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Abstract
This study focuses on identification of hydrologically homogeneous regions in New South Wales
(NSW) from 88 selected sites for regional flood frequency analysis. The heterogeneity measure
proposed by Hosking and Wallis (1993) has been adopted for this study amongst the various
available techniques to form homogenous region. This method applies L moments to check for
homogeneity. L moments for all the 88 sites have been computed and an investigation for discordant
sites has been carried out. This has been done in two steps: (i) considering all 88 sites as a single
group and (ii) dividing the 88 sites into two groups based on their drainage divisions. The effect of
the discordant sites has been examined both individually and as a group. The overall results show
that the effect of the discordant sites on heterogeneity measure is negligible and no homogeneous
regions can be established in NSW, which is similar to the findings of previous studies.

Keywords: Homogeneous region, heterogeneity measure, L moments, discordant sites, drainage
divisions.

1. INTRODUCTION
Flood is one of the worst natural disasters which can result in millions of dollars of financial damage
and loss of life. Design of different types of hydraulic structures, flood plain zoning and economic
estimation of flood protection projects and similar tasks requires information of flood magnitude and
frequency, which is known as design flood. Resources can be wasted due to the results of under- or
over-design of hydraulic structures due to inaccurate design flood estimates. It is hence essential to
develop the appropriate models to estimate design floods. Flood frequency analysis (FFA) is
commonly used to estimate design floods; however; problem arises in the form of ungauged sites
where little or no data is available to employ FFA. Regional flood frequency estimation (RFFE) is
usually applied in such cases of ungauged sites with the goal of transferring information from gauged
sites to the ungauged target site within a homogeneous region. Therefore, the first priority in RFFE is
to identify homogeneous regions and the assessment of the credibility of the obtained regions.
A group of sites may be defined as homogeneous group if their standardised flood frequency curves
are similar, within a certain margin of sampling variability (Ribeiro-Correa et al., 1995). Several
researchers have proposed homogeneity tests in RFFE including Dalrymple (1960), Wiltshire (1986a,
1986b), Chowdhury et al. (1991), Lu and Stedinger (1992), Fill and Stedinger (1995), and Hosking
and Wallis (1993, 1997). The method proposed by Dalrymple (1960) is based on the sampling
distribution of the standardised 10 year annual maximum flow, assuming an extreme value 1 (EV1)
distribution whereas Wiltshire (1986a, b) presented a test based on the sampling distribution of
coefficient of variation of flood data (Cv) and also a distribution-based test. He introduced an F
statistic, which is the ratio of between group variance of Cvs and within group variances of Cvs, to
judge the degree of homogeneity. However, the problem with these distribution-specific tests is that,
when the hypothesis of homogeneity is rejected, it remains doubtful whether the region is
heterogeneous, or whether it is homogeneous but has some other parent distribution (Hosking and
Wallis, 1993). Nowadays L moments based statistics proposed by Hosking and Wallis (1993, 1997) is
very popular in RFFE to form homogeneous regions. L moments are analogous to conventional
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moments with measures of location (mean), scale (standard deviation), and shape (skewness and
kurtosis) and do not involve squaring or cubing the observations, as is done for the conventional
method of moments estimators; they are generally more robust and less sensitive to outliers.
Numerous studies have been carried out using L moments based homogeneity analysis. For example,
Saf (2009) tested for homogeneity in Turkey based on simulation with a four-parameter Kappa
distribution and L-moments based heterogeneity measure. Three subregions have been defined, as the
Antalya subregion, the Lower West Mediterranean subregion, and the Upper West Mediterranean
subregion. Parida et al. (1998) applied L moments based heterogeneity measure on the 12 gauged sites
in India and found one homogeneous region. Application of this same method on 50 stream flow
gauging sites in Sicily resulted into 5 homogeneous regions (Noto and La Loggia, 2009). Castellarin et
al. (2001) investigated for homogeneous regions by applying the L moments based heterogeneity
measure with other methods. Bates et al. (1998), Rahman et al. (1999), Mecivski et al. (2015)
attempted to form homogeneous regions in south-east Australia (which included stations from NSW
and Victoria) based on Hosking and Wallis (1993) method, but they could not establish any
homogeneous regions.
In order to define homogeneous regions to use in RFFE, a trade off exists, whether including
additional catchments to make the region larger and maintaining a high degree of similarity with a
smaller region. If more sites are added to a region, more knowledge about flood characteristics is
available; however, if the added sites are hydrologically dissimilar, the additional information does not
result in more precise quantile estimation. With the latest flood data in NSW from 88 sites, this study
investigates identification of homogeneous regions using Hosking and Wallis (1993) criteria.
2. STUDY AREA AND DATA SELECTION
For this study 88 catchments from NSW have been selected. The locations of these catchments are
presented in Figure 1. These sites are mostly unregulated and have not been affected by major land use
changes. All the selected catchments are small to medium in size and the catchment area for the
selected sites varies from 8 to 1010 km2 with a mean of 352 km2 and median of 260 km2. Record
length ranges from 25 to 82 years, with a mean of 41.5 years and median of 37 years. The
physiography of the area varies from mountainous region to coastal area with the mean annual rainfall
(MAR) ranging from 625 to 1955 mm/y (mean: 1000 mm/y and median: 910 mm/y).

Figure 1. Locations of the selected 88 sites in NSW, Australia
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3. METHODOLOGY
For this study, L moments based heterogeneity measure proposed by Hosking and Wallis (1993, 1997)
has been selected to identify homogeneous regions from the selected 88 sites. L moments of the
annual maximum (AM) flow data are computed for all the selected stations and heterogeneity measure
has been applied. The heterogeneity measure looks for discordant sites among the data set. The
heterogeneity measure has been applied in two steps: (i) considering all 88 sites in one group and (ii)
dividing these selected sites based on their drainage divisions (Drainage Divisions 2 and 4). Drainage
Division 2 represents catchments in NSW which are located in the east of the Great Dividing Range,
and Drainage Division 4 represents catchments located in the west of the Great Dividing Range. The
impact of the discordant sites has been examined both individually and as a group on the data and
heterogeneity of the sites has been reassessed.
3.1 L moments computation
Probability-weighted moments (PWMs), introduced by Greenwood et al. (1979) are defined as:
𝛽𝑟 = 𝐸[𝑥{𝐹(𝑥)𝑟 ]

(1)

which can be rewritten as:
1

𝛽𝑟 = ∫ 𝑥(𝐹)𝐹 𝑟 𝑑𝐹

(2)

0

where F = F(x) is the cumulative distribution function (CDF) of x, x(F) is the inverse CDF of x
evaluated at the probability F, and r = 0, 1, 2, . . . , s is a nonnegative integer. When r = 0, β0 is equal
to the mean of the distribution μ = E[x] L Moments are linear combinations of PWMs. The rth L
moment λr is related to the rth PWM through:
𝑟

𝑟 𝑟+𝑘
𝜆𝑟+1 = ∑ 𝛽𝑘 (−1)𝑟−𝑘 ( ) (
)
𝑘
𝑘

(3)

𝑘=0

For example, the first four L-moments are related to PWMs using
𝜆1 = 𝛽0

(4)

𝜆2 = 2𝛽1 − 𝛽0

(5)

𝜆3 = 6𝛽2 − 6𝛽1 + 𝛽0

(6)

𝜆4 = 20𝛽3 − 30𝛽2 + 12𝛽1 − 𝛽0

(7)

Hosking (1990) defined the L-moment ratios as follows:
𝜆2
⁄𝜆
1
𝜆
𝐿 − 𝑠𝑘𝑒𝑤 = 𝜏3 = 3⁄𝜆
2
𝜆
𝐿 − 𝑘𝑢𝑡𝑜𝑠𝑖𝑠 = 𝜏4 = 4⁄𝜆
2
𝐿 − 𝐶𝑣 = 𝜏2 =
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3.2 Discordancy measure
Let i be a site from the proposed region that has N number of sites. For site i, the vector containing the
L moment ratios 𝜏2 , 𝜏3 and 𝜏4 are represented as:
𝑢𝑖 = [ 𝜏2(𝑖)

(𝑖)

𝜏3

(𝑖)
𝜏4 ]

(11)

And the unweighted group average 𝑢̅ is calculated as following:

𝑢̅ =

∑𝑁
𝑖=1 𝑢𝑖
𝑁

(12)

Then the sample covariance matrix can be found using the following:

𝑆=

∑𝑁
̅ )(𝑢𝑖 − 𝑢̅)𝑇
𝑖=1(𝑢𝑖 − 𝑢
𝑁−1

(13)

A site is considered to be a discordant if it is located far away in the L moments space as compared to
the majority of the sites in the proposed group. The discordancy measure for site i can be measured by
the following:
1
𝐷𝑖 = (𝑢𝑖 − 𝑢̅)𝑇 𝑆 −1 (𝑢𝑖 − 𝑢̅)
3

(14)

To identify a site to be discordant, Hosking and Wallis (1993) suggest Di ≥ 3. However, they
recommend that the data for sites with the largest Di values should still be examined for possible
errors.
3.3 Heterogeneity measure
Let site i have record length ni and sample L moment ratios are 𝜏2 (𝑖) , 𝜏3 (𝑖) and 𝜏4 (𝑖) . If the regional
average L-Cv, L-skewness and L-kurtosis weighted by the sites’ record length are represented as 𝜏2 𝑅 ,
𝜏3 𝑅 and 𝜏4 𝑅 where:
𝜏𝑅 =

(𝑖)
∑𝑁
𝑖=1 𝑛𝑖 𝜏2
∑𝑁
𝑖=1 𝑛𝑖

(15)

The weighted standard deviation can be found as following:
(𝑖)
∑𝑁
− 𝜏2 𝑅 ) 1⁄
𝑖=1 𝑛𝑖 (𝜏2
𝑉={
} 2
𝑁
∑𝑖=1 𝑛𝑖

(16)

A kappa distribution is fitted to the regional average L moments and a large number of simulations are
run to generate Nsim of realisations of a region with N sites each having the same kappa distribution as
their frequency distribution. These simulated regions are homogeneous and have no cross-correlation
or serial correlation; they have the same record length as their real counterparts. For each simulated
region V is calculated. Heterogeneity measure or the H statistics can be computed using the following
equation
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(17)

Where 𝜇𝑣 and 𝜎𝑣 are the mean and standard deviation of Nsim values of V respectively. As suggested
by Hosking and Wallis (1993), a region is declared as heterogeneous if H has a large value. Values of
H less than 1 can be labelled as ‘acceptably homogeneous’, values lying between +1 to +2 can mean
‘possibly heterogeneous’ and H ≥ 2 indicates a ‘definitely heterogeneous’ region.
4. RESULTS
4.1 Heterogeneity analysis for the whole data set
Figure 2 shows the discordancy measures Di for each of the 88 sites computed by equation 14.
Amongst these 88 sites four sites (203002, 222016, 401015 and 419029) are found to have Di values
greater than 3. The values of Di for sites 203002, 401015 and 419029 are 3.78, 3.48 and 3.86,
respectively; the value of Di for site 222016 is found to be the highest i.e. 6.05. Although according to
the suggested criteria, these sites could be discordant, further investigations are carried out to be
certain about their discordancy status.

Figure 2 Values of discordancy measure (Di) for the 88 sites
For further investigation the sites that are found to have Di > 3 are removed, as they can largely affect
the H statistic. Next, the H statistics i.e. H1, H2 and H3 are computed for the 88 selected sites and found
to be 13.44, 10.06 and 5.96, respectively. Removal of all four sites that have Di > 3, results in H values
being equal to 11.74, 8.73 and 4.74, respectively. As there is no significant reduction in the H
statistics, these 84 sites (after removal of four discordant sites) are still found to be highly
heterogeneous. Furthermore, after removing the four discordant sites, two more sites are found to have
Di > 3. These two new discordant sites are 208001 and 222015 having Di values of 3.37 and 3.69,
respectively. Next, these two new discordant sites are removed from the group of 84 sites and Di and
H statistics are computed for the new group of 82 sites. This analysis renders one more discordant site
(204026) having Di of 3.5. H values for the new group of 82 sites are found to be 12.35, 8.91 and 5.01,
respectively. It seems the H statistics have increased rather than decreasing after the removal of the
discordant sites. Lastly, the new discordant site having Di of 3.5 is removed from the 82 sites forming
a new group of 81 sites and again the Di and H statistics are computed for the group. This new
computation does not result in any more discordant sites. However, H1, H2 and H3 for this latest group
of 81 sites are 11.1, 8.31 and 4.83, respectively, which indicates a non-homogeneous group.
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Next, each discordant site is removed one at a time from the 88 sites, e.g. site 203002 is first removed
and the H statistics are computed for the remaining 87 sites; then site 203002 is put back into the
group and the next site is removed and the H statistics are again computed for the 87 sites as before,
and so on. Figure 3 plots the value of discordancy measure for 87 sites. There are four plots (a), (b),
(c) and (d), each of them has been derived by removing one discordant site at a time. In each of these
plots, it is visible that no matter which discordant site is removed from the group there are still a few
discordant sites present in the group.

Figure 3 Values of discordancy measure (Di) for the 87 sites; (a) after removing site 203002, (b)
after removing site 222016, (c) after removing site 401015 and (d) after removing site 419029.
Table 1 shows the results from the investigation carried out to determine the effect of individual
discordant site on H values of the remaining 87 sites. When the first discordant site 203002 is removed
from the 88 sites, the other three discordant sites 222016, 401015 and 419029 still remain discordant
having Di values of 6.05, 39.5 and 3.81, respectively and the H values have no significant reduction
keeping the groups highly heterogeneous. Removal of 222016 (Di = 6.05) provides four discordant
sites and has no significant effect on the H statistics. Removal of the other two sites 401015 and
419029 do not generate any better results as shown on the table. Results after removing the two
discordant sites one at a time from group of 84 sites (the first four discordant sites are removed from
the 88 sites thus rendering a new group with 84 sites) are recorded on table 2. It is visible from the
table that, removal of these discordant sites has no significant effect on reduction of H values.
Table 1 Sites removed one at a time from first group with 88 sites
Removed site
no.
203002
222016
401015
419029

H1

H2

H3

13.43
12.16
13.32
13.31

9.71
9.53
9.54
9.54

5.57
5.72
5.67
5.52

Table 2 Sites removed one at a time from group with 84 sites
Removed site
no.
208001
222015

H1

H2

H3

11.22
12.22

8.28
8.82

4.82
4.92
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4.2 Heterogeneity analysis for two groups divided from 88 sites based on their drainage division
In the next step of this investigation, all 88 sites are divided into two groups based on their drainage
divisions. Group 1 consists of sites that are in drainage division 2 and there are a total of 50 sites in
this group; whereas in group 2 there are a total of 38 sites coming from drainage division 4. Both
discordancy measure and H statistics are computed for these two groups. Application of discordancy
measure to both of the groups result in generating two discordant sites from each group i.e. sites
203002 and 222016 from group 1 and sites 401015 and 419029 from group 2. The values of
discordancy measure for group 1 and 2 are plotted in figure 4 (a) and (b), respectively.

Figure 4 Values of discordancy measure (a) showing 2 discordant sites in group 1 having 50
sites; (b) showing 2 discordant sites in group 2 having 38 sites.
The H values for group 1 are found to be 12.81, 9.62 and 6.13, respectively and in case of group 2,
these are 5.84, 3.89 and 1.64, respectively. Division of groups according to their drainage divisions
has not resulted in any notable reduction in H values. Moreover, additional application of the
discordancy measure after removing the discordant sites has not developed any remarkable changes.
Tables 3 and 4 record the H values for group 1 and 2 respectively after removal of the discordant sites.
Table 3 H values for group 1 sites obtained from drainage division 2
No. of sites
50
48
47
46
45
44

Sites removed
2
1
1
1
1
None

Removed site names
203002, 222016
222015
208001
204026
204056
N/A

H1
12.81
11.56
11.35
10.66
10.05
9.96

H2
9.62
9.29
9.09
9.20
8.36
8.28

H3
6.13
5.83
5.88
6.46
5.85
5.89

Table 4 H values for group 2 sites obtained from drainage division 4
No. of sites
38
36
35
34

Sites removed
2
1
1
None

Removed site names
401015, 419029
410038
411001
N/A

H1
5.84
5.55
5.00
4.64

H2
3.89
2.92
2.63
2.18

H3
1.64
0.61
0.59
0.33

5. CONCLUSION
This study examines identification of homogeneous regions for RFFE in NSW. From the discordancy
investigation, it can be stated that although there are few sites as discordant from both the cases (88
sites as a single group and two groups based on drainage division), their removal does not result in any
significant reduction in H statistics. Also, there is no gross data error discovered for these sites. It can
be concluded from these results that perfect homogeneous regions according to the criteria of Hosking
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and Wallis (1993) cannot be established in NSW. This implies that the index flood method, proposed
by Hosking and Wallis (1993) cannot be applied to NSW. Future study will focus on development and
testing of an approximate index flood method ignoring the heterogeneity measures.
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