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ABSTRACT 

The town of Heidelberg located in the Southern Cape of South Africa has been severely affected 

by damaging floods from the Duiwenhoks River for the past decade. This study assesses how 

flood risk drivers, within the catchment, have changed through the historical record. The 

rainfall records in the catchment show a significant increase in the frequency of extreme events 

over time, coupled with a marked increase in the intensity of these extreme events. This 

pattern is mirrored by the river flow records for the Duiwenhoks River, showing an increase in 

frequency and intensity of high river flow rates over the historical record. Land-use change is 

shown to be a significant driver of damaging flood risk, where the removal of natural 

vegetation, replaced with ploughed agricultural land, has altered the catchment hydrology by 

increasing surface runoff. The period from 1942 to 2003 shows a decrease in natural vegetation 

from approximately 74% to 21% in the study site. This land-use change is coupled with an 

increase in the urban density of Heidelberg, which increases to risk of damaging flooding 

occurring. Modeling using HydroCAD for a hypothetical catchment of similar conditions to the 

Duiwenhoks catchment shows a similar flood hydrograph curve for a 150mm rainfall event with 

ploughed land and a 250mm rainfall event with natural vegetation. The interaction of these 

factors has led to an increase in the overall flood risk of the catchment over time.  
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INTRODUCTION 

Over the past decade the Southern Cape of South Africa has reported large economic, 

infrastructural and socio-economic losses as a result of flood and drought events. Reports from 

the Disaster Mitigation for Sustainable Livelihoods Programme (DiMP) of the University of Cape 

Town show the Duiwenhoks River, near Heidelberg in the Southern Cape, to have flooded 

almost annually in 2003, 2004, 2006, 2007 and 2008. Although floods are a natural part of a 

river’s cycle, these floods have caused in excess of R30 million damage to infrastructure, 

housing and gauging stations situated on the river banks and flood plain (DiMP, 2010), while 

the damage to agricultural property situated in the flood plain of the river remains 

unaccounted for. An analysis of flood causation within the Duiwenhoks River Catchment can 

provide useful information to inform policy makers and the management structures for the 

river catchment, so as to reduce the flood damage potential on the town and surrounding 

agricultural land. This project, therefore, explores potential changes in flood drivers throughout 

the historical record in order to assess flood causation and risk within the upper Duiwenhoks 

Catchment.  

 

STUDY SITE 

The source of the Duiwenhoks River is in the Langeberg Mountain Range located north of 

Heidelberg, in the Southern Cape of South Africa (Figure 1) and flows southwards towards the 

Indian Ocean. The Duiwenhoks River has two major tributaries that confluence north of 

Heidelberg, before flowing through the town. The Duiwenhoks Dam was built on the eastern 

tributary and can, thus limit many smaller flood events by controlling the amount of water 

released into the Duiwenhoks itself. The dam has a capacity of 6.2million m
3
 of water (CSIR, 

2006) and needs to be managed appropriately as it has the potential to cause small scale 

flooding if dam water levels are high and the area is hit by an intense storm system. The 

Duiwenhoks River is approximately 83km in length and drains a total catchment area of 
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1340km
2
 (Department of Environmental Affairs and Tourism, 2001). Of the total catchment 

land surface area in 2001 approximately 46% was agricultural land, while 52% was natural 

shrubland (Department of Environmental Affairs and Tourism, 2001). The natural vegetation 

found within the catchment is Renosterveld fynbos, with some wetlands and water bodies 

(CSIR, 2006). This project will; however, only analyse the upper catchment (north of Heidelberg) 

where most of the economic losses have been reported.  

The upper course of the Duiwenhoks River has several peat wetland areas, dominated by 

palmiet reeds, which can play a significant role in flood mitigation and flood water absorption 

(Bullock and Acreman 2003). These systems have; however, reportedly been degraded 

significantly by the encroachment of agricultural land, alien vegetation invasion and flood 

control structures (CSIR, 2006) resulting in a compromised ability to reduce flood peaks. Floods 

in the Duiwenhoks River catchment predominantly occur when the area is subject to intense 

rainfall, brought about by cut-off lows and powerful storms. Cut-off lows are weather systems 

usually associated with intense amounts of precipitation falling over a short period of time.  

Figure 1: Heidelberg (Southern Cape) 

 

SOURCE: GOOGLE EARTH (2010) 
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The area surrounding Heidelberg was originally settled on in 1725 by farmers; however, land 

was bought on the banks of the Duiwenhoks River in 1855 by the Riversdale Church Council in 

order to build a town. The Town was named Heidelberg after a German city and is now home to 

approximately 6500 residents (Heidelberg info centre, 2006). Heidelberg falls under the 

Hessequa Local Municipality (WC042) (Community Survey, 2007). The Hessequa Municipality is 

home to approximately 39 081 persons living in 12 481 households. The average annual 

household income for the municipality is R39 079, which is significantly lower than many other 

local municipalities such as Drakenstein and Stellenbosch which exceeds R200 000 per year 

(Community Survey, 2007). The low levels of household income for the area may increase the 

vulnerability of the town to flooding by reducing the ability of individuals and the municipality 

to adapt sufficiently to flood risks. As a result effective management of the catchment should 

become even more of a priority, so as to reduce the amount of money spent on response to a 

flood. 

 

RELEVANT LITERATURE 

A flood is defined as the height of water level above a certain point (such as a river’s banks) 

(Alexander, 1993). Riverine floods are either slow-rising; caused by long durations of rainfall or 

snowmelt, or abrupt in nature. Abrupt floods are called flash floods and are mainly caused by 

intense rainfall events, often causing the greatest amounts of damage (Alexander, 1993). River 

flow dynamics are largely influenced by the size of the catchment, climate variation, underlying 

geology, gradient and amount and type of vegetation cover (LeRoy Poff, David Allan, Bain, Karr, 

Prestegaard, Richter, Sparks and Stromberg, 1997). Riverine flooding is reportedly the most 

frequent form of disaster on the global scale, and is more destructive than any other type of 

flooding (Walter, 1999). Over the past 20 years there have been more engineered structures 

destroyed by floods in South Africa than there have been in Europe over the last 200 years 

(Alexander, 2002). This loss may be due to a broad range of causes and the study of flood 

dynamics and causation within the South African context is therefore very important so as to 
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reduce the economic impact of riverine flooding on South African infrastructure and 

agriculture.  

Flood hydrology is an important concept when researching the drivers of damaging floods. This 

science is concerned with the amount of rainfall reaching the earth’s surface and the water’s 

distribution and movement from there (Dodson, 1999). There are several factors influencing 

the proportion of rainfall that becomes surface runoff. Natural land cover greatly influences 

how much precipitation reaches the land surface and the velocity at which it strikes. Natural 

vegetation is therefore important as it increases infiltration by increasing surface porosity and 

prevents the compaction of the underlying soil (O'Keeffe, Uys and Brunton, 1999). The 

presence of vegetation also increases the duration water flows over the land surface, as flow 

rates are decreased, which in turn creates more opportunities for water to infiltrate into the 

soil rather than flow over the surface into the river (O'Keeffe et. al., 1999). 

The run-off generated by rainfall is also influenced by the infiltration capacity of the underlying 

land surface or when infiltrated water causes a rapid sub-surface flow (Bronstert, Niehoff and 

Burger, 2002). Overland flow is either generated by low infiltration capacity of the surface 

coupled with excess amounts of rainfall, or due to a saturated underlying surface. Human 

activities, such as agricultural expansion can alter the amount of run-off generated in a 

catchment area (Bronstert et. al., 2002). This may be done by compacting the soil and reducing 

the infiltration capacity or removing natural vegetation, which usually increases infiltration, 

from the surface, (Bronstert et. al., 2002). Land-use change is therefore an important driver in 

assessing flood causation within a river catchment. Agriculture is a large contributor to land-use 

change, where the removal of natural vegetation replaced by bare soil and crops may alter the 

overland flow conditions of a catchment such as the Duiwenhoks River. 

Wetlands play an important role in the hydrological cycle due to their capacity to reduce 

flooding and recharge groundwater as well as store water, which is important for releasing 

water during periods of low flow (Bullock and Acreman, 2003). The presence of vegetation in 

wetland areas along rivers slows down flow rates and increases transpiration (Mitsch and 
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Gosselink, 2000). A wetland effectively holds flood waters and releases it slowly after the 

passing of the flood. This reduces the potential impact of a large flood. The presence of a 

wetland area in the mountain area of the Duiwenhoks river may therefore be an important 

factor in flood management, however if the wetland has been degraded it may have increased 

the flooding frequency and intensity of the river system. The alteration of the river course and 

channelisation of the river can also increase the magnitude of flooding because it reduces the 

storage capacity of the river and also accelerates the speed of water flowing through the river 

at that point (LeRoy Poff et. al. 1997). 

Past management policies and strategies have been focused on post-flood recovery and not on 

the mitigation of risk and flood prevention (Viljoen and Booysen, 2006). Flood disaster 

management has also been largely uncoordinated and focused on post-event rehabilitation, 

rather than preventative measures and cooperative planning in water and river management 

between various stakeholders such as agriculture, DWAF, Environmental Affairs and private 

farm owners (Viljoen and Booysen, 2006). The Disaster Management Act (No. 57 of 2002) 

stresses the importance of risk prevention and reduction as well as mitigating severity and 

effective response to a disaster event, rather than promoting post-event recovery. This 

response and planning in order to reduce risk needs to be carried out on a national, regional 

and local government scale (Viljoen and Booysen, 2006). These initiatives need to incorporate 

the public and include all stakeholders in decision making and the management of river 

catchment processes. It is therefore important to perform studies of flood dynamics and 

causation of floods in South Africa. Studies can potentially provide good quality information to 

planners and decision makers who are able to put in place measures to reduce the impact of 

flooding and lower the vulnerability of the local municipality to the flood hazard. 

Midgley, Chapman, Hewitson, Johnston, de Wit, Ziervogel, Mukheibir, van Niekerk, Tadross, van 

Wilgen, Kgope, Morant, Theron, Scholes and Forsyth
 

(2005) suggest that the Western Cape and 

Northern Cape are the two provinces within South Africa that are most at risk to potential 

climate change scenarios for the country. The authors suggest that projections for the Western 

Cape show a general drying trend for the future, while precipitation patterns are expected to 
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become more irregular with increasing intensity. Projections suggest that there will be an 

increase in the amounts of summer precipitation towards the east of the Western Cape (such 

as Heidelberg), with the highest increases associated with high topography. The source of the 

Duiwenhoks is in the Langeberg Mountain Range, while Heidelberg is situated close to the 

mountain. This may result in an increase in summer rainfall in the upper catchment, which 

increases the flood risk profile of the river. The magnitudes of events in mountainous areas are 

also expected to increase in mid to late summer. This study therefore takes place in the context 

of climate change, where changes in circulation patterns in the future may greatly increase the 

flood risk profile of the river.  

 

PROJECT AIM AND OBJECTIVES 

The aim of this research project is to assess whether the apparent flood size, flood frequency 

and damage caused within the Duiwenhoks catchment is a very recent phenomenon, or is a 

continuation of a stable pattern of extreme weather and flood risk. This is done by 

understanding and analysing the drivers of flood. The hypothesis is that either a) the frequency 

and intensity of flood-producing storms has increased, or not, alternatively, b) there has been 

an increase in flood frequency and intensity over the historical record due to changing 

conditions within the catchment that result from poor farming practices, which increases 

surface run-off, as well as inappropriate exposure of infrastructure to flood water, or, c) 

endangering flooding has increased as a combination of both a and b.  

In order to meet these aims, certain possible flood drivers were identified, including: intense 

rainfall, strong velocities and volumes of river flow, dam water release, land-use change, river 

course alteration, wetland degradation and encroachment of human activities and 

infrastructure on the river flood plain. The specific project objectives are therefore: 

− To determine whether the frequency of extreme rainfall events has increased, 

decreased or remained the same through the historical record. 
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− Assess macro level land-use change through the historical record, particularly with 

regards to the Duiwenhoks wetland areas and ploughed land. 

− Determine whether there is a relationship between land-use change, extreme events 

and river flow rates. 

− Analyse data in order to identify the key flood hazard drivers within the Duiwenhoks 

catchment area. 

− Relate drivers to each other and model so as to rank importance of drivers. 

It must be noted that this project was an exploratory project and, therefore, only assesses 

macro-level changes to the catchment. More refined research may be needed to confirm the 

validity of findings generated by this study. 

 

CONCEPTUAL FRAMEWORK FOR ANALYSIS 

Wisner et. al. (2004) use the Pressure and Release model to assess disaster and vulnerability by 

analysing and establishing linkages between root causes and dynamic pressures which lead to 

unsafe conditions. As such, the model describes the progression of vulnerability from the 

underlying circumstances (root causes), which leads a group of people to become vulnerable to 

dynamic pressures, which are processes that translate the root causes into unsafe living 

conditions (Wisner et. al., 2004).  

This project will use an adaptation of the Pressure and Release model to assess and analyse a 

progression of risk through time and space. This model will be a “progression of risk model” 

aiming, not to understand the root causes change in catchment conditions, but rather how 

catchment conditions have changed with time. The root causes of land use change and rainfall 

pattern change are complex, delving into socio-political and economic literature as well as the 

field of climate change, and are therefore beyond the scope of this project. The progression of 
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risk model will attempt to determine how the risk profile has changed throughout the historical 

record. This will entail comparing overall risk for different time periods to establish how the 

flood risk profile of the Duiwenhoks catchment and Heidelberg has changed due to the change 

in flood risk drivers. The model does not assess all potential flood drivers, but will look 

specifically at the largest: rainfall pattern change and land use change, in order to generate an 

overview of how flood risk levels may have increased, decreased or stayed the same through 

time. The model of progression of risk, therefore, does not explore the causation in changes to 

flood drivers, but rather what those changes are and how they may relate to each other and 

interact to influence the flood risk within the catchment. 

 

METHODS 

The proposed hypothesis of the project was that, through the historical record, there is either a 

marked increase in frequency of intense rainfall events over time; or, a large change in land use 

type within the catchment; or, a combination of both, which has influenced flooding in the river 

catchment. The methods used in this project were therefore geared to proving or disproving 

this hypothesis by assessing and analysing flood risk drivers using secondary data sources. 

Initially, daily rainfall data from stations within the Duiwenhoks River catchment were collected 

from the South African Weather Service and analysed in order to determine whether there are 

any trends of increasing or decreasing frequency of intense rainfall events in the catchment. 

The four stations relevant to the catchment were: Heidelberg (SAWS no. 0009815_W), Dun 

Donald (0025450_W), Blackdown (0009783_W) and Strawberry Hill (0025599_W). The rainfall 

data was first examined in order to determine whether any of the recorded values were 

incorrect. A double mass balance analysis was performed on each station’s data to determine 

whether the stations were moved or infrastructure was built next to the station at any point 

through the historical record, which may alter the amount of rainfall recorded by the station 

itself.  
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The analysis involves calculating a cumulative rainfall total every five years and plotting the 

cumulative totals against time. Cumulative rainfall totals at five-year intervals should remain 

relatively constant, thus resulting in a line with a steady gradient. A change of gradient on the 

graph indicates non-stationarity of the data. Statistically, stationarity of data implies 

consistency of means, standard deviations and kurtosis or skewness of the data. A deviation of 

stationarity results from gauge translocation, which changes rain catch characteristics, or 

another external factor, which may have influenced the amount of rainfall measured by the 

gauge. A correlation was then run between each station so as to assess whether each station 

received rainfall at the same time – indicating whether rainfall events occurred over the entire 

catchment at a specific time, or whether the events were more localized and rainfall fell in 

certain parts of the catchment and not others. The daily rainfall totals were then plotted in a 

column chart using a base level (minimum) of 50mm to determine the number of extreme 

rainfall events over each period of 30 years. The data collected from the SAWS is incomplete in 

some places, where daily rainfall totals were not recorded. Periods where large amounts of 

data are missing were omitted from the study. Figure 2 shows the locations of stations within 

the catchment. 

Daily river flow rate data were extracted from the Department of Water Affairs database for 3 

points in the river. These data were then correlated with the rainfall data in order to establish 

whether there is a relationship between precipitation totals and river flow rates (at a 24 hour 

time scale). The flow rates were then displayed on a column chart to assess whether the 

frequency of high flow rates, within the river, occurring has changed through the historical 

record. The river flow data for the Duiwenhoks was largely complete; however, there were 

missing values in the data. This was not a big drawback as the study is only assessing extreme 

events. 
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Figure 2: Duiwenhoks catchment data stations 

 

SOURCE: GoogleEarth 

Aerial photographs dating back to 1942 were obtained from the Department of Surveys and 

Mapping. These images were sorted through and the ones relevant to the study site were 

georeferenced using ArcMAP. The photos were from different flights performed in 1942, 1954, 

1960, 1974, 1991 and 2003. Once the photos were georeferenced they were cut and the area 

common to each time period was established. Polygon features were traced over the photos 

from each time period. These polygon features depicted different types of land use, classified 

as: Urban, Natural Vegetation, Pasture, Ploughed Land and River course. The total land area of 

each land use category was calculated for each time period in order to determine the extent of 

land-use change over the historical record. These results were then plotted in graphs using 

MSExcel in order to visualize the results better. Wetlands extent was determined using the 

photographs, while the expansion and densification of Heidelberg was also analysed from the 

aerial photographs. The photographs used in the analysis were black and white resulting in 

difficulty in identifying land use types from them. The photographs of each period did not cover 
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the entire catchment or area and therefore, a common area for each time period therefore had 

to be identified and assessed. 

Precipitation events were modeled using HydroCAD under different catchment conditions 

determined from the research in order to assess how each driver influences river flood 

dynamics. These results were then scaled up to the study site level in order to assess the 

influence of these flood drivers and attribute  significance to each driver on flood causation. 

HydroCAD was not designed for a catchment area the size of the Duiwenhoks catchment and 

results therefore need to be upscaled to catchment conditions. The catchment conditions used 

for modeling are discussed in the results section below. 
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RESULTS 

RAINFALL IMPACTS 

Figure 3 shows the mass balance analysis performed on the daily rainfall data for each rainfall 

station within the catchment. Each graph is a straight line graph depicting cumulative rainfall at 

5-year intervals for each station. The graphs clearly show that Strawberry Hill, Blackdown and 

Heidelberg stations have a much longer record than Dun Donald. Each graph shows a relatively 

constant gradient, suggesting that rainfall totals recorded by each gauge have not been 

influenced by the building of infrastructure near the station, or that the stations have not been 

relocated at any point through the historical record. The graphs showing Heidelberg and Dun 

Donald have a slight gradient change between the first 5 year interval and the second. This 

occurs because the time intervals are at 5 years, but the data begins at a point somewhere 

between the first and fifth year. Strawberry Hill shows a small deviation in gradient between 

the 11
th

 and 12
th

 interval; however at the 13
th

 5-year interval, the gradient returns to what it 

was previously. This suggests that the 12
th

 5-year period on record may have been a period of 

lower rainfall than usual recorded for the station. This suggests that there is stationarity in the 

rainfall records and that the data is of good quality 
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Figure 3: Mass balance analysis for the rainfall stations in Duiwenhoks catchment. 

 

 

 

 

 

 

 

 

 

 

 

 

Figures 4, 5 and 6 show the progression of extreme rainfall events through the historical record 

for the rainfall station in Heidelberg. Each graph shows the number of rainfall events above 

50mm for a 30 year period. Extreme rainfall events are likely to be a main driver of flood risk 

within the catchment. The period of 1920-1949 (Figure 4) shows 10 events where daily 

precipitation was recorded at over 50mm. This can be compared with the period of 1950-1979 

where there were once again 10 events over 50mm and the period of 1980-2009 where there 

was a large increase of extreme events to 17.  
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Figure 4: Extreme rainfall events for Heidelberg (1920-1949) 

Figure 5: Extreme rainfall events for Heidelberg (1950-1979) 
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Figure 6: Extreme rainfall events for Heidelberg (1980-2009) 

 

The graphs display not only an increase in the number of extreme events recorded by the 

Heidelberg station, but also show a marked increase in the intensity of these events, 

particularly after 2000. The rainfall station for Heidelberg therefore suggests that the frequency 

and intensity of extreme events has increased over time. 

Figures 7, 8 and 9 show the number of extreme rainfall events recorded at the Blackdown 

station for three time periods (1920-1949, 1950-1979 and 1980-2009). Once again a minimum 

value of 50mm was chosen to define an extreme rainfall event. The graphs clearly show how 

the number of extreme events recorded increase from 12 to 13 to 14 over the record. It is; 

however, evident from inspection of the graphs that the magnitude of these events increases in 

the period from 1980-2009. Therefore the rainfall station has measured a slight increase in the 

number of rainfall events (although not statistically significant) over time, but the average 

magnitude and peaks of these events have also increased over the same period. This has 
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implications for flooding in the Duiwenhoks River because the river has more rainfall falling 

over a shorter period of time, which may increase the total river flow. 

 

Figure 7: Extreme rainfall events for Blackdown (1920-1949) 
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Figure 8: Extreme rainfall events for Blackdown (1950-1979) 

 

 

 

 

 

 

 

 

 

Figure 9: Extreme rainfall events for Blackdown (1980-2009) 
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Figure 10 displays the number of extreme rainfall events recorded at Dun Donald. 

Unfortunately the record at the station is relatively short and therefore only extends from 

1982-2009. The graph; however, shows 21 extreme events recorded over this period, but there 

is clearly a marked increase of frequency and intensity of these extreme events towards the 

end of the record (2002 and onwards). This increase in extreme events corresponds with the 

increase of flooding reported in Heidelberg over the past decade.  

Figure 10: Extreme rainfall events for Dun Donald (1980-2009) 

33 events above 

 

 

 

 

 

 

 

 

Finally, Figures 11, 12 and 13 show the record of extreme rainfall events for the station at 

Strawberry Hill for the periods: 1920-1949, 1950-1979 and 1980-2009. The Strawberry Hill 

station is located at a higher altitude, further up the mountain, than the other stations and 

therefore experiences larger amounts of precipitation during a rainfall event. As a result the 

maximum precipitation values for the station are much higher than those recorded at other 

stations and the minimum value for an extreme event was changed to 70mm. The figures 
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clearly show that the period from 1920-1949 records 18 rainfall events of greater than 70mm. 

While this drops to 12 events from 1950-1979, it then doubles to 24 events during the period of 

1980-2009. 

Figure 11: Extreme rainfall events for Strawberry Hill (1920-1949) 

 

 

 

 

 

 

 

 

 

Figure 12: Extreme rainfall events for Strawberry Hill (1950-1979) 
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Figure 13: Extreme rainfall events for Strawberry Hill (1980-2009) 

 

Figure 13 shows that many of the extreme events particularly towards the end of the record 

approach the 100mm mark. This is different to the recorded values for the previous two 

periods, where most of the precipitation values are at about 70mm. The maximum value of the 

1980-2009 record approaches 250mm (2005), whereas the previous two periods are at about 

160mm. There is a marked increase in extreme rainfall events from 33 in 1950-1979 to 54 

between 1980-2009. Figure 11 shows no extreme events from 1950-1957. This time period 

corresponds with the same period where there is a change in gradient for the mass balance 

(Figure 3), indicating that this may have been a period of lower rainfall than usual.  

 

The results of the rainfall analysis show that, in general, there was an increase in the frequency 

of extreme events from 1950-1979 to 1980-2009 (Figure 14). This increase in event frequency 

may influence the amount of flooding experienced in the Duiwenhoks catchment, but is further 

augmented by the increase in intensity for these events over the same period, where there is a 
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marked increase in the volumes of precipitation recorded per extreme event on the record. This 

increase in rainfall magnitude would influence the flood dynamics of the catchment, because 

increased amounts of rainfall would increase the amount of surface runoff within the 

catchment, which would, in turn, increase the volume and velocity of water flowing in the river 

channel, which would then spill over into a wider flood plain, where waters travel faster than 

they had in the past. 

Figure 14: Extreme events frequency changes with time  
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RIVER FLOW IMPACTS 

River flow rates have a large influence on flood damage, as the larger amounts of energy in 

higher velocity water is more destructive than a slow-moving waters. Figure 15 (below) shows 

the river flow rates for the station at Kliphoogte along the Duiwenhoks River from 1964 to 

2003. The record at the station is unfortunately not longer and, from the graph, one can 

identify no discernable change in the frequency of high river flow rates. The Kliphoogte station 

is, however, situated at the Duiwenhoks Dam and is therefore influenced by dam release and 

retention. As a result, when high levels of precipitation have fallen and the dam is empty, the 

station is unlikely to record any changes in river flow rates. This effect of the dam makes it 

difficult to establish whether the frequency of high river flow rates has changed with time. 

 

Figure 15: River flow rates for Kliphoogte (1964-2003) 
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The river flow rates for the station at Dassiesklip are shown in Figure 16. Dassiesklip is located 

further south than Heidelberg, outside of the study site, but is still along the same river and 

should record a similar pattern to river flow rates further upstream. From the graph one can 

clearly establish that the frequency of occurrence of river flow rates of greater than 50m
3
/sec 

has increased significantly from 1967 to 2007. There is a particular increase in frequency in the 

1990s, while the magnitude of these extreme river flow events has also increased with time, 

particularly from 2003 onwards. This pattern may be due to changes in rainfall frequency and 

intensity over time (shown previously) or the change in land use with time or a combination of 

both. 

 

Figure 16: River flow rates for Dassiesklip (1967-2007) 
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LAND USE IMPACTS 

The analysis of land use change for the catchment area over time required georeferencing 

aerial photographs from different time periods. The photo record for the entire catchment is 

incomplete and therefore some areas of the catchment could not be analysed. The common 

area covered by photographs for each time period was compared and mapped. These results 

were then scaled up to the entire upper catchment of the river and give a clear indication of the 

land use change processes prevalent in the area.  

Figure 17 shows the area covered by georeferenced photographs for the year 1942 (the other 

years are found in the appendices). The photographs only cover the middle portion of the 

upper catchment of the Duiwenhoks River. The thick black line enclosing the area is the 

catchment boundary. 

Figure 17: Photographic record for Duiwenhoks upper catchment in 1942 
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Figure 18 displays the different land use zones identified from the aerial photographs of 1942. 

From the land use classification, it is clear to see that much of the catchment, particularly closer 

to the mountain, is covered by natural vegetation, while ploughed land is prevalent nearer to 

the river and lower down in the catchment. There are small fields of pasture, which have not 

been ploughed but are not natural vegetation, found in the catchment. 

Figure 18: Land use for 1942 

 

 

 

 

 

 

 

 

 

 

 

The photographs covering the year of 1954 are clearly at a larger scale than those of 1942 and 

show a larger portion of the catchment. The photos, unfortunately, do not cover the north-

western corner of the catchment, where most of the wetlands are found. 
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Figure 19 displays the land use zones identified from the 1954 photographs. The results show 

small amounts of change to land use within the catchment, except a slight increase in the 

amount of pasture present. Ploughed land has remained relatively constant since 1942 and is 

mostly found away from steep slopes and areas with large gullies. 

Figure 19: Land use for 1954 

 

 

 

 

 

 

 

 

 

 

 

The 1960 photographic record covers most of the catchment area. These photos are also used 

for determining changes in wetland extent over time as the photographs cover the north-

western corner of the catchment. Figure 20 shows how pasture and natural vegetation have 

now started to decrease in extent as ploughed land becomes more prevalent in the catchment, 
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notably along the banks of the Duiwenhoks River and its tributaries. This increase in ploughed 

land may increase surface runoff and thus increase the overall flood risk of the river. 

Figure 20: Land use for 1960 

 

 

 

 

 

 

 

 

 

 

Figure 21 shows how ploughed land becomes much more prevalent in 1974, resulting in a 

decrease in the total amount of natural vegetation and pasture within the catchment. This 

trend is followed in Figure 22, depicting land use for 1991 where pasture disappears altogether 

and there is a marked increase in the amount of ploughed land extending throughout the study 

area, even along areas that were previously too eroded and steep to farm on. This may be due 

to improvements in farming technologies and the need for farmers to expand to compete with 

local and global markets. 
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Figure 21: Land use for 1974 

 

 

 

 

 

 

 

 

 

 

Figure 22: Land use for 1991 
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The land use within the study area for the year 2003 is shown in Figure 23. From the image it is 

clear to see that ploughed land covers the catchment area almost entirely, except for a few 

isolated islands of natural vegetation. The ploughed lands are no longer confined to a close 

relationship with river channels but can also be found on steep slopes. This has significant 

implications for surface runoff and increasing flood risk, where less precipitation is infiltrated 

into the soil due to an increase in ploughed land. 

Figure 23: Land use for 2003 

 

 

 

 

 

 

 

 

 

The colour image of the catchment in Figure 24 depicts present day catchment conditions. The 

image clearly shows the dominance of ploughed farmlands in the catchment. Overall the 

change in land use zone extent was calculated and shown in Table 1. The table shows how 

natural vegetation has decreased significantly through the historical record from approximately 

74% in 1942 to 21% in 2003 (Figure 25), which corresponds with a large increase in the extent 

of ploughed land within the catchment (Figure 26). 
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Figure 24: Present day catchment conditions 

 

 

 

 

 

 

 

 

 

 

Table 1: Land use extent change with time 

Area(ha) 
Land use zone 

1942 1954 1960 1974 1991 2003 

Natural Vegetation 12796 12361 9393 7778 5505 4294 

Pastoral 414 701 108 130 0 0 

Ploughed 4198 3954 7702 9296 11794 12986 

River Course 356 662 513 523 408 426 

Urban 189 263 207 197 217 217 
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Figure 25: Natural vegetation decline (ha) 1942-2003 in Duiwenhoks River catchment 

 

Figure 26: Ploughed land change (ha) 1942-2003 in Duiwenhoks River catchment 

 

Photographs from 1960 to present day were compared to determine any transformations in 

wetland extent through time. The photographs from 1960 were in black and white and it is 

therefore difficult to identify the extent of a wetland from them. There are many wetland areas 

within the catchment; however it is evident that the largest and potentially most important 

ones are located in the north-western corner of the catchment. The clearly identifiable 

wetlands are shown in Figure 27 below: 
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Figure 27: 1960 wetland extents 

 

 

 

 

 

 

 

 

 

Figure 28: 2010 Wetland extents 
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The wetland extent shown in Figure 28 establishes that wetlands have not been degraded 

significantly spatially since 1960. It is possible that the types of vegetation within these wetland 

areas have changed over time, which may have an influence on the flood dynamics of the river, 

but this is impossible to tell using black and white photographs as evidence. It is clear that 

wetlands in the upper catchment have maintained much of their original extent and are 

therefore not a major flood risk driver in this context. 

The encroachment of the town of Heidelberg on the Duiwenhoks banks was identified as a 

potential source of flood risk, because more people and infrastructure would be exposed to 

floods caused by extreme rainfall events. Figure 29 shows the urban extent of Heidelberg in 

1942: 
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Figure 29: Heidelberg (1942) 
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Figure 30: Heidelberg (2010) 
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Figure 30 displays the present day layout of Heidelberg. A comparrison of 1942 and 2010 shows 

that althought the town boundaries have not extended, there is a marked increase in the urban 

density of the town between 1942 and present. There has also been further development to 

the south of the town. An increase in urban density near to a river, where the flood plain may 

be changing due to the marked change in land use within the catchment and the change in 

extreme rainfall frequency and intensity, increases the flood risk of the town. This illustrates 

the progression of flood risk from 1942 to present as a function of changing land use types and 

precipitation dynamics, creating a significant need for adaptive and effective management of 

the river to reduce flood risk. 

 

HYDROCAD RESULTS 

HydroCAD is a computer model used by flood hydrologists and engineers to generate flood 

hydrographs under varying catchment and storm conditions (HydroCAD, 2010). A hypothetical 

catchment of similar catchment conditions to the Duiwenhoks River catchment was modeled 

using this program under four states. Initially two models were run of a catchment with natural 

vegetation cover exposed to an extreme 24-hour rainfall event of 150mm and then of 250mm, 

reflecting the maximum values found in the rainfall station data for Strawberry Hill. This was 

then changed to two model runs of a catchment of pasture land cover exposed to a 24-hour 

extreme rainfall event of 150mm and 250mm. The hydraulic length of the catchment in the 

model was estimated to be 200m while an average land slope of 0.033 was used. For the 

natural vegetation model runs, the vegetation type used was “sage brush”, while the land cover 

used for ploughed land was “crop residue (good condition)”. The land-use options chosen are 

based on those offered by Hydrocad and they are in turn based on the development of the Soil 

Conservation Service (SCS) model developed by the United States Department of Agriculture (USDA). 

The SCS parameter values chosen were considered to be the closest to what existed on the ground in 

the Duiwenhoks catchment. The results of the modeling are shown in Figure 31. 
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Figure 31: Modeling results (Flood hydrographs for hypothetical catchment) 

 

From the results on can see that there is a clear distinction between the output hydrographs 

under different catchment conditions. When the catchment is covered by ploughed land, the 

flood peak is at approximately 0.75m
3
/s for a 250mm rainfall event. This drops significantly to a 

flood peak of approximately 0.38m
3
/s for the same rainfall event under catchment conditions 

of natural vegetation cover. This pattern is the same for the 150mm extreme event, where the 

flood peak predicted for a catchment of ploughed land is approximately 0.4m
3
/s while this 

decreases to 0.12m
3
/s for the same catchment covered with natural vegetation. 

The results clearly suggest that the size of rainfall events is significant in determining the size of 

the flood peak (about a 0.3-0.35m
3
/s increase from 150mm to 250mm), while land use is also 

significant. It is interesting to note that the flood hydrograph for the catchment with natural 

vegetation and a storm event of 250mm is similar in magnitude and shape to that of the 

catchment with ploughed land and an event of only 150mm.  

Time (hours) 
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These results are for a hypothetical catchment of 5 hectares, but are still relevant to the 

Duiwenhoks catchment. The changes in catchment dynamics over time are significant in 

influencing the flood peak flow rates and volumes and the overall flood risk profile of the 

catchment. 

 

DISCUSSION AND CONCLUSION 

The results from the research indicate that the overall flood risk profile of the Duiwenhoks River 

catchment has increased over time. The flood risk profile is shown to be influenced by a wide 

range of complex interactions between many factors. The rainfall records suggest that the 

frequency of intense rainfall events has increased over the historical record. This increase in 

frequency was most significant from the period of 1950-1979 to 1980-2009, while particularly 

significant after 2000. Furthermore, the increase in frequency of these extreme events has 

been coupled with an increase in intensity in the volume of rainfall falling during a storm. These 

findings are similar to the future trends projected by Midgley et. al. (2005). The authors project 

an increase in extreme event intensity, particularly in mountainous regions such as Heidelberg. 

This change in rainfall dynamics influences the flood hydrology of the catchment, because, 

during an extreme event, there is more rainfall than there would be previously. This excess 

rainfall would not be infiltrated into the soil, but would increase the surface runoff into the 

stream channel, thus increasing the volume of water in the channel and the rate at which it 

flows. These results are consistent with the expected results from the literature explored. As a 

result of increased volumes and flow rates during an extreme rainfall event, the respective 

flood frequencies have changed, where a past 1 in 20 year flood event may be a present day 1 

in 10 year flood event. It is important to note that the frequency of these events has increased, 

thus allowing the region possibly less time between events with which to rebuild and recover 

appropriately. The affected stake holders and infrastructure could potentially be at risk of 

further more frequent socio-economic loss due to endangering flooding, which increases their 
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overall vulnerability to flooding by increasing exposure and decreasing the ability of those 

affected to recover from a flood event.  

The trends shown by the rainfall records are mirrored by the flow records, which also show an 

increase in frequency and intensity of high level flow events. This change in circulation patterns 

may be due to climate change or climate variability, but is coupled with the considerable 

change of land use within the catchment area itself. Although the study could only assess a 

limited area within the catchment and this was done on a very coarse scale, it is fair to say that 

the sample area represents the general trend of land use for the entire catchment. The area 

assessed shows a decrease of natural vegetation from approximately 74% of the area in 1942 to 

about 21% in 2003. Bronstert et. al. (2002) suggest that the removal of natural vegetation and 

ploughing of land reduces the infiltration capacity of the soil and increases surface runoff. This 

has significant implications for a catchment, which has systematically replaced natural 

vegetation with ploughed land through the historical record – shown by the modeling of a 

hypothetical catchment. The consequences of land-use change in changing the flood risk 

dynamics of the catchment agree with the consequences suggested by the literature explored. 

Although the change in spatial extent of the wetlands along the river course is shown to be 

insignificant, it is possible that a change in vegetation type may affect the ability of wetlands to 

‘absorb’ flood waters and release them into the system slowly. The urban density of the town 

of Heidelberg also increases the flood risk of the town. The town has always been located on 

the banks of the Duiwenhoks River. However, the density of infrastructure within the town has 

increased significantly from 1942 to 2003. This development places more buildings and 

infrastructure within the river’s natural flood plain, while the impermeable surfaces used in 

modern day development increase the flow rates of flood waters. These developments face 

increased risk due to drastic land use changes and rainfall pattern changes within the 

catchment.  

None of these factors ever operate independent of the others. As a result, the overall flood risk 

of the area is a function of the interactions between these different factors. The change in 
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rainfall events, coupled with the large scale change in land use within the catchment leads to 

increased runoff during a storm event. This increased runoff may extend the previous flood 

lines to include the town of Heidelberg and is coupled with an increase in the town density and 

the low financial capacity of much of the population (Community Survey, 2007) to cope with an 

external stress. The interaction of these factors has led to a significant increase in the flood risk 

of the catchment over time and provides opportunity for a wide range of management tools to 

be used to manage the flood risk of the area. 

The most important flood driver for the catchment is rainfall. Without rainfall it would be 

impossible for a flood event to even occur. This is shown by the drastic differences shown in the 

flood hydrograph when modeling a 150mm storm against a 250mm storm event. Secondly, the 

land use within the catchment is a significant driver of flood risk in the catchment, shown by 

the modeling of ploughed land opposed to natural vegetation. The flood hydrograph curves 

show a similar shape for a 150mm event in a catchment with predominantly ploughed land and 

a 250mm event in a catchment of natural vegetation. This suggests that land-use change within 

the Duiwenhoks catchment has played a significant role in increasing overall flood risk.  Finally, 

the development of Heidelberg and the increased urban density is identified as a driver of the 

endangering flood risk for the Duiwenhoks River.  

 

The increase in flood risk over time poses a significant problem in the context of sustainability 

for the region and appropriate management structures and programs need to be implemented 

to reduce the overall risk of the catchment. The potential is there to subsidize farmers to grow 

natural vegetation or farm fynbos flowers, so as to increase the amount of natural vegetation in 

the catchment. New flood lines for the town of Heidelberg should be established and future 

development should be done outside of these lines based on a revised assessment of flood 

return period. This conclusion is based on the apparent increase with time of the frequency and 

intensity of extreme weather. Flood plain performance needs to be enhanced by spreading and 

slowing river flow velocities by reintroducing natural vegetation to the river channels, while 



45 

 

‘soft’ engineering options can be used in the river channel itself to slow down and divert flood 

waters. 

The Duiwenhoks River and land-use change is a significant flood risk to the town of Heidelberg 

and surrounding areas. Further study into the flood risk and management of the catchment 

should be undertaken to achieve greater understanding of the system and move towards 

sustainable development within the region. 
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APPENDICES 

1954 Images 

 

 

 

 

 

 

 

 

 

 1960 Images 
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1974 Images 

 

 

 

 

 

 

 

 

1991 Images 
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2003 Images 
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Cross-correlations performed on data: 

CrossCorrelation Function

First : Heidelberg (mm)

Lagged: Blackdow n (mm)

 Conf. Limit-1.0 -0.5 0.0 0.5 1.0

0
 15 .0093 .0076
 14 -.002 .0076
 13 -.011 .0076
 12 -.010 .0076
 11 -.002 .0076
 10 -.005 .0076
  9 .0024 .0076
  8 -.014 .0076
  7 -.010 .0076
  6 .0089 .0076
  5 .0193 .0076
  4 -.005 .0076
  3 .0087 .0076
  2 .0797 .0076
  1 .2964 .0076
  0 .7535 .0076
 -1 .2563 .0076
 -2 .0550 .0076
 -3 .0011 .0076
 -4 -.002 .0076
 -5 .0060 .0076
 -6 .0024 .0076
 -7 -.010 .0076
 -8 -.005 .0076
 -9 .0093 .0076
-10 -.000 .0076
-11 -.006 .0076
-12 -.016 .0076
-13 -.008 .0076
-14 .0020 .0076
-15 .0022 .0076
Lag Corr. S.E.

 

CrossCorrelation Function

First : Heidelberg (mm)

Lagged: Dun Donald (mm)

 Conf. Limit-1.0 -0.5 0.0 0.5 1.0

0
 15 .0165 .0098
 14 .0020 .0098
 13 -.010 .0098
 12 -.014 .0098
 11 .0119 .0098
 10 .0122 .0098
  9 .0046 .0098
  8 .0012 .0098
  7 .0003 .0098
  6 .0098 .0098
  5 -.004 .0098
  4 -.002 .0098
  3 .0029 .0098
  2 .0321 .0098
  1 .2426 .0098
  0 .7254 .0098
 -1 .3044 .0098
 -2 .0485 .0098
 -3 -.005 .0098
 -4 -.006 .0098
 -5 .0119 .0098
 -6 .0118 .0098
 -7 -.001 .0098
 -8 .0003 .0098
 -9 .0046 .0098
-10 .0062 .0098
-11 -.012 .0098
-12 -.014 .0098
-13 -.005 .0098
-14 .0059 .0098
-15 .0028 .0098
Lag Corr. S.E.
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CrossCorrelation Function

First : Blackdow n (mm)

Lagged: Dun Donald (mm)

 Conf. Limit-1.0 -0.5 0.0 0.5 1.0

0
 15 .0073 .0098
 14 .0045 .0098
 13 -.010 .0098
 12 -.015 .0098
 11 -.003 .0098
 10 .0145 .0098
  9 .0073 .0098
  8 .0015 .0098
  7 .0007 .0098
  6 .0132 .0098
  5 .0009 .0098
  4 -.004 .0098
  3 -.006 .0098
  2 .0372 .0098
  1 .2349 .0098
  0 .7363 .0098
 -1 .3269 .0098
 -2 .0578 .0098
 -3 -.000 .0098
 -4 -.008 .0098
 -5 .0253 .0098
 -6 .0369 .0098
 -7 -.007 .0098
 -8 -.008 .0098
 -9 .0050 .0098
-10 .0014 .0098
-11 -.015 .0098
-12 -.014 .0098
-13 -.006 .0098
-14 .0047 .0098
-15 .0014 .0098
Lag Corr. S.E.

 

CrossCorrelation Function

First : Blackdow n (mm)

Lagged: Straw berry Hill (mm)

 Conf. Limit-1.0 -0.5 0.0 0.5 1.0

0
 15 .0040 .0055
 14 .0008 .0055
 13 -.006 .0055
 12 -.013 .0055
 11 .0040 .0055
 10 .0011 .0055
  9 -.002 .0055
  8 -.002 .0055
  7 -.002 .0055
  6 .0041 .0055
  5 .0047 .0055
  4 -.004 .0055
  3 .0022 .0055
  2 .0646 .0055
  1 .2719 .0055
  0 .4745 .0055
 -1 .2235 .0055
 -2 .0528 .0055
 -3 .0013 .0055
 -4 -.005 .0055
 -5 .0052 .0055
 -6 -.005 .0055
 -7 -.007 .0055
 -8 .0046 .0055
 -9 .0096 .0055
-10 .0009 .0055
-11 -.001 .0055
-12 -.008 .0055
-13 -.004 .0055
-14 .0029 .0055
-15 .0096 .0055
Lag Corr. S.E.
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CrossCorrelation Function

First : Heidelberg (mm)

Lagged: Straw berry Hill (mm)

 Conf. Limit-1.0 -0.5 0.0 0.5 1.0

0
 15 .0129 .0076
 14 -.005 .0076
 13 -.018 .0076
 12 -.017 .0076
 11 .0095 .0076
 10 .0064 .0076
  9 -.006 .0076
  8 -.008 .0076
  7 -.006 .0076
  6 .0030 .0076
  5 .0069 .0076
  4 -.003 .0076
  3 .0034 .0076
  2 .0369 .0076
  1 .2136 .0076
  0 .6326 .0076
 -1 .2719 .0076
 -2 .0515 .0076
 -3 -.001 .0076
 -4 -.010 .0076
 -5 -.005 .0076
 -6 -.002 .0076
 -7 -.007 .0076
 -8 -.003 .0076
 -9 .0101 .0076
-10 .0062 .0076
-11 -.003 .0076
-12 -.011 .0076
-13 -.012 .0076
-14 -.002 .0076
-15 .0098 .0076
Lag Corr. S.E.

 

CrossCorrelation Function

First : Dun Donald (mm)

Lagged: Straw berry Hill (mm)

 Conf. Limit-1.0 -0.5 0.0 0.5 1.0

0
 15 -.004 .0098
 14 -.003 .0098
 13 -.008 .0098
 12 -.016 .0098
 11 -.006 .0098
 10 -.001 .0098
  9 -.002 .0098
  8 -.002 .0098
  7 -.003 .0098
  6 .0008 .0098
  5 .0145 .0098
  4 -.000 .0098
  3 -.011 .0098
  2 .0450 .0098
  1 .2675 .0098
  0 .8130 .0098
 -1 .2782 .0098
 -2 .0325 .0098
 -3 -.002 .0098
 -4 -.009 .0098
 -5 -.008 .0098
 -6 -.007 .0098
 -7 -.000 .0098
 -8 .0012 .0098
 -9 .0098 .0098
-10 .0046 .0098
-11 .0111 .0098
-12 -.014 .0098
-13 -.013 .0098
-14 -.003 .0098
-15 .0107 .0098
Lag Corr. S.E.

 



54 

 

CrossCorrelation Function

First : Heidelberg (mm)

Lagged: River Flow Dassiesklip (m3/sec)

 Conf. Limit-1.0 -0.5 0.0 0.5 1.0

0
 15 -.008 .0080
 14 -.006 .0080
 13 -.003 .0080
 12 -.006 .0080
 11 -.012 .0080
 10 -.008 .0080
  9 -.002 .0080
  8 .0031 .0080
  7 .0021 .0080
  6 -.007 .0080
  5 -.004 .0080
  4 .0021 .0080
  3 -.001 .0080
  2 -.001 .0080
  1 .0097 .0080
  0 .1127 .0080
 -1 .4670 .0080
 -2 .4103 .0080
 -3 .2131 .0080
 -4 .1298 .0080
 -5 .0932 .0080
 -6 .0698 .0080
 -7 .0584 .0080
 -8 .0406 .0080
 -9 .0437 .0080
-10 .0471 .0080
-11 .0453 .0080
-12 .0403 .0080
-13 .0262 .0080
-14 .0217 .0080
-15 .0214 .0080
Lag Corr. S.E.

 


