | 335 65 3348 288 157 0.929
144 43 93z 64 28 0376 | 344 45 2248 346 243 0.973
233 46 1178 265 143 1.508

more groups are considered as

Case 1 : 45, 61, 233, 265, 335
{5 siles in a group)
Case 2 @ 45, 61, 233, 265, 335, 55, 235, 262
{8 sites in a group)
Case 3 : all 15 giles in a group
For case 1, those 5 siles having values of
the ML estimates of the shape parameler

closely clustered were grouped. Tor case 2,
the 3
the shape parameler were added lo case 1.

sites with the larger ML estimales ol

Considering the ML estimales of y,, the

standard deviation of the shape parameter
eslimales was in ihe following order of case

3 > case 2 > case 1.

3.2 Comparisons of Variances

Asymptotic variances of the gth quantile
estimators based on the ML, MOM, and
PWM methods from the smgle site and the
regional frequency analyses were evalualed in

order 1o invesligate (he regional gains due Lo

regional analysis. Furthermore, the
comparisons ol the variances between
asymptolic regional variance analysis and

Hosking's algorithm were performed. As for

Hosking regional frequency analysis the
variances of 4lh quantiles for the single and
the regional analysis were evaluated from the
(RBIAS) and
{(RRMSE)

of  Hosking

relationships ol relative bias

relalive rool mean square error

using the simulation codes
{Hosking, 1996). The sites in a rtegion were
assumed to be

mdependent  identically

distributed in the modeling selup part. For
the purpose of evaluation for the effect of
Monte-Carlo

regional analysis considering dependence of

independence, simulation  for

sites in a region was performed.
Table 3
homogeneity and goodness of fit following

shows Lhe slalislics representing

Hosking procedure. As shown in Table 3, 15
sites

of case 3 cannot be considered as

Table 3. Results of Homogeneity and Goodness-of-fit Tesls

No. of Heterogeneity Measures Goodness-of-[it Measures
Case Site H, H, H, Weibull GEV Gen Pcal‘SOE Gen Pavelo
narmal Type 3
3 -1.81 -0.07 0.32 4.00 4.00 3.79 3.12 -0.69
2 b8 -0.71 0.12 0.3 7.18 4.606 4.32 344 -0.89
E 2.13 0.52 -0.64 8.98 5.63 502 3.62 -1.88
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and the
values {or

homogeneous because
of fit
Weibull model have high values in every

ol 32

goodness measure  Z

Cisc.

L-moment ratio diagram has been used for

determining the regional frequency
distribution  (Hosking, 1990; Vogel and
18
—- gamma-2 | ] Case 1 (5 sio)
GEV-Z O Case 2 {8 sia)
log-Gumbel-2 ® Caose 3 (15 silo!
10 Weibull-2

Exponenbal (C 333)

Gurbel {0 1559) B

narmal ¢0 ¢}

L-SKEWNESS
[}
tn
o b b s

-0h LI S

0o 04 10 15

L-COEFFICIENT OF VARIATION

Fig. 1. L-momeni Ratio Diagram (LCV vs. LCS)

17
Fennessay, 1993), and the goodness of fit
lesis  for  the  two-parameter  Weibull
distribution  was  carried out using  the

L-moment ratio diagram, resulls ol which are
Fig. 1 and Fig 2. The
two-parameter  Weibull distribution is  good

shown in

for the regional distribution to given data,

VO g
H Gamma
! Woibull
- Leg-Gumbsl & GEV
0 Q5 - :
0n
E | Gumbel 0 1608,3 1504
e b X ,(’53:(
. R 24
Q | =' W Eq’ 4 Exponanyal (02120 1687)
- oc Hemal i 0 1276)
L J Case 1 (58 site}
O Case 2 (A5}
o Case 3 (15 sile)
-05 A A I A T
0d 0z 04 06 08 10

L-SKEWNESS

Fig. 1. L-moment Ratio Biagram (LCV vs. LCS)

Table 4. The Ratio of Variance for Various Estimation Techniques (Case 1)

Regional Shape Parameter

¥ = 1.93, Autocorrelation Coeff. = 0.062

Sue q 001 005 0l 0.5 07826 6.9 095 099 0.999 '
o 0.27 0.32 a37 0.79 1.01 004 0.85 069 037
MOM 027 0.32 037 079 1 0] 0.94 084 0,68 036
45 | pwn 029 0.33 038 077 097 0.38 0.79 062 05l [ 194 (&)
L-M (1) 028 0.34 a3 082 103 0.96 0.85 067 0.54
L-M (dy 030 0,36 04l 083 | 04 0.94 0 83 065 0.53
ur 0.22 027 37 0.76 0.97 0 80 0,70 asl 0.49
MOM 0.23 027 0.3 07 004 083 075 057 0.45
61 | pwar 0zl 0,26 031 076 ¢ 9y 090 079 062 049 | 191 (<)
LM 1) 0.2 027 33 0382 1 06 o 96 0,84 064 0.49
L-M (d) 072 0.28 0.5+ 083 I 06 0 o3 082 0.62 048
Al 021 027 0.32 078 oz .95 08 0.67 054
MOM 13al) 026 030 0.80 107 1,00 090 072 058
233 | puma .20 026 031 .79 L0s 007 0.86 068 055 | 1.95 (=)
L-M (1) 0.20 027 033 0.84 111 101 0,39 069 54
L-M (d) 0.21 028 034 0.85 110 100 0.87 067 053
NAT 0.27 031 036 076 0.95 0.87 0,77 0al a49
MOM 0.27 03l 035 0,75 093 0.87 0.77 0é 048
265 | pama 028 oaz 0.36 074 093 0.84 074 0357 046 | 188 (<)
L-M {1 027 012 0,37 08z 104 0.94 082 061 a4
L-M (d) 029 | 034 0.39 084 104 0.93 080 061 0.48
MI 027 0,33 0.28 081 I 04 097 088 0,71 0.59
MOM 027 033 0.37 080 103 096 0 86 07 .58
355 | pura 015 03l 037 0,57 108 )| 0.91 074 067 | 197 (2)
L-M (1} 024 03l 0.37 083 110 103 093 074 0.63
L-M (d) 026 033 (39 085 149 161 o1 074 061
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then considered as the

the

and representative

distribution  for L-moment
algorithm,

We defined # as the ratio of the variance
the

variance from regional frequency analysis.

regional

from single frequency anmalysis Lo

Thus, 1— F represents the regional gain due
Tables 4-6
of the

to regional frequency analysis.

show R wvalues for comparisons

Water Engineering Research Vol 1, No 1, 2000

variances of gth quaniiles from asymptotic
variance procedure based on three estimation
methods and Hosking procedure considering
independence IL.-M(i) and dependence L-M({d)
characteristics.

As shown in Table 4, the estimated regional
shape parameter 3= 193 and the estimated

single site shape parameler value y, s

shown in the tast column. There are regional

Tahle 5. The Ratio of Variance for Various Estimation Techniques (Case 2)

Regional Parameter y = 2.00, Autocorrelation Coeff. = 0,165

Site a 0.01 0as 01 D3 0.7826 0.9 0.95 0.99 0999 T
ML 0.23 0.28 032 074 0.94 0.86 0,76 059 0.46
MOM 023 0.27 0,32 0.74 0.54 086 0.75 0.58 0.45
45 WM 023 029 0.33 a2 0.89 080 0469 052 041 1.24 (=)
L-M 023 030 0335 031 1.02 .00 D78 058 0.4
L-M {d) .32 0,37 0.42 0841 .99 (.86 0.74 055 042
ML 419 024 0.29 a7l 0.01 82 071 053 04l
MOM 020 024 0.28 .70 088 078 067 050 Q38
al PwM 010 023 028 a7l 0.01 038l 070 053 040 | 191 (=)
L-M M D18 023 03l 082 ; 093 079 058 043
LM (d) 023 030 036 085 090 076 0.55 04l
ML 018 024 029 073 D 8o 076 0.58 045
MOM L) 022 028 075 0,92 081 062 Q-8
133 | PWM 0,18 023 028 074 097 0.87 076 0.57 044 | 195 (<)
L-M (i) 017 0.23 029 0.82 1.08 094 0,83 062 0.7
T-M (d) 022 029 035 0.85 1.06 0492 079 058 .44
ML 23 027 031 0.71 ngo 030 069 0352 040
MOM 023 027 031 0.71 0,59 0.80 069 Q352 040
268 | PWM 0,25 0.28 (.52 069 0.36 0.75 0.65 Q-8 037 | 188 (<)
L-M (1} 0.25 0.30 0.35 084 1.06 0.92 0,79 057 042
L-M (dY 03] 0.36 041 087 102 0 &8 0.74 0.34 {40
ML 0.23 0.28 033 073 0.97 0.88 0.78 06l 048
MOM 023 0.27 0.32 073 096 0.88 Q.77 .60 047
355 | PWM 0.22 0.27 032 076 0.99 0.91 080 0.62 049 | 197 (<)
L-M (1) 0.21 027 033 0.83 110 1.00 0 88 068 0.53
L-M (d) 0.27 034 2.39 D 8a 1.07 096 084 0.64 0.51
ML 0.12 019 0.25 082 116 109 097 077 DGl
MOM 012 019 0.23 081 115 108 096 076 060
55 WM 012 0.18 0.24 032 115 107 095 074 058 | 215 (=)
L-M (i} atl 0.18 0.24 0,79 L1l 142 090 068 0,53
L-M (d) 014 0.21 0,28 082 1.09 098 0.86 0.63 050
ML 013 0.20 026 083 1.20 114 103 0.82 066
MOM 012 0.20 0.26 0,86 123 117 L 06 0.83 0.69
235 | PWM all D18 0.25 0.91 136 130 L8 0,96 079 | 219 (=)
L-M (1) 010 017 023 0.81 121 1.16 103 0.86 [UAr
L-M (d) 0.13 D.21 0.28 0.84 117 110 099 0.80 0.66
ML 0.13 .20 026 0.83 1.14 11D 0.99 0.78 0.63
MOM 0.13 Dz0 026 083 117 (1] 0,99 073 063
262 | PWM 0.14 020 026 0.8l 1.12 1.03 092 071 057 | 2.16 (=)
L-M {1 313 020 0.26 080 112 103 091 070 055
L-M d) 017 0.24 03l 0 83 1.0% 0.98 0 86 0.66 052
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gaing in most cases (R<¢ 1.0} and the
regional gain of site of inierest incteases as
the return

around specific nonexceedance probabilities.

period increases and decreases

There is no regional gain for some specific

19

nenexceedance probabilities, especially when
the single shape parameter y, is bigger than
y (R=z=1.0) The
could be obtained in most

the regional wvalue

regional gain
cases that

LR

is smaller than the regional

Table 6. The Ratio of Variance for Various Estimation Techniques (case 3)

Regional Shape Parameter

y = 1.81, Autocorrelation Coeff. = 0.463

Sile g 0.01 0.05 al 0.5 0.7826 09 093 099 0 5o ¥y
ML an 018 024 0.81 115 1.08 097 076 0 GO
MOM 0.11 017 0.4 038l 116 109 097 0.76 060
45 pwm 0.12 018 024 0.78 108 099 087 0.67 ps2 | 194 (=)
L-M (0} 01l 018 0.24 077 108 L g0 088 0.67 051
L-M (d) 0.34 042 (.48 0 8% 103 0.93 083 069 30
ML 010 al6 0.22 078 1.10 fus e 0.91 0.70 0 54
MOM 010 0.6 0.22 077 1.0% 100 088 067 031
6l | pwm 009 0.16 020 | 078 1.10 Loz 0.90 068 0.52 | 191 (=)
L-M (i) 0,09 als 0.21 077 109 1 a0 087 0.65 0 4
L-M (d) 24 0,32 039 0.83 1.01 0 90 0.79 062 051
ML 009 0.16 a2 0.81 116 1.09 093 0.76 059
MOM 003 015 0.22 083 124 L8 1.06 0.83 06
133 | pwM 009 0.15 a2 0.21 147 109 0.96 075 058 | 195 (=)
L-M (i) 0.08 0l 0,20 078 1.13 1.04 091 0,70 0.54
L-M (d) 024 0.33 0.40 087 105, 0 54 0.83 066 0.55
ML DIl 0,18 024 a78 1.08 ; 1.00 (.89 068 0.53
MO 011 017 0.23 0.78 1 09 102 7 0 90 0.69 0.53
265 | pwn 0,12 018 0.24 0786 103 094 082 0.62 048 | 188 ()
L-M (i) 0.2 018 0,24 80 116 100 0 %6 0 64 0.48
L-M (d) 034 DL 048 089 103 a9l 0.79 063 052
ML 01l 018 0.24 082 118 1L L.00 079 063
MOM all 0.17 024 0.82 1.18 112 oo | 079 063
335 | pwm 010 0.07 0,23 083 L.20 L3 or 079 0.63 | L97 ()
L-M (i} a1 0.16 0.2 077 1.14 107 0.56 073 0.59
L-M () 0.30 0.40 0.47 090 108 L 0.52 0,79 0.71
ML 0.06 013 .20 0ol 141 1,38 126 102 0.82
MOM 0.06 013 0,20 0ol 1.42 139 127 102 .83
55| pwi 0.06 013 019 09 1.39 134 121 0.97 077 | 215 )
1-M (D) 005 011 017 0.76 1.18 113 141 079 062
L-M (d) als 024 0.31 083 111 1 a2 091 075 0 64
ML 0047 0.14 021 | 004 1.47 133 1.09 D59
MOM 006 0.13 0.20 06 1.52 130 115 054
235 | PWM 0.14 0.25 0.33 .86 114 103 a9l 085 | 219 (=}
LM () 0.14 a2s 033 0.86 114 1.10 103 0%l 0.85
L-M (d) 014 0,25 33 0.86 L 110 1.03 091 0.85
ML 0ot 014 021 092 1.40 128 ' 04 .84
MOM 0.07 a4 021 092 1,42 130 105 (.86
262 | pwnl 0.07 014 0.2 088 1.30 117 0,93 075 | 210 (=)
L-M i 006 0,12 018 075 110 0.99 0.78 062
L-M (d) 0,18 028 0.35 0 86 1.02 092 0.77 067
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but the
superior to the regional analysis around 4=
0.78265 as shown in Tables 5 and 6. Also,
the asymplotic gaimn due to regiopalizalion

value ¥, single site analysis 1s

decreases as the differcnce beiween y, and
» increased Note  that  the nonexceedance
probability — ¢=0.78265 i3 the
probability that does not give the regional
gain in Eq. (4), in which the sccond term of
the pumerator becomes zero for this specific
g. The nonexceedance probability band is

theoretical

expanded as sites In a group are increased,
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in other words, heterogeneity is increased.
The variances of each site in a Tegion
from single sile and regional analyses are
shown in Fig. 3 through Fig. & For g=
0.99, Lhere are always regional gains for all
methods., However, lhere are some siles
which do not have regional gain (or 4=

(1.78265 dependmg on the estimated shape

parameier.
In Fig. 8, site number 124 of case 3 has
the single shape parameter greater than

regional shape parameter, therefore it has the

Table 6. The Ratio of Variance for Various Lstimation Technigues (case 3)

(continued) Regional Shape Parameter y = L.81, Auolocorrelaiion Coelf. = 0.463
Site a 0.01 0.03 01 03 07826 0.9 0.93 099 0999 ¥y
" 0.19 073 028 0.68 02 0.7 0 63 046 034
MOM 0.16 0.21 026 0.59 0.39 0.7% 067 049 036
18 | puma 0.19 0.23 0.27 0.68 0 &5 074 0.63 0.5 033 | 166 (<)
LM (D) 018 024 0.30 080 10l 087 0.74 0.53 038
L-M (d) e 053 0.57 089 0.96 082 071 053 0.2
il 031 031 0.53 061 0.71 0.60 050 034 024
MOM 011 029 032 06l 069 1 D36 043 030 02l
63 | vwma 0135 032 034 0.61 067 (33 043 030 a2l | 1.52 (<)
L-M (D) 633 0.37 0.42 086 098 o 80 0.64 0.42 028
L-M (d) 097 0.79 074 095 094 0.76 0.62 043 a3l
il 0.16 020 026 069 0.87 077 066 048 035
MOM 014 019 024 0.59 0,90 0,80 068 0.49 036
114 | pyina 0,16 020 015 0.68 0.86 0.75 063 0.46 033 ' 169 ()
L-M (I} 0.13 0 028 081 L4 0.90 075 052 0.37
L-M (d) 040 0.45 040 0.89 09s 082 0.69 050 038
o 0.06 0.12 020 097 1.35 EE 142 117 095
MOM 0.03 012 0.19 099 1.61 161 1,49 123 1.01
124 | pasna 005 012 0.19 097 1.58 1.55 142 116 0.95 | 225 (=)
L-M (1) 004 0.10 0.15 076 121 1.19 108 088 072
L-M (d) 0.13 0.22 0.29 084 113 107 0.99 0 &4 D75
o 0.20 0.24 0328 067 0.51 0.70 0.60 0.43 03l
MOM 021 024 028 0.64 0.78 066 035 0.38 027
307 | poma 021 024 028 0.G6 079 0.63 057 0.40 029 | 1.63 (<)
L-M (D) 0.20 026 032 082 101 0.85 07l 049 034
L-M (d} 0.56 0 55 0 3% 091 0.97 0.80 067 048 037
a1 0.13 019 0 24 071 09z 0.42 071 032 038
MON 0.13 018 024 068 0.89 078 0 66 048 033
327 | puna 013 0.19 024 069 0.90 079 0 68 049 036 | 174 ()
L-M (1) 012 019 0.26 030 1.04 091 078 034 039
L-M (d) 032 0.38 044 087 100 085 071 632 039
NT 079 0.2% 032 06! 056 054 0.44 030 020
MOM 04 a3 0.28 0.60 070 0.57 HELS 0.30 020
344 | poms 0.3 0,29 031 0.59 06 0.52 nd2 027 0.18 | Lo (<9)
L-M (D) 032 036 0.42 0.88 097 077 06l 039 0.25
L-M {d 075 067 0.67 094 092 07l D 56 0.37 025
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worst regional gain in a 15 site region al
g= 0.78265 and does nol give the regional
even though ¢ = 0.99,

4. CONCLUSIONS

The comparison between the single site

and regional flood analyses have been
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performed in the sense ol

quaniile for a given flood data by using both
asymplotic

ol variance

varlance and

regional  analysis
Hosking's
Both

Asymplotic

regional L-moment  algorithm.

schemes show the similar results.

formulas  always provide the

regional

gains when the estimated shape



parameter y is smaller than regional shape
parameter ¢, while Hosking's algorithm does
nol. However, Hosking's algorithm provides
smaller variances when the heterogeneily is
imereased and y, is bigger than y for g=
0.78265.

nonexceedance probabilities, no regional gains

For some specific siles and
exisl depending on the eslimated single sile
and regional shape parameters. Furthermore,
the range of no regional gain is increased as
between  the

regional shape paramelers increase especially

the differences single and

when y, > y. Even though the selected sites

may salisfy Hosking's crileria, regional
analysis may not give a regional gamn for
Thus,

shape

nenexceedance probabilities.
o check the estimated

specific

we have
parameters  from  single site and regional
[lood frequency analysis because there might
be no regiomal gamm depending on ihe
variability of the shape parameler for the
2-parameter Weibull model. Similar results
can be expecled for other probability models

although further research is needed.
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