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Figure 4:  Partial autocorrelation plots for a) D=1 and b) D=180 for different lags 

      (in days) 
 
Values that lie outside the tramlines indicate that there is a significant correlation in the 
data at the lag (in years) indicated. Figure 4 shows that for D=1 there is little or no 
dependence within the data series, whilst for D=180 there seems to be some 
autocorrelation in the data at a lag of five years.  
 
 
Construction of Observed Frequency Curve 

The Gringorten plotting position is used to estimated the exceedance probability, p, 
using n = 40 where D = 1, and n = 39 where D = 180. Table 2 gives details of the values 
used, whilst Figure 5, shows the resulting probability plot. 
 
Table 2:  Derivation of plotting positions for D=1 and D= 180 

 
         D=1, N= 40  D=180, N= 39 
I AM (%MF)   p AM (%MF) p 
1 6.515 0.014 29.25 0.014 
2 9.12 0.039 32.08 0.040 
3 9.121 0.064 32.59 0.065 
4 13.68 0.089 32.75 0.091 
5 14.33 0.114 33.43 0.117 
: : : : : 

35 26.06 0.861 80.51 0.883 
36 26.71 0.886 80.55 0.909 
37 27.36 0.911 88.04 0.935 
38 29.97 0.936 99.19 0.960 
39 35.83 0.961 102.6 0.986 
40 39.74 0.986 N/A N/A 
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Figure 5:  Frequency curves for D=1 and D=180  
 
 

Fitting the Pearson Type III distribution 

Parameter estimation via L-Moments is best attempted using existing software, rather than 
from a first principle approach. Several commercial software packages can provide the L-
Moments estimation procedure with the Pearson Type III distribution, including MIKE11, 
S-PLUS, WINFAP. In this example the Fortran subroutines of Hosking (2000) were 
implemented yielding the parameters shown in Table 3. 
 
 
Table 3:  Parameters obtained via L-Moments for the Pearson Type III distribution 
 
Parameter  D=1 D=180 
a  Scale 0.1 0.29 
?  Location 0.32 0.87 
K Shape 0.13 0.53 

 
 
As k>0 in both cases, the appropriate cumulative distribution function is  
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Figure 6: Fitted Curves for the North Esk for D=1 and D=180 
 
 
Goodness of Fit Tests 
The match between observed and predicted annual minima is quantified using root 
mean square error (RMSE) and chi square statistics, based on the residuals (Table 5).  
 
Table 5: Comparison of observed and predicted flows, D= 180 
 

T 
(years) p Observed AM 

(%MF) 
Predicted AM 

(%MF) residuals 

69.86 0.014 29.25 22.51 -6.74 
25.08 0.040 32.08 27.90 -4.18 
15.28 0.065 32.59 31.11 -1.48 
10.99 0.091 32.75 33.56 0.81 
8.58 0.117 33.43 35.60 2.17 

: : : : : 
1.13 0.883 80.51 79.35 -1.16 
1.10 0.909 80.55 82.56 2.01 
1.07 0.935 88.04 86.64 -1.40 
1.04 0.960 99.19 92.40 -6.79 
1.02 0.986 102.60 103.40 0.80 

 




















