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1 INTRODUCTION

More than 75% of Iran area is located in arid and
semi�arid regions and despite the low annual precipita�
tion large floods often occur [12]. In developing coun�
tries annual flood series are too short to allow a reliable
estimation of extreme events or there is no flow record
available at the site of interest. An inadequate under�
standing of the probabilistic behavior of extreme flows
may have significant economical impacts on the design
of a hydraulic structure [12]. Reliable estimation of
extreme flows with given return period is crucial at sites
where dam constructions, reservoir management, low
flow management, or any other hydraulic structure are
needed. Underestimation of flood discharges will lead
to increased flood risk, while overestimation of flood
discharges will lead to increased construction costs. In
practice, however, data are collected only at a limited
number of sites and therefore it frequently happens that
streamflow data are not available at sites where a
hydraulic installation is to be constructed. In cases
where at�site data are not available for flood assessment,
one may use data from gauged catchments, or, in gen�
eral, data from catchments with similar hydrologic
regimes. Therefore, the estimation of a regional flood
frequency distribution is popular and practical means of

1 The article is published in the original.

providing flood information at sites with little or no flow
data available for the purposes of flood control and
engineering economy [22].

RFFA usually involves two steps: (1) identification
of homogeneous regions, and (2) selection of suitable
regional frequency distributions and estimation of
flood quantiles at sites of interest. Several methods are
available to perform a regional analysis. The first step
in a regional analysis is to define the region itself. The
definition of a region depends on the quantities to be
estimated. RFFA involves the identification of groups
(or regions) of hydrologically homogeneous catch�
ments and the application of a regional estimation
method in the identified homogeneous regions.

Hosking [10] introduced the L�moments, which
are linear functions of probability weighted moments
(PWMs). The L�moments are more convenient than
PWMs because they can be directly interpreted as
measures of scale and shape of probability distribu�
tions. In this respect they are analogous to conven�
tional moments. L�moment ratio diagrams have
become popular tools for regional distribution identi�
fication and testing outlier stations. Hosking and Wal�
lis [8] developed several tests to use in regional studies.
They gave guidelines for judging the degree of homo�
geneity of a group of sites and for choosing and esti�
mating a regional distribution. L�moment diagrams as
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a tool for identifying a regional distribution have been
used in numerous studies [15, 19, 20, 21]. Chowdhury
et al. [2] compared several goodness�of�fit tests for the
regional general extreme value (GEV) distribution and
found that a new chi�square test based on the L�coef�
ficient of variation and the L�coefficient of skewness
outperformed other classical tests.

MATERIALS AND METHODS

This study involves four main stages: screening the
data and determining the main site and at�site charac�
teristics which affect the flood magnitude and apply�
ing them in the regionalization of the study area, iden�
tifying homogeneous regions by cluster analysis and
region�of�influence methods, testing the homogene�
ity of regions, investigating the best�fit distribution for
the study area based on L�moments approaches, and
comparison of index�flood and multiple�regression as
the two regional flood frequency methods.

Regionalization 

The estimation of probability of extreme flood
occurrence is an extrapolation based on limited data.
Thus, the larger the database, the more accurate esti�
mates will be. From a statistical point of view, estima�
tion from small samples may give unreasonable or
physically unrealistic parameter estimates, especially
for distributions with a large number of parameters
(three or more). Large variations associated with small
sample sizes cause unrealistic estimates. In practice,
however, data may be limited or in some cases not be
available for a site. In this instance, regional analysis is
the most useful.

Regionalization serves two purposes. For sites
where data are not available, the analysis is based on
regional data [3]. For sites with available data, the joint
use of data measured at a site, called at�site data, and
regional data from a number of stations in a region
provides sufficient information to use probability dis�
tribution with greater reliability.

RFFA involves two major steps: (1) grouping of
sites into homogeneous regions, and (2) regional esti�
mation of flood quantiles at the site of interest. The
performance of any regional estimation method
strongly depends on the grouping of sites into homo�
geneous regions [5, 6].

Numerous techniques have been used to identify
homogeneous regions for RFFA. Hosking and Wallis
[9] recommended using methods that rely on site
characteristics only when identifying homogeneous
regions, and subsequently using the at�site character�
istics to test independently the homogeneity of the
proposed regions. They recommended using Ward’s
method, which is a hierarchical clustering method
based on minimizing the Euclidean distance in site
characteristics space within each cluster. In this stage
of study, firstly, preliminary determination was carried

out by the cluster analysis, and then, the homogeneity
of the region was tested by L�moments approach.

Study Area

The study area refers to Qazvin province of Iran,
with the geographic coordinates from 35°24′ to
36°52′ N and 48°33′ to 50°51′ E (Fig. 1). The total
area of Qazvin province is 15619 km2, minimum ele�
vation of 235 and maximum elevation of 4116 m
above sea level in Sefidrud dam and Shahalborz
heights, respectively.

The Alamutrud, Taleghanrud, Kharrud, and Haji�
arab are the main rivers of Qazvin province. Annual
flood series were firstly provided for the 32 gauging sta�
tions of Qazvin province from the Qazvin regional
water company. A careful screening of data from
32 gauging sites was carried out. Most of gauging sta�
tions in this part was removed because of short data
series with a large number of missing data or construc�
tion of storage dam at upstream or construction in
recent years with the data record period less than
10 years. The selection of basin was made so that at
least 15�year period of runoff data record was avail�
able. The average period of data record for the stations
was 31 years with a range from 15 to 44 years. After the
preliminary screening of the sites 15 gauging stations
were selected for this study.

Main Basin Characteristics

After reviewing available resources along with the
benefit of experts, 15 variables of selected stations were
extracted as affecting flood magnitude (Table 1). Fac�
tor analysis is used for determination of the most
important variables. Factor analysis seeks the patterns
of relationship among many dependent variables to
find out something about the nature of the indepen�
dent variables that affect them, even though those
independent variables were not measured directly.
Thus, answers obtained by factor analysis are neces�
sarily more hypothetical and tentative than indepen�
dent variables directly observing.

Description of the Selected Distributions

In regional frequency analysis a single frequency
distribution is fitted to data from several sites. In gen�
eral, the region will be slightly heterogeneous, and
there will not be single ‘‘true” distribution that applies
to each site. Therefore, the aim is not to identify a
‘‘true” distribution but to find a distribution that will
yield more accurate quantile estimates for each site.
The chosen distribution does not need to be the distri�
bution that gives the closest approximation to the
observed data. Even when a distribution gives a close
fit to the observed data, there is no guarantee that
future values will match those of the past. In other
words, when the data arise from a physical process that
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can give rise to occasional outlying values far removed
from the bulk data. In this study, five three�parameter
distributions, i.e., generalized logistic (GLO), gener�
alized extreme value (GEV), generalized Pareto
(GPA), three�parameter generalized normal (GNO),
and Pearson type III (PE3) were fitted to the flood
data from the two identified homogeneous regions.
The three parameters of these distributions were esti�
mated by the L�moments approach.

Regional Flood Frequency Methods

Many types of regionalization procedures are avail�
able [3]. The index�flood and the multiple�regression
methods were used in this study.

Index�Flood Method

The index�flood method which has been used for a
long time was proposed by Dalrymple [4]. The key
assumption in the index�flood method is that the dis�
tribution of floods at different sites in a region is the
same except for a scale parameter, which reflects rain�
fall and runoff characteristics of each region. The scale
factor is appointed as an index�flood and generally
taken to be the mean annual flood [17].

There are two major parts of the index�flood
method. The first is the development of basic dimen�
sionless frequency curve representing the ratio of the
flood of any frequency to an index�flood (the mean
annual flood). The second is the development of rela�
tions between geomorphologic characteristics of
drainage areas and the mean annual flood by which
the mean annual flood is predicted at any point
within the region. By combining the mean flood with
the basic frequency curve, a regional frequency curve
is produced. As reported by Hosking and Wallis [9]
recent advances in regional frequency analysis
include the use of L�moments together with the
index�flood method. The methodology has been suc�
cessfully applied in modeling floods in a number of
case studies from USA [20], Australia [16], Southern
Africa [13] and South Africa [11]. Heinz and Ste�
dinger [7] generalized the index�flood procedure by
employing regression with physiographic informa�
tion to refine a normalized T�year flood estimator.

Suppose that data are available at N sites with site i
having sample size ni and observed data Qij (j =1, …, ni).
Qi(F), 0 < F < 1, is the quantile function of frequency
distribution at site i. The key assumption of an index�
flood procedure is that the sites form a homogeneous
region, that is, the frequency distributions of the
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Fig. 1. Location map of study area in Iran.
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N sites are identical apart from a site�specific scaling
factor, the index�flood.

 (1)

where  is the flood quantile corresponding to a
T�year return period at a given site i. The index�flood

is naturally estimated by μi =  the sample mean of
the data at site i. Other location estimators such as
the median or a trimmed mean could be used instead.
μi is supposed to be the mean of the at�site frequency
distribution, q(F) is the regional quantile of non�
exceedance probability F, and qT is the regional
quantile of return period T.

Qi F( ) μiq F( ),     i 1 …,N,= =

or  Qi
T μiqT,=

QT
i

Qi,

In more general setting, the two steps in the modi�
fied version of the index�flood method are common to
all regional flood estimation procedures. The first part
of the analysis is to identify sites which seems suffi�
ciently similar to the target site to provide a basis for
information transfer. In practice, one can employ dif�
ferent similarity measures and classification tech�
niques. The second part of analysis is to perform the
information transfer, i.e., to actually infer flood quan�
tiles at the target site using data from the sites identi�
fied in the first part of analysis.

Multiple�Regression Method

This method is a traditional regression, required
the use of generalized least�squares regression to
define a set of predictive equations that relate peak dis�

Table 1. Characteristics of selected hydrometric stations
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Baghke�
layeh 276.85 103.71 8.72 7.8 667 7.6 6.0 42.6 46.6 2900 3.36 1.37 28.0 121.1 615.3

Khuban 148.68 51.9 4.70 5.2 719 7.5 8.1 28.0 49.7 2616 2.15 1.31 17.7 73.3 245.6

Shotorak 7.41 16.1 0.25 11.9 436 7.5 7.0 15.5 24.2 1140 1.49 1.39 8.7 38.5 59.9

Behjat 
abad 7.42 19.1 0.23 12.0 418 8.2 6.3 18.9 30.5 1260 1.81 1.52 8.1 39.0 51.6

Barajin 15.08 24.48 0.45 11.9 430 7.8 6.2 19.9 22.6 1240 1.93 1.42 11.6 52.4 106.5

Amir 
abad 10.36 19.69 0.33 11.9 401 7.1 4.7 18.5 23.3 1030 1.91 1.52 9.3 44.4 67.3

Artesh 
abad 22.71 29.79 0.79 9.0 372 6.9 2.2 40.0 13.9 977 4.75 1.28 23.6 95.2 436.0

Shahab�
basi 22.17 34.71 0.71 10.8 336 5.3 0.6 228.9 10.6 1714 28.68 1.78 83.1 467.4 5428.7

Abgarm 87.84 82.46 2.79 9.7 378 5.1 0.8 120.6 10.8 1339 15.04 1.54 55.9 272.6 2455.5

Haji arab 21.08 62.04 0.67 9.4 311 8.3 2.7 41.6 10.2 1275 4.49 1.48 27.0 126.5 571.4

Deh 
arvan 5.11 7.01 0.16 7.9 466 6.4 9.4 9.7 35 972 0.93 1.25 5.4 21.4 22.9

Pol arvan 16.01 24.57 0.51 9.0 423 6.7 6.8 14.8 23.9 1068 1.45 1.20 11.2 42.5 98.7

Tunel 
avaj 31.38 46.07 0.99 7.6 436 7.0 2.5 33.6 19.3 1136 3.66 1.42 20.0 90.0 314.2

Dashtak 17.24 54.28 0.55 9.5 386 4.3 1.1 76.2 8.1 1069 9.65 1.56 45.0 222.7 1590.9

Rahim 
abad 124.28 110.47 4.20 9.8 364 5.8 0.7 157.7 12.5 1508 19.59 1.62 72.4 371.4 4112.2
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charges for the 2�, 5�, 10�, 25�, 50�, and 100�year recur�
rence intervals to selected basin characteristics for
gauged sub�basins at the main basin. The most com�
monly used relation between the flow statistics (repre�
sented here by the flood�quantile QT of return period
T�years) and the watershed characteristics (A, B, …, M)
is the power�form function [14]. The multiple�regres�
sion model can be expressed in the following form:

 (2)

where α is regression constant defined by regression
analysis and a, b, c, …, m are regression coefficients
defined by regression analysis. This form of the multi�
ple�regression model is achieved by linear regression
of the logarithms of the variables.

Multiple�regression analysis was used to estimate
the relation between flood discharges for given fre�
quencies and drainage�basin characteristics for three
determined homogeneous regions. The multiple�
regression technique is a mean of determining flood
peak magnitude for a given recurrence interval of the
sites with little available data and transferring flood�
peak characteristics from sites where observed data are
available to ungauged locations. The relation is pre�
sented by flood�frequency equations.

The regression equations are used to relate the
most significant drainage�basin characteristics (inde�
pendent variables) to flood peak characteristics
(dependent variables: Q2, Q5, …, Q100).

Plotting Position

This method involves fitting of an assumed probabil�
ity distribution to observed data. The sample data are
arranged in either ascending or descending order of
magnitude. Each data point is assigned a rank starting
with 1. Many plotting�position formulas are available;
all of these formulas can be expressed as special cases of

(3)

where m is the mth ranked data, P(m) is the exceed�
ance probability or non�exceedance probability of mth
data for descending or ascending arrangements,
respectively, N is the data size, and a and b depend on
the type of formula.

The flood series were analyzed for all four data sets
using the direct curve fitting method mentioned ear�
lier. The observed probabilities were computed from
the Gringorten plotting�position formula [18]:

 (4)

where m is the mth descending ranked observation in
the data set. A theoretical distribution was fitted to the
values obtained by Eq. (4). The plotting�position
probabilities obtained by the direct curve fitting
method were compared with those obtained from the
index�flood and the multiple�regression methods.

QT αAaBbCc… Mm
,=

P m( ) m a/N– b  or  T m( )+ N b/m a.–+= =

P m( ) m 0.44–( )/N 0.12,+=

Relative Root Mean Square Error (RRMSE)

RRMSE measure [23] was used to evaluate and
compare the relative merits of the site estimation of dif�
ferent recurrence interval. This measure is defined as

(5)

where  and  are the estimated and true values for
the extreme flow for the tth recurrence interval at site i,
respectively, and NS is the number of sites in each
homogeneous region.

RESULTS

Identification of Homogeneous Regions (IHR) 

Cluster analysis is a standard method of statistical
multivariate analysis for dividing a data set into
groups and has been successfully used to form regions
for regional frequency analysis. Regionalization
approaches such as cluster analysis require selection
of variables that are used to define the similarity (or
dissimilarity) for the catchments [1]. Hosking and
Wallis [9] recommended using methods that rely on
site characteristics only when identifying homoge�
neous regions, and subsequently using the site charac�
teristics to test independently the homogeneity of the
proposed regions. They recommended using Ward’s
method, which is a hierarchical clustering method
based on minimizing the Euclidean distance in site
characteristics space within each cluster. Many of the
statistical types of software involve clustering analysis
methods. In this study, first, a preliminary determina�
tion of homogeneous regions is done by Ward’s clus�
tering method for determination of homogeneous
regions (Fig. 2). At the next steps, the statistical test
based on L�moment ratios proposed by Hosking and
Wallis [8] is used for testing the heterogeneity of the
proposed regions.

Total area of 15 selected sites is 16176 km2. The
identified homogeneous regions (1) and (2) include
2589 and 13587 km2, respectively. Most of the sites
with large area (1590–5428 km2) are located in the
region (2). Most of the smaller sites (area <314 km2)
are located in the region (1). In general, the area has
interactive relation with many of the other site charac�
teristics like perimeter, basin slope, main channel
length and main channel slope. The results of identifi�
cation of homogeneous regions in this study show the
area is the most important characteristic affecting
homogeneous regions.

Homogeneity of the Regions

L�moments and L�moment ratios are the bases for
all stages of the L�moments approach, such as identi�
fication of unusual sites (discordancy test), homoge�
neity test, the goodness�of�fit measure for determina�
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tion of the best distribution for each homogeneous
region, and parameter estimations (location (ξ),
scale (δ), and shape (k)) for the five selected distribu�
tions. Therefore, the annual peak flood series of basins
were ranked in descending order and then, the first
four PWMs (β1, β2, β3, and β4) were calculated for
each basin. PWMs are needed for obtaining the
L�moments and L�moment ratios of basins. The aim
of homogeneity test is to estimate the degree of homo�
geneity in a group of sites. In this study the H�statistic
with the measure of L�CV was used. H�statistic is a
statistical test based on L�moment ratios. The H�sta�
tistic indicates the region is acceptably homogeneous
(H < 1), possibly heterogeneous (1 < H < 2) and defi�
nitely heterogeneous (H > 3).

The results of homogeneity test based on
L�moments approach for whole study area show the
selected sites should be divided into some homoge�
neous sub�regions. The results show that the absolute
values of H�statistic for region (1) <2 and for region
(2) <1 and these regions are acceptably homogeneous.

Identification of the Best�Fit Distribution

In this study, five three�parameter distributions were
selected: GEV, GPA, GLO, three�parameter GNO,

and PE3. These distributions have been commonly used
in hydrological studies and projects. The goodness�of�
fit test and L�moments diagram were used for choosing
the best�fit distribution in different homogeneous
regions. In this section, first, the results of parameters
estimation, and then, the results of the best�fit distribu�
tion test are given. In the L�moments approach, the
three parameters (location, scale, shape) of each prob�
ability distribution in RFFA are obtained by the
regional averages of the L�moments and L�moment
ratios. The estimated regional parameters were
obtained for GPA and GLO as the best�fit distributions.
The Z�statistic was used as a goodness�of�fit measure
for the identification of common regional distribution
that applies within each region. This statistic is defined
in terms of L�moment ratios. The five three�parameter
distributions were fitted to two homogeneous regions.

As it is shown in Table 2 the GLO has the best
goodness�of�fit with the data from region (1) and
GEV, GNO and GPA are the other acceptable distri�
butions. The Z value of these distributions is less than
1.64, and the GLO has the lowest value of Z�statistic.
The GPA is the best�fit distribution for the flood anal�
ysis at the region (2); and other distributions are not
acceptable.

Index�Flood Results 

Two regional analyses were used to develop meth�
ods for estimating peak flood discharges for the basins
in Qazvin province of Iran. The first analysis is index�
flood method that has been used widespread in
regional flood frequency, and second analysis, a tradi�
tional regression, required the use of generalized least�
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Table 2. Goodness�of�fit analysis (ZDIST) for five different
frequency distributions

Region PE3 GPA GNO GEV GLO

1 –2.74 –1.45 –1.14 –0.2 0.09

2  2.46  1.56  2.12  4.76 3.68
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squares regression to define a set of predictive equations
that relate peak discharges for the 2�, 5�, 10�, 25�, 50�,
and 100�year recurrence intervals to the five obtained
hydroclimatic and physical characteristics by factor
analysis. The results of two methods were compared by
RRMSE.

In this method, the flood quantiles are estimated by
calculating the regional growth curve (qT) and the mean
value of annual peak series of each site. The GLO and
GPA distributions, as the best�fit distributions for both
regions, were used for estimating the regional growth
curve for different return periods. The results are given
in Table 3 for two homogeneous regions.

Multiple�Regression Results 

The aim is to develop the relationships between QT
as dependent variable and main site and at�site char�
acteristics as independent variables at each homoge�
neous region. The parameters of generalized extreme

value distribution as the best�fit identified distribu�
tion, i.e., location (ξ), scale (δ), and shape (k), by
direct use of the data, were calculated for each site in
the homogeneous regions. These parameters are
needed for estimation of QT. The predicted flood mag�
nitude of the 2�, 5�, 10�, 25�, 50�, and 100�year inter�
vals were separately obtained for each site. The results
are shown in Table 4.

The relation of flood peaks of selected recurrence
intervals to basin and climatic parameters is deter�
mined by multiple�regression methods. The resulting
relation is the form of

 (6)

where QT is the peak flood magnitude (m3/s) for
T�year return period, P is the perimeter (km), T is
time of concentration using kerpitch method (hr), D is
diameter (km), α, p, t, d are the regression coeffi�
cients, R is the correlation coefficient defined by
regression analysis. These coefficients were calculated

QT αPpTtDd
,=

Table 3. The values of regional growth curve (qT) of different frequencies

Non�exceedance 
probability 0.99 0.98 0.96 0.90 0.80 0.50

Return period  100  50  25  10  5  2  

Region 1 6.36 4.56 3.24 2.01 1.34 0.64

Region 2 4.14 3.67 3.15 2.38 1.72 0.73

Table 4. The predicted flood magnitudes (m3/s) by best�fit distribution and direct use of the data

Homogeneous 
region Station Q2 Q5 Q10 Q25 Q50 Q100

Region 1 Artesh abad 19 39 59 96 135 189

Amir abad 15 32 49 79 111 156

Barajin 15 32 49 79 111 155

Baghkelayeh 66 138 208 336 473 660

Behjat abad 12 25 38 61 87 121

Pol arvan 15 32 49 79 112 156

Tunel avaj 29 61 92 149 210 293

Haji arab 39 83 124 201 283 394

Khuban 33 69 104 168 236 330

Deh arvan 4 9 14 22 31 44

Shotorak 10 21 32 52 73 102

Region 2 Abgarm 60 141 196 259 302 341

Shah abbasi 25 59 82 109 127 143

Dashtak 39 93 129 171 199 224

Rahim abad 80 189 262 348 405 456
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using multiple�regression for different flood probabil�
ities at each homogeneous region. The coefficients of
regression equation for each region are shown in
Tables 5–6.

Comparisons of Regional Flood Analyses 

In order to evaluate the performance of the index�
flood and multiple�regression methods in comparison
with the curve fitting (plotting position) method,
RRMSE measure was applied. The lower value of
RRMSE for each method indicates that the method
has better fitness to the data set.

As it has been shown in Table 7, RRMSE values
indicate that the index�flood method gives better
results for prediction of flood magnitude of different
return periods for the region (1). For region (2) multi�
ple�regression shows better performance than the
index�flood method. In this region, correlation coeffi�
cient between QT and basin characteristics is high (R >
0.946). In general, the large difference between
RRMSE obtained by the index�flood and the multi�
ple�regression methods shows that the index�flood
method gives more reliable estimations for various
flood magnitudes of different recurrence intervals.
This method should be adopted as the regional flood
frequency method for Qazvin province of Iran.

DISCUSSION

Firstly the study area was analyzed as a whole and
then as two smaller sub�regions using cluster analysis
technique. When data record period is short, the direct
application of probability distributions for anticipating
flood occurrence in different return periods does not
give reliable results. Application of L�moments tech�
nique is a suitable approach for increasing the data
length at RFFA. L�moments approach applies simul�
taneous use of all data from several homogeneous
basins in a hydrologic analysis. The result of this study
shows that this technique is an effective approach in
discharge estimation of flood peak in basins with miss�
ing data or basins with short time data record.

The results of factor analysis technique for deter�
mination of the main variables show that the 15 inde�
pendent variables could be referred to five factors. The
area, perimeter, time of concentration, equivalent
diameter, and water way length were identified as the
most important variables of the four factors.

The hierarchical clustering based on the Ward’s
method using Euclidean distance is a suitable
approach for regionalization objectives in hydrology.
The dendrogram of clustered basins was cut from the
distance of 20 to define the initial homogeneous
regions in the study area. The results of homogeneity
test based on L�moments approach at the whole study
area show the selected sites should be divided into two
homogeneous sub�regions. Using the L�moment
ratios and the Z�statistic criteria, GLO and GPA dis�
tributions were identified as the most robust distribu�
tions among five potebtial distributions for regions (1)
and (2), respectively. The estimated regional growth
curves were significantly different for the two different
sub�regions. To estimate floods of various return peri�
ods for gauged catchments in the study area, the mean
annual peak flood of the catchments may be multi�
plied by corresponding values of the growth factors,
computed using the identified distributions.

The RRMSE values indicate a considerable dif�
ference between the index�flood and the multiple�
regression approaches. The RRMSE values of these
two methods showed the multiple�regression gives
acceptable estimations just for high values of correla�

Table 5. The coefficients of regression equation for region (1)

Recurrence 
interval (T), 

year
α p t R2

2 –198.17 144.8 –97.67 0.842

5 –414.40 302.8 –204.2 0.859

10 –622.05 454.6 –306.6 0.882

25 –1002.87 732.9 –494.3 0.863

50 –1411.01 1031.1 –695.5 0.845

100 –1968.64 1438.6 –970.3 0.856

Table 6. The coefficients of regression equation for region (2)

Recurrence interval (T), year α d t p R2

2 1826 1838 –302 –1142 0.918

5 4296 4325 –710 –2688 0.903

10 5948 5990 –984 –3722 0.922

25 7883 7937 –1304 –4933 0.896

50 9177 9241 –1519 –5743 0.912

100 10414 –1711 –6472 10343 0.914
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tion coefficient. It can be concluded that the high
difference between RRMSE obtained by the index�
flood and the multiple�regression methods shows
that the index�flood method gives more reliable esti�
mations for various flood magnitudes of different
return periods.

CONCLUSIONS

The study presented herein reports a regional anal�
ysis carried out in Qazvin province of Iran. Compari�
son of the index�flood and the multiple�regression
analyses based on L�moments was the main objective
of this study. Results showed the index�flood method
gives more reliable estimations for various flood peaks
of different recurrence intervals. Therefore, this
method should be adopted as regional flood frequency
method for the study area.
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