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Abstract The regional flood frequency analysis method based on L-moments proposed by Hosking in 1997 is applied to the flood frequency analysis of annual maximum flood volume for five hydrological stations ,including Yichang , Shashi, Hankou, Luoshan and Datong , in the middle and lower reaches of Yangtze river. The method of Hosking is a new one for Chinese traditional regional flood frequency analysis. The calculated results shows that the five stations could be considered as an homogenous region for frequency analysis, so the index-flood method is used to calculated design values for each station, and the Wakeby distribution is recommended to be population grow-curve (or distribution),because the other distributions, i.e., Pearson-III,GLO,GEV,GPA, and GLN are not accepted by the Z statistic test .  

Key words： L-moment ; Regional flood analysis; Yangtze river; Annual maximum flood volume; Index-flood 

1  INTRODUCTION
In the flood frequency analysis especially in China, main focal point of research lies on the population distribution and parameter estimation for a single station or variable, however how to use fully a regional flood information is not paid enough attention. In the practical flood frequency in China, the experience methods are usually used for utilization of regional flood information, for example, we adjust by eye the frequency curve(in China, the curve-fitting method is used for flood frequency calculation) in comparing with frequency curves of upper or lower stations of design station. Although it may use some regional flood information, there is serious experience treatment and large arbitrariness. Besides, the Pearson-III distribution recommended by Ministry of water Resources [1] is adopted as population distribution in most cases of flood frequency analysis in China. The statistic test is seldom used to verify if it is suitable to the observed hydrological data while the practical flood frequency is done. However Hosking et al [2] developed and formed a set of regional flood frequency approach based on L-moment through a lot of researches on the test of consistent of a series, division of region and identification of homogeneous region ,selection of regional unite distribution function and index-flood et al. Pilon and Adamowksi [6] stress the importance of the use of regional information in a flood frequency analysis, and Gingras and Adamowski [7] have investigated the well performance of the L-moments method for these purposes. The approach has been used for precipitation frequency analysis and calculation in whole United States, and the results are satisfied. Also in other continents (such as Australia, reported by Pearson et al [5]) the approach is successfully applied. In the utilization of regional flood information and select of population distribution, the approach of Hosking may be more reasonable and objective comparing to present treatment in China. So we try to use the approach of Hosking on regional frequency analysis by selecting the middle and lower reaches of Yangtze rive as a study region. Some useful results are obtained through the study. 

2 DATA COLLECTION AND TEST ANALYSIS FOR EACH STATION

The procedure of regional flood frequency proposed by Hosking et al [2] is as follows：（1）Data collection and test analysis；（2）division of a region and identification of homogenous region；（3）selection of unite regional population distribution；（4）determination of distribution function for each station.
In this paper, the annual maximum 30 days and 60 days flood volumes of six stations from Yichang to Datong in the Yangtze are collected. The basic information for each station is listed in table 1  

Table 1 Basic information of 30 and 60 days maximum flood volume series of six hydrological stations 

	Station Number
	Station name
	Maximum Return Period N
	No of  Years of  observed Data  (n)
	No of historicaldata (a)
	No of historical Data in the observed data (l)
	Equivalence length(years) 
n(

	1
	Datong
	
	
	
	
	

	2
	Hankou
	134
	45
	4
	2
	98

	3
	Luoshan
	134
	45
	4
	2
	98

	4
	Shashi
	45
	45
	0
	0
	45

	5
	Yichang
	122
	122
	0
	0
	122

	6
	Huangzhuang
	47
	47
	0
	0
	47


     Note：equivalence data years n( refers to [1].
Due to the man-made activities influences ,e.g, diversion and detention of flood ,the annual maximum flood volume series are not consistent in fact. So the annual maximum flood volume series of Yichang ,Shashi, Luoshan, Hankou, and Datong  for our study are obtained through river performing mathematics calculation ,not observed data.  
2.1 Independent Test
For each station, the front tenth order(it means that from order1 to order 10) auto-correlation coefficients are calculated. The front 3 order auto-correlation coefficients of annual maximum 30 days flood volume series are listed in table 2. Due to the similar coefficient results between annual maximum 30 days flood volume series and annual maximum 60 days flood volume series, no list in table 2 for the results of annual maximum 60 days flood volume series. From table 2, each station may be considered as independent.

2.2 Consistency Test

The method of Kendall is used。The principle and procedure of the tests refers to [4]，the data used for test is observed data(without historical data) for each station. The test results for maximum 30 days flood volume are listed in table 2. From the table 2, all of the other stations except Huangzhuang ,

Table 2 Results of trend and independent tests for 30 maximum flood volume series
	Station name
	r1
	r2
	r3
	u1
	Sample length (years, n)

	Datong
	0.17
	0.01
	0.05
	1.25
	45

	Hankou
	0.04
	-0.07
	0.15
	0.43
	45

	Luoshan
	0.02
	0.09
	0.10
	1.08
	45

	Shashi
	0.11
	0.10
	0.00
	-0.45
	45

	Yichnag
	0.00
	0.17
	0.07
	-0.80
	122

	 Huangzhuang
	0.33
	0.09
	0.05
	-2.58
	47


                      Note:  u1,u2  are the value of statistic of Kendall, the critical value 
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=1.96 ((=0.05)
may be accepted as no trend or consistent at the significant level of (=0.05, but Huangzhuang station may be accepted as consistent at a significant level of (=0.01. The results of maximum 60 days flood volume series are similar to that of 30 days’.
2.3  Discordancy measure test

It’s developed by Hosking and Wallis(1997)，Its purpose is to test if there is an outlier and it is consistent in the region concerned . The detailed method is described as follows:

Suppose that there are N stations in a region studied, and the sample L-moments ratios estimated for each station are 
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While Di（i =1，2，…，N）in the region concerned for each station is calculated, the test results may be obtained. When Di value for 
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 station is relative larger, it indicates that there is outlier or a trend for 
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 station. The critical value of D has a relationship with N, refers to table 3.     
Table 3 Critical value D of discordancy measure test
	No of Station
	5
	6

	Di
	1.333
	1.648


From the table 4 where the results of D value calculated from sample are listed, The values of D for all of five stations not including Huangzhuang station are smaller than the critical value, so they may be considered as no trend or no outlier in the region. However, when all of six stations including Huangzhuang are considered as a region together, the D value for Huangzhuang station is a little larger than the critical value of D, which indicates that there exists probably a trend or outlier for Huangzhang Station. The test results are similar to the statistic test in 2.2. From the curve of flood volume with time of Huangzhuang station, we find that its trend is not so obvious, so all of six stations including Huangzhuang station are finally considered as no trend. 

In summary, the hydrological data of all of six stations may pass the tests of reliability ,consistent and independent.
Table 4  Calculated results of discordancy measure test for 6 or 5 stations

	No  of  Stations
	D1
	D2
	D3
	D4
	D5
	D6
	No of Days of flood volume

	5 Stations not including Huangzhuang
	1.32
	1.00
	1.08
	0.77
	0.83
	
	30  


	6 Stations including Huangzhuang
	1.35
	1.09
	0.31
	0.80
	0.78
	1.66*
	

	5 Stations not including Huangzhuang
	0.77
	1.32
	1.10
	0.67
	1.13
	
	60


	6 Stations, including Huangzhuang
	0.78
	0.20
	1.09
	0.87
	1.39
	1.67*
	


   Note：“*”indicates larger than the critical value   

 3 DIVISION OF A REGION AND IDENTIFICATION OF HOMOGENOUS REGION The division of a region which contains all watershed of Yangtze or even more larger area has not been done in the paper, however the test of identification of homogenous region for middle and lower reaches in Yangtze river with 6 stations is carried out. The test method and results are described as follows.
Assume that there is N stations in a region concerned, for 
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 station with sample length ni and L-moment ratios 
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The standard deviation of L-moment ratio t in a region concerned with consideration sample length as a weight is calculated by following formula：
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Taking Kappa distribution with four parameters as a population distribution for a region studied, and its population parameters of L-moment ratios are equal to its regional average ,i.e. (10=1， t0 = tR，
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.While (10，t0，t 30，t40 are determined，the parameters in Kappa distribution function may be calculated in terms of [2].Then Ns sets of regional samples may be generated by Monte-Carlo method, where any two stations have not correlation and sample length for each station is equal to the length of observed data. For each regional sample with N stations , Vi（i =1，2，…，Ns）may be calculated by formulae (4),(5). According to Ns samples results, the mean and standard deviation of V may be obtained from the following formulae。
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H statistic indicating a heterogeneity measure for a region is calculated as follows
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When H(1，the region studied may be accepted as homogenous region; If 1≤H≤2，then the region concerned is probably heterogeneity region；If H(2，then it’s an heterogeneity region. Hosking[2] has used Monte-Carlo method to verify that H statistic has relative higher ability to identify homogenous region. Therefore above approach is used to de the identification of Homogeneous region for middle and lower reaches of Yangtze. For simple consideration , the generating sample length for each station is equal to its equivalence length n(.Ns=500.The test results are listed in table 5.

From table 5, it’s easily to know that a region with 6 stations including Huangzhuang is not accepted homogenous region ,due to very large H values(much larger than 2),but for a region with 5 stations not including Huangzhuang is accepted by homogenous region, since the absolute value of H is less than 1. So we consider that Datong ,Hankou ,Luoshan,Shashi and Yichang as a homogenous region for flood frequency analysis.
Table 5  Results of homogeneous region test for flood frequency analysis (H statistics) 

	No of  Stations
	tR
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	V
	(V
	(V
	H
	  Days 

	5 Stations not including Huangzhuang
	0.0893
	-0.098
	0.2148
	0.0058
	0.0065
	0.0024
	-0.31
	30 days 

	6Stations,including Huangzhuang
	0.1051
	0.1058
	0.2079
	0.0496
	0.0084
	0.0028
	14.37
	

	5 Stations ,not including Huangzhuang
	0.0852
	0.1195
	0.2139
	0.0073
	0.0065
	0.0024
	0.31
	60 days

	6 Stations, including Huangzhuang
	0.1013
	0.1263
	0.2056
	0.0512
	0.0085
	0.003
	14.41
	


4 SELECTION OF UNITE DISTRIBUTION IN AN HOMOGENOUS REGION

4.1 principle
Suppose that there are N stations in an homogenous region, each station with ni  years data, sample L-moments ratios estimated from observed data
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For a given distribution –called DIST with more than or equal to 3 parameters，although its population L-moments ratios of second and third order may take the values of regional averages tR and 
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 corresponding with a given distribution --DIST is closer to 
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，it indicates that the distribution selected –DIST is better fitting to the observed data. This is the principle of distribution selection based on L-moment.
As for t3 is usually no-biased, t4 may be somewhat biased while the sample length is short or population 
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4.2 Test method
Test statistic:     
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where：  
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generating sample, where the population is Kappa distribution with four parameters, its population L-moment ratios take the values of 1，tR，
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 respectively，for each station has its sample length n(i，and there is no correlation between each two stations . Ns —The number of regional sample generating. The population distributions considered—DIST are：Generalized Logistic (GLO), Generalized Extreme-value (GEV),Generalized Pareto (GPA),Generalized Lognormal (GLN) ,Pearson-III. While (Z( ≤1.64，then the distribution given—DIST is considered as a regional unite distribution.

For the effect of distribution selection by using above method, Hosking[2]has used Monte-Carlo experiment to do the test, the test results show that 90% population distributions accepted are the same as that assumed, so the effect by above method to select regional unite population distribution is satisfied.

In the paper, the unite population distribution selection test results for the homogenous region of 5 stations are listed in table 6. Due to all (Z( values calculated for five distributions assumed much larger than 1.64，it indicates that all five distributions can not pass above statistic test, so the Wakeby distribution with 5 parameters is finally selected as the unite regional distribution for the region. According to the analysis, it may be caused by the special flood volume series which are not really observed data, but are obtained through river performing mathematics calculation. We have done the flood frequency analysis for above series with Pearson--III as population, and the results are special and seldom met, where the quantiles estimated by Moment method are much larger than that estimated by Curve-fitting and L-moment method.
Table 6  Results of distribution selection test based on L-moment
	Distributions
	30 days flood volume
	60 days flood volume
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	GLO
	0.2148
	0.0175
	-4.09
	0.2139
	0.1790
	-3.49

	GEV
	0.2148
	0.1260
	-6.55
	0.2139
	0.1320
	-5.75

	GLN
	0.2148
	0.1300
	-6.33
	0.2139
	0.1340
	-5.67

	GPA
	0.2148
	0.1250
	-6.58
	0.2139
	0.1270
	-6.01

	P-III
	0.2148
	0.0290
	-11.44
	0.2139
	0.0370
	-10.36


5 DETERMINATION OF DISTRIBUTION FUNCTION FOR EACH STATION
The distribution function of each station by index flood method is indicated as follows:
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 —index flood，actually takes sample mean value of each station, Xi(p)——distribution function for 
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 station. q(p)--Dimensionless distribution function by regionalization , i.e. a growth curve with mean 1.
The quantiles of maximum 30 days and 60 days flood volume are listed in table 7. 
Table 7 Estimated results of design values of maximum flood volume for different stations

	      Station
quantiles
	Datong
	Hankou
	Luoshan
	Yichang

	
	30
	60
	30
	60
	30
	60
	30
	60

	        XP1
	2091
	3845
	1748
	3126
	1629
	2908
	1317
	2298

	        XP2
	2303
	4154
	1897
	3377
	1768
	3141
	1430
	2482

	        XP3
	3049
	5367
	2511
	4363
	2340
	4058
	1892
	3207

	        XP4
	4078
	6926
	3359
	5631
	3130
	5238
	2532
	4139


      Note：P1=0.02，P2=0.01，P3=0.001 ，P4=0.0001

6 CONCLUSION
The regional flood frequency method proposed by Hosking is first used in the design flood calculation in middle and lower reaches of Yangtze river. This study is valuable for open up new idea for hydrologists especially for Chinese hydrologists, and it may also help us to obtain more reliable design results for middle and lower reaches of Yangtze river. We hope that the further application of above regionalization method based on L-moment will be used in a wider region, and studying variables may not only be flood peak or volume, but also precipitation, water levels, and other hydrological quantities.
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