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1. OPERATIONAL INSTRUCTIONS 
A computer program with a graphical user interface, known as the 

Design Flood Estimation Tool (DFET) Version 1.4, has been developed and programmed by 

using Microsoft Office Visual Basic for Applications (MS-VBA) with Microsoft Office 

Excel 2007 as the operating environment. The DFET contains the latest design rainfall 

information and recognised design flood estimation methods used in South African flood 

hydrology. 

 
Disclaimer: 

Although every effort has been made as to the accuracy and applicability contained in this 

software and supporting databases, the Stellenbosch University and the developer cannot 

accept any legal responsibility or liability for any errors or omissions or for any other reason 

whatsoever. 

Copyright © 2019 Stellenbosch University 

All rights reserved 

 
The objective of the first section in this user manual is to assist users with the installation and 

running of the software. The sections thereafter present the application guidelines and 

instructions. 

  
1.1 Minimum System Requirements 

The minimum system requirements on a computer running the Windows operating system 

are: 

(a) 512 Mb of RAM; 

(b) 150 Mb Hard Disk capacity; 

(c) Windows 2000/2000XP or more recent Windows operating system; and 

(d) Microsoft Office 2007 or more recent versions. 

 

Note: 

• The DFET is not compatible with Microsoft Office 2003 products.  

• The unprotected, light-green shaded cells in each worksheet are used as the 

primary input cells and must contain no information before commencing with a 

new example. Thus, any information entered in previous application 

files/examples must be deleted. 
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1.2 Installation of Software 

The software may be installed from the CD which accompanies this report. The following 

files are contained on the CD: 

(a) DFET Version 1-4.xlsm (MS-Excel Macro-enabled worksheet); 

(b) DFET User Manual 1-4.pdf (Adobe Acrobat 9.0 document); and 

(c) RLMA-SAWS Design Rainfall.pdf (Adobe Acrobat 9.0 document); 

 

It is suggested that these files be saved in the C:\Design Flood\directory, as the instructions in 

this manual will assume that the files are at that location. However, any user-defined 

directory can be used, and the relevant path will need to be substituted in these instructions.  

 

1.3 Running of Software  

Once these files are saved in the applicable directory, the DFET can be executed by running 

MS-Excel 2007 from Start\Programs\Microsoft Office\Microsoft Office Excel 2007 or by 

double-clicking the MS-Excel 2007 icon on the desktop.  

 

Make use of the following steps: 

 

(a) In MS-Excel 2007 click on the   button and select open and browse to the 

relevant directory and DFET Version 1-4.xlsm file. 

(b) Once the file is opened, a Security Warning (Macros have been disabled) will be 

displayed.  

(c) Click on the Options button, after which the window displayed in Figure 1 will 

appear. 

(d) Select the option button next to Enable this content. 

(e) Click OK. 

(f) Save the DFET Version 1-4.xlsm file by making use of Save As and rename the file as 

desired. This must be done in order to retain the original template file in the 

C:\Design Flood\directory.  
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Figure 1: Microsoft Office Security Options 

 

2. APPLICATION GUIDELINES AND INSTRUCTIONS  
2.1 HOME Page  

The HOME page enables the user to examine and view the contents of the relevant databases 

and design tables, design flood estimation methods, GIS-based maps and graphical plots 

contained in the various worksheets. It also serves as the primary worksheet with click 

buttons which activate macros to direct or redirect the user to any required worksheet. 

Figure 2 is illustrative of the HOME page as contained in the DFET, while the schematic 

layout of the DFET is shown in Figure 3.  

 

2.1.1 Database and design tables  

This group of 15 click buttons either enable the user to view, examine, edit and update the 

applicable worksheets or only view the content thereof. The Catchment Information, Design 

Rainfall, SUH S-curve Lag, Raw Flow Data, Annual Maximum and Partial Duration Series 

and Probabilistic Plotting worksheets are available for editing and updating, while the 

remaining eight worksheets are for viewing purposes only. 
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Figure 2: DFET HOME page 

 

2.1.2 Design flood estimation methods  

Nine click buttons in this group give the user access to the deterministic, empirical and 

probabilistic methods used in South Africa to estimate the design flood. The editing and 

updating of all these worksheets are allowed, although the user input is restricted to the light-

green shaded, unprotected cells. The                          and  buttons enable 

the user to view and examine the design flood estimation results summarised in both a tabular 

and graphical format. 

 

2.1.3 Graphical plots 

This group of six click buttons enable the user to view, examine, edit and update the graphical 

plot results as obtained from the catchment information entries and design flood estimation 

methods listed in Figure 3. It also allows the user to view the rainfall distribution curves of 

the Lag-routed hydrograph (LRH) method. 

SUMMARY PLOT SUMMARY 
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Figure 3: Schematic layout of the DFET 

DETERMINISTIC METHODS 

DESIGN FLOOD ESTIMATION TOOL 

DATABASE and DESIGN TABLES DESIGN FLOOD ESTIMATION METHODS 

GRAPHICAL PLOTS 

GIS-BASED MAPS 

CATCHMENT INFORMATION 

DESIGN RAINFALL INFORMATION 

RAW FLOW DATA 

DESIGN TABLES 

PROBABILISTIC TABLES 

• Location 
• Areal distribution factors 
• Design rainfall information 
• Catchment classification 
• Flow paths (natural/artificial) 
• Administrative information 

• TR102 Database 
• RLMA-SAWS Database 
• Arithmetic mean method 
• Thiessen polygon method 

• Observed flood peak data 
• Annual maximum series 
• Partial duration series 
• Rank and plotting positions 

• Roughness factors 
• Permissible velocities 
• Runoff factors 
• Regional constants 
• Adjustment factors 

• Properties of probability 
distributions based on MM  

• Rational method (RM) 
• Alternative Rational method (ARM) 
• SCS method 
• SDF method 
• SUH method 
• LRH method 

EMPIRICAL METHODS 

• MIPI method 
• CAPA method 
• RMF methods 
• QD/QRMF ratios 

PROBABILISTIC METHODS 

• Probabilistic analysis based on the AMS 
• Probabilistic analysis based on the PDS 
• N/MM, GEV/MM, LN/MM, LEV1/MM, 

LP3/MM and GLO/LM 

• Average catchment slope 
• Main watercourse slope 
• Main watercourse longitudinal profile 
• LRH rainfall distribution curve  
• AMS and PDS graphs 

• SAWS reference grid, R values, SDF basins, 
Veld-type and Kovács maps 

SUMMARY REPORT 
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2.1.4 GIS-based maps 

This group of five click buttons enable the user to view all the standard Geographical 

Information System (GIS)-based maps, inclusive of the SAWS Reference Grid, R Value, SDF, 

Kovács and Veld-type maps.  

 
The     button enables the user to have a glimpse at the procedures 

followed by Gericke (2010) to evaluate, calibrate en verify the original SDF method.  

 

2.2 Catchment Information   

The layout of the Catchment Information worksheet is displayed in Figure 4. 

 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Figure 4: Catchment Information worksheet 

 
2.2.1 Pre-requisite input and linked worksheets 

The Design Rainfall and Channel slope worksheets must be completed to provide the MAP, 

length and average slope of the main watercourse listed under Catchment Information; 

however, it is not a pre-requisite. The Catchment Information worksheet is linked to several 

other worksheets (c.f. Figure 4), since it serves as input to these worksheets. 

SDF CALIBRATION 
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2.2.2 Input ranges and comments 
 
Input range identifier:  

Single cell or cell range entries (light-green shaded and unprotected), option buttons and 

group boxes (drop-down lists with multiple options). Click and hold the mouse cursor in 

position to read any comment box (cells with red flags). 

 
Location: 

Cell B3: Enter the secondary drainage region number consisting of a descriptive letter 

and numerical value, e.g. C5. 

Cell B4: Enter the tertiary drainage region number consisting of a descriptive letter and 

numerical values, e.g. C52. 

Cell B5: Enter the quaternary drainage region number consisting of descriptive letters 

and numerical values, e.g. C52A. 

Cell B6: Compulsory. 

 Enter the catchment description/name, e.g. Krugersdrift Dam. 

 
Area distribution factors: 

Cell B8: Compulsory. 

 Enter the catchment area (km²). 

Cell B9: Compulsory, if applicable. 

 Indicate the %-rural areas in catchment. 

Cell B10: Compulsory, if applicable. 

 Indicate the %-urban areas in catchment. 

Cell B11: Compulsory, if applicable. 

 Indicate the %-lake areas in catchment. 

Cell B12: Compulsory, if applicable. 

 Indicate the %-dolomite areas in catchment. 

 
Design rainfall information: 

Select the appropriate option button contained in the design rainfall group box by indicating 

either whether a single or multiple rainfall stations will be used. The MAP (mm) in cell B17 

will only be listed if the Design Rainfall worksheet is complete. The MAP and design rainfall 

depth estimations could be based on either the TR102 (Adamson, 1981) or RLMA-SAWS 

(Smithers and Schulze, 2000a; 2000b) design rainfall information. 
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Alternatively, the 1’ x 1’Grid RLMA&SI design rainfall depths could be selected. These 

design rainfall depths are based on the output generated by the software program, Design 

Rainfall Estimation in South Africa as developed by Smithers and Schulze (2003). The MAP 

will then be listed in cell B19, but this is also reliant on the pre-requisite completion of the 

Design Rainfall worksheet. 

 
Catchment classification: 

Two group boxes, e.g. rainfall regions and catchment description must be completed. In the 

rainfall regions, select the appropriate option by indicating either whether the region can be 

classified as an “inland/summer rainfall” or a “coastal/winter rainfall” region. In catchment 

description, select the appropriate option by indicating either whether the catchment can be 

classified as “flat and permeable” or “steep and impermeable.” The selections made here will 

have an influence on the return period adjustment factors (FT) used in both the Rational 

method (RM) and alternative Rational method (ARM). 

 
Flow paths: Natural: 

Cell F8: Compulsory. 

 Enter the main watercourse/river name, e.g. Modder River. 

Cell F9: Compulsory, if applicable. 

 Enter the distance of overland flow (km).  

Cell F10: Compulsory, if cell F9 was completed. 

 Enter the height difference (m) along the overland flow path. 

Cell F11: Select the appropriate overland flow surface description from the group box 

(drop-down list, 14 options available). 

Cell F12: Compulsory, if the Synthetic unit hydrograph (SUH), LRH and empirical 

methods are to be used. Enter the distance to the catchment centroid (km), 

normally between 0.5 - 0.6 times the longest watercourse length. 

 
Flow paths: Artificial: 

Select the appropriate option button contained in the artificial flow path group box by 

indicating either “Yes” or “No.” If “Yes” is selected, then complete cell ranges E17:E19 and 

G17:G18, otherwise these cells can be left blank. The artificial flow path could consist of 

either street or canal flow or a combination thereof. The applicable cell ranges must be 

completed accordingly. The following applies: 
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Cell E17: Enter the length of the street flow path (km), if applicable. 

Cell E18: Enter the slope of the street flow path (m/m), if cell E17 was completed. 

Cell E19: Enter a Manning’s n value, if cell range E17:E18 was completed. 

Cell G17: Enter the canal flow path length (km), if applicable. 

Cell G18: Enter the design/actual velocity if different from the maximum velocity 

indicated in cell G20. Manning’s or Chézy’s equation for open-channel flow 

can be used.  

Cell G19: Select the appropriate canal lining material description from the group box 

(drop-down list, 16 options available) to establish the maximum allowable 

velocity in cell G20. 

 
Designer’s and supervisor’s details: 

Cell B22: Enter the details of the person responsible for the design. 

Cell B23: Enter the design date (month, day, year), e.g. June 15, 2009. 

Cell F22: Enter the details of the person responsible for the supervision. 

Cell F23: Enter the approval date. 

 

2.2.3 Calculation procedure  
 
Area distribution factors: 

Cell B14: Calculate the sum of cell range B9:B11. If # 100%, a “%-Error” message will 

appear. Revisit the input values. 

 
Design rainfall information: 

Cell B17: Input from linked worksheet, Design Rainfall. 

Cell B19: Input from linked worksheet, Design Rainfall. 

 
Flow paths: Natural: 

Cell F13: Input from linked worksheet, Channel Slope. 

Cell F14: Input from linked worksheet, Channel Slope. 

Flow paths: Artificial: 

Cell E20: The actual velocity is based on Manning’s equation (Equation 1) for street 

flow incorporating a cross-slope of 2%. 

Cell G20: Maximum allowable velocity based on the canal lining material selected from 

the drop-down list in cell G19. 
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 v  = 2
13

2

57.3
1225.01 S

n






        (1) 

where: 

 v = actual velocity [m/s], 

n = Manning’s n value, and 

 S = longitudinal slope [m/m]. 

  

2.3 Design Rainfall  

Two design rainfall databases are included in the DFET containing the design rainfall 

information based on the methodologies followed by Adamson (1981) and Smithers and 

Schulze (2000a; 2000b). These databases are collectively referred to as the TR102 

(Adamson, 1981) and Regional Linear Moment Algorithm South African Weather Services 

n-day (RLMA-SAWS) (Smithers and Schulze, 2000a; 2000b) design point rainfall databases. 

The following pertaining these databases are of importance: 

• TR102: The 1, 2, 3 and 7-day extreme design rainfall depths for return periods of 2, 5, 

10, 20, 50, 100 and 200 years were estimated by Adamson (1981) using 

approximately 1 946 rainfall stations. A censored Log-Normal (LN) distribution 

based on the partial duration series (PDS) was used to estimate the design rainfall 

depths at a single site. Despite the fact that this database was last updated in 1981, it 

was still included in the DFET, since the recognised design rainfall estimation 

procedures used in both the ARM and Standard design flood (SDF) method require 

input from this particular database. 

• RLMA-SAWS: Smithers and Schulze (2000b) conducted frequency analyses based 

on the General Extreme Value (GEV) probability distribution, at 1 789 rainfall 

stations with at least 40 years of record, to estimate the 1-day design rainfall values in 

South Africa. This was followed by a regionalisation process (based on Linear 

Moment (LM) estimators) and establishment of 78 relatively homogeneous rainfall 

regions and associated index values derived from at-site data. Quantile growth curves, 

representative of the ratio between design rainfall depth and an index storm to return 

period, were developed for each of the homogeneous rainfall regions and storm 

durations of 1 to 7 days. These regionalised growth curves and at-site index values 

were then used to estimate design rainfall depths at 3 946 rainfall stations in 

South Africa.  
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2.3.1 Pre-requisite input and linked worksheets  

The Catchment Information worksheet is pre-requisite input for this worksheet. The 

Design Rainfall worksheet is linked to the Catchment Information worksheet and also serves 

as the primary input for all the deterministic and empirical flood estimation methods. 

 

2.3.2 Input ranges and comments  

The following three options are available to estimate average/catchment rainfall: 

(a) RLMA-SAWS design rainfall depths based on either the arithmetic mean or Thiessen 

polygon methods. 

(b) TR102 design rainfall depths based on either the arithmetic mean or Thiessen polygon 

methods. 

(c) 1’ x 1’ Grid RLMA&SI design rainfall depths based on the output generated by the 

software program, Design Rainfall Estimation in South Africa. 

 

Only one option can be selected at a time. 

 

Input range identifier:  

Single cell or cell range entries (light-green shaded and unprotected), option buttons and 

check boxes. In both these databases, the SAWS rainfall station numbers are used as the 

primary identifier. In other words, by entering the station numbers manually or by importing 

those from a database file in ArcGISTM, all the details (e.g. number, name, MAP, and design 

rainfall depths) become available. Click and hold the mouse cursor in position to read any 

comment box (cells with red flags). 

 

RLMA-SAWS/TR102 design rainfall information: 

The procedure to follow will depend on whether or not a user-defined MAP value is specified 

or whether or not the user want to use a selection of rainfall stations in the catchment under 

consideration. The user-defined MAP value (which is associated with the selection of the 

‘Single rainfall station” option button contained in the Catchment Information worksheet) 

must be entered in cell C41 if the first option is applicable. This MAP value overwrites any 

other estimated MAP value. Alternatively, cell C41 could be left empty to ensure that the 

MAP will be based on the selected single rainfall station’s design rainfall information.  
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The following procedure is relevant to the second option in cases where the user still has to 

identify the SAWS rainfall stations within/nearby the catchment boundary: 

 

Click on the                                button to view the SAWS rainfall station reference 

grid map (Figure 5) in order to establish in which grid the catchment under consideration is 

situated. The grid reference, e.g. 262, contains all the rainfall stations with numbering starting 

with 0262??? This 7-digit number will either be followed by an A, B, P, S or W, depending 

on which institution/company is responsible for the station.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5: SAWS reference grid map (SANRAL, 2006) 

 

Click on the  button to return to the Design Rainfall worksheet.  

 

Click on either the    or            buttons to view the 

rainfall stations numbered in an ascending order and their associated design rainfall depths. 

The station numbers can be individually copied to the Design Rainfall worksheet (refer to 

SAWS REFERENCE GRID 

DESIGN RAINFALL 

RLMA-SAWS DATABASE TR102 DATABASE 
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instructions below, cell A71) or a customised data file/sheet can be populated for later use. 

Alternatively, if the GIS-based information of the rainfall stations is available, the relevant 

database file (.dbf) can be accessed in MS-Excel, highlighted and copied to the 

Design Rainfall worksheet (refer to instructions below, cell A71). 

 

Cell A71: Click and hold the mouse cursor in position. The following comment box with 

instructions will appear on screen: 

 

 

   

 

 

 

 

 

 

Figure 6 is illustrative of the data entries based on the instructions listed in the above-

mentioned comment box. On completion of the above-listed instructions, the user can view 

the results from both the RLMA-SAWS and TR102 database.  

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 6: Example of the SAWS daily rainfall station selection and entries 

CLICK ON THE RLMA-SAWS/TR102 DATABASE BUTTON TO ACCESS THE APPLICABLE DATABASE. 
 
THE SAWS STATION NUMBERS OF UP TO 200 RAINFALL STATIONS WITHIN/NEARBY THE CATCHMENT BOUNDARY 
CAN BE ENTERED IN CELL RANGE A58: A157 & G58: G157, IF APPLICABLE. 
 
THE SAWS STATION NUMBER MUST BE A 7-DIGIT NUMBER FOLLOWED EITHER BY AN A, B, P, S OR W.  
 
THE CHECK BOXES "Outside catchment", CELL RANGE C58: C157 & G58: G157 MUST BE SELECTED IN CASES 
WHERE THE THIESSEN POLYGON METHOD IS BASED ON STATIONS OUTSIDE THE CATCHMENT BOUNDARY. 
THESE SELECTIONS WILL ALSO HAVE AN INFLUENCE ON THE ARITHMETIC MEAN METHOD, SINCE THIS METHOD 
CONSIDERS ONLY THE STATIONS WITHIN THE CATCHMENT BOUNDARY. 
 
ENTER THE THIESSEN POLYGON AREAS IN CELL RANGE D58: D157 & I58: I157, IF THE THIESSEN POLYGON 
METHOD IS TO BE CONSIDERED. 
 
IN ALL CASES, USE COPY & PASTE VALUES FOR MULTIPLE ENTRIES. 
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The averaged MAP, design rainfall depths associated with different return periods and 

number of thunder days per year are contained in cell range A6:I39 and illustrated in 

Figure 7. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 7: Example of averaged MAP and design rainfall depths 

 

Based on the results viewed and evaluated in the previous step, the appropriate option buttons 

contained in the design rainfall results group box (cell range F68:J70) must be selected by 

indicating either whether the RLMA-SAWS or TR102 database will be used and whether the 

results based on either the Thiessen polygon or Arithmetic mean method must be included. 

The design rainfall results group box is displayed in Figure 8. 

 

 

 

 

Figure 8: Design rainfall results group box 
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In cases where the estimated average number of thunder days per year is deemed as 

questionable, the user can enter a user-defined R value in cell F70 with the use of the R value 

map (Figure 9). This value overwrites all estimated values.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 9: Average number of thunder days per year (SANRAL, 2006) 
 
1’ x 1’ Grid RLMA&SI design rainfall information: 

The following guidelines and/or instructions assume that the output file generated by the 

software program, Design Rainfall Estimation in South Africa is ready for use in the DFET. 

In other words, the user-defined ASCII output file, which echoes the user selections and lists 

the design rainfall depths, is converted to a MS-Excel file, of which the averages of the grid-

based rainfall estimates associated with durations in excess of the time of concentration, were 

calculated.  

Cell D41: Compulsory, if applicable. By entering this MAP value, all other estimated 

MAP values are overwritten if the ‘1’*1’ Grid RLMA&SI design rainfall” 

option button contained in the Catchment Information worksheet was also 

selected. 

Cell A43: Click and hold the mouse cursor in position. The following comment box with 

instructions will appear on screen: 
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Cell range 

C44:I66: Compulsory, if applicable.  

 The seven design rainfall depths associated with each return period and 

selected storm durations must be copied to the relevant cells. 

 
Figure 10 displays the layout of the information screen representative of the 1’ x 1’Grid 

RLMA&SI design rainfall entries. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 10: Example of the 1’ x 1’ Grid RLMA&SI design rainfall entries 

SEVEN (7) DESIGN RAINFALL DEPTHS ASSOCIATED WITH EACH RETURN PERIOD AND TWO (2) GROUPED USER-
DEFINED STORM DURATIONS OF BETWEEN 0.083 hour (5 minutes) & 168 hours (7 days) CAN BE SELECTED BY 
ACTIVATING THE CHECK BOXES "10 min, 6 hr & 2 day, etc." IN CELL RANGE A44: B66. 
 
THE SELECTED STORM DURATIONS MUST FOLLOW ONE ANOTHER/ BE GROUPED WITHIN A CONTINUOUS TIME 
PERIOD. THE TIME OF CONCENTRATION MUST BE WITHIN THE SELECTED TIME PERIOD. 
 
THE CORRESPONDING 24-hour DESIGN RAINFALL DEPTH VALUES MUST ALWAYS BE ENTERED/COPIED TO CELL 
RANGE C59: I59, SINCE THIS SERVES AS PRIMARY RAINFALL INPUT FOR THE SCS METHOD. 
 
THE CORRESPONDING 1, 2, 3 AND 7 day DESIGN RAINFALL DEPTH VALUES MUST ALWAYS BE ENTERED/COPIED 
TO CELL RANGE C60: I62 & C66: I66, SINCE THIS SERVES AS PRIMARY RAINFALL INPUT FOR THE ALTERNATIVE 
RATIONAL METHOD. 
 
IN ALL CASES, USE COPY & PASTE VALUES FOR MULTIPLE ENTRIES. 
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2.3.3 Calculation procedure  
 
Arithmetic mean method: 

 X  = ∑
i

i

N
X         (2) 

Thiessen polygon method: 

 X  = 
∑
∑

i

ii

A
AX

        (3) 

where: 

 X   = averaged MAP [mm], averaged design point rainfall depth [mm] or     

     average number of thunder days/year, 

A = area [km²], 

 Ni = number of rainfall stations within catchment area, and 

 Xi = MAP [mm], design point rainfall depth [mm] or thunder days/year. 

 
2.4 Average Catchment Slope 

The Grid method (Equation 4; Alexander, 2001), Empirical method (Equation 5; 

Schulze et al., 1992) and Neighbourhood method (ESRI, 2006) can be used in conjunction 

with standard tools available in the ArcGISTM environment. The latter method is only used as 

input to the DFET, since it is the standard ArcGISTM slope algorithm used to generate slope 

rasters from raw Digital Elevation Model (DEM) and/or point elevation GIS data sets to 

enable the determination of average catchment slopes and slope frequency distributions.  

  

2.4.1 Pre-requisite input and linked worksheets  

The Catchment Information worksheet is a pre-requisite input for this worksheet. The 

Catchment Slope worksheet is linked to all the worksheets containing the deterministic and 

empirical flood estimation methods. 

 

2.4.2 Input ranges and comments  
 
Input range identifier:  

Single cell and cell range entries (light-green shaded and unprotected) and option buttons. 

Click and hold the mouse cursor in position to read any comment box (cells with red flags). 

The layout of the Catchment Slope worksheet is displayed in Figure 11. 
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Figure 11: Example of the Catchment Slope worksheet 

 
DEM (user input)/Grid method/Empirical method: 

Cell B7: Compulsory, applicable to both the Grid and Empirical methods. 

 Enter the contour interval in metres as obtained from GIS, orthophotos or 

topographical maps, e.g. 20 m. 

Cell B8: Compulsory, if the Empirical method is to be used. 

 Use ArcGISTM (Hawth’s Analysis Tools) to estimate the total length of all 

contour lines within a catchment (polygons). 

Cell H7: Compulsory, if the Grid method is to be used. 

 Enter the map scale (1: X) as obtained from GIS, orthophotos or topographical 

maps, e.g. 50 000. 

Cell H8: Enter the average slope (m/m) as obtained from a DEM in ArcGISTM.  

Cell B11: Based on the values entered and results viewed in the previous steps, the 

appropriate option button contained in the average slope group box 

(cell range B11:I11) must be selected by indicating either whether the average 

slope results based on the DEM (user input), Grid method (Alexander, 2001) 

or Empirical method (Schulze et al., 1992) must be used.  
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Cell A15: Comment: “A total of 7 506 horizontal distances between consecutive 

contours can be entered in cell range A17:I850, if applicable. In all cases, use 

Copy & Paste values for multiple entries.” 

Cell E15: Comment: “Indicate the unit in which the actual distances between 

consecutive contours on a map were measured, either in metres or 

millimetres.” 

Cell G15: Unit of measurement group box: Select the appropriate option button by 

indicating either whether the unit of measurement was in “metres” or 

“millimetres”. 

Cell range 

A17:I850: Refer to the comment made in cell A15. 

 

2.4.3 Calculation procedure  
 
Grid method (Alexander, 2001): 

S1 = 
∑
=

∆
N

i

i

N
L

H

1

        (4) 

 

Empirical method (Schulze et al., 1992): 

S2 = 
A

HM 210* −∆         (5) 

where: 

S1-2 = average catchment slope [m/m], 

A = catchment area [km²], 

 ∆H = contour interval [m], 

 Li = horizontal distance between consecutive contours [m],  

M = total length of all contour lines within the catchment [m], and  

N = number of grid points. 
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Frequency distribution of grid points: 

The results (based on Equation 4) contained in cells B13, B14, H13 and H14 are 

representative of the slope frequency distribution of the grid points using the four standard 

slope classification classes applicable to the RM and ARM, e.g. 0 - 3%, 3 - 10%, 10 - 30% 

and > 30%. 

 
2.5 Average Main Watercourse Slope 

The 10-85 method (Equation 6; SANRAL, 2006), Taylor-Schwarz method (Equation 7; 

Van der Spuy and Rademeyer, 2010) and Equal-area method (Equation 8; Van der Spuy and 

Rademeyer, 2010), using either manual or GIS-based longitudinal profile information, are 

available options in the DFET. 

  
2.5.1 Pre-requisite input and linked worksheets  

The Catchment Information worksheet is a pre-requisite input for this worksheet. The 

Channel Slope worksheet is linked to the Channel Plot chart, the Catchment Information 

worksheet and all the worksheets containing the deterministic and empirical flood estimation 

methods. 

 
2.5.2 Input ranges and comments  
 
Input range identifier:  

Single cell and cell range entries (light-green shaded and unprotected) and option buttons. 

Click and hold the mouse cursor in position to read any comment box (cells with red flags). 

 
Longitudinal profile: 

Cell B20: Click and hold the mouse cursor in position. The following comment box with 

instructions will appear on screen: 

 

 

 

 

 

 

 

 

A TOTAL OF 150 HORIZONTAL DISTANCES AND REDUCED HEIGHTS REPRESENTATIVE OF THE LONGITUDINAL 
PROFILE CAN BE ENTERED IN CELL RANGE B22: C171. 
 
IN ALL CASES, USE COPY & PASTE VALUES FOR MULTIPLE ENTRIES. 
 
CLICK ON THE CHANNEL PLOT BUTTON TO ACCESS THE CHANNEL PROFILE CHART. 
 
THE X (HORIZONTAL DISTANCE) AND Y (REDUCED HEIGHT) SCALES OF THE CHANNEL PROFILE CHART MUST BE 
EDITED ACCORDING TO THE INFORMATION USED IN CELL RANGE B22: C171. 
 
RIGHT-CLICK ON THE RELEVANT SCALE BAR (X- OR Y- AXIS) AND SELECT FORMAT AXIS FOLLOWED BY AXIS 
OPTIONS. 
 
SET THE MAXIMUM AND MINIMUM VALUES, AS WELL AS THE MAJOR AND MINOR UNITS, IF REQUIRED. 
 
CLICK ON THE CHANNEL SLOPE BUTTON TO RETURN TO THE CHANNEL SLOPE WORKSHEET. 
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Average catchment slope results: 

Cell C19: Based on the values entered and results viewed in the previous steps, the 

appropriate option button contained in the average slope group box 

(cell range C19:J19) must be selected by indicating either  whether the 10-85, 

Taylor-Schwarz or Equal-area methods must be used.  

 
2.5.3 Calculation procedure  
 
10-85 method (SANRAL, 2006): 

SCH1 = 
( )

( )CH

LL

L
HH

CHCH

75.0
10.085.0 −

       (6) 

 
Taylor-Schwarz method (Van der Spuy and Rademeyer, 2010): 

SCH2 = 

2

1


















∑
=

N

i i

i

CH

S
L

L         (7) 

 
Equal-area method (Van der Spuy and Rademeyer, 2010): 

SCH3 = ( )
CH

BT

L
HH −           (8) 

where: 

SCH1- 3 = average main watercourse slope [m/m], 

Ai = iB
ii LHHH







 −

+ +

2
1  [m²], 

HT = B
CH

N

i
i

H
L

A
+








∑
=1

2*
  [m], 

HB = height at catchment outlet [m], 

Hi = specific contour interval height [m], 

H0.85L = height of main watercourse at length 0.85LCH [m], 

H0.10L = height of main watercourse at length 0.10LCH [m], 

LCH = length of main watercourse [m], 

Li = distance between two consecutive contours [m], and 

Si = slope between two consecutive contours [m/m]. 
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The layout of the Channel Slope worksheet is displayed in Figure 12, while a typical 

longitudinal profile plot example is shown in Figure 13. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 12: Layout of the Channel Slope worksheet 
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Figure 13: Example of the main watercourse longitudinal profile plot 

 
2.6 Rational Method (RM) 

  
2.6.1 Pre-requisite input and linked worksheets  

The Catchment Information and Design Rainfall worksheets are pre-requisite input for this 

worksheet. The Rational Method worksheet is also linked to the Catchment Slope, Channel 

Slope and Design Tables worksheets. The Design Tables worksheet contains all the input 

information and design parameters used in both the deterministic and empirical flood 

estimation methods. The latter worksheet can be accessed by clicking on the   

button. 

 
2.6.2 Input ranges and comments  
 
Input range identifier:  

Single cell and cell range entries (light-green shaded and unprotected) and option buttons. 

Click and hold the mouse cursor in position to read any comment box (cells with red flags). 

 

DESIGN TABLES 



Flood Hydrology Course 

22- 24 May 2023 

 

24 

 

Physical catchment characteristics: 

Rural runoff coefficients (C1): 

The average catchment slope, hydrological soil group/permeability and land use/vegetation 

classes are used to describe the physical characteristics of the rural catchment component of 

the RM.  

The following applies: 

Cell range  

B19:B22: Average catchment slope: Enter the %-distribution of the area associated with 

the slope class description in cell range A19:A22, if  applicable. Alternatively, 

use the results contained in cells B13, B14, H13 and H14 of the 

Catchment Slope worksheet, which are representative of the slope frequency 

distribution of the grid points used in the Grid method.  

Note: The sum of cell range B19:B22 must be equal to 100% (cell B23). 

Cell range  

B25:B31: Hydrological soil group/permeability: Enter the %-distribution of the area 

associated with the soil class description in cell range A25:A31, if applicable. 

Note: The sum of cell range B25:B31 must be equal to 100% (cell B32). 

Cell range  

B34:B39: Land use/vegetation: Enter the %-distribution of the area associated with the 

land use/vegetation description in cell range A34:A39, if applicable. 

Note: The sum of cell range B34:B39 must be equal to 100% (cell B40). 

 

Urban runoff coefficients (C2): 

Lawns, residential areas, industry and business are used to describe the physical 

characteristics of the urban catchment component of the RM. The following applies: 

Cell range  

G19:G22: Lawns: Enter the %-distribution of the area associated with the lawn 

description in cell range E19:E22, if applicable. 

Cell range  

G25:G26: Residential areas: Enter the %-distribution of the area associated with the 

residential area description in cell range E25:E26, if applicable. 
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Cell range  

G29:G31: Industry: Enter the %-distribution of the area associated with the industry 

description in cell range E29:E31, if applicable. 

Cell range  

G34:G37: Business: Enter the %-distribution of the area associated with the business 

description in cell range E34:E37, if applicable. 

Note: The sum of cell ranges G19:G22; G25:G26; G29:G31 and  G34:G37 must be 

equal to 100% (cell G41). 

 

Figure 14 displays the layout of the runoff coefficient information applicable to the RM. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 14: Rural and urban runoff coefficients applicable to the RM 

 

Time of concentration: 

Cell range  

D43:E43: Select the appropriate option button contained in the time of concentration 

group box by indicating either “Yes” or “No.” If “Yes” is selected, the time of 

concentration in a defined main watercourse (Equation 10) will be adjusted by 



Flood Hydrology Course 

22- 24 May 2023 

 

26 

 

a correction factor (τ). The correction factor is a function of the catchment 

area and was proposed by Kovács (unpublished; cited by Van der Spuy & 

Rademeyer, 2010). These correction factors as proposed by Kovács are listed 

in Table 1.  

Table 1: Correction factors (τ) for TC 

Area [A, km²] Correction factor [τ] 
< 1 2 

1 - 100 2-0.5logA 
100 - 5 000 1 

5000 - 100 000 2.42-0.385logA 
> 100 000 0.5 

 

Design notes: 

Cell range  

A47:A50: The user can enter any comments/design notes/recommendations in this cell 

range. 

 

Design rainfall information: 

Cell B64: Only applicable if the 1’ x 1’Grid RLMA&SI design rainfall method was 

selected at the Catchment Information worksheet. 

Comment: “Enter a user-defined ARF or an ARF equal to the default ARF in 

cell range B63:H63. To exclude the use of an ARF, enter a value of 100 

(recommended).” 

 

2.6.3 Calculation procedure  
 
Time of concentration (TC): 

TC1 = 

467.0

1

1

1000

604.0





















L
H

rL       (9) 

TC2 = 
385.02

2

1000
87.0









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L         (10) 
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



v
L
6.3
3         (11) 
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TC = TC1 + TC2 + TC3       (12) 

where: 

TC1-3 = time of concentration [hours], 

H = height difference along overland flow path [m], 

L1 = hydraulic length of overland flow path [km], 

L2 = length of longest watercourse [km], 

L3 = length of artificial flow path [km], 

r = roughness coefficient for overland flow, 

SCH = average main watercourse slope [m/m] as determined in Section 2.5, and 

v  = average/design velocity [m/s]. 

  

Weighted runoff coefficients: 

 C1 = Cs + Cp + Cv       (13) 
  

C1D = ( ) ( )( )∑+− %%1%1 1 SfactorCDDCDC      (14) 
  

C1T = FTC1D        (15) 
  

CT = 321 CCC T γβα ++        (16) 
where:  

 α = rural area distribution factor [%], 

 β = urban area distribution factor [%], 

γ = lake area distribution factor [%], 

 C1 = rural runoff coefficient between zero and one, 

 C1D = rural runoff coefficient incorporating the effect of dolomite areas, 

 C1T = rural runoff coefficient incorporating the effect of initial saturation, 

 C2 = urban runoff coefficient between zero and one, 

 C3 = lake runoff coefficient, 

 Cp = runoff coefficient according to average soil permeability, 

 Cs = runoff coefficient according to average catchment slope, 

 CT = weighted runoff coefficient for T-year return period, 

 Cv = runoff coefficient according to average land use/vegetation, and 

 FT = adjustment factor. 
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Design rainfall information: 
 
The following depth-duration-frequency (DDF) relationships of averaged design rainfall 

information associated with the TC are possible options in the RM: 

(a) Midgley and Pitman (M&P) DDF relationship based on Log-Extreme Value Type 1 

(LEV1) distributions (Midgley and Pitman, 1978); and 

(b) DDF relationship based on the RLMA&SI approach.  

 
Design point rainfall (PT M&P): 
 
 PT = (IW, S) (TC) (MF) (F)       (17) 

IW = 
( ) 7372.0779.41

8.122

CT+
       (18) 

IS = 
( ) 8832.0164.41

8.217

CT+
       (19) 

MF = ( )
100

17.079.18 MAP+        (20) 

 

Design point rainfall (PT RLMA&SI): 

These design point rainfall values are based on the 1’ x 1’ Grid RLMA&SI design rainfall 

depths from the linked worksheet, Design Rainfall. 

 

General: 

 IT = 
C

T

T
P          (21) 

ARF = ( )( ) 4.060ln8309ln8001200090 CTA +−     (22) 

 ITAvg = 







100
ARFIT         (23) 

Peak flow: 

 QT = 
6.3

AIC TAvgT         (24) 

where: 

A = catchment area [km²], 

ARF = areal reduction factor [%], 

F = frequency factor, 
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IS = rainfall intensity in summer/inland regions [mm/h], 

IT = design point rainfall intensity [mm/h], 

ITAvg = average design rainfall intensity [mm/h], 

IW = rainfall intensity in winter/coastal regions [mm/h], 

MAP = mean annual precipitation [mm], 

MF = MAP factor, 

PT = design point rainfall depth [mm], 

QT = peak flow for T-year return period [m3/s], and 

TC = time of concentration [hours]. 

 
Figure 15 displays the layout of the input screen associated with the time of concentration 

and the design notes, while the estimation results of the time of concentration, weighted 

runoff coefficients, design rainfall information and peak flows are also shown.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 15: Design information and estimation results 
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2.7 Alternative Rational Method (ARM)  

2.7.1 Pre-requisite input and linked worksheets  

The Catchment Information, Design Rainfall and Rational Method worksheets are pre-

requisite input for this worksheet. The Alternative Rational Method worksheet is also linked 

to the Catchment Slope, Channel Slope and Design Tables worksheets.  

 
2.7.2 Input ranges and comments 
 
Input range identifier: 

Single cell and cell range entries (light-green shaded and unprotected) and option buttons.  

 

Time of concentration: 

Cell range  

D53:E53: Select the appropriate option button contained in the time of concentration 

group box by indicating either “Yes” or “No.” If “Yes” is  selected, the time 

of concentration in a defined main watercourse will be adjusted by a 

correction factor (τ, Table 1). 

 

Design notes: 

Cell range  

A57:A60: The user can enter any comments/design notes/recommendations in this cell 

range. 

 

2.7.3 Calculation procedure  
 
Time of concentration (TC): 
 
Refer to Section 2.6.3.  
 

Weighted runoff coefficients: 
 
Refer to Section 2.6.3. 
 

Design rainfall information: 

The following DDF relationships of averaged design rainfall information associated with the 

TC are possible options in the ARM: 
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(a) Hershfield DDF relationship based on the modified Hershfield equation (Equation 25, 

TC ≤ 6 hours) (Alexander, 2001) and/or TR102/RLMA-SAWS n-day design rainfall 

information; and  

(b) DDF relationship based on the RLMA&SI approach.  

 

Design point rainfall (PT Hershfield, Tc ≤ 6-h): 
 
 PT = ( ) ( )( )( )20.069.079.060ln27.011.0ln64.041.013.1 RMTT C+−+   (25) 

where: 

 PT = design point rainfall depth [mm],   

M = 2-year mean of the annual daily maxima rainfall [mm], 

 R  = average number of days per year on which thunder was heard, 

 T = return period [years], and 

 TC = time of concentration [hours]. 

 

Design point rainfall (PT TR102/RLMA-SAWS, 6-h < Tc ≤ 168-h): 
 
If the time of concentration (TC) is longer than 6 hours and less than 24 hours, then linear 

interpolation between Equation 25 and the 1-day design point rainfall depth from either the 

TR102 or RLMA-SAWS database is used. If the TC exceeds 24 hours, then linear 

interpolation between the n-day design point rainfall values is applicable.  

 

Design point rainfall (PT RLMA&SI): 
 
These design point rainfall values are based on the 1’ x 1’ Grid RLMA&SI design rainfall 

depths from the linked worksheet, Design Rainfall. 

 

General: 
 
Refer to Section 2.6.3.  

 

Peak flow: 
 
Refer to Section 2.6.3. 
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An example of the RLMA-SAWS/TR102 n-day design rainfall information and the physical 

catchment characteristics is shown in Figure 16.  

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 16: Design rainfall and physical catchment information (ARM) 

 

Figure 17 displays the estimated design rainfall depths and peak flows associated with the TC.  

 

 

 

 

 

 

 

 

 

 

Figure 17: Design rainfall information and associated peak flows 
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2.8 Soil Conservation Services (SCS) Method  
 
2.8.1 Pre-requisite input and linked worksheets 

The Catchment Information, Design Rainfall and Rational Method worksheets are pre-

requisite input for this worksheet. The SCS Method worksheet is also linked to the 

Catchment Slope and Channel Slope worksheets.  

 

2.8.2 Input ranges and comments 
 
Input range identifier: 

Single cell and cell range entries (light-green shaded and unprotected) and option buttons. 

Click and hold the mouse cursor in position to read any comment box (cells with red flags). 

 

Runoff volume: 

Initial weighted CN: Land use and hydrological soil groups: 

Cell range 

D26:J71: Select the appropriate option button contained in the CN hydrological soil 

group box next to the identified/appropriate land-use description by indicating 

either “A, A/B, B, B/C, C, C/D or D.” 

 

Cell K23: Comment: “Enter the area (%) associated with the selected  hydrological soil 

groups (cell range D26:J71), if applicable.” 

 

Cell range 

P26:V71: Select the appropriate option button contained in the CN hydrological soil 

group box next to the identified/appropriate land-use description by indicating 

either “A, A/B, B, B/C, C, C/D or D.” 

Cell W23: Comment: “Enter the area (%) associated with the selected  hydrological soil 

groups (cell range P26:V71), if applicable.” 

 
 

Figure 18 is an illustrative example of the option button-based table used in the DFET to 

establish the initial weighted CN values for selected land use and hydrological soil groups. 
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Figure 18: Initial weighted CN values 
 
Lag time (TL): 

Cell Q18: Based on the values entered and results viewed in the previous steps, the 

appropriate option button contained in the lag time group box 

(cell range Q18:X18) must be selected by indicating either whether the 

TC / TL lag, SCS lag or SCS-SA lag methods must be used to estimate the lag 

time.  
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2.8.3 Calculation procedure  
 
Runoff volume: 

 CN  = ( )254
40025
+S

        (26) 

 S = 25440025
−

CN
       (27) 

 IA   = cS         (28) 

 QV = ( )
SIP

IP
A

A

+−
− 2

        (29) 

where:  

 c = seasonal soil moisture status coefficient,  

 CN = Curve Number,  

 IA = initial losses/abstractions, normally 0.1S [mm], 

 P = 24-hour design rainfall depth for T-year return period [mm], 

 QV = stormflow depth [mm], and 

  S = potential maximum soil water retention [mm]. 

 
Note: 

The total area distribution of CN (cell range B17:L17) must be equal to 100%. The following 

comment(s) will appear on screen if this cell range is accessed by clicking and holding the 

mouse cursor in position: “If the %-area distribution of CN (cell range B17:L17) equals “%-

Error,” check the sum-total of cells K72 + W72 (%-area), since it must be equal to 100%.” 

 
Warning: 

The initial CN values are not adjusted for any variations in the soil moisture status of the 

catchment. 

 

Lag time (TL): 

 TL1 = 0.6TC        (30) 

 TL2 = ( )
5.0

7.08.0

0697
4.25

AvgS
SL +        (31) 

 TL3 = 87.0

30
3.0

1.135.0

67.41 IS

MAPA

Avg

       (32) 
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where: 

 A = catchment area [km²], 

 30I  = 2-year return period 30-minute rainfall intensity [mm/h], 

 L = hydraulic length of catchment [m], 

 MAP = mean annual precipitation [mm], 

 S = potential maximum soil water retention [mm], 

 SAvg = average catchment slope [%], 

 TL1 = lag time based on the TC/TL relationship [hours], 

 TL2 = lag time based on the SCS lag equation [hours], 

 TL3 = lag time based on the SCS-SA lag equation [hours], and 

 TC = time of concentration [hours]. 

 

Peak flow: 

 QT = 
L

C

v

TT
AQ

+
2

2083.0         (33) 

where: 

 A = catchment area [km²], 

 QT = peak flow for T-year return period [m3/s], 

 QV = stormflow depth [mm],  

 TC = time of concentration [hours], and 

 TL = lag time based on either Equations 30, 31 or 32 [hours]. 

 

The layout of the SCS Method worksheet, with specific reference to the procedural steps 

followed to estimate the peak flow, is shown in Figures 19 and 20, respectively. 
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Figure 19: General catchment, design rainfall and runoff volume information 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 20: Physical catchment characteristics, TC, TL and peak flow estimation 
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2.9 Standard Design Flood (SDF) Method 
  

2.9.1 Pre-requisite input and linked worksheets 

The Catchment Information and Design Rainfall worksheets are pre-requisite input for this 

worksheet. The SDF Method worksheet is also linked to the Catchment Slope, Channel Slope, 

Design Tables and SDF TR102 Rainfall worksheets, as well as the SDF Map. The latter 

worksheet and map can be accessed by clicking on the  and  

buttons, respectively. 

 

2.9.2 Input ranges and comments 
 
Input range identifier: 

Single cell and cell range entries (light-green shaded and unprotected) and option buttons. 

Click and hold the mouse cursor in position to read any comment box (cells with red flags). 

 

TR102 n-day design rainfall information: 

Cell B7: Comment: “Enter the SDF basin number, between 1 and 29. Click  on the SDF 

Map button to view the SDF regional map of South Africa.”  

 

Cell range  

D24:E24: Select the appropriate option button contained in the time of concentration 

group box by indicating either “Yes” or “No.” If “Yes” is  selected, the time 

of concentration in a defined main watercourse will be adjusted by a 

correction factor (τ, Table 1). 

 

Cell A38: Click and hold the mouse cursor in position. The following comment box with 

instructions will appear on screen: 

 

 

 

 

 

 

CLICK ON THE TABLE 8 BUTTON TO VIEW THE “DESIGN TABLES WORKSHEET”. 
 
THE (a) & (b) CONSTANTS ARE LISTED IN TABLE 8: SDF ADJUSTMENT FACTORS (F) (Van Bladeren, 2005). 
 
ENTER THE (a) CONSTANTS OF THE SDF ADJUSTMENT FACTORS (F) APPLICABLE TO THE SELECTED SDF BASIN 
IN CELL RANGE B38: H38 (2- 200 years). 
 
IF NO (a) & (b) CONSTANTS ARE DEFINED, ENTER THE SDF ADJUSTMENT FACTORS (F) IN CELL RANGE B38: H38. 
 
LEAVE CELL RANGE B38: H38 EMPTY, IF NO ADJUSTMENTS ARE REQUIRED. 

SDF TR102 RAINFALL SDF MAP 
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Cell A39: Click and hold the mouse cursor in position. The following comment box with 

instructions will appear on screen: 

 

 

 

 

 

 

 
Design notes: 
 
Cell range  

A44:A51: The user can enter any comments/design notes/recommendations in this cell 

range. 

 
2.9.3 Calculation procedure  
 
Time of concentration (TC): 

Refer to Section 2.7.3. 

 
Design rainfall information: 

Refer to Section 2.7.3. 

 
Regionalised runoff coefficients: 

 CT = 





 −





+

10010033.2100
21002 CCYC T       (34) 

 
Peak flow: 

QT = AIC TAvgT278.0        (35) 

QSDF = 
F
QT           (36) 

where: 

 A = catchment area [km²], 

 C2 = calibrated runoff coefficient for the 2-year return period, 

 C100 = calibrated runoff coefficient for the 100-year return period, 

 CT = regionalised runoff coefficient, 

CLICK ON THE TABLE 8 BUTTON TO VIEW THE “DESIGN TABLES WORKSHEET”. 
 
THE (a) & (b) CONSTANTS ARE LISTED IN TABLE 8: SDF ADJUSTMENT FACTORS (F) (Van Bladeren, 2005). 
 
ENTER THE (b) CONSTANTS OF THE SDF ADJUSTMENT FACTORS (F) APPLICABLE TO THE SELECTED SDF BASIN 
IN CELL RANGE B39: H39 (2- 200 years). 
 
IF NO (a) & (b) CONSTANTS ARE DEFINED, ENTER A VALUE OF ONE (1) IN CELL RANGE B39: H39. 
 
LEAVE CELL RANGE B38: H38 EMPTY, IF NO ADJUSTMENTS ARE REQUIRED. 
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 F = adjustment factor (Van Bladeren, 2005), 

 ITAvg = average design rainfall intensity [mm/h],  

 QSDF = adjusted peak flow for T-year return period [m3/s], 

 QT = original peak flow for T-year return period [m3/s], and 

 YT = return period factor. 

 

The layout of the SDF Method worksheet is shown in Figure 21, while the location of the 

SDF basins is shown in Figure 22.  

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 21: SDF Method worksheet 
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Figure 22: SDF regional map of South Africa (Alexander, 2002) 
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2.10 Synthetic Unit Hydrograph (SUH) Method 
 

2.10.1 Pre-requisite input and linked worksheets 

The Catchment Information and Design Rainfall worksheets are pre-requisite input for this 

worksheet. The Synthetic Unit Hydrograph Method worksheet is also linked to the 

Catchment Slope, Channel Slope, SUH Runoff Factors, Q/QP Information and SUH S-curve 

Lag worksheets.  

  

2.10.2 Input ranges and comments 
 
Input range identifier: 

Single cell and cell range entries (light-green shaded and unprotected) and spinner buttons 

which enable the user to increase or decrease the veld-type number associated with a specific 

veld-type region. Click and hold the mouse cursor in position to read any comment box (cells 

with red flags). 

 

Physical catchment characteristics: 

Cell range 

B9:B11: Enter the area distribution (%) associated with the veld-type region number in 

cell range D9:D11. Use the spinner button to increase or decrease the 

veld region number in the latter cell range.  

 Click on the  button to view the “General Veld-type 

Region” map to enable the selection of the appropriate region. 

 

Note: The sum of cell range B9:B11 must be equal to 100%. 

 

Design rainfall information: 

Cells 

D15 & H15: Select the appropriate return period (years) from the group box (drop-down 

list, 7 options available, e.g.  ) to be used in the design 

rainfall and flood estimation. Repeat this process until all the return periods 

were evaluated. 

Cell A17: Click and hold the mouse cursor in position. The following comment box with 

instructions will appear on screen: 

VELD-TYPE MAP 

100
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Cell range 

C17:G17: Comment: “Storm duration range (0.25-168 hours): Use the same incremental 

time interval (0.25, 0.5 or 1 hour) as selected in cell E55.”  

 

Cell C22: Only applicable if the 1’ x 1’Grid RLMA&SI design rainfall method was 

selected at the Catchment Information worksheet. 

Comment: “Enter a user-defined ARF or an ARF equal to the default ARF in 

cell C21. To exclude the use of an ARF, enter a value of 100 (recommended).” 

 

An example of the SUH method design rainfall information screen is shown in Figure 23. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 23: SUH method design rainfall information 

RLMA-SAWS/TR102 DESIGN RAINFALL: 
5 GROUPED USER-DEFINED STORM DURATIONS RELATED TO THE TIME OF CONCENTRATION (TC) AND/OR LAG 
TIME (TL), e.g. 0.25, 0.5, 1, 1.5 and 2 TC or TL COULD BE USED IN CELL RANGE C17: G17. 
 
1' x 1' GRID RLMA&SI DESIGN RAINFALL (Smithers & Schulze, 2003): 
5 GROUPED USER-DEFINED STORM DURATIONS OF BETWEEN 0.250 hour (15 minutes) & 168 hour (7 days) COULD 
BE USED IN CELL RANGE C17: G17, BUT THESE DURATIONS MUST CORRESPOND WITH THE DURATIONS ENTERED 
IN THE DESIGN RAINFALL WORKSHEET. 
 
THE DECIMAL ACCURACY OF THE STORM DURATIONS IS TO THE NEAREST 0.125 hour. HOWEVER, THE DECIMAL 
ACCURACY OF THE SELECTED DURATIONS MUST ALSO CORRESPOND WITH THE INCREMENTAL TIME INTERVAL 
(e.g. 0.25, 0.5 or 1 hour) SELECTED IN CELL E55. 
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SUH S-curve lagging: 

Cell E55: Comment: “An incremental time interval (t) of 0.25, 0.5 or 1 hour can be used 

to represent the storm duration (TSD).” 

 

Click on the button to access the SUH S-curve Lag worksheet. The 

following applies: 

 

SUH S-curve lag (1 hour): 

Only applicable if cell E55 (SUH Method worksheet) equals 1 hour. Time intervals ranging 

from zero to 168 hours (7 days) can be evaluated. 

 

Cell FS11: Click and hold the mouse cursor in position. The following comment box with 

the S-curve lag instructions will appear on screen: 

 

 

 

 

 

 

SUH S-curve lag (0.5 hour): 

Only applicable if cell E55 (SUH Method worksheet) equals 0.5 hour. Time intervals ranging 

from zero to 84 hours (3½ days) can be evaluated. 

 

Cell FS186: Click and hold the mouse cursor in position. The following comment box with 

the S-curve lag instructions will appear on screen: 

 

 

 

 

 

 

SUH S-CURVE LAG 

THE BEGINNING OF ANY S-CURVE LAG IN COLUMNS FT to FX IS WHERE THE TIME-VALUE (t, hours) IN COLUMN 
A12: A179 EQUALS THE NUMERICAL VALUE, e.g. 12.0 IN THE FT, FU, FV, FW & FX COLUMN HEADINGS. 
 
SET THE BEGINNING OF THE S-CURVE LAG (BASED ON A SPECIFIC STORM DURATION) IN COLUMNS FT, FU, FV, 
FW & FX EQUAL TO CELL FS11 BY ENTERING THE FOLLOWING FORMULA, =FS11.  
 
USE COPY & PASTE FORMULAS TO COPY THIS FORMULA UP UNTIL THE END OF EACH COLUMN IN CELL RANGE 
FT12: FX179. 

THE BEGINNING OF ANY S-CURVE LAG IN COLUMNS FT to FX IS WHERE THE TIME-VALUE (t, hours) IN COLUMN 
A187: A354 EQUALS THE NUMERICAL VALUE, e.g. 12.0 IN THE FT, FU, FV, FW & FX COLUMN HEADINGS. 
 
SET THE BEGINNING OF THE S-CURVE LAG (BASED ON A SPECIFIC STORM DURATION) IN COLUMNS FT, FU, FV, 
FW & FX EQUAL TO CELL FS186 BY ENTERING THE FOLLOWING FORMULA, =FS186.  
 
USE COPY & PASTE FORMULAS TO COPY THIS FORMULA UP UNTIL THE END OF EACH COLUMN IN CELL RANGE 
FT187: FX354. 
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SUH S-curve lag (0.25 hour): 

Only applicable if cell E55 (SUH Method worksheet) equals 0.25 hour. Time intervals 

ranging from zero to 42 hours (1¾ days) can be evaluated. 

 

Cell FS361: Click and hold the mouse cursor in position. The following comment box with 

the S-curve lag instructions will appear on screen: 

 

 

 

 

 

 
Figure 24 displays an extract of the S-curve lagging results as obtained using above-listed 

instructions. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 24: SUH S-curve lagging results 

THE BEGINNING OF ANY S-CURVE LAG IN COLUMNS FT to FX IS WHERE THE TIME-VALUE (t, hours) IN COLUMN 
A362: A529 EQUALS THE NUMERICAL VALUE, e.g. 12.0 IN THE FT, FU, FV, FW & FX COLUMN HEADINGS. 
 
SET THE BEGINNING OF THE S-CURVE LAG (BASED ON A SPECIFIC STORM DURATION) IN COLUMNS FT, FU, FV, 
FW & FX EQUAL TO CELL FS361 BY ENTERING THE FOLLOWING FORMULA, =FS361.  
 
USE COPY & PASTE FORMULAS TO COPY THIS FORMULA UP UNTIL THE END OF EACH COLUMN IN CELL RANGE 
FT362: FX529. 
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Click on the  button to return to the SUH Method 

worksheet. The following applies: 

 

Summary of peak flows: 
 
Cell B54: Comment: “The SUH method can only estimate peak flows for two return 

periods at a time. After every two return period selections, the results must be 

entered in the applicable cell within  cell range C54:K54, before proceeding 

to the next analysis.” 

 

The peak flow adjustment calculations and summary of peak flows are illustrated in 

Figure 25. 

 

 

 

 

 

 

 

 

Figure 25: Peak flow adjustments and summary 

 

2.10.3 Calculation procedure  
 
Physical catchment characteristics: 

 IC = 
CH

C

S
LL         (37) 

 
 TL = CTIC 

0.36        (38) 
 

 QP = 
L

U T
AK         (39) 

where:  

 A = catchment area [km²],  

 CT = regional SUH veld-type coefficient [Table 2], 

 IC = catchment-index, 

SYNTHETIC UNIT HYDROGRAPH 
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 KU = regional SUH coefficient, 

 L = hydraulic length of catchment [km], 

 LC = distance to catchment centroid [km], 

 QP = peak flow of 1-hour unit hydrograph [m3/s] 

 SCH = average main watercourse slope [m/m], and 

 TL = lag time [hours]. 

 

Table 2: Generalised regional SUH veld-type coefficients (HRU, 1972) 

Veld region Veld-type description CT 
1 Coastal tropical forest 0.99 
2 Schlerophyllous bush 0.62 
3 Mountain sourveld 0.35 
4 Grassland of interior plateau 0.32 
5 Highland sourveld and Dohne sourveld 0.21 

5A Zone 5, soils weakly developed 0.53 
6 Karoo 0.19 
7 False Karoo 0.19 
8 Bushveld 0.19 
9 Tall sourveld 0.13 

 

Design rainfall information: 

The following DDF relationships (based on user-defined critical storm durations related to TC 

and TL using a trail-and-error approach) of averaged design rainfall information are possible 

options in the SUH method: 

(a) Midgley and Pitman (M&P) DDF relationship based on LEV1 distributions 

(Midgley and Pitman, 1978); and 

(b) DDF relationship based on the RLMA&SI approach.  

 
Design point rainfall (PT M&P): 
 
Refer to Section 2.6.3. 

 

Design point rainfall (PT RLMA&SI): 

Refer to Section 2.6.3. 

 

Design point rainfall intensity (IT): 

Refer to Section 2.6.3. 
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Areal reduction factors: 

Refer to Section 2.6.3. 

 

Average and effective design rainfall: 

 PT Avg = TPARF
100

        (40) 

 PTE = AvgT
T Pf

100
        (41) 

where:  

 ARF = areal reduction factor [%], 

 fT = flood runoff factor [%, Figure 26], 

 PT = design point rainfall [mm], 

PT Avg = average design rainfall [mm], and  

 PTE = effective average design rainfall [mm]. 

  

Peak flow and adjusted peak flow: 

 QPT = QP* UHMax (n-hour)       (42) 
  

QT = PTE* QPT         (43)  
 

QTA = 
P

PT
T Q

QQ         (44) 

where: 

 QP = peak flow of 1-hour unit hydrograph [m3/s], 

 QPT = peak flow of n-hour unit hydrograph [m3/s],  

 QT  = peak flow for T-year return period [m3/s], 

QTA = adjusted peak flow for T-year return period [m3/s],  

PTE = effective average design rainfall [mm], and 

UHMax = maximum n-hour unit hydrograph value.  

 

Figure 26 shows the average storm losses chart normally used to estimate the flood runoff 

factors manually. However, in the DFET, this chart is included numerically and no user input 

is required, except for the area distribution (%) associated with the different veld-type regions 

(Figure 27) when the catchment under consideration extends over more than one veld-type 

region. 
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Figure 26: Average storm losses (SANRAL, 2006) 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 27: Regions with generalised veld-types in South Africa (SANRAL, 2006) 
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2.11 Lag-routed Hydrograph (LRH) Method 
  

2.11.1 Pre-requisite input and linked worksheets 

The Catchment Information and Design Rainfall worksheets are pre-requisite input for this 

worksheet. This worksheet is also linked to the Channel Slope, LRH Runoff Factors and 

Rainfall Distribution worksheets. The Rainfall distribution over Time chart can be viewed by 

clicking on the  button. 

 

2.11.2 Input ranges and comments 
 
Input range identifier: 

Single cell entries (light-green shaded and unprotected), option buttons and spinner buttons 

which enable the user to increase or decrease the veld-type number associated with a specific 

veld-type region. Click and hold the mouse cursor in position to read any comment box (cells 

with red flags). 

 

Physical catchment characteristics: 

Cell range 

B9:B11: Enter the area distribution (%) associated with the veld-type region number in 

cell range D9:D11. Use the spinner button to increase or decrease the 

veld region number in the latter cell range.  

 Click on the  button to view the “General Veld-type 

Region” map to enable the selection of the appropriate region. 

 

Note: The sum of cell range B9:B11 must be equal to 100%. 

 

Cell I12: Select the appropriate option button contained in the Muskingum routing 

factor group box by indicating either “Veld-type based” or “TC based”. If 

“Veld-type based” is selected, the routing factor (K) contained in cell I11 will 

be used. By selecting “TC based,” the routing factor (K) contained in cell I10 

will be used. 

 

RAINFALL DISTRIBUTION 

VELD-TYPE MAP 
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Design rainfall information: 

Cell C21: Only applicable if the 1’ x 1’Grid RLMA&SI design rainfall method was 

selected at the Catchment Information worksheet. 

Comment: “Enter a user-defined ARF or an ARF equal to the default ARF in 

cell range C20:J20. To exclude the use of an ARF, enter a value of 100 

(recommended).” 

 

2.11.3 Calculation procedure  
 
Physical catchment characteristics: 

 ∆t = 0.05TC        (45) 

 K1 = 0.6TC        (46) 

 K2 = CT A0.318        (47) 

 C0 = ( ) 11 2 +−
∆

− C
t

Kn        (48) 

 C1 = ( ) 221 CC
t

Kn −−
∆

       (49) 

 C2 = Kn
t

e
∆

−
         (50) 

where: 

 A = catchment area [km²], 

 CT = regional LRH veld-type coefficient [Table 3], 

 C0 = Muskingum routing coefficient, 

 C1 = Muskingum routing coefficient, 
 C2 = Muskingum routing coefficient, 

 Kn = Muskingum routing factor, either TC based or veld-type based, 
 K1 = Muskingum routing factor, TC based, 
 K2 = Muskingum routing factor, veld-type based, 

 ∆t = incremental time step [hours], and 

 TC = time of concentration [hours]. 
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Table 3: Regional LRH veld-type coefficients (Bauer and Midgley, 1974) 
 

Veld region Veld-type description CT 
1 Coastal tropical forest 1.83 
2 Schlerophyllous bush 1.30 
3 Mountain sourveld 1.10 
4 Grassland of interior plateau 0.97 
5 Highland sourveld and Dohne sourveld 0.79 
6 Karoo 0.86 
7 False Karoo 0.48 
8 Bushveld 0.45 
9 Tall sourveld 0.55 

 

An example of the physical catchment characteristics screen illustrating above-listed 

instructions and calculation procedures is shown in Figure 28. 

 

 

 

 

 

 

 

 

 

Figure 28: LRH veld-type regions and Muskingum routing factors 

 

Design point rainfall (PT M&P): 

Refer to Section 2.10.3.  

 

Design point rainfall (PT RLMA&SI): 

Refer to Section 2.10.3. 

 

Design point rainfall intensity (IT): 

Refer to Section 2.10.3. 

 

Areal reduction factors: 

Refer to Section 2.10.3. 
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Average and effective design rainfall: 

Refer to Section 2.10.3. 

  

Rainfall distribution over time: 

The estimation of effective average design rainfall is followed by the estimation of rainfall 

distribution over time. In other words, the excess/effective rainfall as a percentage of the 

critical storm duration must be estimated. Figure 29 shows the rainfall distribution over time 

curves used for these estimations. 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 29: Rainfall distribution over time curves (Bauer and Midgley, 1974) 

 

In the DFET, these curves are included numerically and no user input is required, thus the 

hyetographs used to derive the hydrographs are determined automatically. 
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FIGURE 1: (BAUER & MIDGLEY, 1974) 
RAINFALL DISTRIBUTION OVER TIME
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Muskingum routing: 

 Qout(N) = C0Qin(N) + C1Qin(N-1) + C2Qout(N-1)     (51) 

where: 

 C0, 1, 2 = Muskingum routing coefficients, 

 Qin(N)  = routed peak inflow at current time interval [m3/s], 

 Qin(N-1)  = routed peak inflow at previous time interval [m3/s], 

 Qout(N) = routed peak outflow at current time interval [m3/s], and 

 Qout(N-1)= routed peak outflow at previous time interval [m3/s]. 

 
Peak flows: 

 QT = Max Qout (N,T)       (52) 

where: 

 QT  = peak flow for T-year return period [m3/s], and  

Max Qout (N,T) = maximum routed outflow associated with a specific incremental duration 

 and rainfall distribution for the T-year return period [m3/s]. 

 
Figure 30 is illustrative of the rainfall distribution over time and Muskingum routing results 

screen.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 30: Rainfall distribution over time and Muskingum routing results 
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2.12 Empirical Methods  

2.12.1 Pre-requisite input and linked worksheets 

The Catchment Information and Design Rainfall worksheets are pre-requisite input for this 

worksheet. This worksheet is also linked to the Catchment Slope, Channel Slope and 

Design Tables worksheets.  

  

2.12.2 Input ranges and comments 
 
Input range identifier: 

Single cell entries (light-green shaded and unprotected), group box (drop-down list), option 

buttons and spinner buttons. 

 

Physical catchment characteristics: 

Cell range 

A10:A12: Enter the Kovács region %-distribution associated with the Kovács  region 

number selected from the group box (drop-down list, 8 options available). 

Click on the  button to view the  “Kovács Region” map to 

enable the selection of the appropriate region(s). 

Note: The sum of cell range B10:B12 must be equal to 100%. 

 

Cell range 

F10:F12: Enter the area distribution (%) associated with the veld-type region number in 

cell range G10:G12. Use the spinner button to increase or decrease the veld 

region number in the latter cell range.  

Click on the  button to view the “General Veld-type 

Region” map to enable the selection of the appropriate region. 

Note: The sum of cell range F10:F12 must be equal to 100%. 

 

Cell G13: Select the appropriate option button contained in the veld- type/rainfall group 

box by indicating either “Winter” or  “All year”. If “Winter” is selected, the 

regional distribution coefficient (KT) used in the MIPI method will be based on 

the above selected veld-type regions and winter rainfall, while “All year” will 

reflect  the chosen veld-type regions and summer/all year rainfall. 

VELD-TYPE MAP 

KOVÁCS MAP 
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Design notes: 

Cell range  

A79:A86: The user can enter any comments/design notes/recommendations in this cell 

range. 

 

2.12.3 Calculation procedure  
 
Physical catchment characteristics: 

 

 C = 
C

CH

LL
SA

        (53) 

where:  

 C = catchment response time parameter,  

A = catchment area [km²], 

 L = hydraulic length of catchment [km], 

 LC = distance to catchment centroid [km], and 

 SCH = average main watercourse slope [m/m]. 

 

An example of the physical catchment characteristics screen illustrative of above-listed 

instructions and estimation procedures is shown in Figure 31. 

 

  

 

 

 

 

 

 

 

 

 

 

Figure 31: Physical catchment characteristics screen of Empirical methods 

 



Flood Hydrology Course 

22- 24 May 2023 

 

57 

 

Midgley and Pitman (MIPI) method: 

  
 QT = 0.0377KTMAP A0.6 C0.2      (54) 

where:  

 QT  = peak flow for T-year return period [m3/s],  

A = catchment area [km²],  

 C = catchment response time parameter, 

 KT = regional distribution coefficient, and 

 MAP = mean annual precipitation [mm]. 

  

Catchment Parameter (CAPA) method: 

  

 M = 










L
SAMAP

5.0100        (55) 

 KP = ( )yMAPx log        (56) 

 MAF = ( )Aa log61.010 +         (57) 

 QT = KPMAF        (58) 

where: 

 A = catchment area [km²], 

 KP = exceedance probability constant, 

 L = hydraulic length of catchment [km], 

 M = lumped catchment parameter, 

 MAF = mean annual flood [m3/s], 

 MAP = mean annual precipitation [mm], 

 QT  = peak flow for T-year return period [m3/s], 

 S = average catchment slope [m/m],  

 T = return period [years], 

 a = ( )( ) 7384.00163.2log08073.19414.0 −+− M , 

 x = 722.01log95.51log51.99
24

+





−








TT
, and 

 y = 73.21log92.101log82.61log22.21log28.0
234

+





+






+






+








TTTT
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Regional Maximum Flood (RMF) method: 

 QRMF1 = 
KA 1.01

8
6

10
10

−







        (59) 

 

Table 4 presents all the QRMF2 equations as proposed by Kovács (1988) for the different 

Kovács regions in Southern Africa.  

 

Table 4: RMF regional classification in Southern Africa (SANRAL, 2006) 

 

Regional 
constant (K) 

Transition zone Flood zone 
QRMF2 (m3/s) Areal range (km2) QRMF2 (m3/s) Areal range (km2) 

2.8 30A0.262 1 - 500 1.74A0.720 500 - 500 000 
3.4 50A0.265 1 - 300 5.25A0.660 300 - 500 000 
4 70A0.340 1 - 300 15.9A0.600 300 - 300 000 

4.6 100A0.380 1 - 100 47.9A0.540 100 - 100 000 
5 100A0.500 1 - 100 100A0.500 100 - 100 000 

5.2 100A0.560 1 - 100 145A0.480 100 - 30 000 
5.4 100A0.620 1 - 100 209A0.460 100 - 20 000 
5.6 100A0.680 1 - 100 302A0.440 100 - 10 000 

 

where: 

 A = catchment area [km²], 

 K = Kovács regional constant, 

 QRMF1 = RMF based on the Francou-Rodier methodology [Equation 59, m3/s], and 

 QRMF2  = RMF based on the Kovács methodology [Equations in Table 4, m3/s]. 

 

The layout of the Empirical Methods worksheet containing the design flood estimation results 

is shown in Figure 32, while Figure 33 is illustrative of the maximum flood peak regions in 

Southern Africa, in other words, the Kovács regions. 
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Figure 32: Empirical flood estimation results 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 33: Maximum flood peak (Kovács) regions in Southern Africa (SANRAL, 2006) 
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3. PROBABILISTIC METHODS  
3.1 Annual Maximum Series (AMS)  

 
3.1.1 Pre-requisite input and linked worksheets 

The Catchment Information worksheet is a pre-requisite input for this worksheet. The 

Annual Maximum Series worksheet is also linked to the Probabilistic Methods (AMS) 

worksheet.  

  

3.1.2 Input ranges and comments 
 
Input range identifier: 

Single cell and cell range entries (light-green shaded and unprotected). Click and hold the 

mouse cursor in position to read any comment box (cells with red flags). 

 

Note: 

The annual maximum series as obtained from the Department of Water Affairs (DWA) 

monthly flood peak database must be copied into cell ranges D14:D213, F14:F213 and 

G14:G213, if applicable. Use Copy & Paste values to retain the cell format. A maximum 

period of 200 years can be used. Enter the start date (year) of the data period in cell A14. 

 

Base flow-gauging station: 
 
Cell D7: Compulsory. 

 Enter the flow-gauging station name, e.g. Krugersdrift Dam. It can either be a 

dam or a river flow-gauging station. 

Cell D8: Compulsory. 

 Enter the flow-gauging station number, e.g. C5R004. 

Cell D10: Compulsory. 

 Enter the structural limit (m3/s) of the flow-gauging station. If the structural 

limit is unknown, enter the peak flow as estimated with the RMF method. 

Cell A14: Click and hold the mouse cursor in position. 

 Comment: “Enter the start date (year) of data period.” 
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Cell range 

D14:D213: Copy the annual maximum peak flow data into this cell range or a  part 

thereof. Use Copy & Paste values to retain the cell format. 

 

Additional station 1/2 (US/DS): 

Cell F6/G6: Click and hold the mouse cursor in position. The following comment box 

related to the use of additional stations will appear on screen: 

 

 

 

 

 

 

 

Cell F7/G7: Compulsory, if applicable. 

 Enter the flow-gauging station name, e.g. Modder River at Stoomhoek. It can 

either be a dam or a river flow-gauging station. 

Cell F8/G8: Compulsory, if applicable. 

 Enter the flow-gauging station number, e.g. C5H015. 

Cell  

F11/G11: Compulsory, if applicable. 

 Enter the catchment area (km²) contributing to the specific  flow-gauging 

station.  

Cell range(s) 

F14:F213 or   

G14:G213: Refer to above-listed comment box.  

 

3.1.3 Calculation procedure  
 
Square root area method (SRAM): 

In the SRAM (Equation 60), the AMS or PDS at single sites up- or downstream from one 

another (in close proximity) could be combined, based on the assumption that the temporal 

and spatial variability of the flood producing mechanisms in the two or more catchment under 

consideration are near homogeneous. The SRAM is especially useful to supplement the 

THE ANNUAL MAXIMUM SERIES (m3/s) OF THE ADDITIONAL STATIONS ARE USED TO SUPPLEMENT/EXTEND THE 
RECORD LENGTH OF THE BASE STATION. 
 
COPY THE ANNUAL MAXIMUM SERIES INTO THE "REQUIRED PART" OF CELL RANGE F14: F213 (STATION 1) or 
G14:G213 (STATION 2). 
 
THE "REQUIRED PART" REFERS TO THE BASE STATION DATA PERIOD CHARACTERISED BY MISSING DATA. 
 
CELL ENTRIES IN THE SAME ROW OF COLUMNS D, F and G ARE NOT ALLOWED. 
 
IN ALL CASES, USE COPY & PASTE VALUES FOR MULTIPLE ENTRIES. 
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record length at dams using data from a flow-gauging station just downstream or upstream 

from the dam, which might have been operational prior the construction of the dam. 

However, the homogeneity in these catchments under consideration must be 80% or more 

(Rademeyer, 2010).  

QDS = 










US

DS
US A

A
Q         (60) 

where: 

 QDS = AMS or PDS at downstream flow-gauging station [m3/s], 

ADS = catchment area contributing to downstream flow-gauging station [km²], 

 AUS = catchment area contributing to upstream flow-gauging station [km²], and 

 QUS = AMS or PDS at upstream flow-gauging station [m3/s]. 

 
The AMS worksheet illustrative of above-listed instructions and SRAM is shown in 

Figure 34. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 34: Annual Maximum Series worksheet with SRAM functionality 
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3.2 Probabilistic Methods (AMS)  
 
3.2.1 Pre-requisite input and linked worksheets 

The Catchment Information and Annual Maximum Series worksheets are pre-requisite input 

for this worksheet. The Probabilistic Methods (AMS) worksheet is also linked to the 

Probabilistic Methods (PDS) and Probabilistic Plotting worksheets.  

  

3.2.2 Input ranges and comments 
 
Input range identifier: 

Not applicable, since this worksheet is only used for calculations. 

  

3.2.3 Calculation procedure 
 
Conservation statistics (Missing data excluded): 

Normal and log10-transformed data: 

 

 x  = 
N

x∑          (61) 

 xlog  = ( )
N

x∑ log         (62) 

 s = 
( ) 5.02

1 











−
−∑

N
xx        (63) 

 slog = ( ) ( )( ) 5.02

1
loglog













−
−∑

N
xx       (64) 

 cv = 
x
s          (65) 

 cv = ( )x
s

log
log         (66) 

 

 g = ( )( )
( )













 −








−−

∑
3

3

21 s
xx

NN
N      (67) 
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 glog = ( )( )
( ) ( )( )













 −








−−

∑
3

log

3
loglog

21 s
xx

NN
N     (68) 

where: 

 cv = coefficient of variation, 

 cvlog = coefficient of variation of the observed value logarithms,  

 g = skewness coefficient, 

 glog = skewness coefficient of the observed value logarithms, 

 N = total number of observations (sample size), 

 s = standard deviation of observed values [m3/s], 

 slog = standard deviation of the observed value logarithms [m3/s],  

 x = observed values [m3/s], 

 x  = mean of observed values [m3/s], and 

 xlog  = mean of observed value logarithms [m3/s]. 

  

Conservation statistics (Missing data included; historically weighted variables): 
 
Normal and log10-transformed data: 

 

 hx  = ( )( )
( )( )( )WTT

abT

LWY
xxW

−
+∑ ∑        (69) 

 

 sh = 
( )( )

( )( )( )

5.022

1 











−−
+∑∑

WTT

abT

LWY
ddW       (70) 

 

 gh = 

( )( )( ) ( )( )
( )( )( ) ( )( )( )



















−−−−

+− ∑ ∑

21
3

33

WTTWTT

abTWTT

LWYLWY
s

ddWLWY

    (71) 

where: 

 da, db = deviations of xa+ xb from hx  , 

 gh = historically weighted skewness coefficient, 

 LW = low outliers including zero flows, 
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 NA = floods equal to or above high threshold, 

 NB = floods between high and low thresholds, 

 NC = missing data, 

 sh = historically weighted standard deviation [m3/s], 

 WT = weight applied to data, ( )
B

AT

N
NY −  

 xa = peak flows equal to or above the high threshold [m3/s], 

 xb = peak flows below the high threshold [m3/s], 

 hx  = historically weighted mean [m3/s], and 

 YT = total time span, NA+NB+NC [years]. 

 

An example of the Probabilistic Methods (AMS) worksheet containing the conservation 

statistics and historically weighted variables is shown in Figure 35. 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 35: Probabilistic Methods (AMS) worksheet and conservation statistics 

 

Theoretical probability distributions: 
 
The theoretical probability distributions available in the DFET are either based on Mean 

Moments (MM) and/or Linear Moments (LM) parameter estimators. The following 

theoretical probability distributions are based on MM parameter estimation:  
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Normal (N/MM) distribution: 

 QT = syx −         (72) 

 

Extreme Value Type I (EV1/MM) distribution: 

 QT = ( )451.0781.0 −+ TWsx       (73) 

 

Extreme Value Type II (EV2/MM) distribution: 

 QT = ( ) ( )( )TkWyE
y

sx −−+ 1
var

2

     (74) 

 

Extreme Value Type III (EV3/MM) distribution: 

 QT = ( ) ( )( )TkWyE
y

sx ++−+ 1
var

2

     (75) 

 

Log-Normal (LN/MM) distribution: 

 QT = ( )[ ]TWsxanti logloglog +       (76) 

 

Log-Extreme Value Type I (LEV1/MM) distribution: 

 QT = ( ) ( )[ ]451.0781.0loglog log −+ TWsxanti     (77) 

 

Log-Pearson Type III (LP3/MM) distribution:  

 QT = ( )[ ]TWsxanti logloglog +       (78) 

 

The following theoretical probability distribution is based on LM parameter estimation. It is 

not included in the Probabilistic Methods (AMS) worksheet, but available as an option in the 

Probabilistic Plotting worksheet for comparison purposes:  

 

Generalised Logistic (GLO/LM) distribution: 

QT = ( )( )



 −−+ −k

Med T
k

Q 111 β       (79) 



Flood Hydrology Course 

22- 24 May 2023 

 

67 

 

with: 

 β = ( )
( ) ( )kttkk

kkt
ππ

π
sin

sin
22

2

−+
      (79a) 

k = -t3         (79b) 

 

t2 = 

( )
( )

x

xQ
N
m

N

N

m
m −







−
−∑

=2 1
112

      (79c) 

 

t3 = 

( )( )
( )( )

( )
( )

( )
( ) xQ
N
m

N

xQ
N
m

N
Q

NN
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N
N
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−



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

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
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2
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1
112

1
116

21
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  (79d) 

where: 

 E (y) = mean of the standardised variate,  

 k = shape parameter,  

m = number, in ascending order, of the ranked events (peak flows), 

N = number of observations/record length [years],  

Qm = ranked annual maximum flood peak [m3/s], 

QMed  = median annual maximum flood peak [m3/s], 

QT  = peak flow for T-year return period [m3/s], 

 s = standard deviation of observed values [m3/s], 

 slog = standard deviation of the observed value logarithms [m3/s], 

 T = return period [years], 

var (y) = variance of the standardised variate, 

 WT = frequency factor for T-year return period or LN standard variate,  

 x  = mean of observed values [m3/s], and  

 y = standardised variate. 

 

An example of the Probabilistic Methods (AMS) worksheet containing the theoretical 

probability distribution results is shown in Figure 36. 
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Figure 36: Theoretical probability distribution results based on the AMS 

 
3.3 Raw Flow Data (Partial Duration Series)  
 
3.3.1 Pre-requisite input and linked worksheets 

The Annual Maximum Series worksheet is a pre-requisite input for this worksheet. The 

Raw Flow Data worksheet is also linked to the Partial Duration Series and Probabilistic 

Methods (PDS) worksheets.  

 

3.3.2 Input ranges and comments  
 
Input range identifier: 

Single cell entry (light-green shaded and unprotected) and cell range entries (no defined cell 

format). Click and hold the mouse cursor in position to read any comment box (cells with red 

flags). 
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Note: 

The maximum monthly peak flows as obtained from the Department of Water Affairs 

(DWA) monthly flood peak database must be copied into cell range D9:O208. A maximum 

period of 200 years can be used. Use Copy & Paste values to retain the cell format. Enter the 

start date (year) of the data period in cell A9. 

 

Cell A9: Click and hold the mouse cursor in position. 

 Comment: “Enter the start date (year) of data period.” 

Cell range 

D9:O208: Copy the maximum monthly peak flows into this cell range or a part thereof. 

Use Copy & Paste values to retain the cell format. 

 

3.3.3 Calculation procedure 
 
Not applicable, since this worksheet is only used for data management. 

 

3.4 Partial Duration Series (PDS)  
 
3.4.1 Pre-requisite input and linked worksheets 

The Catchment Information and Raw Flow Data worksheets are pre-requisite input for this 

worksheet. The Partial Duration Series worksheet is also linked to the 

Probabilistic Methods (AMS & PDS) worksheets.  

 

3.4.2 Input ranges and comments 
 
Input range identifier: 

Single cell entry (light-green shaded and unprotected) and a group box (drop-down list). The 

group box contains the various plotting position methods and associated theoretical 

probability distributions. Click and hold the mouse cursor in position to read any comment 

box (cells with red flags). 

 

Cell B9: Click and hold the mouse cursor in position. The following comment box 

related to the use of threshold exceedance values will appear on screen: 
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Cell A10: Select the appropriate plotting position method from the group box (drop-

down list, 6 options available) to establish the plotting constants in cells D8 (a) 

and D9 (b) respectively. 

 

3.4.3 Calculation procedure 
 
The calculation procedure used to establish the return period of each ranked peak flow within 

N-years will be discussed in Section 3.6.  

 

An example of the Partial Duration Series worksheet illustrative of above-listed instructions 

is shown in Figure 37. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 37: Partial Duration Series worksheet 

IF THE NUMBER OF PEAK YEARS (CELL B9) IS LEFT EMPTY, THE NUMBER OF PEAKS EQUAL TO THE NUMBER OF 
DATA YEARS (CELL B8) WILL BE USED FOR THE CALCULATIONS. 
 
IN ORDER TO MAKE USE OF A THRESHOLD EXCEEDANCE VALUE (EXCLUSION OF PEAKS ABOVE THE 
STRUCTURAL LIMIT, CELLS B7 or D7), THE USER CAN ENTER A NUMBER OF PEAK YEARS (CELL B9) LESS THAN 
THE NUMBER OF DATA YEARS (CELL B8). 
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3.5 Probabilistic Methods (PDS)   
 
3.5.1 Pre-requisite input and linked worksheets 

The Catchment Information and Partial Duration Series worksheets are pre-requisite input 

for this worksheet. The Probabilistic Methods (PDS) worksheet is also linked to the 

Probabilistic Methods (AMS) and Probabilistic Plotting worksheets.  

  

3.5.2 Input ranges and comments 
 
Input range identifier: 

Single cell or cell range entries (light-green shaded and unprotected) in the case of “Design 

Notes,” otherwise not applicable. This worksheet is mainly used for calculations. 

 

Design notes: 

Cell range  

F9:F14: The user can enter any comments/design notes/recommendations in this cell 

range. 

  

3.5.3 Calculation procedure  
 
Conservation statistics: 

Refer to Section 3.2.3.  

 

Theoretical probability distributions: 

Refer to Section 3.2.3.  

 

The layout of the Probabilistic Methods (PDS) worksheet is shown in Figure 38.  
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Figure 38: Layout of the Probabilistic Methods (PDS) worksheet 

 
3.6 Probabilistic Plotting  
 
3.6.1 Pre-requisite input and linked worksheets  

The Catchment Information and Probabilistic Methods (AMS & PDS) worksheets are pre-

requisite input for this worksheet. The Probabilistic Plotting worksheet is also linked to the 

Probabilistic Plot (AMS & PDS) charts.  

 
These charts can be viewed by clicking on either the  or   

buttons. 

 

3.6.2 Input ranges and comments  
 
Input range identifier: 

Single cell and cell range entries (light-green shaded and unprotected), check boxes and 

group boxes (drop-down lists). Each group box (Probabilistic methods, AMS or PDS) 

contains the various plotting position methods and associated theoretical probability 

distributions. Click and hold the mouse cursor in position to read any comment box (cells 

with red flags). 

PROBABILISTIC PLOT (AMS) 

PROBABILISTIC PLOT (PDS) 
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Design notes: 

Cell range  

G3:G8: The user can enter any comments/design notes/recommendations in this cell 

range. 

 
Probabilistic methods (AMS): 

Cell G11: Select the appropriate plotting position method from the group box (drop-

down list, 6 options available) to establish the plotting constants in cells F7 (a) 

and F8 (b) respectively. 

 
Cell C11: Click and hold the mouse cursor in position. The following comment box 

related to the source data range (“Ranked AMS” series) will appear on screen: 

 

 

 

 

 

 

 

 

 

 

Figure 39 is illustrative of the Edit Series window that will appear on screen after the steps 

contained in the above-listed comment box were followed. 

 

 

 

 

 

 

 

 

 

Figure 39: Edit Series window (Probabilistic Plot, AMS) 

CLICK ON "PROBABILISTIC PLOT (AMS)". 
 
RIGHT-CLICK ON THE RELEVANT CHART. 
 
SELECT "SELECT DATA" FROM THE LIST. 
 
SELECT THE "RANKED AMS" SERIES FROM THE LEGEND ENTRIES (SOURCE DATA). 
 
CLICK ON "EDIT". 
 
EDIT THE END X (E) and Y (B) DATA RANGE VALUES ACCORDING TO THE END-VALUE AS INDICATED IN CELL C11 
(e.g. "62"). 
 
THE DEFINED DATA RANGE (Ending at e.g. "62") WILL BE AS FOLLOWS: 
 
SERIES X VALUES: E3: E62 
SERIES Y VALUES: B3: B62 
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Hydrological literature frequently emphasises that a regional approach should be adopted 

when the observed flood peak data at a single site are insufficient for frequency analysis. 

However, in recognition of the practising engineers’ possible time and human resource 

constraints to implement an extensive regional approach, two single-site approaches were 

included to assist the focus user group of the DFET. These two approaches are respectively 

referred to as the SRAM (c.f. Section 3.1.3) and the Mean Logarithm Value Approach 

(MLVA).  

 

The MLVA (Equation 82, Section 3.6.3) is based on the combination of the mean values of 

the logarithms of two or more probability distributions at a single site and could be used to 

establish the applicability of theoretical probability distributions to specific return period 

ranges, e.g. the LP3 fits the lower recurrence interval values better and the GEV the rest. It 

could also improve design flood estimations based on the AMS at a single site characterised 

by insufficient record lengths e.g. missing data, low outliers and flood peaks exceeding the 

hydraulic capacity of flow-gauging structures. These insufficient record lengths are likely to 

make it impossible to conclusively select a single probability distribution that could 

consistently provide flood frequency estimates for return periods much greater than the 

period of record.  

 

The DFET procedure to establish and select the most applicable theoretical probability 

distribution(s) to specific return period ranges, is highlighted in following paragraphs: 

 

Cell range 

D12:I12: The check boxes “Included” enable the user to select or exclude a particular 

theoretical probability distribution (cell range D15:I15, column headings) 

from being included in Equation 82 and subsequently plotted on the 

Probabilistic Plot (AMS) chart. 

 
Cell range 

D13:I13: The user must enter the maximum return period in which a particular 

theoretical probability distribution must be taken into consideration. The 

following applies: 
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Cell D13: Comment: “Enter the maximum return period (1.25- 1 000 years) in which the 

EV1/MM must be taken into consideration.” 

Cell E13: Comment: “Enter the maximum return period (1.25- 1 000 years) in which the 

EV2/MM or EV3/MM must be taken into consideration.” 

Cell F13: Comment: “Enter the maximum return period (1.25- 1 000 years) in which the 

LN/MM must be taken into consideration.” 

Cell G13: Comment: “Enter the maximum return period (1.25- 1 000 years) in which the 

LEV1/MM must be taken into consideration.” 

Cell H13: Comment: “Enter the maximum return period (1.25- 1 000 years) in which the 

LP3/MM must be taken into consideration.” 

Cell I13: Comment: “Enter the maximum return period (1.25- 1 000 years) in which the 

GLO/LM must be taken into consideration.” 

 

Cell range 

D14:I14: The user must enter the minimum return period in which a particular 

theoretical probability distribution must be taken into consideration. The 

following applies: 

Cell D14: Comment: “Enter the minimum return period (1.25- 1 000 years) in which the 

EV1/MM must be taken into consideration.” 

Cell E14: Comment: “Enter the minimum return period (1.25- 1 000 years) in which the 

EV2/MM or EV3/MM must be taken into consideration.” 

Cell F14: Comment: “Enter the minimum return period (1.25- 1 000 years) in which the 

LN/MM must be taken into consideration.” 

Cell G14: Comment: “Enter the minimum return period (1.25- 1 000 years) in which the 

LEV1/MM must be taken into consideration.” 

Cell H14: Comment: “Enter the minimum return period (1.25- 1 000 years) in which the 

LP3/MM must be taken into consideration.” 

Cell I14: Comment: “Enter the minimum return period (1.25- 1 000 years) in which the 

GLO/LM must be taken into consideration.” 

 



Flood Hydrology Course 

22- 24 May 2023 

 

76 

 

Probabilistic methods (PDS): 
 
Cell G29: Select the appropriate plotting position method from the group box (drop-

down list, 6 options available) to establish the plotting constants in cells F7 (a) 

and F8 (b) respectively. 

 
Cell C29: Click and hold the mouse cursor in position. The following comment box 

related to the source data range (“Ranked PDS” series) will appear on screen: 

 

 

 

 

 

 

 

 

 

 

Figure 40 is illustrative of the Edit Series window that will appear on screen after the steps 

contained in the above-listed comment box were followed. 

 

 

 

 

 

 

 

 

 

 

Figure 40: Edit Series window (Probabilistic Plot, PDS) 

 

 

 

CLICK ON "PROBABILISTIC PLOT (PDS)". 
 
RIGHT-CLICK ON THE RELEVANT CHART. 
 
SELECT "SELECT DATA" FROM THE LIST. 
 
SELECT THE "RANKED PDS" SERIES FROM THE LEGEND ENTRIES (SOURCE DATA). 
 
CLICK ON "EDIT". 
 
EDIT THE END X (E) and Y (B) DATA RANGE VALUES ACCORDING TO THE END-VALUE AS INDICATED IN CELL C29 
(e.g. "37"). 
 
THE DEFINED DATA RANGE (Ending at e.g. "37") WILL BE AS FOLLOWS: 
 
SERIES X VALUES: R3: R37 
SERIES Y VALUES: O3: O37 
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The DFET procedure to establish and select the most applicable theoretical probability 

distribution(s) to specific return period ranges, is highlighted in following paragraphs: 

 

Cell range 

D30:I30: The check boxes “Included” enable the user to select or exclude a particular 

theoretical probability distribution (cell range D33:I33, column headings) 

from being included in Equation 82 and subsequently plotted on the 

Probabilistic Plot (PDS) chart. 

 
Cell range 

D31:I31: The user must enter the maximum return period in which a particular 

theoretical probability distribution must be taken into consideration. The 

following applies: 

Cell D31: Comment: “Enter the maximum return period (1.25- 1 000 years) in which the 

EV1/MM must be taken into consideration.” 

Cell E31: Comment: “Enter the maximum return period (1.25- 1 000 years) in which the 

EV2/MM or EV3/MM must be taken into consideration.” 

Cell F31: Comment: “Enter the maximum return period (1.25- 1 000 years) in which the 

LN/MM must be taken into consideration.” 

Cell G31: Comment: “Enter the maximum return period (1.25- 1 000 years) in which the 

LEV1/MM must be taken into consideration.” 

Cell H31: Comment: “Enter the maximum return period (1.25- 1 000 years) in which the 

LP3/MM must be taken into consideration.” 

Cell I31: Comment: “Enter the maximum return period (1.25- 1 000 years) in which the 

GLO/LM must be taken into consideration.” 

 

Cell range 

D32:I32: The user must enter the minimum return period in which a particular 

theoretical probability distribution must be taken into consideration. The 

following applies: 

Cell D32: Comment: “Enter the minimum return period (1.25- 1 000 years) in which the 

EV1/MM must be taken into consideration.” 



Flood Hydrology Course 

22- 24 May 2023 

 

78 

 

Cell E32: Comment: “Enter the minimum return period (1.25- 1 000 years) in which the 

EV2/MM or EV3/MM must be taken into consideration.” 

Cell F32: Comment: “Enter the minimum return period (1.25- 1 000 years) in which the 

LN/MM must be taken into consideration.” 

Cell G32: Comment: “Enter the minimum return period (1.25- 1 000 years) in which the 

LEV1/MM must be taken into consideration.” 

Cell H32: Comment: “Enter the minimum return period (1.25- 1 000 years) in which the 

LP3/MM must be taken into consideration.” 

Cell I32: Comment: “Enter the minimum return period (1.25- 1 000 years) in which the 

GLO/LM must be taken into consideration.” 

 

3.6.3 Calculation procedure 
 
Plotting position methods: 

 T = 
bm
an

−
+         (80) 

where: 

 T = return period [years], 

a = constant [Table 5], 

 b = constant [Table 5], 

 m = number, in descending order, of the ranked events (peak flows), and 

 n = number of observations/record length [years]. 

   

Table 5: Common plotting position methods (SANRAL, 2006) 

Method Plotting position Theoretical probability distribution 
Beard   (1962) a = 0.40 and b = 0.30 Pearson Type 3 
Blom   (1958) a = 0.25 and b = 0.375 Normal 
Cunnane  (1978) a = 0.20 and b = 0.40 General purpose 
Greenwood  (1979) a = 0.00  and b = 0.35 GEV and Wakeby 
Gringorten  (1963) a = 0.12 and b = 0.44 Extreme Value Type 1, GEV and Exponential 
Weibull  (1939) a = 1.00  and b = 0.00 Normal and Pearson Type 3 
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Probabilistic methods and plotting (AMS & PDS): 

 P = 
T
1          (81) 

QP = ( )( ) ( )[ ]




 +

N
QQQ Nii 1logexp10      (82) 

where: 

QP = probabilistic peak flow based on the MLVA [m3/s], 

P = probability of annual exceedance [fraction], 

N = number of probability distributions used, 

Qi , i+1 = peak flows based on a recognised theoretical probability distribution, with a 

      minimum of two probability distributions used in combination [m3/s], and 

T = return period [years]. 

 

The individual peak flows (Qi) in Equation 82 can either be based on the combination of two 

or more theoretical probability distributions, e.g. LN, LP3, GEV and/or GLO distributions. 

The DWA, Directorate: Flood Studies recommends and use Equation 82 in their flood studies 

and safety evaluation of dams (Van der Spuy and Rademeyer, 2010).  

 

Examples of the Probabilistic Plotting worksheet illustrative of above-listed instructions and 

calculation procedures applicable to the AMS and PDS are shown in Figures 41 and 42 

respectively, while the AMS and PDS probabilistic charts (plotting results) are shown in 

Figures 43 and 44, respectively. 
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Figure 41: Example illustrating the MLVA based on Equation 82 (AMS) 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 42: Example illustrating the MLVA based on Equation 82 (PDS) 
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Figure 43: Probabilistic plot based on the ranked AMS and Cunnane plotting position 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 44: Probabilistic plot based on the ranked PDS and Cunnane plotting position 
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4. SUMMARY 
 
4.1 Summary Report 

 
The and buttons can be used to view and examine the 

design flood estimation results summarised in both a tabular and graphical format. The 

summary in tabular format is shown in Figure 45, while the summary plot (chart) is 

illustrated in Figure 46. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

Figure 45: Summary of results (tabular format) 

 

SUMMARY PLOT SUMMARY 
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4.2 Summary Plot 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 46: Summary of results (chart) 
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