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Design flood estimation (DFE) methods are used to limit the risk of failure and ensure the safe design of 
hydrological and related infrastructure, and to inform water resources management. In order to improve DFE 
methods which are based on event or continuous simulation rainfall–runoff models, it is generally necessary 
to use sub-daily rainfall data. However, sub-daily rainfall gauges are relatively sparse and have shorter record 
lengths than daily rainfall gauges in South Africa. Rainfall temporal disaggregation (RTD) techniques can be 
used to produce finer resolution data from coarser resolution daily rainfall data. Several RTD approaches 
have been developed and are used in South Africa. However, there is a need to review and assess the 
performance of the available RTD methods. This paper contains an overview of selected RTD approaches and 
the performance of the methods at selected sites in South Africa, for disaggregating daily rainfall into 15-min 
intervals. Temporal distributions of rainfall were represented by dimensionless Huff curves, which served as 
the basis for comparison of observed and disaggregated rainfall. In a pilot study it was found that the SCS-SA 
(Soil Conservation Service model South Africa) distributions and the Knoesen model approaches performed 
considerably better than the other approaches. The RTD approaches were further assessed using data from 
14 additional rainfall stations. For the additional stations, the Knoesen model and SCS-SA disaggregated 
rainfall generally provided the most realistic temporal distributions.
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INTRODUCTION

Rainfall is a highly variable driver of the hydrological cycle, and is a key input in many design 
flood estimation (DFE) techniques (Smithers et al., 2002). Rainfall data are utilised to determine 
hyetographs and transformed into hydrographs from which peak discharges are obtained for the 
design of hydraulic structures (Arnaud et al., 2007; Hassini and Guo, 2017; Rowe and Smithers, 
2018). The temporal distribution of rainfall intensity within storms influences both the magnitude 
and timing of peak discharges within a catchment and, as a result, the flood-generation potential of 
the event (Knoesen and Smithers, 2008).

DFE can be determined from gauged runoff data where this is available, but is generally performed 
utilising daily rainfall data due to scarcity of observed runoff data and the relative abundance and 
longer record lengths of daily rainfall as opposed to sub-daily rainfall data (Pui et al., 2012). However, 
such data may not adequately represent the important characteristics of rainfall processes occurring 
at hourly and sub-hourly scales (Smithers and Schulze, 2000; Pui et al., 2012). Therefore, in order 
to obtain adequate data at finer temporal resolutions, rainfall temporal disaggregation (RTD) 
techniques are often employed (Pui et al., 2012). RTD methods disaggregate coarser resolution 
data, such as daily data, to produce data of a finer resolution, such as hourly (Koutsoyiannis et al., 
2003). The finer resolution data are able to more accurately represent rainfall hyetographs required 
for modelling runoff and DFE (Koutsoyiannis et al., 2003). RTD techniques have been successfully 
applied under South African conditions to obtain finer resolution rainfall data (Adamson, 1981; 
Lambourne and Stephenson, 1987; Weddepohl, 1988; Knoesen, 2005; Knoesen and Smithers, 2008). 
However, the performance of these RTD methods needs to be assessed in order to determine the need 
for updating them, as a number of newer approaches have been developed and successfully applied 
internationally (Smithers et al., 2002). Hence, there is a need to assess the feasibility of new methods 
for application in South Africa and subsequently to update the toolbox of RTD techniques for use in  
South Africa.

The overall aim of this study was to assess the performance of selected RTD methods and to 
recommend the adoption or adaptation of one or more of these approaches for application under 
South African conditions. The study was part of research conducted for a Master of Science degree 
at the University of KwaZulu-Natal. This paper provides a brief review of methods for disaggregating 
coarser level rainfall data into a finer resolution hyetograph, and assessing the performance of 
selected RTD methods, and makes recommendations for RTD methods to be used in practice 
and for further research to be undertaken. Full details of the study reported are contained in  
Ramlall (2020).

A review of methods for rainfall temporal disaggregation

The RTD approaches identified through a review of the literature are broadly classified as either 
rainfall distribution curves or disaggregation models, as shown in Fig. 1 (Knoesen, 2005).  
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When applied, a disaggregation approach should ideally result in a 
finer time-step hyetograph which can give a realistic representation 
of sub-daily rainfall at the site (Smithers and Schulze, 2000). The 
applied approach should disaggregate the daily values to sub-daily 
time steps, while maintaining the characteristics of the rainfall 
process and ensuring the accumulated sub-daily values are equal 
to the daily total.

Rainfall distributions are used in design and modelling 
applications for determining the distribution of rainfall depths 
or intensities throughout the duration of a storm. These synthetic 
distributions may be used to derive hyetographs and determine 
the timing of peak discharges within the storm duration (Chow 
et al., 1988; Weddepohl, 1988). The RTD approaches could be 
adapted for use with observed daily data with short record lengths. 
Furthermore, approaches such as the Huff curves (Huff, 1967; 
Huff and Angel, 1992; Bonta, 2004) and the average variability 
method (AVM) (Green et al., 2005; Bhuiyan et al., 2010) have 
shown potential for regionalisation. Therefore, disaggregation 
curves could be developed and possibly regionalised, based on 
general storm patterns, for use in disaggregating daily rainfall 
into sub-daily hyetographs, as developed by Weddepohl (1988) 
and Knoesen (2005) in South Africa.

Stochastic modelling approaches generally simulate sub-daily 
values using statistical parameters derived from the observed 
daily data. An element of randomness is included in sampling 
procedures (Rodriguez-Iturbe et al., 1987; Smithers, 1998; 
Koutsoyiannis and Onof, 2001). Rainfall processes are, by nature, 
complex, and it is unlikely that a model will be able to describe 
event characteristics completely and accurately. Hence, the 
use of stochastic models which may produce results similar to 
observed data is justifiable (Kossieris et al., 2018). Furthermore, 
such approaches are highly applicable to continuous simulation 
modelling where the aim is to simulate potential outcomes for 
rainfall event processes (Smithers et al., 2002). Deterministic 
model RTD approaches are less commonly applied than stochastic 
models or distribution approaches, due to their parameters being 
more physically related to rainfall processes which, in some cases, 
are difficult and time-consuming to derive (Ormsbee, 1989; 
Hingray and Ben Haha, 2005). Therefore, the range of models 
identified in this study was comparatively limited.

Approaches which have been successfully applied in South Africa 
include the SCS-SA distributions (Schulze, 1984; Smithers et al., 
2002), triangular distributions (Lambourne and Stephenson, 
1987), Huff Curves (Smithers, 1998), stochastic Bartlett-Lewis 
rectangular pulse (BLRP) models (Smithers, 1998; Smithers et al., 
2002) and an adapted semi-stochastic regionalised disaggregation 
model (Knoesen, 2005). These approaches are categorised as 
rainfall distributions and stochastic models. A summary of the 
various approaches which were reviewed and their performance 
in case studies can be seen in Ramlall (2020).

A list of acronyms can be found at the end of the paper.

METHODOLOGY

Rainfall data were obtained through the Centre for Water 
Resources Research (CWRR) – University of KwaZulu-Natal 
(UKZN) research catchments database, which includes data 
extracted from breakpoint digitized autographic rainfall charts 
from previously monitored research sites and historical data 
previously supplied by the South African Weather Service (SAWS) 
(Smithers and Schulze, 2001). One station was randomly selected 
from each of the 15 relatively homogenous extreme rainfall clusters 
identified by Smithers (1998) and Smithers and Schulze (2000). 
The data for each station were inspected to determine if the record 
was of sufficient length and if the record was relatively continuous 
– without extensive periods of missing values. When a selected 
station was found to be unsuitable, another station was randomly 
selected from the cluster. This was repeated until 15 stations were 
obtained, which are located as shown in Fig. 2.

A pilot study was initially undertaken to develop procedures to 
apply the methods and to develop performance indices to assess 
and compare the performance of the methods. In the pilot study, 
rainfall data from Station C161 (Cedara) in the UKZN research 
catchments database were utilised for the development of the 
methodology for application of the approaches and assessment 
of results. Thereafter, the RTD approaches were applied to daily 
rainfall data from the additional 14 stations using the same 
methodology as in the pilot study. Details on the rainfall stations 
are summarised in Table 1.

Figure 1. Categorisation of rainfall temporal disaggregation approaches (after Knoesen, 2005)
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Characteristics of rainfall data for all stations

Days with rainfall were identified from the 15-min data available 
for the selected rainfall stations. Daily rainfall was computed for 
periods from 08:00 to 08:00 the next day, as per the standard 
timeframe for daily rainfall used in South Africa. Furthermore, 
following the methodologies in studies such as Huff (1967) and 
Walker and Tsubo (2003), rainfall days with total depths less than 
10 mm were excluded in the assessment. Rainfall days were sorted 
into depth ranges. The distribution of rainfall days in selected 
depth ranges per station can be seen in Fig. 3.

It can be seen that the majority of rainfall days have total 
depths in the 10–20 mm and 20–40 mm ranges for all stations. 
The temporal distribution of rainfall on these rainfall days will 

therefore have a greater influence on the generalised temporal 
distributions produced for each rainfall station. The temporal 
quartile of an event in which the peak of the rainfall occurs is 
a representation of the period of the rainfall day in which the 
highest rainfall intensity occurs. The quartiles are determined 
by dividing the total event duration into 4 quarters, giving the 
1st, 2nd, 3rd and 4th quartiles. Early peaking rainfall hyetographs 
display a peak intensity in the 1st or 2nd quartiles, while later 
peaking rainfall hyetographs display peaks in the 3rd or 4th 
quartiles. The distribution of the percentage of rainfall days 
which display peaks in each quartile thus influences the shape of 
the set of dimensionless Huff curves produced. The distribution 
of rainfall days with peak intensities in each quartile for each 
station is shown in Fig. 4.

Figure 2. Locations of the 15 rainfall stations utilised in this study. These stations were located in different provinces and SCS-SA rainfall regions 
(Weddepohl, 1988). 

Table 1. Characteristics of rainfall stations used in this study

Station No. SCS-SA Rainfall Region 
(Weddepohl, 1988)

Short Duration Homogenous
Cluster (Smithers, 1998)

Longitude Latitude Available record
(yr)

0513314 3 1 28° 10’ 59.9” −25° 43’ 59.9” 29

0555866 2 2 30° 58’ 59.9” −25° 25’ 59.9” 20

C161 3 3 30° 13’ 37.9” −29° 35’ 12.8” 15

0193561 3 4 21° 49’ 00.1” −30° 21’ 00.0” 35

0677802 2 5 29° 27’ 00.0” −23° 52’ 00.1” 39

Jnk19a 2 6 18° 56’ 56.0” −33° 58’ 02.0” 52

0411324 2 7 32° 10’ 59.9” −27° 24’ 00.0” 16

0240808 2 8 30° 57’ 00.0” −29° 58’ 00.1” 36

0010425 2 9 21° 15’ 00.0” −34° 4’ 59.9” 12

0050887 2 10 23° 30’ 00.0” −33° 16’ 59.9” 37

0442811 3 11 29° 58’ 00.1” −26° 31’ 00.1” 28

0113025 3 12 21° 31’ 00.1” −31° 55’ 00.1” 40

0079811 2 13 27° 28’ 00.1” −32° 31’ 00.1” 33

0432237 3 14 24° 37’ 59.9” −26° 57’ 00.0” 36

0088293 3 15 20° 40’ 00.1” −32° 22’ 59.9” 38
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The majority of rainfall days for the selected stations display 
peaks in the 2nd quartile of their respective durations. The second-
highest concentration is in the 3rd quartile. Hence, the generalised 
temporal distributions of rainfall produced are likely to display a 
higher proportion of rainfall in the middle to later sections of the 
event duration.

Characteristics of rainfall data used in pilot study

Daily rainfall was computed from the 15-min rainfall data, 
and daily totals of <10 mm were excluded from the analysis, 
as described above. Trends in the relationships between daily 
rainfall parameters can be seen in Fig. 5. The low correlation 
indicates that there is no discernible relationship between the two  
parameters.

Key trends in the analysis of daily rainfall showed a low correlation 
between peak intensity and total depth. It should be noted that 
the highest rainfall intensity in a 15-min duration for the 24-h 
daily rainfall period was used as the peak intensity for the day, and 
hence this peak is not the same as the actual peak for the rainfall 

event. Rainfall events may occur across multiple rainfall days or 
occur multiple times within a 24-h daily period.

Selection of RTD approaches

RTD approaches were selected from those identified from the 
literature review, on the basis of the ease of application with 
the available data in terms of the number of input parameters 
required, reported performance in case studies, and potential for 
regionalisation in South Africa. The following RTD models and 
distributions were selected for assessment in this study:

•	 Huff curves as a means of comparing observed and 
disaggregated distributions (Huff and Angel, 1992)

•	 SCS-SA rainfall distributions (Weddepohl, 1988)
•	 HRU (University of the Witwatersrand Hydrological 

Research Unit) 1/72 24-h distribution (HRU, 1972)
•	 Triangular distribution (Lambourne and Stephenson, 1987)
•	 Average variability method (AVM) (Bhuiyan et al., 2010)
•	 Knoesen semi-stochastic disaggregation model  

(Knoesen, 2005)

Figure 3. Distribution of rainfall days with daily total depths in each range per station 

Figure 4. Distribution of rainfall days with peak intensities in each quartile per rainfall station The highest rainfall intensity for each rainfall day 
was analysed and sorted into one of the four quartiles of the day. This figure indicates the percentage of peak intensities that occurred in each 
quartile for each day on record per station. 
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Assessment of performance of approaches

The performance of the disaggregation approaches was 
determined through analysis of Huff curves produced using the 
observed 15-min data and disaggregated daily data. Huff curves 
were developed according to the methodology outlined in Bonta 
(2004). Percentiles are generalised probabilistic representations 
of dimensionless rainfall events or daily rainfall durations  
(24-h periods) plotted against the corresponding dimensionless 
accumulated depths. For example, the 90th percentile curve shows 
that 90% of the accumulated event or daily rainfall has occurred 
and, therefore, 90% of all other rainfall temporal distribution 
profiles lie below this curve (Bonta, 2004). An example of a set of 
Huff curves can be seen in Fig. 6.

The mean absolute relative error (MARE), a single value which 
quantifies the performance of disaggregation approaches and 
distributions, was used as a measurement of the difference 
between a percentile Huff curve generated from the disaggregated 

daily data and the percentile curve derived from the observed 15-
min data, as shown in Eq. 1. The total MARE (∑MARE) represents 
the total value for all percentiles and is given by Eq. 2:

MARE %j � � �
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                     (1)
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where:

j = percentile (10th, 20th, …, 90th)

Xn= observed dimensionless depth at dimensionless time = n

n = dimensionless duration fraction (0.1, 0.2, … 1.0)

Dn = disaggregated dimensionless depth at dimensionless time 
step = n

S = number of dimensionless duration fraction values

Figure 5.  Relationship between peak intensity and daily total depth for Station C161 (Cedara) rainfall days

Figure 6. Huff curves for rainfall days greater than 10 mm from Station C161 (Cedara). The curves indicate the fraction of the total rainfall depth 
that occurred in each fraction of the day.
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The Nash-Sutcliffe efficiency (NSE) is a normalised statistic which 
can be used to indicate how well the plot of observed versus 
simulated data fits the 1:1 line (Moriasi et al., 2007). The NSE is 
utilised in addition to the MARE to determine the performance 
of the disaggregation approaches, by means of comparison of 
observed and disaggregated Huff curve increments. The NSE 
ranges between −∞ and 1.0, with a value of 1.0 being the optimal 
value. Values between 0.0 and 1.0 are considered acceptable levels 
of performance (Moriasi et al., 2007). The NSE is determined 
using Eq. 3.
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where:

Yi
obs =  the ith observation for the constituent being evaluated

Yi
sim =  the ith simulated value for the constituent being evaluated

Ymean �  the mean of observed data for the constituent being  
                 evaluated

n = the total number of observations

Application of RTD approaches

A summary of the differences between the application of RTD 
approaches to daily rainfall is detailed below. It should be noted 
that some of the disaggregation approaches were modified for 
application on daily rainfall. The modifications were based on the 
following assumptions:

•	 Data which were provided in the digitised database was 
accurate. It was evident that long periods of low rainfall 
values displayed may be an artefact of the digitisation and 
interpolation procedure between two digitised points used 
for the derivation of the rainfall depths from the original 
rainfall chart data.

•	 It is acknowledged that not all the RTD approaches selected 
for application are designed for application on daily rainfall 
data as obtained from the rainfall stations used in this study. 
Therefore, the methods were either applied directly or in a 
modified manner.

Huff curves

Huff curves were developed using the depths of rainfall at each 
15-min interval of the 24-h (08:00 to 08:00) duration for each 
rainfall day. Huff curves provide smoother distributions than 
actual rainfall temporal distributions.

SCS-SA rainfall distribution curves

Dimensionless depth fractions provided by each distribution were 
used to produce a distribution of the total daily rainfall depth over 
a 24-h duration (SCS-SA distributions). It is acknowledged that 
the correct approach for applying the SCS-SA method is to select 
a single appropriate distribution for a rainfall station based on the 
SCS-SA rainfall region. However, in this study all of the SCS-SA 
distributions were applied to assess if a distribution from another 
region provides a better fit to the distribution of the observed data 
at the site. A comparison of the four SCS-SA distributions and 
Huff curves for Site C161 is shown in Fig. 7.

HRU 1/72 method

The HRU 1/72 distributions were selected from the range of 
2-h to 24-h distributions provided in the HRU 1/72 report for 
characterising design storms (HRU, 1972). The distributions 
associated with the approach each provide a dimensionless 
distribution of percentage of total depth per corresponding 
percentage of total duration. In order to obtain the fraction of 
event total for each 15-min incremental time step, a 10th order 
polynomial equation was fitted to the cumulative curves. This 
followed the methodology used by Bonta (2004) in the application 
of Huff curves. For daily rainfall, the HRU 1/72 24-h distribution 
was used to disaggregate daily total depths.

Figure 7. Comparison of SCS distribution curves and observed daily rainfall Huff curves. This figure shows the shape of the Huff curves which 
were generated using rainfall disaggregated for each SCS distribution, in comparison to the shape and distribution of those generated using the 
observed rainfall.
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Triangular distribution

The methodology described in Lambourne and Stephenson 
(1987) and Chow et al. (1988) was followed for application of the 
triangular distribution. In the first approach in the pilot study, 
triangular distributions for daily rainfall were determined by 
using the available daily rainfall total depth, 24 h duration and 
observed time-to-peak to calculate the peak intensity for a rainfall 
day (triangular obsTP approach). In a second approach, the 
median time-to-peak derived from the observed rainfall days was 
determined and used to derive distributions (Triangular median 
TP approach). The use of the median value time to peak was 
adopted, given the weak relationship between time to peak and 
total depth, thus making it difficult to estimate the time to peak 
for each rainfall day.

Average variability method

A modified version of the AVM described by Bhuiyan et al. (2010) 
was utilised in this assessment, which did not involve analysis of 
intense bursts of rainfall. Literature and case studies reviewed 
described the application of the approach for rainfall events. In 
this assessment, the approach was modified to be more suitable 
for application with the available daily rainfall data. The 24-h 
rainfall days were divided into 4 sections of 6 h in duration and 
the method derivation of the AVM temporal pattern, as given in 
Bhuiyan et al. (2010), was followed. Rainfall data for Station C161 
were ranked to identify the highest rainfall daily totals in each 
year on record. Full details of the adopted method are contained 
in Ramlall (2020).

Alternative average variability method

The methodology used for initial derivation of the AVM 
distribution used in this assessment displays a limitation relating 
to the 6-h sections of daily rainfall depths utilised. The use of four 
6-h sections of rainfall results may not result in disaggregated 
daily depths with similar peak values to the observed rainfall. 
Therefore, a second approach was used in this study which 

modified the AVM distribution using 96 sections of 15-min in 
duration, which is the same resolution as the observed daily 
(digitised) rainfall (AVM-B).

Knoesen semi-stochastic disaggregation model

The semi-stochastic Knoesen model was developed for application 
on 24-h data (00:00 to 23:59). The method developed by Knoesen 
(2005) was utilised to generate 24-h distributions of daily rainfall 
total depths. For the pilot study, it was determined that Station 
C161 falls within Range III of the regionalised distribution map 
of R values associated with the model (Knoesen, 2005). The range 
category (Range III) and daily total depths were used as input to 
the programme to generate 15-min rainfall depths distributed 
over 24 h. The stochastic nature of the model results in a different 
distribution with each successive run. For purposes of this 
assessment, a single distribution was generated for each respective 
rainfall day. The total depth of each rainfall day was used as input 
to the model to stochastically generate a distribution of depths 
over 24 h.

RESULTS

The RTD approaches were applied to disaggregate daily rainfall 
depths at Site C161 in the pilot study and then at the additional 
14 rainfall stations. The approaches were assessed for their 
performance in approximating the observed temporal distribution 
of rainfall, as represented by the Huff curves developed, using 
MARE, ∑MARE and NSE values.

Pilot study results

The Huff curves for two of the worst performing methods can 
be seen in Fig. 8. The closer the method curves are to the 50% 
Huff curve, the better the performance. The ∑MARE values for 
comparisons of observed daily rainfall Huff curves and Huff 
curves derived from daily rainfall depths disaggregated using 
each RTD approach can be seen in Fig. 9. Table 2 shows the NSE 
values for comparison.

Figure 8. Comparison of observed daily rainfall Huff curves and AVM-B and median time-to-peak triangular distribution curve for Station C161. 
These methods are examples of those which performed the worst in terms of their similarity to the median observed Huff curve. An exception to 
this is that the triangular median TP displayed a high NSE value in the pilot study. 
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The triangular obsTP appears to perform the best out of the RTD 
approaches. However, it should be noted that the approach was 
developed using observed rainfall total depths and the observed 
time to peak, which likely accounts for the good performance. The 
triangular median TP distribution, which was developed using the 
median time to peak value for all rainfall days and the daily total 
depth, does not perform as well. Considering these factors, the 
Knoesen model performs the best out of the approaches which 
are not fixed distributions or do not use observed parameters. The 
SCS3 and SCS4 distributions are quite similar in performance. 
However, the SCS4 distribution performs the best, despite the 
rainfall station (C161) falling within a SCS3 region.

The NSE values between the observed and disaggregated Huff cur-
ves were determined and can be seen in Table 2. This serves as an 
additional assessment of how similar the distributions displayed 

by the disaggregated rainfall curves are to those of the observed 
rainfall curves. It can be seen that relatively high NSE values are 
displayed for each approach. An exception to this is the AVM-B 
which displays values indicative of overall poor performance. The 
trends characterised by the NSE values are slightly different to those 
of the MARE and ∑MARE values previously shown, especially by 
the mean NSE values. As evident from Table 2, the Knoesen model 
is shown to be the second least accurate RTD approach, based on 
approximation of the Huff curve temporal distributions, according 
to the NSE values. This is despite the result shown by the MARE 
values in Fig. 9, which indicated that the Knoesen model was 
one of the best performing. However, the NSE values do provide 
a fair indication that there is a discernible difference between 
the observed Huff curves and the Huff curves derived from the 
disaggregated rainfall produced by each approach.

Table 2. NSE values for comparison of observed and disaggregated Huff curves. The highest values for each percentile are in bold. 

RTD approach NSE for each percentile Mean

10th 20th 30th 40th 50th 60th 70th 80th 90th

SCS1 0.36 0.73 0.89 0.95 0.97 0.94 0.84 0.73 0.42 0.76

SCS2 0.26 0.69 0.88 0.96 0.99 0.96 0.85 0.73 0.38 0.74

SCS3 0.10 0.60 0.84 0.94 0.99 0.97 0.83 0.69 0.29 0.70

SCS4 −0.05 0.51 0.79 0.91 0.97 0.96 0.80 0.65 0.20 0.64

AVM 0.46 0.72 0.81 0.85 0.86 0.84 0.79 0.72 0.45 0.72

AVM-B −1.29 −0.59 −0.20 −0.02 0.16 0.30 0.45 0.55 0.73 0.01

HRU 1/72 24-h 0.18 0.61 0.81 0.89 0.93 0.95 0.92 0.85 0.63 0.75

Triangular obsTP 0.75 0.88 0.92 0.93 0.93 0.92 0.89 0.86 0.77 0.87

Triangular median TP 0.36 0.72 0.87 0.91 0.93 0.92 0.86 0.78 0.52 0.76

Knoesen 0.52 0.46 0.55 0.60 0.63 0.61 0.77 0.97 0.96 0.68

Figure 9. Total mean absolute relative error (∑MARE) for RTD approaches applied to daily rainfall data at Site C161 (Cedara). This total value 
is summed across all percentiles. Higher values indicate that the method did not produce disaggregated rainfall which was similar in the 
distribution of depths to the observed rainfall. 
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Results for daily rainfall disaggregation at all sites

The daily rainfall data for 14 additional rainfall stations, with 
one station selected from each of the 15 homogenous rainfall 
clusters, were used for the application of RTD approaches using 
the same methodologies as the pilot study. This was undertaken 
to further assess the performance of the selected approaches for 
the disaggregation of rainfall data in different climatic locations 
in South Africa. The ∑MARE values were calculated for RTD 
approaches applied at each station, to determine the overall 
performance of each approach. The station-specific ∑MARE 
values for each approach were summed across all of the rainfall 
stations, as shown in Fig. 10. The value for SCS-SA indicates 
the total when the ∑MARE values for the appropriate SCS-SA 
distribution for each station (based on the region) were summed 
across all stations.

The approach which provides the least realistic rainfall temporal 
distribution in terms of the Huff curves appears to be the AVM-B, 
followed by the AVM distribution. It can be seen that for all of 
the rainfall stations, the approaches which generally display the 
lowest ∑MARE values are the Knoesen, triangular obsTP and 
SCS-SA. It is acknowledged that the good performance of the 
triangular obsTP can be attributed to the methodology used in its 
application. The approach was applied using the observed time to 
peak intensity for each event, which improves the performance in 
approximating the observed daily rainfall temporal distribution. 
The version of the approach which utilises a generalised timing 
of the peak intensity value and hence removes this bias, the 
triangular median TP distribution, does not perform as well 
and often displays relatively high ∑MARE values. Given the 
abovementioned factors, it can be said that the RTD approach 
which results in the best overall performance for the disaggregation 
of daily rainfall totals into realistic temporal distributions is the 
Knoesen semi-stochastic disaggregation model, followed by the 
SCS-SA distributions.

The mean NSE values shown in Table 3 are reflective of the 
results which have been previously shown by the ∑MARE values. 
Overall, the Knoesen model is the RTD approach which provides 
the temporal distributions that are most similar to those of the 
observed daily rainfall data. The four SCS-SA distributions 
also perform relatively well for stations in their respective 
recommended regions. However, some exceptions noted 
previously are seen, in cases where an SCS-SA distribution not 
recommended for the region may outperform the recommended 
distribution. It should also be noted that reasonable performance is 
shown by the triangular median TP approach, which outperforms 
other approaches in some instances and for certain percentiles.

DISCUSSION AND CONCLUSIONS

Design flood estimation (DFE) generally utilises daily rainfall 
data, which are widely available in South Africa. Many event-
based and continuous simulation models require rainfall data to 
be available at finer time-step resolutions. Hence, there is a need 
for sub-daily time-step rainfall data. Sub-daily rainfall stations 
are relatively sparse and have shorter record lengths compared to 
daily rainfall stations, both in South Africa and internationally. 
Therefore, a means of disaggregating daily rainfall data into 
sub-daily rainfall hyetographs is required. Rainfall temporal 
disaggregation (RTD) approaches may be utilised to disaggregate 
daily rainfall data into shorter temporal resolutions from higher 
temporal resolution data. Several RTD approaches have been 
applied in South Africa, including the SCS-SA distributions (Soil 
Conservation Service model South Africa), Huff curves, Knoesen 
semi-stochastic disaggregation model and triangular distribution. 
However, application of RTD approaches locally is relatively 
limited compared to those developed and applied internationally.

The overall aim of this study was to assess the performance 
of selected RTD methods and to recommend the adoption or 
adaptation of one or more of these approaches for application 

Figure 10. ∑MARE values for RTD approaches summed across all stations. The methods with the lower overall values indicate that they produced 
disaggregated rainfall which was the most similar to the observed data. The values shown in the figure are for all percentiles, summed across all 
the stations used in the study. 
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under South African conditions. A pilot study was used to develop 
procedures to apply the methods and to develop performance 
indices. Huff curves were utilised for comparison of the observed 
and disaggregated rainfall depths. Furthermore, the mean absolute 
relative error (MARE), ∑MARE and Nash-Sutcliffe efficiency 
(NSE) values served as an index for quantifying the difference 
between curves derived from observed and disaggregated rainfall.

The Huff curves developed from daily rainfall disaggregated using 
the Knoesen model, SCS3, SCS4 (SCS-SA distributions) and 
the triangular distribution performed well in approximating the 
observed Huff curves for the pilot study. The good performance of 
the triangular obsTP distribution was attributed to the inclusion 
of observed parameters in its application. However, the triangular 
median TP did not perform as well. The triangular median TP was 
developed using the median event time to peak and the observed 
durations in order to remove part of the performance bias of 
the triangular obsTP. Overall, the best performing approach for 
disaggregating daily rainfall was the SCS4, despite the station 
falling within a SCS3 region.

The results of the assessment of the RTD approaches according 
to ∑MARE and NSE values were different to those seen for the 
pilot study. The best performing RTD approaches were found 
to be the SCS-SA distributions and the Knoesen model, when 
the triangular obsTP is not considered given that observed 
time to peak intensity is not available when using daily rainfall 
data. However, the triangular median TP displayed reasonable 
performance and shows potential for further investigation into 
general use. Overall, the Knoesen model provided the lowest 
∑MARE values and most appropriate NSE values across all stations 
and can therefore be considered the most suitable approach for 
disaggregating daily rainfall into realistic temporal distributions. 
An additional finding was that in certain cases the recommended 
SCS-SA distribution for a station was outperformed by one which 
was recommended for a different region. This may be explained by 
some of the stations being located near the edge of one region and 
thus in close proximity to another region. The average variability 
method (AVM) and AVM-B approaches, which were adapted 
from the original application of the AVM in literature, performed 
exceptionally poorly and are therefore not recommended for 

use in disaggregation in the forms utilised in this assessment. 
However, it is noted that the AVM is no longer recommended as 
a temporal distribution in Australia due to limitations relating to 
the averaging of the distribution and use of high rainfall periods 
for its construction.

The limitations of this research study can be attributed to the 
assumptions made, the methodology used for identifying rainfall 
days and the modifications made to the RTD approaches for 
application. The triangular distribution approaches, including 
the triangular obsTP and triangular median TP, have shown 
considerable potential for providing a similar temporal 
distribution to observed daily rainfall in terms of the shape of the 
distribution when the observed value for the timing of the peak 
is utilised. Therefore, it is recommended that the approach be 
further developed using generalised values for the timing of the 
peak. This will require relationships to estimate the timing of the 
peak to be derived at regional levels.
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Table 3. Mean NSE values for each approach for each rainfall station. The highest values for each station are in bold. 

Rainfall 
station

Mean NSE for each method

Available 
record (yr)

SCS1 SCS2 SCS3 SCS4 SCS-SA AVM AVM-B HRU 1/72 
24-h

Triangular 
obsTP

Triangular 
median TP

Knoesen

C161 15 0.76 0.74 0.70 0.64 0.70 0.72 0.01 0.75 0.87 0.76 0.68

0010425 12 0.52 0.46 0.35 0.24 0.46 0.52 0.35 0.53 0.46 0.56 0.96

0050887 37 0.70 0.68 0.62 0.55 0.68 0.62 −0.54 0.68 0.84 0.70 0.77

0079811 33 0.72 0.69 0.61 0.53 0.69 0.53 0.31 0.73 0.97 0.74 0.97

0088293 38 0.54 0.50 0.41 0.31 0.41 0.48 −0.18 0.55 0.96 0.57 0.96

0113025 40 0.58 0.54 0.47 0.39 0.47 0.54 0.38 0.58 0.79 0.59 0.83

0193561 35 0.66 0.64 0.58 0.52 0.58 0.48 −0.05 0.67 0.83 0.67 0.64

0240808 36 0.53 0.47 0.37 0.26 0.47 0.49 −0.61 0.53 0.81 0.55 0.77

0411324 16 0.64 0.61 0.54 0.46 0.61 0.42 −0.43 0.61 0.81 0.66 0.85

0432237 36 0.54 0.50 0.42 0.34 0.42 0.20 0.32 0.51 0.78 0.56 0.78

0442811 28 0.78 0.77 0.74 0.69 0.74 0.61 −0.06 0.78 0.87 0.78 0.61

0513314 29 0.74 0.73 0.69 0.63 0.69 0.66 0.26 0.72 0.85 0.74 0.77

0555866 20 0.51 0.46 0.35 0.25 0.46 0.53 −0.35 0.50 0.80 0.55 0.76

0677802 39 0.51 0.46 0.37 0.28 0.46 0.46 −0.05 0.48 0.79 0.53 0.86

Jnk19a 52 0.39 0.30 0.14 −0.02 0.30 −0.01 0.22 0.34 0.83 0.49 0.91
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LIST OF ACRONYMS

AVM		  average variability method

AVM-B		  alternative AVM developed using 96  
		  sections of 15-min in duration

BLRP		  Bartlett-Lewis rectangular pulse

DFE		  design flood estimation

HRU		  University of the Witwatersrand  
		  Hydrological Research Unit

MARE		  mean absolute relative error

∑MARE		  total mean absolute relative error

NSE		  Nash-Sutcliffe efficiency

RTD		  rainfall temporal disaggregation

SAWS		  South African Weather Service

SCS-SA / SCS	 Soil Conservation Service model  
		  South Africa

Triangular 	 triangular distribution developed 
median TP	 using a median time-to-peak 

Triangular obsTP	 triangular distribution developed using 
		  observed time-to-peak
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