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Abstract: Iowa River, a tributary of the Mississippi River, is one of the main sources of 
flood in the Iowa State. The timescale of gauging record without regulation at Iowa City 
is 56 years. The 1918 flood is the largest flood event in the gauged record. Flood 
frequency analysis, using gauged records only with Maximum likelihood estimation 
(MLE) and L-moment estimation methods (LME), place the 1918 event at a return period 
of around 100 years. However, a review of historical (pre-gauged) floods gives a 
different perspective. This paper demonstrates the value of augmenting a gauged river 
flow record with historical data for flood frequency analysis. The L-moment estimation 
method, considering historical floods is applied to the parameters of Generalized Extreme 
Value (GEV) distribution and Generalized Pareto (GPD) distribution. The result shows 
that incorporation of historical data into flood frequency analysis increases the reliability 
of risk assessment and ultimately provides a better basis for planning decisions.  
Meanwhile, comparison between Maximum likelihood estimation method and L-moment 
estimation method is also carried out. The results suggest these two methods are 
comparable to the time series in Iowa City.  
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1 Introduction 
 
Flood frequency analysis is important for designing flood related structures. The designer 
generally needs to determine the design flood of a given return period T. Traditional 
methods for determining design flood have been generally based on data from the 
systematic record alone. However, the gauged record of many sites has typically short 
duration while sites with long records are usually affected by human activity and natural 



elements. The small sample may not be representative of the population of floods and 
flood frequency analysis may yield unreliable estimates of the extreme flood. 
    In order to extend discharge records in time and improve the reliability of flood 
estimates, historical information is suggested to incorporate with the gauged flood record. 
During the last two decades, the value of using nonsystematic data in flood frequency 
analysis has received considerable attention. Recently, the method of L-moments 
estimation cooperate with historical information was developed by Chen,et al [1] , as an 
improved alternative to L-moment. This method based on GEV and GPD are adopted and 
compared in this paper to analyze extreme flood risk.  
    The paper is organized as follows. The methods in this paper will be applied to a case 
study in Iowa State, the USA, as described in Sec.2. In Sec.3, the data analysis will be 
presented. Data fitting and comparison metrics are followed in Sec.4 and 5.  Sec.6 will 
list related result. Conclusions and recommendations will be given at last section as an 
ending. 
 
2 Brief description of the watershed 
 
The geographic focus of this study is the Iowa River (shown in Fig.1), a tributary of the 
Mississippi River with about 480 km length, which is one of major rivers in Iowa State. It 
proceeds roughly in a southeast direction and becomes impounded by the Coralville Dam 
in the Coralville Reservoir. The river runs generally south and passes through Iowa City, 
about 105 km from its mouth. South of Iowa City, the Iowa River is joined by its longest 
tributary, the Cedar River. 
 
 

 
 

Fig1. Map of Iowa River  



    The data on the peak flows with historical information of Iowa River is analyzed in 
this paper to assess the affections of historical flood on flood frequency. Fig.2 shows the 
relatively long time series of the measured annual peak discharge, which has a 
significantly change since 1959 for the construction of Coralville Dam. The data are 
taken from the U.S.Geological Survey (USGS) Web sites. 
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Fig2. Annual peak discharge of Iowa River at Iowa City 

 
3 Data analysis 
 
The behavior and course of a river may change considerably in long time period due to 
artificial or natural causes. When undertaking historical reviews, research must be 
undertaken to ensure that all observations from hydrologic events are come from the 
same population to be able to accurately perform frequency analysis. This study 
emphasizes test of randomness and homogeneities (both gradual trends and abrupt 
changes). 
 
3.1 Test of Randomness 
The runs test [2] is adopted in this paper to ask whether a data series comes from a 
random series. The null hypothesis that random process is rejected if the calculated u  
value is greater than the selected critical value obtained from the standard normal 
distribution table at significance level of 0.05. The result is shown in table1. 
 
3.2 Test of homogeneities 
3.2.1 Trend test 
It is clearly from Fig.2 that the Iowa River was affected by the dam construction since 
1959. As a result, our analysis time series has to reduce to 1903-1958 to do further test. 
    The Mann-Kendall trend test [3, 4] is applied to evaluate the absence of linear trend. 
The null hypothesis that there is no trend is accepted at significance level of 0.05 if the 



calculated z value is less than 1.96.  In other words, the discharge series is suggested to 
be no trend. See the result in Table2. 
 
3.2.2 Change test  
Rapid shift may manifest when the time series transit from one state to another due to 
artificial or natural causes. For decision making, the Standard Normal Homogeneity Test 
(SNHT) is performed on annual series in this study to detect whether any changes have 
occurred. SNHT uses a statistic T0 to compare the mean of the first a  years of the record 
with that of the last n a− years. T0 will be small if the null hypothesis H0 is true, whereas 
large value of T0 make rejection of H0 more probable. A possible shift is located at the 
year A when T0 reaches a maximum at the year a=A [5]. The result is list in Table2. 
 
4 Data fitting 
 
4.1 Function distribution  
A number of probability distribution functions have been utilized for flood frequency 
analysis. For instance, the log Pearson type 3 is a commonly used distribution in the 
United States [6], the general extreme value (GEV) distribution is recommended in the 
United Kingdom [7], and the Pearson type III distribution with a graphical curve fitting 
method is suggested by the Ministry of Water Resources, China [8]. In this study the 
there-parameter GEV distributions and Generalized Pareto (GPD) distribution are 
assumed as the desirable distribution of annual maximum floods.  
 
4.1.1 General extreme value distribution 
GEV [9] is widely used for modeling extremes of natural phenomena, which combines 
into a single form of the three possible types of limiting distribution for extreme values, 
as derived by Fisher and Tippett[10]. The distribution function is 

1/( ) exp[ {1 ( ) / } ]kF x k x ξ α= − − −    0k ≠  

         exp[ exp{ ( ) / }]x ξ α= − − −     0k =                                                                 (1) 

 
    Withx  bounded by / kξ α+  from above if 0k >  and from below if 0k < . Here ξ  
and α  are location and scale parameters, respectively, and the shape parameter k  
determines which extreme value distribution is represented.  
 
4.1.2 Generalized Pareto distribution 
GPD is another approach widely used in the field of hydrology for extreme value 
analysis, which models the peaks of a time series exceeding a threshold. GPD studies in 
particular an extension of the classical extreme value analysis, instead of just annual 
maxima, several of the largest order statistics exceeding a sufficiently high threshold in 
the collected data [11]. The distribution function of GPD is given as: 
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    Whereβ , α  and k  denote the threshold, scale and shape parameters, respectively.  
 
4.2 Parameter estimation for GEV and GPD 
4.2.1 L-moment parameter estimate  
L-moments are defined as linear combination of probability weighted moments (PWM) 
by Hosking [12]. The L-moment estimators have some desirable properties for parameter 
estimation. They are fast and straightforward to compute and always yield feasible values 
for the estimated parameters. The biases of the estimators are small. Method of L-
moment estimation (LME) can often be used when the maximum likelihood estimation 
(MLE) are unavailable, difficult to compute, or have undesirable properties. 
    For an ordered sample X1n ≤ X2n ≤ … ≤Xnn unbiased estimators of the parameters for 
GEV are: 
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    Unbiased estimators of the parameters for GPD are: 
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    In this paper, double standard deviation is select as the threshold. 
    Unbiased sample estimators of the PWM are defined as: 
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4.2.2 L-moment parameter estimation with historical value (LMH) 
Let X represent a series with historical flood in which the maximum return period is N; 
the length of recorded series(systematic) is n, the number of historical floods is a , the 
number of historical floods in the recorded series is l , { }, 1, 2, , ( )x m n a lm = + −⋯ is 
the series in ascending order (from lowest to highest). The formulae of the probability 
weighted moments are as follow [1]: 
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5. Data comparison metrics 
 
For comparison estimation methods with empirical data sets used in the study, related 
coefficient(r), mean absolute deviation (MAD) and mean square deviation (MSD) 
proposed by Jain and Sing [13] was taken into account. Comparisons were made between 
computed flood discharges ̂ ( )Q Ti  and data (assumed true) values ( )Q Ti  for the 
observed floods. 
 
6. Results 
 
The test results related to randomness and homogeneity of the peak flows on Iowa City 
site are given in Table 1 and 2, which suggest that the peak discharges between 1903 and 
1958 are random and homogeneous while significant decline and change are tested 
around 1959 for the construction of Coralville Dam. 
 

Table 1 Results for randomness test (at significance level of 5%) 
 

Time  n1  n2 n r u u* 
1903-1958 25 31 56 32 0.907 1.96 
1959-2008 23 27 50 31 1.48 1.96 
1903-2008 35 71 106 63 3.34 1.96 



Table 2 Results for homogeneity test 
 

Trend test Change test  Time 
t T*(95%) t T*(90%) 

1903-1958 -0.002 1.96 2.462 7.34 
1959-2008 -0.695 1.96 0.031 7.25 
1903-2008 -2.930 1.96 8.376 7.87 
 
    Performance of the MLE, LME and LMH on GEV and GPD tested by r, MAD and 
MSD are presented in Table 3. The results reply that the LME is comparable with MLE 
for the discharge samples while GPD performs better than GEV on the whole. Although 
the performance of LMH is not so satisfied, it is still acceptable for its uncontinuity. 

 
Table 3 Fitting Results for different models 

 
r MSD MAD Distribution 

MLE LME LMH MLE LME LMH MLE LME LMH 
GEV 0.9981 0.9985 0.9983 1.36 5.44 45.70 3.92 3.92 12.30 
GPD 0.9971 0.9969 0.9951 0.33 3.93 3.81 0.99 2.48 5.68 
 
     In order to compare the methods more differently, Table 4 gives the quantile estimates 
for the return periods equal to 100.  

 
Table 4 Comparison of 100-year flood quantile estimates for different models ( 3 /m s ) 

 
Distribution MLE LME LMH 
GEV 1085 821 736 
GPD 1172 912 836 
AVERAGE 1129 867 786 
 
    In the case of the River Iowa, proposed design flood based on historical information is 
786 3 /m s averagely, which is 21.24% lower than just based on the gauged record. As 
for the extreme flood (1204 3 /m s ) in 1918, it is ranked 3 in place the original 1 when 
extend the flood time from 56 to 108 years. Conclusion may be obtained from table 4 that 
the return period of 1918 extreme flood should be longer than now supported by actual 
data. 

 
7 Conclusions and recommendations 
 

Historical records may provide a more realistic assessment of the risk of extreme 
flooding than short periods of gauged flow as they could provide additional insights into 



the occurrence of flooding. However, the application of historical records should be 
undertaken with care and in relation to catchment changes. Meanwhile the ability to 

incorporate these data into quantitative flood estimates needs further research. 
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