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The broad aim of this study is to examine the relationship between land-use/land-

cover change (as an indication of urban expansion) and flood frequency and

severity in the Knysna catchment. This study applies a disaster risk lens to the

Salt River catchment with the objective of characterising the river flood hazard

component of a potential flood risk.

River floods resulting from heavy rainfall are the most common disaster

phenomenon and often result in the heaviest damage. In general the removal of

forest and other natural cover, and the conversion of land to agricultural uses, as

well as an increase in urbanised areas, compacts the soil and reduces infiltration

rates, leading to higher flood peaks.

HydroCAD was chosen to model the flood hydrology of the catchment in this

study. The software package HydroCAD produces weighted curve numbers (CN)

and percentage pervious/impervious area in a catchment area. Using a

HydroCAD and a design rainfall software package, a series of storm hydrographs

will be generated for a variety of rainfall conditions.

Although the study area is predominantly under forestry and agricultural land-

use, urbanisation has become more and more important, because it is the most

profitable and therefore most relevant driving force for land-use conversion. It is

recognized that urbanisation has a significant effect on the generation of more

damaging peak flows as a result of increased velocity and peak discharge.

Additional risk factors brought about by a lack of human agency when combined

with a higher magnitude storm event result in an increased potential for damage

and harm to the residents located in and around the Salt River catchment.
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Catchment.. A catchment is all the land that drains into a particular river system

i.e. a drainage basin (King, 1988). The topography of these drainage regions are

such that all rainfall that falls in these catchments will eventually drain into the

major river flowing through the catchment (DEAT, 2004).

Cut-off low. A cut-off low is a cold-cored depression, which starts as a trough in

the upper westerlies and deepens into a closed circulation extending downward

to the surface and which becomes displaced equatorward out of the basic

westerly current (Rogatschnig, 2005). Cut-off lows are unstable, baroclinic

systems associated with strong convergence and vertical motion (Preston-Whyte

and Tyson, 1988).

Curve Number (CN). This is a value for runoff producing capability and is

expressed by a numerical value varying between 0 - 100. CN Is determined

according to the soil type and ground cover. A high CN (such as 98 for

pavement) indicates minimum retention, while a low CN (such as 30 for certain

wooded areas) indicates a large retention capability.

Hydrograph volume. This is the peak volume attained by a storm, represented

in a storm hydrograph. (The volume includes flow only within the given time

span, any flow before or after the span is excluded).

Inflow depth. This is an average runoff depth generated from the upstream

watershed. The inflow depth is based on the total inflow volume, including any

base flow.

Land-cover. The term land-cover relates to the type of feature present on the

surface of the earth e.g. corn fields, lakes, forests, and highways (Lillesand and

Kiefer, 2000).



Land-use. The term land-use relates specifically to the human activity or

economic function associated with a specific tract of land (Lillesand and Kiefer,

2000).

Discharge. Each hydrograph consists of flow values (ordinates) that occur at a

given time increment throughout a certain time span. In this case the discharge

or outflow is the peak flow of the unit hydrograph, measured in m3/s.

Storm hydrograph. A storm hydrograph illustrates the stage flow and velocity of

water with respect to time (ASCE, 1996)



Chapter 1

Introduction

1.1 Background for research

Over recent years, the Western Cape has experienced a number of severe

weather events that have resulted in considerable adverse human, agricultural,

and infrastructural impacts. Moreover, the climate change scenario for the

Western Cape is likely to impact most severely on the hydrology and water

supply as a result of global warming (Midgely, 2005). Certain extreme weather

events (floods, droughts, and windstorms) are also likely to become more

frequent in the future (Midgely, 2005). In this context, human settlements located

in catchment areas that are exposed extreme weather systems are expected to

have heightened risks, particularly developments in low lying areas near

estuaries or adjacent to major rivers

The Western Cape is exposed to these natural hazard processes that have the

potential to cause harm. Additionally, as human settlements in the Western Cape

continue to expand rapidly in ecologically fragile areas, including coastal regions,

the probability of loss is expected to increase further. This growing population

pressure, combined with urban development and associated hardening of

catchments is expected to intensify direct runoff from future storm events and

possibly increase the flood risk.

Most recently heavy rains and severe flooding in 2006 affected the Knysna area,

causing an estimated R35 million in damage (DiMP, 2007). While deaths and

displacement associated with severe storms thankfully remain limited in the

Western Cape, the direct economic losses from the 2006 events exceeded R 510

million, more than double those sustained in 2003 (DiMP, 2007). In a context of

repeated exposures to extreme weather, rapid urban expansion and the likely

impact of climate change, riverine flood risk constitutes a critical development

priority for Knysna as a proposed provincial growth node.



1.2 Study aims and objectives

The broad aim of this study is to examine the relationship between land-use/land-

cover change and flood frequency and severity in the Knysna catchment. This

relationship will be explored in the context of urban expansion within the Salt

River catchment.

Objectives;

• To describe the nature and extent of land-use and land-cover change

within the Salt River catchment that influence the flood hydrograph;

• To generate and indicative hydrological model for the Salt River

catchment;

• To determine the effect of changes in land-use and land-cover on the total

discharge of the of the Salt River catchment;

• To examine the relationship between the increase in impervious area (as

an indicator of urban expansion) and runoff within the Salt River

catchment; and

• To identify the additional risk factors which increase the damage potential

of endangering flood events within the Salt River catchment.

The hypothesis underlying this study argues that an increase in land-use change

(predominantly through urbanisation and the hardening of the catchment), will

result in an increase in run-off. This greater run-off will subsequently increase the

potential for hazardous flood events, by increasing the frequency and magnitude

of endangering flood events through increased discharge.

1.3 Limitations of the research

1.3.1 Aerial photographs

The images were in some cases overexposed (particularly coastal areas),

whereas others were low resolution scans. The quality of a number of the images

made it difficult to discern landscape features or to conduct a high-resolution



study of land-use changes (over time). This may have affected the accuracy of

the time series analysis method approach (see chapter 4).

1.3.2 Lack of up to date topographic maps

Recent topographic maps did not exist for the Knysna study area. A 1998

topographic map was the most recent; this was a problem as land use changes

for 1959, and 1974, and 1998 were equated using topographic maps, but a 2006

aerial photograph (2006) had to be used to determine recent land use changes.

1.3.3 Rainfall data

Historical rainfall data was obtained from a weather station (Knysna Municipal

rain gauge) outside the Salt River catchment. This rainfall data was used to

model rainfall for the whole Salt River Catchment. This may be problematic, as

elevation varied throughout the catchment and elevation is known to affect

rainfall amounts. Rainfall as a result, would not be constant throughout the

catchment.

1.3.4 Salt River catchment as a proxy for the Knysna amphitheatre

The Salt River Catchment is used as a proxy to show how rates of urbanization

have affected runoff volumes for the Knysna area. Using the Salt River

catchment as a proxy for runoff changes for the whole Knysna amphitheatre may

be problematic, due to differences in soil type, underlying geology and surface

vegetation.

1.3.5 Non uniformity of urbanised space

Urban areas consist of impermeable surfaces, which allow no or very little

infiltration. On the other hand, it must be noted that they contain greens, parks,

green strips or gardens, where better infiltration and soil storage conditions can

be found (Niehoff et aI, 2002). Lumping of soil and land-use parameters in

settlement areas by simple averaging neglects the non-linearity of infiltration



processes and inevitably leads to an overestimation of the influence of urbanised

areas on storm-water runoff (Niehoff et aI, 2002).

1.4 Ethical considerations

1.4.1 Quality control

A recognition of the sensitivity of flood modelling was taken into account. A

skilled hydrologist was consulted throughout the flood modelling stages of this

thesis to ensure accurate information was generated.

1.4.2 Scope

The scope of this study was limited to flood hazards which occurred within the

smaller catchment. The study scope would therefore be in line with the capacity

of an honours thesis.

1.5 Organisation of the thesis

This thesis is structured around six chapters. The first chapter introduces this

study, in chapter two the conceptual framework and relevant literature will be

discussed. Chapter three is concerned with the research context of this study

within the Salt River Catchment. In chapter four the methodology will be outlined,

followed by chapter five, where the research findings will be discussed. Finally

this study will conclude with a discussion and conclusion of the results in chapter

six.
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Chapter 2

,Literature Review and Conceptual Framework

2.1 Introduction

The literature that informed this study was drawn from the following clusters; a

focus on riverine flooding as a significant disaster risk both globally and within

South Africa. Relevant literature on catchment hydrology was also considered,

including the role of land-use/land-cover change on catchment runoff. More

detailed attention was applied to hydrological methods which determined the

runoff and river discharge potential within river catchments. Relevant literature on

storm hydrographs was also cited. Last, climate change and adaptation to

extreme weather events were considered in the context of the Western Cape of

South Africa, with a focus on cut-off low phenomena. This section concludes with

the conceptual framework for this thesis.

2.2 Flooding as a form of disaster risk

River floods resulting from heavy rainfall are the most common disaster

phenomenon and often result in the heaviest damage (Alexander, 1993). A flood

can be defined as an irruption of water over otherwise dry land (Walter, 1999).

River floods are the most frequent form of disaster recorded globally. They

usually inundate the largest areas of land and destroy more lives and property

than other types of flood (Walter, 1999). Low-lying areas are particularly liable to

flooding from adjacent slopes and residual plateaus, and should be considered

high risk areas (Marker, 2003). Moreover, when heavy rain coincides with high

tides, flooding is worsened as tidal water enters storm water culverts in low-lying

urban areas and restricts storm water movement (Marker, 2003).

2.2.1 Floods in a global context

Flooding is the single most destructive type of natural disaster that strikes

humans and their livelihoods around the world. In the last decade, there has
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been catastrophic fiooding experienced in Chino~dia, Bangladesh, Germany,

Mozambique, the USA and elsewhere (UNISDR-f F'I~~dingis not restricted to the

least developed nations, but also occurs in devastating fashion in the most

V
>-' developed and industrialized countries of the world. However it is the citizens of

the developing nations which will suffer the highest toll from the occurrence of

~f1ooding ISDR).

2.3 Catchment hydrology

2.3.1 Overview

The state of a catchment is directly influenced by the condition of its soils, which

in turn are directly related to land-cover and land-use (Rabie & Day, 1999). Land-

cover can be altered by factors, such as long-term climate change or climatic

persistence, and even by naturally occurring events such as floods and fires

(Schulze, 2000). Land-cover can also be significantly affected by human activity

on the land. Alterations in land-use exert an influence on the ecosystem as a

whole, because they affect the water cycle, biodiversity, radiation budgets and

many other processes (Riebsame et al., 1994).

2.3.2 Land-use and land-cover change

In general the removal of forest and other natural cover, and the conversion of

land to agricultural uses, as well as an increase in urbanised areas, compacts the

soil and reduces infiltration rates, leading to higher flood peaks (UNISDR). By far

the greatest impact of land-use change is associated with urbanisation itself

(UNISDR). The paving of surfaces significantly reduces infiltration and natural

storage is reduced due to improved drainage. A city will frequently have

significant flooding problems that are local in nature, but will also be impacted

upon by major flood events on larger streams or lakes that are not within the

urban zone (UNISDR).



Land-cover or land-use changes can affect both the rate of infiltration and the

extent of run-off following a rainfall event (de Sherbinin, 2002). It is clear that

land-use and the modification of natural vegetation cover playa significant role in

determining how much rainfall reaches each part of the hydrological system

(O'Keeffe et al., 1999).

2.3.3 Hydrology and land-use/land-cover change

Hydrology is concerned with how much precipitation reaches the surface of the

earth, and essentially what happens to it once it gets there (Dodson, 1999). The

hydrology of a catchment is driven by various natural and anthropogenic forces

that exert their influence on the catchment landscape over time (Rogatschnig,

2005). Climate (including precipitation, evaporation, and temperature), geology,

the composition and extent of land-use and land-cover, soil structure, and

vegetation all affect the functioning of the landscape component of the

hydrological cycle (Rogatschnig, 2005). Changes in the land cover as a result of

urbanisation must be considered to understand the broader hydrology of the

area. One of the major components of the hydrological cycle is stream flow, and

this flow is generated through two primary sources, base flow and runoff

generated at the surface during rainfall events. Natural land-cover regulates the

flow of water above and below the Earth's surface. By altering the land-cover

through human or natural influences, the interaction of water with the soil surface

of a catchment is significantly affected (Schulze, 2000).

Vegetation is known to promote infiltration by increasing surface porosity,

preventing soil crusting and compaction, increasing resistance to overland flow

and increasing surface water residence times (allowing more time for infiltration),

by improving the soil structure and providing infiltration channels down to deep

root systems. It also helps to stabilise soils and reduce erosion and slow run-off,

and increase evapotranspiration (O'Keeffe et al., 1999). Evapotranspiration is

directly related to plant biomass. The hardening of a catchment, as a result of

urban development affects its hydrological response. The increase in impervious



surface area reduces the absorbing abilities of the soil to soak up rain (Davies

and Day, 1998).

Increased urbanisation associated with storm water drainage results in rapid run-

off with earlier and higher flood peaks. Infiltration and ground water are reduced

when hard surface area increases. Increased peak runoff brings sediment and

chemical and solid pollutants into the estuary. As a catchment area such as

Knysna becomes hardened through increased urbanisation, the most common

effects are reduced infiltration and decreased travel time, which both

considerably increase the rate of transmission of storm water to channels and as

surface flow, resulting in increased discharge peaks (CMC, 1996). Flooding

provides additional energy to erode sediments and debris and scour stream

channels.

2.4 Methods used in flood hazard determination

2.4.1 Storm hydrographs

In surface water hydrology, a hydrograph is a time record of the discharge of a

stream, river or watershed outlet. Rainfall is typically the main input to a

watershed and the stream flow is often considered the output of the watershed; a

hydrograph is a representation of how a watershed responds to rainfall. A

watershed's response to rainfall depends on a variety of factors which affect the

shape of a hydrograph.

A critical element is the watershed topography and geology. The deeper the soil

the more water can be absorbed. Soils which have larger particle sizes have

larger infiltration capacities. The steeper the slopes, the lower the rate of

infiltration and faster the rate of run-off when the soil is saturated (saturated

overland flow) or when rainfall intensity is high (infiltration excess over land flow).

Land-use is another important factor which affects the storm hydrograph (e.g.

agriculture, urban development, forestry operations). Impermeable road surfaces,

sloping roofs, guttering, and underground sewer and drainage systems help



transfer water in an urban area to rivers quickly. The increase of house building

in towns and villages as people have opted to move from large settlements

especially on river flood-plains has contributed to the increase responsiveness of

river systems.

Drainage density is also an important factor which shapes the storm hydrograph.

In general, the larger the amount of streams and rivers per area the shorter

distance water has to flow and the faster the rate of response.

The duration of rainfall and precipitation intensity and type affects the shape of

the storm hydrograph. The rate and intensity of the rainfall will directly affect the

amount and rate of overland flow.

Furthermore, the season affects the storm hydrograph. In the summer,

evapotranspiration rates are higher, reducing the amount of surface runoff. As

well, photosynthesis in plants will be at a maximum - longer spells of sunlight and

higher temperatures will create more opportunities for root systems to absorb

water, and leaf systems to transpire water.

Finally the vegetation type and cover will alter a storm hydrograph. A high

amount of vegetation will intercept rainfall, and reduce initial surface flow.

Evapotranspiration will occur when water is on leaves and branches, reducing

the amount of water on the ground.

In general an increase in land-use/land-cover change such as hardening of the

catchment area will result in an increase in run-off and ultimately a higher river

discharge. In terms of the storm hydrograph a shorter lag time and a higher

discharge peak will result. The storm hydrograph peak or maximum discharge

represents the most damaging aspect of flood waters. Compaction of the

catchment area through increased urbanisation will result in a more efficient,

direct route for water to reach streams and rivers. Storm water runoff tends to

travel at greater velocities, and therefore has a much greater erosive potential

than naturally occurring runoff (and as a result causes more damage).



2.4.2 HydroCAD flood estimation software

HydroCAD was chosen to model the flood hydrology of the catchment in this

study. HydroCAD is a Computer Aided Design tool used by Civil Engineers for

modelling storm water runoff. It generates complete runoff hydrographs using the

SCS Unit Hydrograph procedure. The software package HydroCAD produces

weighted curve numbers (CN) and percentage pervious/impervious area in a

catchment area. The CN numbers provide an indication of how much water is

likely to pass through the hydrological system as run-off (or a catchment

response index to rainfall).

HydroCAD allows the integration of different types of storm and soil type, with

changing land-use/land-cover, and calculates the effects of this land-use change

on flood levels. It is a common, well-understood and supported method (based

on the SCS method of the United States Department of Agriculture).

2.4.3 Other design flood estimation procedures

2.4.3.1 Hydrologic Engineering Center Hydrologic Modelling System (HEC -

HMS)

The HEC-HMS was developed by the United States Army Corps of Engineers,

and designed to simulate the precipitation - run-off - routing process of dendritic

watershed systems (USACE, 2000). It is designed to be applicable in a wide

range of geographic areas and is able to solve problems ranging from large river

basin water supply and flood hydrology, to small urban or natural watershed run-

off (USACE, 2000). The hydrographs produced by HEC-HMS can be used

directly or in conjunction with other software for studies relating to water

availability, urban drainage, flow forecasting, future urbanisation impact, flood

damage reduction and floodplain regulation (USACE, 2000).



2.4.3.2 USSCS method

The United States Department of Agriculture Soil Conservation Service (SCS)

model is well known, and was further developed for South African conditions by

Schmidt and Schulze (1987). The model was developed for use on small

catchments up to 8km2. Schmidt and Schulze recommend that this should be

regarded as the upper range in catchment area for which the model can be used

with confidence. SCS uses curve numbers to estimate runoff. The curve number

method, also known as the hydrologic soil cover complex method, is a versatile

and widely used procedure for runoff estimation (Schmidt and Schulze, 1987).

This method includes several important properties of the watershed; namely the

soil's permeability, land use and antecedent soil water conditions.

2.4.3.3 Regional maximum flood (RMF)

The RMF approach is based on observed maximum floods, which in turn are

based on estimated maximum possible rainfalls derived from observed maximum

rainfalls and maximised observed storms. The RMF is an upper envelope of

floods that have occurred in a region, and is consequently a reasonable estimate

of the maximum flood that could be expected to occur at a specific site

(Alexander, 2000).

2.5 Climate impacts on extreme weather

A number of studies on the potential impacts of climate change on flooding have

been carried out as part of the work of the International Panel on Climate Change

(IPCC). These studies indicate potential future increases in flood peaks by

approximately 15% in temperate zones due to increased storm activity and

overall increases in depth of precipitation (UNISDR).

2.5.1 Adaptation and extreme weather and climate change

Global climate warming, whether by human-induced effects or simply a

continuation of post-glacial global warming is now causing sea-level rise. A value

of 2-6cm every ten years is now suggested (Midgely et al., 1998). This change



This study applies a disaster risk lens to the Salt River catchment with the

objective of characterising the river flood hazard component of a potential flood .J..

risk. In this context, the riverine flood hazard is defined as the potential of an ,t4
increased frequency of higher magnitude flood events. Hydrologic methods were 'i.;,
applied to determine potential flood magnitudes. Blaikie and Wisner's pressure '~

oJ ""\

and release model was applied in order to highlight the vulnerability and hazard /. '-..>"-1

factors which increase the risk of endangering flood events. f< ) ~

2.6.~Blaikie)~mdWisner's disaster pressure and release model / ~

Blaikie and Wisner view the risk faced by people as a combination of both

vulnerability and hazard. Disasters result when both vulnerability and hazard

will undoubtedly affect the lower parts of Knysna Town and adjacent estuarine

coastal developments (Marker, 2003). Increases in ocean temperatures and

melting ice .reservoirs are a direct response to global warming, and both are

causing a rise in sea-level. Future, higher sea-levels require smaller storm events

to overtop existing storm measures (Midgely et a/., 2005). As a region bound by

ocean, this is obviously a key concern for the Knysna authorities, due to the likely

increase in storm events in the future. Observed and future predicted global

warming trends are likely to be accompanied by other climatic changes, such as

changes in rainfall amounts and rainfall seasonality, intensity of rainfall events

and the frequency of extreme climatic events (Midgely et a/., 2005~.. ' LJ- ~
'7 '1 , ',. ,.~ C. "i 1 ('Jt.A.J-.J ••..•l.-A (,,,,,- .

. " ~ l<)~~' <

Climate change which results in an increase in the number of extreme wea her
f'-~

events will substantially raise the cost of losses to the public and private sectors,

as well as increasing the personal hardship for the people directly affected

(Midgely et a/., 2005). Cut-off lows represent the recent extreme weather

conditions which have caused wide spread damage throughout the Western

Cape.

2.6 Conceptual framework

2.6.1 Introduction



interact. Vulnerability refers to the characteristics of a person or group in terms of

their capacity to anticipate, r with, resist, and recover from the impact of a

natural hazard (Wisner et aI., 2004). A 'hazard' refers to the natural event which

may affect an area singly or in combination. An explanation of disasters requires

us to trace the connections that link the impact of the hazard on people with a

series of social factors which generate vulnerability (Wisner et aI., 2004). Blaikie

and Wisner suggest the following equation for risk evaluation: 1. .~,,,;
v...fl I.) ~ e/'

/~. '~k,$~' -J
'\

Vulnerability can be further broken down into three components: exposure,
I

resistance and resilience according to Pelling (2003). Exposure is largely a

product of physical location and the character of the surrounding built and natural

environment. Resistance reflects economic, psychological and physical health

and their systems of maintenance, and represents the capacity of an individual or

group of people to withstand the impact of a hazard (pelling, 2003). Finally,

resilience is the ability of an actor to cope with or adapt to hazard stress.

2.6.3 Adapted conceptual framework

An increase in urbanised areas coupled with a decrease in natural vegetation

cover drives up the vulnerability of the local populous situated in and around the

catchment area to hazardous events. The introduction of a hazard event such as

an extreme weather event, interacts with this vulnerability and according to

Blaikie and Wisner's pressure and release model, the overall risk of the

population is increased. An increase in the local population within the Knysna

catchment, drives up the exposure component of vulnerability towards a potential

hazardous event (in this case a river flood).

The interplay between land-use/land-cover change and an extreme storm event

leads to an increase in peak volume, discharge and an increase in runoff, as well

as a shorter time to peak discharge. Rainfall intensity and antecedent catchment



wetness lead to significant differences in runoff generation processes (Niehoff et

al., 2002). Precipitation volume as well as antecedent soil moisture conditions

and groundwater levels are of major importance for the degree to which land-use

can influence storm-runoff generation. The influence of land-use on storm-runoff

generation is stronger for convective storm events (like those associated with

cut-off low conditions) with high precipitation intensities than for long advective

storm events with low precipitation intensities (Niehoff et aI, 2002). The

aforementioned factors in combination, ultimately lead to a higher magnitude

flood event.

Additional risk factors such as debris loading, inadequate infrastructure, lack of

catchment management and underfunding of the local municipality, when in

combination with a higher magnitude flood drive up the flood hazard still further.

These factors result due to a lack of human agency and ultimately decrease the

resistance of the population to high magnitude flood events. See conceptual

framework below (figure2.6.4).
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Chapter 3

Research context: Salt River catchment, Knysna

3.1 Overview of Knysna Municipality

The town of Knysna was established in the early nineteenth century on the

northern shore of the estuary. Knysna is part of the Western Cape and is located

530km east of Cape Town and 230km west of Port Elizabeth. Knysna is situated

in the heart of the Garden route and is characterised by the Knysna heads,

separating the Knysna lagoon from the Indian Ocean.

)

~heeneodal
Kn'{sna [WC048] __

{ ~
\

..¢-'

Figure 3.1 - Location of Knysna Municipality

(http://www.capegateway.gov.za/i mage/2003/knysna _e.gif

3.1.1 History

The colonial history of Knysna began in 1804, when George Rex first entered t~

region. He established Knysna initially as timber producing region. In the 1880j;

gold was discovered in the forests surrounding Knysna and the mining village of

Millwood sprung up. p.r- dependence upon the timber industry has



been significantly reduced, and the economy is now centered around tourism,

particularly in the summer season (Stuart-Williamson, 1999). This has led to a

marked inc~ease in the rate of development, with implication for the natural

environment.

3.1.2 Socio-demographic and economic profiler ~ Knysna economy relies heavily upon overseas and local tourists for generating

income; the major tourist attractions being the estuary, coastal and mountain

scenery and the indigenous Afro-montane forests (Marker, 2003). The opening of

the N2 coastal highway in 1952 has resulted in rapid population growth (Marker,

I": 2003). Improved accessibility has enabled the southern portion of the Knysna

Basin to become a favourite retirement and tourist destination. This growth has

attracted in-migration from the Eastern Cape, particularly since the 1980's

(Marker, 2003).

3.1.3 Physical characteristics of the Knysna catchment

3.1.3.1 Study area
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Figure 3.1.3.1 - Map depicting the Knysna basement catchment. Major drainage and
topographic features are shown. C = Charlesford at the head of tidewater; Coastal
Platform plateaux: G = Gouna, P = Portland, Q = Quar, L = Leisure Island, T = Thesen
Island. Map courtesy of Marker (2003).

The study area concerning this study is shown above as the Knysna

amphitheatre. The area encompassed by the amphitheatre will be used to show

rates of urbanisation over the past 50 years. The Salt River is located just to the



North and North West of the Knysna Town center, within the Knysna

amphitheatre.

3.1.3.2 Climate

Knysna has a temperate climate. Whilst very hot days occur, the main feature of

the temperature is that it is moderate for most of the year. From summe~
~

autumn the daily average temperature is 20°C, and the hum1d1Wis 101 (EIA,

1995). The yearly average temperature for Knysna is 16.9°~,Ef~ 995). fairl

high percentage of cloud cover persists for most of the yea (EI~ 1995).

3.1.3.3 Precipitation

Rainfall in the Knysna region is high in comparison with the rest of South Africa,

and is distributed throughout the year, with a winter rainfall dominance (Marker,

2003). At the coast rainfall is about 700mm, 18km inland over the central Basin it

increases to about 1800mm, diminishing with distance inland to less than 600mm

on the Outeniquaberg. The summer average temperature is 25°C, with a winter

(July) average of 7°C (Marker, 2003).

3.1.3.4 Geology

Most of the catchment lies in rocks of the Table Mountain Groups. These rocks

are supermature quartz sandstones, constituting the moun~ ranges of the

Cape Fold Belt and believed to be mainly of marine origin (EIA, 1995). The

quartzite resists weathering and limited volumes of quartz ~ and quartz

pebbles are produced.
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3.1.3.5 Geomorphology

The Knysna basin landscape is dominated by fluvial incision, and the drainage

density is high as a consequence of well distributed rainfall which maintains the

perennial flow of the major Knysna River and its associated tributaries

(Marker,2003). An impermeable catchment, steep gradient and perennial flow

with past uplift explain the incision. The dominant characteristic everywhere is

the scarcity of levelland.

3.1.3.6 Soils

Three categories of soil can be distinguished in the Knysna area (Tyson, 1971):

i) Young, shallow azonal soils. Azonal soils are found on al steep slopes, on

recent dunes and in marshes and vleis. Azonal soils are typically shallow (rarely

exceeding 30cm in depth), and are sandy in nature (Stuart Williams, 1999).

ii) Brown or grey soils formed under present conditions. Brown and grey soils

forming under present day conditions are most apparent in the forested

interfluves of the foothills (Stuart Williams, 1999). Generally the topsoils are fine-

medium sand, having originated form the Table Mountain Group quartzites and

sandstones (EIA, 1995).

iii) Palaeosoils including laterites and soils with Terra Rossa affinities (Stuart

Williams, 1999). Lateritic Palaeosoils cover extensive areas over a variety of

parent materials and are considered to have resulted from intensive leaching

under previous tropical and subtropical seasonal climates (Tyson, 1971).

In the Knysna area, aeolian sand produces topsoils with a high clay content (EIA,

1995). Apart from the presence of clay in certain areas, large areas are covered

by a sandy soil with driftsand.

3.1.3.7 Vegetation

Tall Afro-montane forest was the indigenous vegetation that extended from the

coast, inland for 20km (Marker, 2003). Traces of this can only be found in



Sparrebos Forest Reserve and at Brenton-on-Lake (Marker, 2003). As rainfall

diminishes inland fynbos tends to replace the forest.

The indigenous vegetation evolved with the changing landscape. Before

European exploitation, forest was located on all steep slopes and provided a

stabilizing function (Marker, 2003). From the early nineteenth century forest

exploitation accelerated (farms replaced forest, coniferous and eucalypt

plantations were established). These changes altered runoff patterns as there

was less forest floor for water retention. Furthermore, disturbance of the natural

vegetation has also allowed alien Acacia spp., to invade (Marker, 2003).

3.2 Exposure to extreme weather and flood experience

3.2.1 Exposure to cut-off lows

Extreme storm events in recent years have affected Knysna in March 2003, and

August 2006, and can be attributed to a particular weather phenomenon known

as a "cut-off low", which causes heavy rainfall over a short period of time,

accompanied with destructive gale force winds. Significant damage and financial

losses were incurred mainly by the roads authorities and the agricultural sector,

emphasising their vulnerability to such extreme weather events.

During a "cut-off low" low atmospheric pressure causes higher tide levels

(Marker, 2003). This is significant because during storms at sea, wave surges

are created, these surges enter the estuary and in the process increase water

levels (Marker, 2003). Flooding is further exacerbated when heavy rainfall

coincides with spring tides as storm water cannot escape. An increase in storm

events due to climate change will increase the occurrence of estuary mouth

closure and generally transport more marine sediment into the estuary. An

increase in sediment within the estuary may result in an increase in flood events

as waves are affected by bottom topography. Future problems predicted for the

Knysna estuary include;



Increase in seawater penetration due to sea-level rise (Midgely et al.,

2005).

SE;la-level rise would cause encroachment on low-lying developments

(Midgely et al., 2005).

Changes in land-cover (due to rise in temperatures) and rain intensity

might increase sedimentation within the estuary (Midgely et al., 2005).

3.2.2 August 2006 cut-off low

In August 2006, two cut-off low weather systems severely affected the Southern

Cape, resulting in widespread damage and hardship. By the 1st of August, the

cold front developed into a cut-off low system, resulting in heavy rainfall over the

Garden Route region. Knysna received 169mm rainfall in one day (DiMP, 2007).

A total of 302mm fell in a 5 day period from the 31st July to the 4th of August. The

impacts sustained in these events reflect the fifth experience of severe weather

losses within the Western Cape since 2003 and which cumulatively total close to

1 billion Rands in direct economic damage (DiMP, 2007). While deaths and

displacement associated with severe storms thankfully remain limited in the

Western Cape, the direct economic losses from the 2006 events exceeded R 510

million, more than double those sustained in 2003 (DiMP, 2007).

The severity of the damage was reflected in the Eden District Municipality being

classified as a local disaster on 15 September, 2006. The cut-off low system was

associated with extensive flooding, slope failures and infrastructural damage in

the Eden District, underlining the significant vulnerability of the district's

populated areas to heavy rainfall hazards (DiMP, 2007). Figure 3.2.2.2 shows the

economic loss per municipality; Knysna Municipality suffered the most significant

loss during the August 2006 Cut-off low. Approximately R33 million worth of

direct damages was suffered, amounting to 32% of the economic losses for the

Eden Municipality.



• Erosion
o Runoff
• Rain Damage
o Siltation

Figure 3.2.2.1 - Pie Chart depicting ~he principal causes )f precipitation related
damages for the 2006 cut-off low. L S v--A-L - .. 1, Q~fv\ e .

The majority of damage (57%), resulted from storm runoff. Rain damages

constituted 26% of the total damages. Siltation and erosion damages amounted

to 11% and 6% of the total damages respectively.
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Figure 3.2.2.2 - Disaster losses amongst local municipalities (DiMP, 2007)

From the above figure (3.2.2.2) we can see that the Knysna municipality suffered

the highest losses during the August 2006 event. The magnitude of losses due to

past heavy rainfall events and flooding, underlines the need to assess the

management of flood risks in the Knysna area. Such conditions are particularly

applicable to the town of Knysna which is characterised by significant recent

urban growth along with exposure to extreme weather events. The built-up area

of Knysna has extended up the slopes and onto dissected plateau remnants

above the town. The majority of the town is situated adjacent to the Knysna

estuary, only a couple of metres above sea-level.

3.3 Salt River catchment

3.3.1 Location and description

The Salt River catchment is located to the north and north west of the Knysna

town centre. It encompasses an area of approximately 14, 875, 000 m2. The Salt

River runs a distance of approximately 10, 250 m. The major land-uses include

pine plantations, urbanised areas, and agricultural plots, all interspersed amongst

naturally occurring pockets of montane forest. The underlying geology and the



soils match the conditions found within the Knysna amphitheatre. Figure 3.3.1

(below), outlines the situation of the Salt River catchment in relation to the

settlement o,fKnysna.





Chapter 4

Methods

4.1 Introduction

This research was undertaken as an investigation of the relationship between

land-use/land-cover change (as an indication of urban expansion) and catchment

runoff within the Salt River catchment, located within the Knysna amphitheatre. In

this context, the research methods drew extensively from hydrological modelling

determination methods, utilizing a range of primary and secondary data sources.

Figure 4.4.1 outlines my approach

4.2 Primary and secondary data sources

4.2.1 Primary data collection

A field study was undertaken in August 2007, to assess the major land-use/land

cover state of the catchment. Close attention was paid to the dominant soil and

vegetation types and land-use.

Soil was classified according to the SCS system

4.2.2 Secondary data collection

A range of secondary data sources were used in this study, these included; daily

precipitation data from the Knysna Municipality rain gauge (situated 1.5km

outside the Salt River catchment), and aerial and topographic maps sourced from

the Chief Directorate of Surveys and Mapping.

4.3 Data organisation and consolidation

4.3.1 Study area

The Salt River Catchment was split into three distinct sub-catchments C1, C2,

and C3. The sub-division of the catchment into three smaller sub-catchments

was necessary, as the HydroCAD modelling package is used specifically to

model W small-sized catchments (see figure 4.3.1).



The percentage change in land-use over time was equated for each separate

catchment, using time series analysis (see section 4.3.2.1). This data was then

used to gen,erate (via a hydrologic model - HydroCAD) runoff values and storm

hydrographs for the Salt River as a whole.

4.3.2 Spatial data

Topographic maps and aerial photographs for the years 1959, 1977, and 1998

were used to trace the change in land-use and the percentage increase in

urbanisation within the Knysna basin. Aerial photographs were used for 2006,

due to the lack of an up-to-date topographic map. Time series analysis was used

to trace the changes in land-use which occurred over time.

4.3.2.1 Time series analysis

A 0.5cm grid was applied manually to both the 1959, 1977 and 1998 topographic

maps. Two well defined land-uses were chosen - high density urban areas

(including residential, commercial and industrial land-use) and wooded/forested

land. The extent of each of the land-use classes was then calculated according

to the number of cells that defined them (DiMP, 2003). A 50% rule was applied to

individual cells when determining the total area occupied by both of the land-use



classes (DiMP, 2003). If a cell was occupied by less than 50% of the specific

land-use class the cell was not counted, and if a cell was occupied by more than

50% of a lalJd-useclass the cell was included in the total area calculation for that

land-use class (DiMP, 2003).

4.3.2.2 Estimation of physical characteristics of the catchment

In order to determine the length of the Salt River, manual measurements of the

topographic map were made. The average slope of each catchment was also

required as an input to the HydroCAD model. This was carried out by manually

adding up the length of all the contour lines within each catchment, multiplying

the result by the contour interval and dividing that by the area, all in the same

units of measurement.

4.3.2.3 Rainfall data

Daily rainfall data were obtained from the Knysna Municipal rain gauge station,

located 1.5km outside the Salt River Catchment. Historic data dating from 1878

was used to determine long-term rainfall trends, and rainfall duration trends.
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Primary and secondary data collection enabled the generation of the Salt River

catchment zones. Time series analysis of the separate catchment zones allowed

for i) a change in land-use/land-cover since 1959 to be determined, and ii) with

the conjunction of HydroCAD and the rainfall data extraction utility, hydrological

data and storm hydrographs could be determined.

4.4.2 Hydrologic modelling

HydroCAD is a Computer Aided Design tool used by Civil Engineers for

modelling storm water runoff. It is an integrated solution for the analysis, design,

and documentation of complete drainage systems using standard hydrograph

techniques. It generates complete runoff hydrographs using the SCS Unit

Hydrograph procedure.

The software package HydroCAD was used to determine the weighted curve

number (CN) and percentage pervious/impervious area in the Salt River

catchment. The CN numbers provide an indication of how much water is likely to

pass through the hydrological system as run-off (or a catchment response index

to rainfall).A higheN nur higherrun-offpotentialthana lowerone.

and a design rainfall software package, a series of storm

hydrographs iI e generated for a variety of rainfall conditions. Runoff statistics

for 1959, 2007, and idealised (90% natural montane forest*) conditions wi

generated for the Salt River catchment. These statistics will to compare

and predict future run-off conditions which result due to e eather events.

1:20 and 1:50 year storm events will also be described using data generated by

HydroCAD, these storm conditions are likely to prevail during cut-off low events.

Cut-off low events typically last for 5 days (a rainfall duration period of 5 days

was therefore used when modelling 1:20 and 1:50 year storms, in order to

simulate cut-off low conditions).

• Natural conditions assumed a 90% covering with natural forest and a 10% covering with natural
mixed grassland.



Storm hydrographs were generated for a number of different return periods,

including 1:20, and 1:50 rainfall events. Storm hydrographs were generated for

different catchment conditions. Catchment conditions were modelled und~r;

i) current land-use patterns,

ii) landuse patterns which occurred in 1959, and

iii) finally catchment conditions under ideal 'natural' conditions.

Catchment conditions for 1959 and current conditions will be compared in detail.

HydroCAD was used to produce runoff statistics which included discharge, inflow

depth, and peak volume. These statistics would be modelled for 1959, 2007 and

idealised catchment conditions.

4.4.2.1 SCS Model

HydroCAD employs the Soil Conservation Service Model (SCS) to determine

run-off and its associated hydrological effects. SCS uses curve numbers to

estimate runoff. The curve number method, also known as the hydrologic soil

cover complex method, is a versatile and widely used procedure for runoff

estimation (Schmidt and Schulze, 1987). This method includes several important

properties of the watershed; namely the soil's permeability, land use and

antecedent soil water conditions.

4.4.2.1.1 The effect of antecedent soil moisture on runoff

The SCS model maintains that second to storm rainfall, the storm flow response

depth is essentially a function of the soil's antecedent moisture condition (AM C).

When modelling differing storm scenarios in HydroCAD an AMC of 2 was

chosen. AMC parameters within HydroCAD range from 1-4, so and AMC of 2

represents average soil moisture conditions. This was kept constant throughout

the modelling process.



4.4.2.2 Curve Number Method

In this method, runoff producing capability is expressed by a numerical value

varying between 0 - 100. In the past 30 years, the SCS method has been widely

used by researchers because it gives consistently usable results for runoff

estimation (Rao et. al., 1996).

The curve number method assumes that

S = 25400 - 254 (1)
CN

Q= (P- 0.3S)1 (2)
(P+0.7S)

Where,

Q = Runoff depth, mm

P = Rainfall, mm

S = Maximum recharge capacity of watershed after 5 days rainfall antecedent

CN = Curve Number

Where

CN = weighted curve number.

CNj = curve number from 1 to any no. N.

Ai = area with curve number CNi

A = the total area of the watershed.

4.4.3 Rainfall modelling

A computer programme with a graphical user interface used to retrieve design

rainfall depths for any location in South Africa was used. The software used

provides reliable and consistent estimates of design rainfall and enables the

estimation of short and long duration design rainfalls in South Africa at any



location for return periods of 2 to 100 years and for durations ranging from 5

minutes to 7 days.

Return periods of 20 and 50 years were chosen in order to depict storm

conditions similar to those which occur during cut-off low weather systems. This

rainfall data was extracted from the design rainfall estimation package and input

into HydroCAD, where various storm scenarios were generated. The rainfall

depths for these return periods were obtained from the utility program "Design

Rainfall Estimation in South Africa" by Smithers and Schulze (2002)

4.5 Interpretation of results for flood hazard estimation

4.5.1 Sto hydrograph

Flow rate
(m3/s)

Figure 4.5.1 - Synthetic storm hydrograph

HydroCAD will allow for comparisons between different storm hydrographs,

modelled under different catchment conditions. X in Figure 4.5.1 represents the

time to peak of the hydrograph; this is the time it takes for the maximum

discharge to be reached after a storm commences. The peak discharge is the

maximum height reached by the storm hydrograph; this represents the maximum

discharge of the storm. The volume of the hydrograph represents the amount of



water over and above the natural river flow (this is the area encompassed by the

blue triangle in figure 4.5.1).

4.5.2 Storm type

The SCS model uses a range of different storm types in order to generate

hydrological data. A type II 24-hr storm type was used for this study, as it

matched the rainfall characteristics of the Knysna area. This curve is sigmoid in

shape; this means that most of the rainfall occurs within a very short space of

time relative to the total rainfall duration period (see figure 4.5.2 below).

Rainfall Depth vs. Time
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Chapter 5

Research Findings

5.1 Overview of chapter

This chapter is organised into five sections. Section 5.1 begins by presenting

findings on land-use/land-cover change from 1959 to 2006, followed by a

description of the physical attributes of the Salt River catchment in 2007. This

chapter continues with a focus on the meteorological elements that trigger

endangering floods, as well as modelled storm scenarios over the catchment.

Section 5.5 then provides some consolidated tables showing river discharge in

relation to underlying catchment conditions and differing storm scenarios for

1959, current (2007), and ideal natural state settings.

5.2 Changes in land-use/land-cover

5.2.1 Natural forest land-cover change

Table 5.2.1 - Natural forest cover change in the Salt River Catchment since 1959

Natural forest area coverage

Area % Annual
Year (ha) Chanqe
1959 767.5
1974 669.3 -0.9
1998 587.5 -1
2006 552.5 -0.7

Since 1959, the Salt River Catchment has lost over 215 ha of woodland cover, at

an average rate of approximately 1% (4.6ha) per year.



5.2.2 Urban land-cover change

Table 5.2.2 - Urbanisation of the Knysna Basin since 1959

Urbanisation Area Cover

% Annual
Year Area (ha) Chanqe
1959 181.25
1974 356.25 13.1
1998 1425.00 16.7
2006 1862.50 16.4

Since 1959, urbanised area within the Knysna Basin has increased by 1681ha.

Significant growth has occurred since the late 1970's with an annual average

increase of nearly 17% (35.8ha) per year. Refer to table 5.3.2 for current

description of landuse.

5.3 Salt River Catchment

5.3.1 Current catchment conditions

Table 5.3.1 - Current physical characteristics of the Salt River catchment

C1 C2 C3 Total
Length (m) 3,000 4,750 2,500 10,250
Average Slope (m/m) 0.203 0.234 0.217
Tc (min) 76.1 92.4 54.5
Area (ha) 706.25 537.50 243.75 1487.50
Pervious Area (ha) [%] 692.83 [98%] 485.09 [92.25%] 204.14 [83.75%] 1382.06
Impervious Area (ha)
[%] 13.42 [2%] 52.41 [9.75%] 39.61 [16.25%1 105.44
Weighted CN 60 64 66

The total impervious area of the catchment amounted to 105.44ha,

approximately 7% of the catchment. Catchment C3 had the highest CN value of

66, suggesting that it has the highest potential for runoff generation. The sub-

catchment C2 had the highest impervious area (see table above).



" C1 , % Cover km2 Description Condition Comments

Large houses, with well vegetated gardens.
Wealthy Residential 5 0.353 0.1ha plots 38% impervious Relatively small plots of land

Mixed VeQetation 55 3.884 Woods Good Mixture of alien and natural YeQetation

Pine Plantation 5 0.353 Woods Good Dense pine plantations

Cleared Plantation 10 0.706 Ranaeland Poor Barren soil, with little to no coyerina

Natural Forest 5 0.353 Woods Fair Natural afro-montane forest

Grazinq/Grassland 20 1.413 Pasture I Grazinqland Good Low intensity qrazinq land I Thick qrass areas
'~

km2,9 '/C2 % Cover Description Condition Comments

Informal Housina 15 0.806 0.05ha acre plots 65% impervious Informal housinq development, fairlY dispersed

Natural Forest 10 0.538 Woods Fair Natural afro-montane forest

Pine Plantation 55 2.966 Woods Good Dense pine plantations

Grazinq/Grassland 10 0.538 Pasture I Grazinqland Good Low intensity qrazinq land I Thick qrass areas

Cleared Plantation 10 0.538 Ranaeland Poor Barren soil, with little to no coverina

C3. ..' i: % Cover km2 Description Condition Comments

Informal Housinq 25 0.609 0.05ha acre plots 65% impervious Informal housinq development, fairly dispersed

Pine Plantation 60 1.463 Woods Good Dense pine plantations

Cleared Plantation 5 0.122 Rangeland Poor Barren soil, with little to no covering

Grazinq/Grassland 10 0.244 Pasture I Grazingland Good Low intensity qrazinq land I Thick qrass areas



5.4 Historic meteorological data

5.4.1 Historical storm duration

Table 5.4.1 - Storm duration (information gathered from 1878-1999 - Knysna

Municipality rain gauge)

1
3681

This table allows us to see the duration in days that rainfall events are likely to

occur for. Single day rain events are the most common, whilst precipitation

events lasting more than four days are less likely. It is the longer lasting storm

events, which cause the most damage. Longer lasting storm conditions decrease

the soil infiltration capacity, because of saturating soils, and storm water runoff

results in a much shorter time.
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From figure 6.4.2 we can see that for over 121 years the rainfall has been

relatively variable, although no trend exists for a noticeable increase or decrease

in rainfall o~er time. The very low R2 (0.018) value also suggests that no strong

trend exists.
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Figure 5.4.3 further reinforces the fact that there has not been an increase or

decrease in rainfall over the past century. If an increase in rainfall occurred, the

curve would bend upward or downward for a decrease in rainfall over time. The

cumulative trend is also a measure of stationarity; a type of quality control and

suggests that the information from the rain gauge is accurate.



5.5 Modelled hydrological scenarios for the Salt River catchment

5.5.1 Current hydrological scenario of the Salt River catchment

Table 5.5.1 ,- Predicted rainfall and hydrologic data for the Salt River catchment

(2007)

r 2 5 10 20 50
Rainfall (mm) 61.9 91.5 114.8 179.5 213.5

( .

Inflow Depth (mm) 4 15 26 65 89J
Discharge m3/s 4.59 22.61 43.39 120.52 166.81

Volume m3 63,189 220,684 384,162 970,632 1,324,782

fi 2 5 10 20 50
82.2 120.7 150.3 228.6 268.2

l~ 11 29 46 100 130

15.27 49.56 82.52 188.03 244.89

160,087 431,480 681,815 1,488,103 1,928,556

1 2 5 10 20 50
89.7 133.5 167.8 261.5 310.3

14 36 57 125 163

[ 21.05 63.77 104.94 236 308.07

" 207,999 539,584 852,034 1,859,488 2,422,898

2 5 10 20 50

L 95.3 141.3 177.1 274.1 324.3

16 40 63 134 174

25.03 71.82 116.58 253.81 329.46

1 240,211 600,655 940,632 1,998,047 2,591,330

2 5 10 20 50
100.4 147.4 183.3 278.3 326.1

{

1 18 44 71 137 176

29.28 78.91 131.15 259.77 332.52
274,031 654,447 1,051,702 2,044,600 2,615,522

tJ.
The above table provides a summary of runoff statistics, generated by HydroCAD

I under current catchment land use conditions. It provides runoff information suchL
as inflow depth, discharge, and runoff volume conditions for a range of return

1 periods and rainfall durations. This table allows us to predict the amount of

rainfall, runoff, and water volumes we can expect during various storm

conditions.



5.6 Comparative hydrologic analysis for 1959, current and ideal catchment

conditions

5.6.1 Hydrologic comparison between 1959 and idealised catchment

conditions

Table 5.6.1.1 - Modelled hydrologic data for the Salt River catchment (1959)

'~ -'"\0-- ~ 'f9/ii ~!$i'F< '%6 I,L-~1' 0". ",' 20.,,;~,1'~" ,.:', '0 '., ~'i'; .;"2,,, ·..%,6 I",. %6 L'i~~~50,!,-f!' " 'Yo 6'~'
- - - - -

Inflow Depth (mm) 2 50% 9 40% 17 35% 50 27% 72 19%
- - - - -

. 1 Discharge m3/s 1.13 75% 10.61 53% 24.22 44% 82.35 32% 119.73 28%
- - - - -

Volume (m3
) 23,293 63% 130,826 40% 257,242 33% 751,151 23% 1,064,327 19%

,'. I.;· '" '2" 0/06
~~.,'" #10'''' ..... 1'''%11. ";",, ' .~ . ,"50 ;.,.. o~'frY. ''" ~ 5· " %'/i. 1,,·/,',20 "" ':.%6. Yozh.

- - - - -
Inflow Depth (mm) 6 45% 20 31% 34 26% 81 18% 108 17%

- - - - -
Discharge m3/s 6.27 59% 28.5 42% 52.71 36% 137.18 27% 184.49 25%

- - - -
'! Volume (m3

) 86,819 46% 295,221 30% 502,664 25% 1,211,040 19% 1,612,054 16%
'{,.,' %~

.<C" .

1.0 '" %1 ~··20 '%6 ~;50.
I,:" •

1: ,Ii' ,2 5· %6 . %6}} ~ - - - - -('; ;';
Inflow Depth (mm) 8 57% 28 22% 44 23% 104 17% 139 15%

- - - - -
Dischargem3/s 9.66 54% 42.04 34% 70.04 33% 177.03 25% 238.13 23%

- - - - -
Volume (m3

) 121,442 42% 412,386 24% 648,196 24% 1,548,725 17% 2,069,190 14%

~.
'. -, 2 %6

" %,4' I~" ,...•~
%6'· 29;\\'~'" %A '~;i 50 .- "%'Ll'". 0/. 5 :~', 10 . ,

- - - - -
,~ Inflow Depth (mm) 10 38% 29 28% 49 22% 113 16% 150 14%

- - - - -
Discharge m3/s 12.11 52% 44.62 38% 79.22 32% 192.01 24% 256.47 23%

- - - - -
Volume (m3

) 145,421 39% 434,406 27% 725,002 22% 1,675,917 15% 2,226,272 14%
':":;~{:~ 1>0/0'6' ,.,,'j-s ' ;..

10 ,20'" '.~·%l ')~ 50B~~. .;z :~,-i'

:}::-:',~:~~ ~.;
" 2 - %6 %6 1- % Ii.

- - - - -
Inflow Depth (mm) 12 33% 32 27% 55 23% 116 15% 151 13%

- - - - -
Discharge m3/s 14.81 49% 49.98 37% 90.83 31% 197.05 23% 259.11 28%

- - - - -
Volume (m3

) 171,079 38% 479,555 27% 822,143 22% 1,718,250 16% 2,248,882 14%

Table 5.6.1.1 provides a summary of runoff statistics, generated by HydroCAD

under 1959 catchment land use conditions. It provides runoff information such as

inflow depth, discharge, and runoff volume conditions for a range of return



periods and rainfall durations. This table allows us to compare the percentage

change in the amount of runoff, discharge and water volumes from those that

currently oc~ur. Rainfall return periods are kept the same as those which occur

under current conditions. The percentage change is in relation to conditions

which currently occur.

Table 5.6.1.2 - Modelled hydrologic data for the Salt River catchment under

idealised 90% natural forest conditions.

Duration Runoff
(Days) Characteristics Return period

2 %11 5 %11 10 %11 20 %11 50 %11
- - - - -

Inflow Depth (mm) 1 75% 8 47% 16 40% 48 26% 68 24%
- - - - -

1 Discharge m3/s 0.75 84% 8.12 64% 19.87 54% 64.73 46% 93.7 44%
- - - - -

Volume em3
) 16,486 74% 108,331 51% 220,099 42% 666,098 31% 952,153 28%

%
Return Period 2 11 5 %11 10 %11 20 %11 50 %11

- - - - -
Inflow Depth (mm) 5 55% 18 38% 32 30% 78 22% 104 20%

- - - - -
2 Discharge m3/s 4.34 72% 23.37 53% 42.22 49% 107.44 43% 145.08 41%

- - - - -
- Volume (m3

) 70,071 52% 253,994 42% 440,584 35% 1,086,651 27% 1,455431 24%
%

Return Period 2 11 5 %11 10 %11 20 %11 50 %11
- - - - -

Inflow Depth (mm) 7 50% 24 40% 41 35% 100 25% 135 17%
- - - - -

3 Discharae m3/s 6.78 68% 31.44 51% 55.37 47% 139.14 42% 187.82 39%
- - - - -

Volume (m3
) 100,131 52% 333,258 38% 572,465 33% 1,397,096 23% 1,877,347 22%

%
Return Period 2 11 5 %11 10 %11 20 %11 50 %11

- - - - -
Inflow Depth (mm) 9 44% 27 33% 46 27% 109 19% 145 17%

- - - - -
4 Discharge m3/s 9.47 62% 36.05 50% 62.34 47% 151.07 42% 202.44 39%

- - - - -
Volume em3

) 120,120 50% 378.969 37% 642,294 32% 1,514,288 24% 2,022,615 22%
%

Return Period 2 11 5 %11 10 %11 20 %11 50 %11
- - - - -

Inflow Depth (mm) 10 44% 30 32% 52 27% 111 19% 146 16%
- - - - -

5 Discharge m3/s 11.87 59% 40.13 49% 71.23 46% 155.08 40% 204.56 39%
- - - - -

, Volume (m3
) 143,692 48% 419,705 36% 730,794 31% 1,553,807 24% 2,043,535 22%



The above table (5.6.1.2) provides a summary of runoff statistics, generated by

HydroCAD under natural catchment land use conditions (90% natural forest).This

table allow~ us to compare the percentage change in the amount of runoff,

discharge and water volumes from those that occur under current catchment

conditions. Rainfall return values are once again kept the same.

5.6.1.1 Hydrologic comparison for a 1:20 year storm scenario

Cut-off low phenomena usually involve heavy persistent rainfall. In the

comparison between two 1:20 year storms, 278mm of rainfall was input into

HydroCAD, with a five day rainfall duration. The 5 day duration of rainfall is

commonly associated with cut-off lows.

In 1959 inflow depth was 15% less than what occurs under current catchment

conditions, under idealised catchment conditions the difference was 19% less,

this reflects a change in inflow depth of 19mm and 26mm respectively. Current

catchment inflow depth is approximately 137mm for a 1:20 year storm over 5

days of rainfall.

In 1959 discharge was 23% less than what currently occurs, under idealised

catchment conditions, the difference was 40% less. This reflects a change in

discharge of 197m3/s and 155m3/s respectively. The current discharge for a

storm hydrograph for a 1:20 year flood is 260mm.

In 1959 the peak volume was 16% smaller than what currently occurs and 24%

smaller under idealised conditions. This reflects a change in 326,350m3 and

490,693m3 respectively from current hydrograph volume. Current hydrograph

volume stands at 2,044,600m3.

5.6.1.2 Hydrologic comparison for a 1:50 year storm scenario

Cut-off low phenomena usually involve heavy persistent rainfall. In the

comparison between two 1:50 storms, 326mm of rainfall was input into



HydroCAD, with a five day rainfall duration. A 1:50 year rainfall event is typical of

a severe storm incident.

In 1959 inflow depth was 13% less than what occurs under current catchment

conditions, under idealised catchment conditions the difference was 16% less,

this reflects a change in inflow depth of 15mm and 30mm respectively. Currently

176mm of inflow depth results for a 1:50 year storm over 5 days of rainfall.

In 1959 discharge was 28% less than what currently occurs, under idealised

catchment conditions, the difference was 39% less. This reflects a change in

outflow of 74m3/s and 228m3/s respectively. Under current conditions a discharge

of 333 m3/s is likely to result from a 1:50 year storm.

In 1959 the peak volume was 14% smaller than what currently occurs and 22%

smaller under idealised conditions. This reflects a change in 366,640m3 and

571,987m3 respectively. The storm volume under current conditions stands at

2,615,522 m3.



5.6.2 Storm hydrograph comparison; current versus 1959 catchment

conditions
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5.6.2.1 Storm hydrograph comparison between current and 1959 conditions

for a 1:20 year storm

Cut-off low phenomena usually involve heavy persistent rainfall (generally lasting

for 5 days or more). In the comparison between two 1:20 year storms, 278mm of

rainfall was input into HydroCAD, with a five day rainfall duration. This is the type

of rainfall commonly associated with cut-off lows.

From the curve (5.6.2.1) depicting current catchment conditions, it can be seen

that the discharge increases to its peak of 154.14 m3/s in a very short period of

time (approximately 180 minutes). The peak rises and falls rapidly. From the

storm hydrograph showing 1959 catchment conditions (5.6.2.2), it can be seen

that the discharge increases to a peak of 121.73 m3/s in an equally small period

of time. The difference in time taken to reach peak discharge amounted to only 9

minutes. An almost identically shaped storm hydrograph results, where the peak

rises and falls rapidly. In general there is no change in shape between the two

storm hydrographs, the only distinction is the difference in peak flow, which

amounts to 32.41 m3/s more than the storm hydrograph under 1959 catchment

conditions.
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5.6.2.2 Storm hydrograph comparison between current and 1959 catchment

conditions for a 1:50 year storm

In the comparison between two 1:50 year storms, 326mm of rainfall was input

into HydroCAD, with a five day rainfall duration. This type of rainfall.event would

depict a severe storm event.

From the storm hydrograph depicting current catchment conditions (5.6.2.3), it

can be seen that the discharge increases to its peak of 195.84 m3/s in a very

small period of time (approximately 180 minutes). From the storm hydrograph

showing 1959 catchment conditions, it can be seen that the discharge increases

to its peak of 158.93 m3/s in a very small period of time. The amount of time

taken to reach peak discharge differs by only 8 minutes, with the storm

hydrograph for current conditions reaching is maximum discharge first. Once

again an almost identically shaped storm hydrograph results, where the peak

rises and falls rapidly. The only difference between the two hydrographs is in

peak flow, which amounts to 36.91m3/s more than the storm hydrograph under

1959 catchment conditions.



Chapter 6

Discussion and Conclusion

6.1 Overview of chapter

Chapter 6 begins by discussing the change in land-use/land-cover in relation to

an increase in urbanised areas and a decrease in the natural vegetation cover.

This is followed by a discussion on how extreme weather events, such as cut-off

lows interact with the newly changed landscape. This interaction leads to an

increase in runoff, peak discharge and a shorter lag time to peak discharge,

these factors will be dealt with in accordance with the results generated in

chapter 5. Next an outline of risk factors that increase the damage potential of

endangering flood events will be outlined, followed finally by the conclusion to

this study

6.2 Land-uselland-cover change

The Salt River catchment has undergone significant changes in land-use and

land-cover over the past 50 years. Rapid population growth and the position of

Knysna as a popular tourist destination, has resulted in a significant increase in

impervious areas. The conversion of naturally occurring montane forest to make

way for increased development has also been significant over the past half

century. Naturally occurring montane forest is now limited to sparse pockets

within the catchment.

6.2.1 Increase in impervious area

The replacement of natural forests with artificial surfaces increases the

impervious area (e.g. increased coverage by concrete, cement, or exposed soils)

results in an increase in runoff. These surfaces radically reduce the duration that

rainfall takes to reach drainage systems. Under natural forest conditions, the

rainfall passes through several processes which absorb part of the rainfall as well

as slow it down in its passage into the river. Under natural forest conditions, only

a portion of rainfall ends up in rivers as a significant percentage goes into soil



water recharge or is transpired through vegetation. Dense forest acts as a

storage which increases lag time. However, under artificial urban conditions, a

much higher proportion of rainfall ends. up in drains and rivers in a shorter time.

An increase in impervious area leads to increased volumes of faster moving

water, which has a greater damaging potential.

The current population of Knysna stands at 55,057 (DiMP, 2007). A 28%

increase in population numbers since 1996 (42975) or about 3% a yea. This

increase in population has increased the demand for housing and land available

for development is scarce; sometimes leading to people establishing informal

housing close to rivers where they are exposed to the threat of floods, in the

process increasing their vulnerability. The hazard (flood) is also magnified by the

increase in impervious area, as increased water volumes with higher velocities

result during storm events.

6.2.2 Decrease in natural vegetation

Natural vegetation promotes infiltration by increasing surface porosity, preventing

soil crusting and compaction, increasing resistance to overland flow and

increasing surface water residence times (allowing more time for infiltration), by

improving the soil structure and providing infiltration channels down to deep root

systems.

Quantifying infiltration is a crucial process in modelling runoff generation of a

catchment. Particularly under extreme precipitation conditions the infiltration rate

strongly determines the quantity of water which is transferred to the river system,

either directly by generating overland flow or indirectly by influencing the extent

of saturated surface areas, thus causing overland flow (Niehoff et ai, 2002). It is

expected then, that runoff rates should increase as a result of a decrease in

vegetation and should increase still further when an increase in impervious areas

is factored into this decrease in natural vegetation surface conditions.
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6.3 Increase in extreme weather events

Climate change is expected to change the frequency and severity of future

extreme we~ther and climate events (Midgely, 2005). It is generally accepted that

one of the affects that the change in climate will have on the Western Cape is

that there will be an increase in the number of extreme weather events, such as

cut off lows-pressure systems, affecting the area.

Due to their irregularity, the characteristics of a cut-off low are very difficult to

predict. As a result, this complicates the dissemination of storm information.

People are left with less time to prepare for the impending storm and its effects,

ultimately increasing the damage potential of endangering flood events. Another

important issue which needs to be taken into account is the fact that the South

African Weather Service (SAWS) may issue warnings about the weather, but not

necessarily about how the weather affects objects on the ground level.

6.4 Comparative discussion of hydrological data for different catchment

scenarios

Discharge, inflow depth and volume all differed between the three different

catchment scenarios. In general there was an increase in all three

aforementioned characteristics, as catchment land-cover and land-use was

altered from its natural state. The changes may be attributed to the changing

land-use and land-cover situation within the catchment.

6.5 Storm hydrograph comparison between 1959 and current catchment

conditions

The storm hydrographs generated in section 5.6 for 1:20 and 1:50 year storms

(matching conditions associated with cut-off low characteristics), all possessed

very similar shapes, with steep rising and falling limbs. Peak discharge (related to

water level and velocity) is the factor which causes the most damage when a

river is in flood. This factor appears to be significant for the Salt River as a flood

hazard, when cut-off low scenarios are modelled.
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6.6 Risk factors that increase the damage potential of endangering flood

events

6.6.1 Lack of integrated catchment management

Although a river system is divided into sections by man-made boundaries, it

works as a whole. Events triggered in the upper portions of the catchment, will

affect regions lower in the river system. The lack of coordinated catchment

management for river systems prior to the flooding event, exacerbates the effects

of heavy flooding, and in some cases may even intensify the flooding itself.

Increased risk to flood events is as a result of increased severity of the

hazardous event. A lack of communication and coordinated catchment

management tends to worsen the effects of endangering flood events and as a

result the risk component of the conceptual framework is enlargened.

6.6.3 Inadequate infrastructure

The built environment due to its very nature worsens runoff by reducing the

infiltration potential over large areas. The water therefore remains on the surface

for longer, and is channeled through man-made structures (roads, paths,

pavements), in the process speeding up the flow. This larger flow rate, with its

higher velocity has greater destructive potential. Lack of maintenance of

infrastructure such as storm water drains may also increase the risk of flooding

during heavy rainfall events. Up-to-date flood lines should also be maintained to

ensure building in high risk areas is kept in line with different and changing flood

regimes. Building should therefore anticipate, as far as possible, future changes

in the upstream catchment.

6.6.4 Debris Loading

Debris loading can be a significant cause of infrastructure failure, and usually

occurs due to improper clearance of storm water drains and related storm water

channeling infrastructure. Debris such as branches and refuse which enter the

river system tend to join together when they encounter an obstacle, such as a



bridge for example. Over time the debris pile grows in size and weight; as more

waste is washed down from the upstream reaches of the river. This weight

caused by, debris loading in addition to high river velocities during storm

conditions increases the potential for infrastructure failure. Debris loading

increases the damaging potential of floodwaters, and aids in the breakdown of

infrastructure which is subjected to increased river discharge.

6.6.5 Underfunding of the Eden Municipality

Underfunding, the recent retrenchment of 98 roads staff, and the forced reduction

of the working week from 9 hours to 8 by the department of labour, along with the

reduction of 3 regravelling teams down to only 2 coupled with the recurring flood

events almost annually due to proneness of the Eden district to severe cut-off

lows allied with the fact that Eden is growing at an alarming rate has placed huge

demands on the provincial roads department (DiMP, 2007). The roads

department find themselves in a position where they are unable to satisfactorily

effect adequate road maintenance and flood damage repairs simultaneously,

whilst still carrying out effective quality control (DiMP, 2007).

Of the 6900km of provincial roads in Eden only 750km are tarred (11%). The rest

of the road network consists of gravel roads which are mostly at or below natural

ground level (DiMP, 2007). These roads are unable to deal with anything more

than a 1:5 year flood event. Gravel roads are unable to resist the scouring effects

caused by most flood events. Of the 750km of surfaced roads, many are now

more than 30 years old. At this age they have exceeded their economic design

life and have reached the stage of being beyond economic maintenance. These

roads are therefore more susceptible to flood damage. Recent flood events such

as the last cut-off lows have produced storms in the 1:20 category; these events

have resulted in massive damage losses as the road infrastructure is not

adequately maintained or designed to deal with the huge volumes of water.



The Knysna Municipality reported the third largest planned expenditure budget

for Civil and Technical Services (R 162 million), but allocated only 5.6% of this (R

9 million) for maintenance and repair (DiMP, 2007). Although economic losses of

R 33 million incurred by the municipality constituted only 20.3% of the planned

expenditure budget, it was equivalent to 364.5% of the municipality's total

maintenance and repair allocation (DiMP, 2007).

In the absence of external financial relief, such costs make reconstruction and

recovery almost impossible, as the costs for repairing 'flood-damaged'

infrastructure may significantly exceed (in this instance, by 365%) the budgeted

allocations for repair and maintenance (DiMP, 2007). In addition, the opportunity

costs linked with post-disaster reconstruction may further complicate efforts to

maintain other infrastructure by diverting resources to acute, rather than ongoing

needs. Underfunding of the local municipality increases the vulnerability faced by

local inhabitants of the area. Vulnerability of the local population is increased as

infrastructure is out-dated, poorly maintained, and generally inadequately

constructed to deal with the increased storm downpours and runoff.

6.7 Conclusion

This research has applied a hydrological model to a small catchment in Knysna

in the Western Cape. The model was chosen due to its applicability to the

research being undertaken in a small-sized catchment. While the actual numeric

nature of the results are purely theoretical, the results did show that an increase

in runoff, discharge and volume all increased, as the catchment scenario

progressed from natural conditions, to sparsely urbanised (1959), and finally to

current conditions, where major land-use and land-cover changes have taken

place.

Although the study area is predominantly under forestry and agricultural land-

use, urbanisation has become more and more important, because it is the most

profitable and therefore most relevant driving force for land-use conversion. It is



recognized that urbanisation has a significant effect on the generation of more

damaging peak flows as a result of increased velocity and peak discharge. These

factors are yvorsened, by the addition of additional risk factors, brought about

mainly by a lack of human agency (See section 6.6). These factors when

combined with a higher magnitude storm event result in an increased potential

for damage and harm to the residents located in and around the Salt River

catchment. Extreme weather conditions also increase the potential for higher

magnitude flood events, through the addition of increased precipitation.

Additionally, the growth of the Knysna population, has forced more people to live

in unsafe areas. The increase in overall risk is therefore also a result of increased

exposure of people to endangering flood events. Increased exposure (through

development within the hazard zone, and rising flood peaks now reaching social

assets perhaps previously considered not to be vulnerable). Increased exposure

in turn results to an increase in potential damage caused by high magnitude

storm events.
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