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Evaluation method for the impact of missing years on trend analysis of flood 

magnitude and frequency 

For both the influence of missing years on trend detection of POT flood magnitude and 

frequency, we firstly generated consecutive synthetic(complete) streamflow time series, and 

then subset streamflow time series by deleting the data in missing years of each catchment. 

Finally, the effect of the missing years on trend detection is then measured as the difference 

between detection results for the incomplete time series with respect to the complete series. 

1 Evaluation of the influence of missing years on trend detection of POT flood magnitude 

The generalized pareto distribution (GPD) was used to generate synthetic streamflow 

time series. The GPD cumulative distribution function was given in Equation (1) and is 

dependent upon shape, scale and threshold parameters. Given the trend in flood magnitude, 

we should use the nonstationary GPD. Following the classical nonstationary GPD, we fitted 

a GPD distribution with a linear trend in the scale parameter   expressed in Equation (2) 

and constant threshold   and shape parameter   for every catchment. Besides, the GPD 

also requires information concerning the annual numbers of floods that is generally assumed 

to be poisson-distributed. The probability mass function of possion distribution (PD) is 

given in Equation (3). We retained the 
0 , 

1 ,  ,  ,   parameters for all catchments. 
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where  , ,   are the GPD shape, scale and threshold parameters respectively. 
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where m is a random variable representing the number of exceedances per year and   is 

the PD rate parameter which is the expected annual frequency of the exceedances. 

To produce a synthetic streamflow time series for a sequence of 56 continuous years 

(1960-2015) for each catchment, we begin by computing   parameter (
i , i from 1960 to 

2015) for every year based on Equation (2). Then, we generated annual numbers ( in , i from 

1960 to 2015) based on passion distribution associated with  . Finally, we produced in

streamflow values based on GPD associated with i ,  ,   for the i year (1960-2015). 
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After that, we removed the missing years from the generated synthetic streamflow time 

series to construct the incomplete time series. 

For the observed time series, complete (synthetic streamflow) time series and incomplete 

time series, we computed the linear trend value and the Mann-Kendall associated p-value. 

The trend value of observed time series was considered as “True” value. If the sign of the 

trend of complete/ incomplete time series is the same that of observed time series and is 

significant at the 5% level, then we considered the detection as a hit. Otherwise, it can be a 

miss.  

This procedure was iterated 50 000 times, storing the result (hit or a miss) for the complete 

and the incomplete time series. At the end of the iterations, we compute the detection rate 

for both the complete and the incomplete time series as the fraction of hits out of 50 000 

iterations. The effect of the missing years on trend detection of flood magnitude was then 

measured as the percentage difference between detection rates for the incomplete time series 

with respect to the complete series. 

2 Evaluation of the influence of missing years on trend detection of POT flood frequency 

Given the assumed trend in flood frequency, non-stationary PD was used to fit the 

distribution of annual numbers. In non-stationary PD, the poisson regression (PR) was used 

to simulated the trend of the PD parameter. We retained 
0  and 

1  parameters for all 

catchments. 

0 1exp( year)  = +                              (4) 

where   is the PD rate parameter given in Equation(3); 
1  is the trend of annual 

counts.  

For the simulation of synthetic flood frequency time seris, our approach is the same as 

with the flood magnitude, but adapted to the poisson regression model. We also started with 

computing    parameter (
i  , i from 1960 to 2015) for every year. Then we generated 

annual numbers based on PD associated with 
i  for the i year (1960-2015). After that, we 

also removed the missing years from the generated annual numbers time series to construct 

the incomplete time series. 

We used PR to calculate the trend value of annual counts(
1   in Equation(4)) and 

associated p-value. The 1  of observed annual counts was considered as “True” value. If 

the sign of the trend of complete/ incomplete annual counts is the same that of observed 
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annual counts and is significant at the 5% level, then we considered the detection as a hit. 

Otherwise, it can be a miss.  

This procedure was iterated 50 000 times, storing the result (hit or a miss) for the complete 

and the incomplete time series. At the end of the iterations, we compute the detection rate 

for both the complete and the truncated time series as the fraction of hits out of 50 000 

iterations. The effect of the missing years on trend detection of flood magnitude was then 

measured as the percentage difference between detection rates for the incomplete time series 

with respect to the complete series. The larger differences in trend detection rate in Table 

S1 means the larger impact of missing years on trend analysis. Slater et al. 2017 stated that 

the differences in trend detection rate smaller than 0.1 is acceptable. 

Captions for Tables and Figures: 

Table S1. Differences in trend detection rate between complete case and incomplete time 

series 
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Table S1. Differences in trend detection rate between complete case and incomplete time 

series 

Gauge station 

Differences in trend detection rate between complete and incomplete 

time series 

Flood Magnitude Flood Frequency 

Bozhiao 0.01  0.05  

Hecheng 0.00  0.10  

Baita 0.00  0.02  

Yangzhongban 0.01  0.01  

Yongtai 0.00  0.03  

Shilong 0.02  0.15  

Punan 0.00  0.08  

Zhengdian 0.04  0.06  

Qinlinzui 0.12  0.11  

Heyuan 0.11  0.15  

Dongqiaoyuan 0.15  0.01  

Shuangjie 0.01  0.01  

Huazhou 0.04  0.00  

Changle 0.00  0.02  

Luwu 0.00  0.02  

Ningming 0.00  0.01  

Longtang 0.07  0.01  

Jiaji 0.06  0.22  

Baoqiao 0.10  0.17  

Note: The number in bold means the trend of values may be not reliable due to the missing 

years according to the criteria (Slater et al., 2017). 

 


