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Abstract:  Regional flood frequency relationships are developed using L-moments approach for seventeen hydro-meteorological 
Subzones of India. These Subzones cover an area of about 2,589,342 km2, which constitutes about 78.52% of 
geographical area of India. The annual maximum peak floods data of each of the Subzones are screened using the 
Discordancy measure (Di) and homogeneity of the region is tested employing the L-moments based heterogeneity 
measure (H). After screening of the data and testing the regional homogeneity, the data of 184 streamflow gauging 
sites, out of the available data of 261 streamflow gauging sites are considered suitable for conducting regional flood 
frequency analysis. Based on the L-moments ratio diagram and |Zi

dist| -statistic criteria, robust frequency distributions 
are identified for each of the Subzones. Out of the 17 Subzones, PE3 distribution is identified as suitable for seven 
Subzones, GNO for four, GPA for three, GEV for two and GLO for one of the Subzones. Regional flood frequency 
relationships are developed for gauged catchments, using the robust identified distribution for each of the Subzones. 
Also, for estimation of floods of various return periods for ungauged catchments, the regional flood frequency 
relationships developed for gauged catchments are coupled with the regional relationship between mean annual 
maximum peak flood and catchment area of the respective Subzones. 
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1. INTRODUCTION 

Estimates of floods of various return periods are required for design of various types of hydraulic 
structures such as culverts, road and railway bridges, embankments, weirs, barrages, dams, 
spillways, drainage systems and for adopting different types of non-structural measures such as 
preparation of flood risk maps, flood plain zoning, monetary evaluation of projects for safeguarding 
against floods, etc. Whenever rainfall or streamflow data are not available for the location of 
interest, regional flood frequency relationships developed for the region are one of the alternative 
methods for prediction of design floods, especially for small to medium size catchments (Kumar et 
al., 1999, 2005). Pilgrim and Cordery (1992) emphasize the importance of estimation of peak flows 
on small to medium-sized rural drainage basins and mention that hundreds of different methods 
have been used for estimating floods on small drainage basins, most involving arbitrary formulas. 
Considering the importance of prediction in ungauged catchments, the International Association of 
Hydrological Sciences (IAHS) launched “Prediction of Ungauged Basins (PUBs)” as one of its 
initiatives and declared the decade (2003-2012) as “Decade of PUBs” (Sivapalan, 2003). As 
mentioned by Kumar et al. (2003) according to hydrologic design criteria of the Bureau of Indian 
Standards, floods of various return periods are used in India for estimation of design floods for 
almost all the types of hydraulic structures, excluding large and intermediate size dams. For design 
of large and intermediate size dams the probable maximum flood and standard project flood are 
adopted, respectively.  

In India, many studies have been carried out for estimation of design floods for various types of 
hydraulic structures by different organisations, such as the studies carried out jointly by Central 
Water Commission (CWC), Research Designs and Standards Organization (RDSO) and India 
Meteorological Department (IMD), using the method based on synthetic unit hydrograph and 
design rainfall considering physiographic and meteorological characteristics for estimation of 
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design floods (e.g. CWC, 1987) and regional flood frequency analysis studies conducted by RDSO, 
using the USGS and pooled curve methods (e.g. RDSO, 1991) for different hydro-meteorological 
Subzones of India. Apart from these, regional flood frequency analysis studies have also been 
carried out at some of the academic and research Institutions (e.g. Kumar et al., 1999; 2003; 2005; 
2011 and Bhunya et al. (2015).  

A number of studies describe applications of L-moments in frequency analysis of environmental 
data sets (Hosking, 1991; Stedinger et al., 1992; Hosking and Wallis, 1993; Guttman et al., 1993; 
Vogel and Wilson, 1995). Hosking and Wallis (1997) described complete account of the L-
moments approach in regional frequency analysis. The authors mention that L-moment methods are 
demonstrably superior to those that have been used previously, and are now being adopted by many 
organizations worldwide. The L-moments offer significant advantages over ordinary product 
moments, especially for environmental data sets (Zafirakou-Koulouris et al., 1998). The Flood 
Estimation Handbook (1999) offers guidance on rainfall and river flood frequency estimation in the 
UK. Griffis and Stedinger (2007) described evolution of flood frequency analysis with Bulletin 17. 
Betül Saf (2009) carried out regional flood frequency analysis using L-moments for the West 
Mediterranean Region of Turkey. Badreldin Hassan and Ping (2012) conducted regional rainfall 
frequency analysis for the Luanhe Basin by using L-moments and cluster techniques. Seckin et al. 
(2011) presented flood frequency analysis of Turkey using L-moments. Shahzadi (2013) reviewed 
regional frequency analysis of annual maximum rainfall in monsoon region of Pakistan using L-
moments. Pandey et al. (2013) studied essence of climate change on Hydrologic Extremes. 
Mamoon et al. (2014) derived new design rainfall in Qatar using L-moment based index frequency 
approach. Keshtkar (2015) presented low flow frequency analysis by L-moments method for 
Iranian central plateau river basin. Chang et al. (2016) compared of annual maximum and partial 
duration series for derivation of rainfall intensity-duration-frequency relationships in Peninsular 
Malaysia.  

Currently, due to fast growing population and high economic growth, India is facing 
innumerable challenges in planning, development and management of its water resources. Data 
collection, processing, storage, retrieval and dissemination using the state-of-art knowledge in 
information technology are being paid attention for use in sustainable development and 
management of water resources projects. Kumar et al. (2012) estimated design floods considering 
the effect of climate change for designing the safe grade elevation and drainage systems for 
important projects, such as nuclear power plants. Mani et al. (2014) presented flood hazard 
assessment with multi-parameter approach derived from coupled 1D and 2D hydrodynamic flow. 
The Decision Support System (Planning) (DSSP) for integrated water resources development and 
management and Real Time Decision Support System (RTDSS), developed under the World Bank 
funded Hydrology Project-II, are some of the recent efforts for bridging the gap between the 
developed advanced technologies of water resources planning, designing and management and their 
field applications. However, most of the regional flood frequency analysis studies carried out in 
India are scattered, fragmented and based on limited data. Thus, there are large gaps between 
research and application by the practitioners in the area of regional flood frequency analysis. Hence, 
there is an urgent need to bridge the gaps between the developed advance methodologies and the 
approaches being adopted by the practitioners for estimation of floods of various return periods for 
gauged, ungauged and sparsely gauged catchments in India. In this study, regional flood frequency 
relationships are developed using L-moments approach for gauged and ungauged catchments of the 
seventeen Subzones of India.  

2. L-MOMENTS APPROACH 

Stedinger et al. (1992) state that in a wide range of hydrologic applications, L-moments provide 
simple and reasonably efficient estimators of characteristics of hydrologic data and of a 
distribution's parameters. Like the ordinary product moments, L-moments summarize the 
characteristics or shapes of theoretical probability distributions and observed samples. Both moment 
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types offer measures of distributional location (mean), scale (variance), skewness (shape) and 
kurtosis (peakedness).  

2.1 Probability weighted moments and L-moments 

Hosking and Wallis (1997) state that L-moments are an alternative system of describing the 
shapes of probability distributions and they arose as modifications of probability weighted moments 
(PWMs) of Greenwood et al. (1979). Greenwood et al. (1979) defined the probability weighted 
moments as: 

( ){ }( )rr xFxE=β   (1) 

which can be rewritten as:  
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where, F = F(x) is the cumulative distribution function (CDF) for x, x(F) is the inverse CDF of x 
evaluated at the probability F, and r = 0, 1, 2, …, is a nonnegative integer. When r = 0, β0 is equal to 
the mean of the distribution µ = E[x]. 
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For example, the first four L-moments are related to the PWMs using: 

λ1 = β0  (4) 

λ2 = 2β1 - β0  (5) 

λ3 = 6β2 - 6β1 + β0  (6) 

λ4 = 20β3 – 30β2 + 12β1 - β0  (7) 

Hosking (1990) defined L-moment ratios as: 

L-coefficient of variation, L-CV (τ2) =  λ2 / λ1  (8) 

L-coefficient of skewness, L-skew (τ3) =  λ3 / λ2  (9) 

L-coefficient of kurtosis, L-kurtosis (τ4) =  λ4 / λ2  (10) 

2.2 Screening of data using Discordancy measure test 

Screening of data is conducted to check that the data are suitable for carrying out regional flood 
frequency analysis. Hosking and Wallis (1997) defined the Discordancy measure (Di) considering if 
there are N sites in the group. Let ui = [t2

(i) t3
(i) t4

(i)]T be a vector containing the sample L-moment 
ratios t2, t3 and t4 values for site i, analogous to their regional values termed as τ2, τ3, and τ4, 
expressed in Equations (8) to (10). T denotes transposition of a vector or matrix. Let be the 
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(unweighted) group average. The matrix of sums of squares and cross products is defined as: 

 u = N −1 ui
i=1

N

∑  (11) 

Hosking and Wallis (1997) defined the Discordancy measure for site i is defined as:  

Am = (ui −u)(
i=1

N

∑ ui −u)
T  (12) 

Di =
1
3
N(ui −u)

T Am
−1(ui −u)  (13) 

Hosking and Wallis (1997) mention that the site i is declared to be discordant, if Di is greater 
than the critical value of the Discordancy statistic Di, which is given in a tabular form by the 
authors.  

2.3 Test of regional homogeneity 

Hosking and Wallis (1993) proposed a regional homogeneity test in which a test statistic H, 
named as heterogeneity measure has been defined. The test statistic (H) compares the inter-site 
variations in the sample L-moments for a group of the sites with what is expected from a 
homogeneous region. As stated by Hosking and Wallis (1993) the inter-site variation of L-moment 
ratio is measured as the standard deviation (V) of the at-site L-CV’s weighted proportionally to the 
record length at each site. A number of, say 500, data regions are generated based on the regional 
weighted average statistics using a four-parameter distribution e.g. Kappa distribution. The inter-
site variation of each generated region is estimated and the mean (µv) and standard deviation (σv) of 
the computed inter-site variation is estimated. Thereafter, heterogeneity measure H is obtained as: 
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For evaluation of heterogeneity of a region, the L-moments based criteria are: if H < 1, the 
region is acceptably homogeneous; if 1 ≤ H < 2, the region is possibly heterogeneous; and if H ≥ 2, 
the region is definitely heterogeneous (Hosking and Wallis, 1997). 

2.4 Identification of Robust Regional Frequency Distribution 

For a homogeneous region, the appropriate frequency distribution is identified by comparing the 
moments of the distribution to the average moments statistics from regional data. The best fit 
distribution is identified by assessing how well the L-skewness and L-kurtosis of the fitted 
distribution match the regional average L-skewness and L-kurtosis of the observed data (Hosking 
and Wallis, 1997). The goodness-of-fit measure for a distribution, dist

iZ  – statistic defined by 
Hosking and Wallis (1997) is expressed as: 
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where, R
iτ  is weighted regional average of L-moment statistic i, τdisti  and σdisti  are the simulated 

regional average and standard deviation of L-moment statistics i, respectively, for a given 
distribution. The fit is considered to be adequate if | dist

iZ |–statistic is sufficiently close to zero, a 
reasonable criterion being | dist

iZ | –statistic less than 1.64. 

3. STUDY AREA AND DATA AVAILABILITY 

The whole of India has been divided into seven major hydro-meteorological zones, which are 
further sub-divided into twenty-six hydro-meteorologically homogeneous Subzones (CWC, 1987). 
The study area comprises of seventeen hydro-meteorological Subzones of India. The zone wise 
names of these seventeen Subzones are:  

Zone-1: Chambal Subzone-1(b); Sone Subzone-1(d); Upper Indo-Ganga Plains Subzone-1(e); 
Middle Ganga Plains Subzone-1(f); Lower Ganga Plains Subzone-1(g)  

Zone-2: North Brahmaputra Subzone-2(a); South Brahmaputra Subzone-2(b)  
Zone-3: Mahi & Sabarmati Subzone-3(a); Lower Narmada and Tapi Subzone-3(b); Upper 

Narmada & Tapi Subzone-3(c); Mahanadi Subzone-3(d); Upper Godavari Subzone-
3(e); Lower Godavari Subzone-3(f); Krishna & Pennar Subzone-3(h); Kaveri Basin 
Subzone-3(i);  

Zone-4: West Coast Region Subzone-4(b); and  
Zone-7: Western Himalayas-Zone-7.  
 
The locations of these Subzones are shown in Fig. 1.  
The annual maximum peak flood data of 261 small size catchments are available for the study. 

The geographical area of each Subzone, range of catchment area of various gauging sites, range of 
mean annual maximum peak floods, number of streamflow gauging sites whose data are used in the 
analysis, range of record length and station-year record length for the seventeen Subzones are given 
in Table 1. 

4. ANALYSIS AND DISCUSSION OF RESULTS 

Regional flood frequency analysis is carried out using the L-moments approach. Twelve 
frequency distributions, viz. Extreme Value (EV1), Logistic (LOS), Normal (NOR), Generalized 
Extreme value (GEV), Generalized Logistic (GLO), Generalized Normal (GNO), Generalized 
Pareto (GPA), Pearson Type-III (PE3), Exponential (EXP), Uniform (UNF), Kappa (KAP) and five 
parameter Wakeby (WAK) are used. Data screening, regional homogeneity testing, the robust 
regional distribution identification and development of regional flood frequency relationships for 
gauged and ungauged catchments are described below.  

4.1 Data screening using Discordancy measure test 

For screening of the annual maximum peak flood data of each Subzone, values of Discordancy 
statistic (Hosking and Wallis, 1997) are estimated for all the sites of the seventeen Subzones, 
respectively. The Di values of all the sites for which data are available for each of the Subzones are 
compared with the critical value of Di (Hosking and Wallis, 1997) and the sites whose Di values are 
more than the critical value of Di of the respective Subzone are discarded from the analysis. The 
minimum and maximum values of Di for all the seventeen Subzones, whose data are used in the 
study, are given in Table 2.  
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Figure 1. Locations of various hydro-meteorological Subzones 

Table 1. Salient features of various catchments of the seventeen Subzones on India 

Subzone 
Geographical 

area of 
Subzone 

(km²) 

Range of 
catchment area 

(km²) 
 

Range of annual 
peak flood 

(m³/s) 

No. of 
gauging sites 
whose data 

are used 

Record 
length 
(years) 

Station-year 
record 
length 
(years) 

1 (b) 146630 41.00-2297.33 18.82-1551.60 12 10-31 231 
1 (d) 128900 55.00-1658 86.39-979.07 8 12-32 215 
1 (e) 226000 38.85-2425.53 9.15-411.029 12 25-34 346 
1 (f) 171350 32.89-447.76 24.29-555.21 8 23-33 231 
1 (g) 130280 15.01-393.68 51.25-650.45 8 18-36 224 
2 (a) 121444 21.42-595.70 22.67-526.60 13 13-27 279 
2 (b) 73556 20.98-338.72 28.69-321.14 8 5-27 156 
3 (a) 138400 18.44-580.00 75.59-352.95 10 14-25 191 
3 (b) 77700 17.22-378.04 69.27-492.52 12 12-28 259 
3 (c) 86353 53.68-989.89 209.17-546.20 13 14-30 301 
3 (d) 195256 19.00-1150.00 41.22-1003.80 14 11-30 302 
3 (e) 88870 35.22-458.00 60.13-263.80 9 14-32 192 
3 (f) 174201 35.00-824.00 77.75-1212.80 16 14-29 364 
3 (h) 280881 31.72-1689.90 50.92-794.89 14 14-33 330 
3 (i) 96051 30.00-953.00 12.80-309.13 8 12-33 193 
4 (b) 131300 51.18-626.78 43.20-315.98 8 17-31 219 

Zone-7 322170 6.00-2072.00 17.10-677.75 10 13-20 165 

4.2 Testing of regional homogeneity 

For testing of regional homogeneity after screening of the annual maximum peak flood data of 
each Subzone, the values of the heterogeneity measures (H) postulated by Hosking and Wallis 
(1997) were computed for the seventeen Subzones by carrying out 500 simulations employing the 
Kappa distribution. The (H1), (H2) and (H3) values, which are considered adequate for defining the 
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seventeen Subzones as homogeneous, are given in Table 2. The data of streamflow gauging sites, 
which yielded higher values of H than the H values given in Table 2 were excluded from the 
analysis.  

 
Table 2. L-moment’s ratios, Discordancy statistic and Heterogeneity measures for seventeen Subzones of India 

Subzone L-CV L-SKEW L-KURT 
Range of 

Discordancy statistic Heterogeneity measures 

Di H1 H2 H3 
1 (b) .4613 .2452 .1411 .31-2.12 1.65 .91 0.08 
1 (d) .4183 .3646 .2376 .36-1.98 1.62 1.12 0.20 
1 (e) .5342 .3624 .1917 .00-2.16 2.92 2.06 1.09 
1 (f) .3217 .1637 .1458 .08-2.08 .71 .89 1.76 
1 (g) .4502 .3261 .1867 .17-1.76 1.85 2.67 2.76 
2 (a) .3485 .1995 .1199 .25-2.51 1.66 .93 -0.39 
2 (b) .4544 .3055 .2042 .49-1.61 3.77 3.22 1.74 
3 (a) .4471 .3268 .1602 3.6-1.89 .46 .74 0.56 
3 (b) .4555 .3266 .1869 .08-2.18 .97 .41 -0.20 
3 (c) .3632 .2312 .1382 .17-2.56 1.79 1.84 0.54 
3 (d) .3387 .2228 .1499 .06-2.20 1.85 -.62 -1.86 
3 (e) .3970 .1962 .0918 .36-2.10 1.21 .34 -0.39 
3 (f) .3487 .1867 .1269 .09-2.06 .88 1.60 0.68 
3 (h) .4383 .2362 .1183 .05-2.30 1.46 .60 -0.06 
3 (i) .6360 .4176 .1613 .36-2.01 2.48 3.26 2.90 
4 (b) .6825 .5090 .2600 .19-2.00 1.28 .87 0.00 

Zone-7 .3327 .1649 .1770 .10-1.95 .47 -.43 -0.81 

4.3 Identification of robust regional frequency distribution  

For identifying the robust distributions for the respective seventeen Subzones, the L-moment 
ratio diagram and | dist

iZ | –statistic are used as the best fit criteria (Hosking and Wallis, 1997). The 
regional average values of L-skewness i.e. τ3 and L-kurtosis i.e. τ4 estimated for the seventeen 
Subzones are given in Table 2. Figure 2 shows the L-moments ratio diagram for one of the 
Subzones (Chambal Subzone 3(b)). The dist

iZ  –statistic for various three parameter distributions is 
computed and the lowest values of dist

iZ  –statistic for all the seventeen Subzones are given in Table 
3. The | dist

iZ | –statistic value of the suitable identified frequency distribution should be lower than 
1.64 (Hosking and Wallis, 1997). The robust distributions for the respective seventeen Subzones are 
identified based on the proximity of the point defined by the τ3 and τ4 on the L-moment ratio 
diagram as well as the lowest value of dist

iZ  –statistic for the frequency distribution.  

4.4 Regional flood frequency relationships for gauged catchments 

The robust identified distributions for the respective seventeen Subzones are given in Table 3. 
The values of location, scale and shape parameters viz. ξ, α and k are also given in Table 3. The 
values of growth factors (QT/ ) for the robust distributions for 17 Subzones of India are given in 
Table 4. For any gauged catchment, floods of various return periods may be computed by 
multiplying mean annual peak flood value of the gauged catchment by the corresponding values of 
growth factors of the robust identified frequency distribution of the respective Subzone.  

4.5 Regional flood frequency relationships for ungauged catchments 

For estimation of the at-site mean annual peak flood for ungauged catchments, a regional 
relationship between the mean annual peak floods of the gauged catchments in the region and their 

Q
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pertinent physiographic and climatic characteristics is required to be developed. For this purpose, 
following form of regional relationships are developed in log domain, using the least squares 
approach between mean annual peak floods and catchment areas for the seventeen Subzones.  

( )bAaQ =   (16) 

where, A is the catchment area, in km2; Q  is the mean annual peak flood in m3/s, and b are the 
regression coefficients. The values of a and b for Eq. (16) and the coefficient of determination (r2) 
are given in Table 5. 

 

Figure 2. L-moment ratio diagram for Chambal Subzone-1(b) 

Table 3. Robust identified frequency distributions for 17 Subzones, their Zi dist statistic and parameters of distributions 

Subzone Distribution Zi dist –statistic µ α β 
1 (b) PE3 0.01 1.000 0.875 1.477 
1 (d) GEV 0.05 0.588 0.430 -0.282 
1 (e) GPA 0.30 -0.034 0.968 -0.064 
1 (f) GEV 0.01 0.734 0.468 0.010 
1 (g) GNO 0.34 0.747 0.656 -0.685 
2 (a)  PE3 0.68 1.000 0.646 1.207 
2 (b) GNO 0.13 0.830 0.620 -0.514 
3 (a) PE3 0.06 1.000 0.890 1.961 
3 (b) GNO 0.30 0.743 0.663 -0.686 
3 (c)  PE3 0.05 1.000 0.684 1.394 
3 (d) GNO 0.32 0.866 0.549 -0.461 
3 (e) GPA 0.54 0.069 1.251 0.344 
3 (f) PE3 0.35 1.000 0.643 1.131 
3 (h) GPA 0.87 0.020 1.211 0.236 
3 (i) PE3 1.13 1.000 1.356 2.522 
4 (b) PE3 0.30 1.000 1.584 3.145 

Zone-7 GLO 0.19 0.911 0.318 -0.165 
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Table 4. Growth factors (QT/ ) for seventeen Subzones of India 

Subzone Return Period 
2 10 25 50 100 200 500 1000 

1 (b) 0.793 2.167 2.873 3.392 3.901 4.403 5.059 5.550 
1 (d) 0.754 1.939 2.821 3.646 4.644 5.854 7.860 9.762 
1 (e) 0.652 2.367 3.426 4.269 5.150 6.071 7.353 8.374 
1 (f) 0.906 1.776 2.209 2.527 2.840 3.151 3.557 3.862 
1 (g) 0.747 2.093 2.966 3.699 4.501 5.379 6.666 7.741 
2 (a) 0.873 1.866 2.350 2.699 3.038 3.370 3.799 4.118 
2 (b) 0.830 1.955 2.591 3.091 3.613 4.159 4.921 5.531 
3 (a) 0.731 2.162 2.971 3.581 4.191 4.800 5.604 6.213 
3 (b) 0.743 2.106 2.990 3.732 4.546 5.436 6.741 7.831 
3 (c) 0.847 1.483 2.454 2.848 3.234 3.614 4.108 4.477 
3 (d) 0.866 1.826 2.346 2.747 3.158 3.583 4.168 4.630 
3 (e) 0.841 2.059 2.504 2.759 2.960 3.118 3.277 3.368 
3 (f) 0.881 1.862 2.333 2.671 2.998 3.317 3.728 4.034 
3 (h) 0.794 2.172 2.752 3.115 3.422 3.684 3.970 4.149 
3 (i) 0.509 2.692 4.069 5.140 6.227 7.328 8.796 9.916 
4 (b) 0.363 2.833 4.608 6.032 7.503 9.009 11.039 12.598 

Zone-7 0.911 1.753 2.240 2.646 3.097 3.599 4.355 5.006 

 
 

Table 5. Regional coefficients for relationships between mean annual peak floods and catchment areas 

Subzone a b r² 
1 (b) 4.104 0.777 0.875 
1 (d) 23.180 0.406 0.573 
1 (e) 9.669 0.398 0.135 
1 (f) 0.732 1.084 0.774 
1 (g) 7.412 0.648 0.859 
2 (a) 1.006 1.076 0.719 
2 (b) 1.782 0.84 0.797 
3 (a) 20.81 0.456 0.837 
3 (b) 9.344 0.667 0.735 
3 (c) 18.13 0.579 0.74 
3 (d) 4.434 0.753 0.807 
3 (e) 10.85 0.571 0.881 
3 (f) 6.22 0.75 0.854 
3 (h) 3.526 0.668 0.682 
3 (i) 3.007 0.576 0.604 
4 (b) 9.982 0.426 0.299 

Zone-7 5.565 0.771 0.740 

 
 
For ungauged catchments of the seventeen Subzones, the following form of regional flood 

frequency relationship is developed by coupling the regional flood frequency relationship 
developed for gauged catchments with the respective regional relationship between mean annual 
peak flood and catchment area, given in Eq. (16).  

QT = CT *A
b  (17) 

where QT is flood estimate in m3/s for T year return period, A is catchment area of the ungauged 
catchment in km2, CT is a regional coefficient and b is the regional regression coefficient for the 
respective Subzone, as mentioned above. Values of CT for some of the commonly used return 
periods for the seventeen Subzones are given in Table 6.  
 

Q
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Table 6. Values of regional coefficients ‘b’ and ‘CT’ for seventeen Subzones of India 

Subzone Coeff. 
‘b’ 

Return Period (Years) 
2 10 25 50 100 200 500 1000 

CT for various Subzones 
1 (b) 0.777 3.254 8.893 11.790 13.920 16.009 18.069 20.762 22.777 
1 (d) 0.406 17.478 44.946 65.391 84.514 107.648 135.696 182.195 226.283 
1 (e) 0.398 6.304 22.886 33.125 41.276 49.795 58.700 71.096 80.968 
1 (f) 1.084 0.663 1.300 1.616 1.849 2.078 2.306 2.603 2.826 
1 (g) 0.648 5.536 15.513 21.983 27.416 33.361 39.869 49.408 57.376 
2 (a) 1.076 0.878 1.877 2.364 2.715 3.056 3.390 3.821 4.142 
2 (b) 0.840 1.479 3.483 4.617 5.508 6.438 7.411 8.769 9.856 
3 (a) 0.456 15.212 44.991 61.826 74.520 87.214 99.888 116.619 129.292 
3 (b) 0.667 6.942 19.678 27.938 34.871 42.477 50.793 62.987 73.172 
3 (c) 0.579 15.356 26.886 44.491 51.634 58.632 65.521 74.478 81.168 
3 (d) 0.753 3.839 8.096 10.402 12.180 14.002 15.887 18.480 20.529 
3 (e) 0.571 9.124 22.340 27.168 29.935 32.116 33.830 35.555 36.542 
3 (f) 0.750 5.479 11.581 14.511 16.613 18.647 20.631 23.188 25.091 
3 (h) 0.668 2.799 7.658 9.703 10.983 12.065 12.989 13.998 14.629 
3 (i) 0.576 1.530 8.094 12.235 15.455 18.724 22.035 26.449 29.817 
4 (b) 0.426 3.623 28.279 45.997 60.211 74.894 89.927 110.191 125.753 
Zone-7 0.711 5.070 9.755 12.466 14.725 17.235 20.028 24.236 27.858 

6. CONCLUSIONS  

Regional flood frequency relationships are developed for small size gauged and ungauged 
catchments of the seventeen Subzones of India. After screening of the data conducted using the 
Discordancy measure (Di) test and testing regional homogeneity of the seventeen Subzones 
employing the heterogeneity measure (H); the annual maximum peak flood data of 184 streamflow 
gauging sites are found to be suitable for regional flood frequency analysis and the data of 77 sites 
are discarded from the analysis. Based on the L-moments ratio diagram and | dist

iZ | –statistic criteria, 
PE3 frequency distribution is found to be robust for seven Subzones; GNO for four Subzones; GPA 
for three Subzones; GEV for two Subzones and GLO for one Subzone of India.  

As the regional flood frequency relationships are developed using the data of small catchments; 
hence, these relationships would be able to provide floods of various return periods for the 
ungauged catchments of the same range of the geographical areas of the catchments. Further, the 
regional relationships between mean annual peak floods and catchment areas for the various 
Subzones are able to explain initial variance equivalent of the values of (r2) for each of the 
Subzones. Therefore, the results of the study are subject to these limitations in case of the ungauged 
catchments. The developed regional flood frequency relationships may be improved, as and when 
the annual maximum peak flood data for more gauging sites become available as well as 
physiographic characteristics other than catchment area and some of the relevant climatic variables 
are also utilized for development of the regional flood frequency relationships. Further, efforts 
should be made for collection of rainfall and river flow data and using the better approaches for 
estimation of floods of various return periods and the regional flood frequency relationships 
presented here should be adopted only when better methods are not available.  
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