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Alexander (2005a, 2005b) concluded that the length of wet and 
dry sequences in SA typically varied between 6 to 8 years (on 
average 7 years). He also investigated a linkage with solar activity 
and concluded that a 21-year periodicity is evident. Therefore, 
different record lengths were considered from a relatively long 
record, starting with 21 years and increasing the consequent 
record lengths by 7 years, until the total record length is reached. 
To avoid excessive cluttering of the subsequent figures, only 
relevant record lengths, where a change in the appearance of the 
PPs can be observed, are shown in the figures.

The AMS at Clanwilliam Dam (a secondary flow site), with 
homogeneous distributed flood peak data, is used for illustration 
purposes for the first scenario. The site was chosen where the 
flood peaks are mainly caused by a single rainfall-causing system; 
in this case frontal rainfall. There were also no obvious outliers 
present in any considered record length. Figure 9 illustrates the 
relationship.

The following can be observed from Fig. 9:

•	 Z-set PP: There is effectively no difference in the PPs, 
regardless of record length, from 28 years onwards. A minor 
deviation was observed at the higher AEPs (> 50%) for a 21-
year record, or shorter.

•	 Weibull PP: This is slightly inferior to Z-set PP. With outliers 
present in AMS, there is little difference between the two PPs, 
except that the Z-set PP trumps the Weibull PP in having a 
smoother appearance and remains effectively the same, 
regardless of record length.

•	 AEP-range is visually very similar for Z-set and Weibull.
•	 Data appear to be remarkably stationary and homogeneous.

In Fig. 10 the effect on record length, at a site with an outlier rela-
tively early in the record (second scenario), is depicted (the outlier 

occurred within the first 21 years). The AMS at Kammanassie Dam 
(also a secondary flow site) is used for this example.

The following can be observed from Fig. 10:

•	 Z-set PP: There is effectively little difference in PPs for AEPs 
≤ 50%. Due to several low flows added after 56 years of 
record, two distinct groupings can be observed in the higher 
AEP range (> 50%) – PPs for 35 to 56 years are grouped and 
PPs for 70 to 106 years are grouped.

•	 Weibull PP appears more disorderly than the Z-set PP.
•	 The AEP-range is not the same for Z-set and Weibull, due 

to failure of the Weibull PP to deal effectively with outliers 
and higher flows.

•	 Data appear to be relatively stationary and homogeneous.

The effect that a very high outlier, occurring in year 61 (Jan. 1981), 
can have on record length is depicted in Fig. 11. The AMS at 
Floriskraal Dam (a primary flow site) is used as an example.

The following can be observed from Fig. 11:

•	 Z-set PP: PPs were grouped for 28 to 56-year record lengths; 
and again for 70 to 98-year record lengths. The split is caused 
by the high outlier in 1981 – Year 61 of the 98-year AMS.

•	 Weibull PP: The same groupings exist, but it is less visible 
since the PPs are much more scattered.

•	 Large difference in AEP-range between Weibull and Z-set, 
for record lengths ≥ 70 y. It is due to the inability of existing 
PPs to make any provision for outliers.

•	 Data appear to be homogeneous.

Figures 9 to 11 illustrate that the Z-set PPs are reasonably similar 
for varying record lengths. This appears not to be the case if a 
relatively high outlier occurs somewhere in the record (in the 
example in Fig. 11, the outlier emanates from the devastating 
‘Laingsburg’ 1981 flood event).

Figure 9. The impact of AMS record lengths on the Z-set PP and Weibull PP (considering homogeneously distributed flood peak data)
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Figure 10. The impact of AMS record lengths on the Z-set PP and Weibull PP (considering  highest flood peak in early part of record)

Figure 11. The impact of AMS record lengths on the Z-set PP and Weibull PP (considering a  very high outlier)
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It is interesting to note that the ARI allocated to the 1981-event 
(Z-set PP), of around 4  000 years, is consistent with the dating 
of other palaeoflood evidence in the J-drainage region, of around 
3  000 years ago (Van Bladeren 2007). Zawada (1994) observed 
that while palaeoflood evidence exists in the region for other 
rivers, no palaeoflood evidence could be obtained in that part of 
the Buffels River. He concluded that the 1981 flood most probably 
scoured any palaeoflood evidence and that no evidence exists for 
a flood event larger than the 1981 event in the Buffels River.

Boxplots were used to further illustrate the benefit of using the 
Z-set PP. To explain how the boxplots were generated, the FFA on 
Clanwilliam Dam is used as an example (see Table 9):

•	 An FFA was performed, to choose a suitable distribution, 
using the complete AMS record.

•	 Seven commonly used AEPs (50, 20, 10, 5, 2, 1 and 0.5%) 
were chosen with their corresponding Z-scores and flood 
peaks.

•	 Using various record lengths (28, 49, 70, and 84 years in 
this example), Z-scores for these matching flood peaks were 
determined – from both the Weibull- and Z-set PPs

•	 The record lengths were chosen in the same way as described 
earlier (see Fig. 9).

•	 For the first boxplot, the Z-score ‘variance’ (VarZ) is used as 
the average squared deviation from the expected Z-score of 
the applicable AEP. Thus VarZ of every applicable AEP was 

determined, for various record lengths – for example, from 
Table 9, for an AEP of 10% the VarZ for the Z-set PP is given 
by (values in next equations shaded in Table 9, for clarity):

VarZ = [(1.284 – 1.282)2 + (1.257 – 1.282)2 +
(1.361 – 1.282)2 + (1.308 – 1.282)2]/4 = 0.00189

The boxplot of the VarZ values across the AEP range is depict-
ed in Fig. 12. For the second boxplot, the range of Z-scores  
(Zmax – Zmin) obtained from the different record lengths for 
each AEP were determined – for the same example:

Zmax – Zmin = 1.361 – 1.257 = 0.104

The boxplot of the Zmax – Zmin values across the AEP-range is 
depicted in Fig. 13.

The advantage of using the Z-set PP is evident from the two 
boxplots that reveal a higher degree of consistency in the Z-set 
PPs, regardless of record length. This is especially true for sites 
with record lengths longer than around 35  to  40 years. Based 
on available flow stations used in this study, it appears as if the 
minimum record length required is longer in wetter areas and 
areas with more than one rainfall-causing system (V1R003). In 
typically drier areas, and areas with primarily one rainfall-causing 
system (E1R002), the minimum required record lengths can be as 
short as 28 years. This is a preliminary observation, which is by no 
means conclusive and should be investigated further.

Table 9. Data for boxplots at Clanwilliam Dam (E1R002) – record length 84 years

Results from FFA 
distribution

AMS record length (years) Data for boxplots

28 49 70 84

Z-scores from Weibull and Z-set PPs VarZ Zmax  –  Zmin

AEP (%) Z-score Q (m3/s) Weibull Z-set Weibull Z-set Weibull Z-set Weibull Z-set Weibull Z-set Weibull Z-set

50 0.000 332 0.195 -0.011 0.189 0.036 0.079 0.040 0.066 0.027 0.0210 0.0009 0.129 0.051

20 0.842 602 0.825 0.850 0.797 0.842 0.923 0.917 0.900 0.880 0.0031 0.0018 0.126 0.075

10 1.282 802 0.977 1.284 1.040 1.257 1.179 1.361 1.104 1.308 0.0483 0.00189 0.202 0.104

5 1.645 986 1.176 1.621 1.228 1.574 1.424 1.704 1.430 1.652 0.1221 0.0023 0.255 0.131

2 2.054 1233 2.426 2.095 1.508 1.951 1.682 2.106 1.756 2.050 0.1659 0.0038 0.918 0.155

1 2.326 1426 2.045 2.277 2.353 2.263 2.255 2.409 2.540 2.371 0.0327 0.0038 0.496 0.146

0.5 2.576 1624 2.273 2.501 3.701 2.603 2.528 2.658 3.781 2.713 0.7033 0.0080 1.508 0.212

Figure 12. Weibull and Z-set PPs: variance of PPs considering an array of record lengths
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CONCLUSIONS

The aim of this paper was to propose a more sensible PP against 
which distributions can be compared, to ensure the selection of 
the most appropriate distribution.

The practical approach, which includes some statistical parameters, 
produced promising results, leading to a new proposed PP (Z-set) 
with the following characteristics:

•	 The general trend of the revised PPs does not differ much from 
that of the existing PPs; notable differences can be observed 
where it appears smoother than the jagged appearance of the 
existing PPs

•	 Elimination of assigning noticeably different PPs (probabilities) 
to flood peaks of similar magnitude

•	 An improved and more realistic portrayal of outliers
•	 A much smoother PP, which mimics the shape of a 

distribution
•	 The PPs for different record lengths, depending on the 

relative magnitude of an outlier, do not differ much; hence, 
it may lead to more consistent choices of appropriate 
distributions

It is thus concluded that the proposed Z-set PP be used as a 
valuable addition to the existing set of decision-making tools 
for flood hydrologists/engineers performing flood frequency 
analyses.
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