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A short-cut method for uncertainty 
estimation in FEH single site analysis: 
the GLO distribution

This note presents a short-cut method to evaluate the uncertainty of T-year 
design flood events derived from a Flood Estimation Handbook (FEH) single 
site analysis based on the Generalised Logistic (GLO) distribution. 
 When conducting a single site analysis using the FEH methodology 
(Institute of Hydrology, 1999) is common to adopt the GLO distribution.  In 
this case the T-year design flood is given as:

 QT = QMED × [1+β/κ {1- (T – 1)(-κ) }]

where QMED, β and κ are the location (the index flood), normalised scale, 
and shape parameter, respectively.  Consider an AMS series containing n 
observations: q1,q2,....,qn and the corresponding L-CV (t2) and L-skewness (t), 
then the three parameters are estimated according the FEH as:

 QMED=median[q1,q2,....qn ]

  κ=–t3

The uncertainty of the design flood, QT, originating from trying to estimate its 
value from a limited number of AMAX data can be expressed measured by 
its variance, Var(QT ), and the corresponding 95% confidence interval which is 
approximately:

 [QT  –2√(Var(QT ) ; QT + 2√(Var(QT ) ] (1)

A numerical estimate of the variance, Var(QT), can be obtained using a 
variety of methods, including: Monte Carlo simulations, non-parametric 
bootstrapping, or analytical approximations.  For the GLO distribution, 
these methods all require some degree of computational sophistication to 
either generate stochastic samples or numerical evaluation of specialised 
mathematical functions.
 Based on an extensive set of Monte Carlo simulations, Kjeldsen (2021) 
presented a short-cut method allowing the variance to be calculated using a 
polynomial approximation of the general form: 

        (2)  

where n is the record length, the parameters: a0, a1, and a3 are constants and 
yL is the Logistic reduced variate recommended by the FEH for use with the 
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GLO distribution and defined as:

  yL=Ln(T – 1)

The numerical values of the three parameters depend on the L-skewness, t3, 
of the of the AMAX data and are defined for values of t3 in the interval –0.45 
<t3<0.45 and with record length in excess of 20 years (n>20) as shown in 
Table 1:

Table 1  Parameter values for use in Eq. (2) to derive variance of T-year design  
   gevent (adopted from Kjeldsen, 2021).

   

Example of application:
Consider a series of n=51 AMAX events available from gauging station 
57005 River Taff @ Pontypridd covering all water years from 1967 to 2017.  
Adopting a GLO distribution with the FEH single site analysis gives the model 
parameters shown in Table 2

Table 2  Median, L-CV, L-skewness and GLO parameters as estimated for  
   57005 Taff @ Pontypridd.

Numerical values of the three parameters a0, a1, a2, and a3 can be obtained 
from simple linear interpolation between the two columns in Table 1 on either 
side of the value of t3=0.0835  as demonstrated in Table 3

Table 3  Linear interpolation of model parameters from Table 1.

 

 For return periods in the range T=2 up to T=1000, the standard deviation of 
the estimated design flood can be estimated by combining Eq. (2) with the 
parameter values reported in Table 2 and 3.
The estimated variance can now be used to derive the approximate 95% 
confidence intervals via Eq. (1) as shown in Figure 3.  The figure also includes 
confidence limits calculated from 10,000 Monte Carlo simulated AMAX 
series based on the GLO parameters listed in Table 2.  There is a good 
correspondence between the two sets of confidence intervals, supporting the 
usefulness of short-cut method presented here.

          L-skewness, t3

 -0.45   -0.3   0.25   -0.15   -0.05   0.05   0.15   0.2   0.35   0.45
a0 1.2888 1.3441 1.3668 1.3805 1.3757 1.3348 1.2970 1.2819 1.2903 1.2831
a1 -0.4104 -0.4287 -0.3687 -0.2282 -0.0464 0.1785 0.4152 0.6006 0.7375 0.9136
a2 0.2114 0.2172 0.2082 0.1885 0.1760 0.1684 0.1607 0.1743 0.1928 0.1901
a3 -0.0181 -0.0177 -0.0164 -0.0146 -0.0139 -0.0140 -0.0137 -0.0150 -0.0161 -0.0155

Median (m3/s) L-CV L-skewness       QMED Scale β        Shape κ
353.3  0.1578 0.0835           353.3 0.1594 -      .0835

  t3=0.05  t3=0.0835 interpolated t3=0.15
 a0  1.3348  1.3221  1.2970
 a1  0.1785  0.2578  0.4152
 a2  0.1684  0.1658  0.1607
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Note of caution:  The short-cut method presented here is applicable only 
for FEH single site analysis based on the GLO distribution.  Records lengths 
should generally be longer than 20 years, and the L-skewness t3 in the 
interval between -0.45 to 0.45.
 

Thomas Rodding Kjeldsen
Department of Architecture and Civil Engineering, University of Bath
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Logistic reduced variate, Ln(T–1)

Fig, 1 GLO flood frequency curve (solid line) fitted to AMS from 57005 Taff          
  @ Pontypridd. 95% confidence interval calculated using Eq. (3) shown  
  in red, and the corresponding 95% confidence interval derived from  
  10,000 Monte Carlo generated AMS shown in blue.
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