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SETTING THE SCENE
This specific Project, titled the
Durban Metro Hydrological Vulnerability Assessment by Modelling as a
Demonstration Prototype to Assist in the Rehabilitation of Rivers in the Metro
is a component of Durban’s
Transformative River Management Programme (TRMP)
The overall purpose of the broader Programme is to develop a business case for the
rehabilitation of the rivers within eThekwini metro as a measure to mitigate against
projected increases in flood magnitudes and frequency. The rehabilitated riverine
systems should then mitigate against the projected increase, thereby reducing the
costs of upgrading infrastructure such as bridges and storm water systems.
This Project component of the broader Programme is the detailed hydrological
modelling component of the above, which allows for the quantification of hydrological
responses of flows, floods and sediment yields to land use and projected climate
changes. This provides background to a vulnerability assessment, thus identifying
those area that may be the more vulnerable than others to projected changes in
climate and, therefore, changes in the overall hydrological regime.
The overall method utilized in this Project involved a blend of reviewing available
information, collaboration with Municipal experts, collaboration with co-consultants,
detailed hydrological modelling, GIS mapping applications and stakeholder
engagement. The tasks were undertaken in 5 Phases, viz.
• Phase 1 – the Inception Phase consisting of an inception meeting confirming Terms
of Reference, research phases and approaches, meeting with key stakeholders in
the eThekwini water related sector;
• Phase 2 – the Model Preparation Phase, which included the delineation of the
selected catchment into sub-catchments and those in turn into Hydrological
Response Units, assessing land uses and providing the Municipality with the
updated catchment information;
• Phase 3 – the Modelling Phase which covered model configuration, undertaking
multiple simulations and interpreting the results;
• Phase 4 – the Recommendation Phase, in which vulnerabilities and gaps were
identified, with possible solutions and a way forward proposed; and
• Phase 5 – the Closure Phase in which information was summed up and the Project
documentation and data handed over.
This document integrates the outcomes of those Phases, the first three of which were
reported upon previously in separate documents, into a single document
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SELECTION OF THE CATCHMENT
HYDROLOGICAL ANALYSIS

FOR

DETAILED

Initially, for this Project three catchments around Durban were selected for a detailed
hydrological simulation study, namely the Umhlangane, Ohlanga and Isipingo
catchments. However, owing to significant time contraints it was decided by the
eThekwini Project Team that it would be more beneficial to simulate a single
catchment with a high level of detail, and apply the findings to the other areas of the
eThekwini, rather than simulating 3 catchments at a much lower level of detail. Owing
to the highly variable land cover, it was agreed at the time that the Umhlangane system
would be the most suitable catchment to simulate. As the Project progressed, the team
decided that the Ohlanga catchment better represented the overall situation in the
eThekwini regions, especially from a land cover and ownership perspective. However,
as this occurred approximately a month into this short-term Project, it was not possible
to change the catchment to be simulated, while still meeting the required timeframes.
Therefore, an agreement was reached between the Teams that as the Umhlangane
is located in the adjacent catchment to the south of the Ohlanga (Figure 1), the
impacts of climate and land use changes on the system should be similar. Hence, the
decision was made to continue simulating the Umhlangane catchment.

Figure 1 Location of the Umhlangane catchment in relation to the Ohlanga
catchment
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SUB-DELINEATION OF THE UMHLANGANE CATCHMENT
Using the Quinary catchments (Schulze and Horan, 2010; Schulze et al., 2010) as a
point of departure, the Quinary catchments shapefile was overlaid onto the
Umhlanage catchment and Figure 2 shows that the Umhlangane catchment
comprises of a portion of two Quinaries, namely 4706 and 4707. Owing to the
requirement of a highly detailed simulation, the spatial level of Quinary catchment was
thus clearly not adequate, and therefore a more detailed shapefile, obtained from
eThekwini, was utilised and overlaid with the Umhlangane system. This resulted in the
Umhlangane system being divided into 101 sub-catchments of approximately 1.4km2
in size.
Owing to the variable land uses within each of the 101 sub-catchments, as shown in
Figure 3, a further sub-division into Hydrological Response Units (HRUs) was made,
based on surface cover characteristics.

Figure 2 Quinary catchments overlaid onto the Umhlangane catchment
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Figure 3 The eThekwini sub-catchments within the Umhlangane catchment
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The Concept of Delineating
Hydrological Response Units

Sub-Catchments

Further

into

The division of the 101 sub-catchments into HRUs is based on the variability of land
cover within each of these catchments, i.e the higher the variability of land cover, the
higher the number of HRUs that would be required. It was decided that, based on work
in a WRC project at the Centre for Water Resources Research at the University of
Kwazulu-Natal, 6 HRUs for each of sub-catchment would be adequate to deal with the
variability of the land cover within the Umhlangane catchment. The sub-delineation
into 6 HRUs is becoming a national standard.
The categorisation of the land cover into the 6 discreet HRUs per sub-catchment is as
follows (see also Figure 4):
• HRU 1:
Natural Vegetation
• HRU 2:
Bare Areas and Mining
• HRU 3:
Informal Built Up Areas (Informal residential areas)
• HRU 4: Formal Built Up Area (Combination of pervious vegetation surfaces and
impervious areas, CBD)
• HRU 5:
Wetlands, Lakes and Pans
• HRU 6:
Agriculture, Rivers and Dams (Irrigated and dryland agriculture to be
included)
With regards to the simulation, the ACRU hydrological modelling system (see later
section) treats each of the HRUs as a separate catchment, thus resulting in a total of
606 separate catchments that make up the Umhlangane system. HRUs 1 to 4 are
effectively “upper” catchments in that they do not received flows from upstream
systems, as often occurs in reality, while HRU 5 is the downstream catchment for
HRUs 1 – 4, as well as to upstream subcatchments. This is due to wetlands and
riverine areas being downstream of almost all other land uses in reality. HRU 6
comprises of rivers, dams and agriculture, as often agriculture is located directly
adjacent to the supply dams.
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Flow Configuration of HRUs within a Catchment
In Figure 4 an HRU flow diagram is shown.
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Figure 4 Flow configuration of the HRUs within each of the 101 sub-catchments
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OVERVIEW OF THE METHODOLOGY ADOPTED
Selection of the ACRU Modelling System for Hydrological
Simulations
To generate daily runoff and sediment yields in the Umhlangane catchment, the ACRU
Model was used. ACRU is a daily time step and physical conceptual hydrological
model (Schulze, 1995; 2004 and updates) the various outputs of which have been
widely verified against observations not only in South Africa (including the Durban
area), but also in Canada, the USA, Germany, New Zealand and Zimbabwe. The
major multi-layer soil water budgeting processes of ACRU are shown schematically in
Figure 5, with elements of the daily water budget shown in Figure 6.

Figure 5 Concepts of the ACRU hydrological model (After Schulze, 1995)

Figure 6 Elements of the daily water budget in the ACRU model
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In the model, any rainfall that has not been intercepted by plants or removed as
stormflow, enters the soil through the soil surface and resides initially in the topsoil.
When the topsoil is filled to beyond its drained upper limit (DUL in Figure 6), any
excess water is drained into the subsoil horizon at a rate dependent on the respective
wetnesses of the horizons, on soil texture characteristics and/or on impeding layers in
the soil profile. Slow, unsaturated up- and downward moisture redistribution is also
accounted for in the model. Evaporation occurs simultaneously from the various soil
horizons (Figure 5), dependent on seasonal root mass distribution, on atmospheric
demand (i.e. the potential evaporation of the day) and the respective horizon
wetnesses. Surface and near-surface runoff is generated once initial abstractions
have been met, these being a function of the magnitude of rainfall and the soil’s
wetness. To surface runoff, baseflow is added, this being generated from excess water
percolating through the bottom of the root zone into the the groundwater stores, with
the baseflow being produced by a slow release of water (as a decay function) from
these stores into streams which are connected to the groundwater.
The ACRU Model as a system is, furthermore, a multi-purpose model which can
operate as a distributed, multi-catchment model with catchments inter-linked and
water flows cascading from one to the next downstream catchment to the exit, as in
this Project. It is multi-purpose also in the sense that its outputs which are relevant to
this Project are those related to runoff components (such as stormflow, baseflow, peak
discharge, hydrograph routing and extreme value analysis), and sediment yields
(accounting for soil properties, slope characteristics, seasonal vegetation conditions
and land management status), while the other output option of interest in this Project
include land use impacts and climate change assessments (Figure 7).

Figure 7 The multi-purposeness of the ACRU Modelling System
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Steps in Delineating Sub-Catchments into Hydrological Response
Units
The DEA (2018) land cover is a 20 m raster layer that covers South Africa and contains
73 different types of land uses. The following steps were therefore undertaken to
determine the land use for each of the 101 catchments found in the uMhlangane
system:
•
•
•
•
•
•

•
•

•

The uMhlangane catchment was clipped from the RSA Raster LU 2018 coverage.
Using the split polygon tool in QGIS each of the catchment polygons was split into
a single shapefile.
Using the “class iterator” feature, the land use of each of the smaller catchments
was clipped from the uMhlangane LU that had been clipped in step 1.
This clipping process results in the loss of the attribute table, hence a further
iterator was completed to re-instate the attribute table.
The raster iterator had to be used to re-instate the attributes table of each raster
dataset that pertains to each of the catchments.
In conjunction with the raster iterator the integer tool had to be used, however, the
only information that is present in the attribute table is the value of the raster pixel
and the number of pixels per value.
The information that had been lost from the attribute table was then re-inserted by
joining a table with both land use and HRU information.
From the number of pixels per value, and therefore HRU, the area per catchment
was calculated. It should, however, be noted that there is a margin of error as the
raster is a 20 m pixel size, rather than a smooth vector polygon.
This area was then used in the ACRU model for catchment areas, as well as for
determining the impervious areas and therefore, influencing the peak flows, lags
and other hydrological attributes.

Table 1 shows the land uses as per the DEA (2018) land use and the assignment to
a particular HRU, as per the rules outlined above.
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Table 1

Categorisation of DEA (2018) land cover classes to the HRUs
VALUE CLASS_NAME
1 contiguous (indigenous) forest
2 contiguous low forest & thicket
3 dense forest & woodland
4 open woodland
5 contiguous & dense plantation forest
8 low shrubland (other)
13 natural grassland
14 natural rivers
15 natural estuaries & lagoons
18 natural pans (flooded @ observation times)
19 artificial dams (including canals)
20 artificial sewage ponds
21 artificial flooded mine pits
22 herbaceous wetlands (currently mapped)
23 herbaceous wetlands (previously mapped)
24 mangrove wetlands
25 natural rock surfaces
26 dry pans
27 eroded lands
30 bare riverbed material
31 other bare
36 cultivated commercial sugarcane non-pivot
41 subsistence / small-scale annual crops
42 fallow land & old fields (trees)
43 fallow land & old fields (bush)
44 fallow land & old fields (grass)
45 fallow land & old fields (bare)
47 residential formal (tree)
48 residential formal (bush)
49 residential formal (low veg / grass)
50 residential formal (bare)
51 residential informal (tree)
52 residential informal (bush)
53 residential informal (low veg / grass)
54 residential informal (bare)
55 village scattered (bare & low veg/ grss combo)
56 village dense (bare & low veg / grss combo)
61 urban recreational fields (tree)
62 urban recreational fields (bush)
63 urban recreational fields (grass)
64 urban recreational fields (bare)
65 commercial
66 industrial
67 roads & rails (major linear)
69 mines: extraction pits, quarries
72 land-fills
73 fallow land & old fields (wetlands)

COUNT HRU
36148
58231
5493
563
446
6
66723
453
1396
169
814
231
39
403
2202
320
1801
22
124
403
1097
17209
3283
10872
12
14154
5381
52320
401
228668
81312
6370
28
31510
5788
6103
2792
1731
7
10143
439
17312
21402
1598
1973
12
575

1
1
1
1
3
1
1
6
5
5
6
4
2
5
5
5
2
5
2
6
2
6
6
1
1
1
2
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
2
2
5

From Figure 8 and Figure 9 the visual difference between the DEA (2018) land use
can be seen. However, the differences in the hydrological responses from the system
are minimal, this being due to many of the land uses indicated above responding in a
hydrologically similar manner.
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Figure 8 DEA (2018) land cover within the Umhlangane catchment

Figure 9 The Umhlangane catchment when overlaid with HRU land cover
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SETTING UP THE SYSTEM FOR SIMULATIONS
Development of a Hydrological Flow Diagram
Prior to entering information into the ACRU model a hydrological flow system must be
developed for the catchments to be simulated. This allows the model to correctly
simulate the hydrological flow pathss from the upper to the lower reaches of the
catchment, while also including contributions from external sources, such as waste
water treatments works.
The steps below were followed to develop a hydrological flow diagram:
• The Umhlangane catchment was delineated using the 30 m Digital Elevation Model
(DEM) and the ArcSWAT tool. The resulting catchment is ~143 km2 in extent.
• This catchment was then overlaid with the sub-catchments provided by the
eThekwini Municipality. These sub-catchments vary in size, but average at being
approximately 1.4 km2 in extent.
• Added to these layers is a highly detailed rivers coverage that shows all the
tributaries that flow from the upper to the lower reaches of the catchment.
• The 30 m DEM is retained to indicate the direction of flow in those areas where it is
uncertain.
• Finally the catchments through which the streams flow are numbered in accordance
with the order in which water flows from the upper catchment to the lower catchment
(Figure 10).
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Figure 10 Flow routing within the Umhlangane catchment
The flow diagram from the above steps, as derived from Figure 10, is shown as a flow
routing image in Figure 11. From both Figures 10 and 11 it is seen that the
Umhlangane catchment was delineated into 101 sub-catchments.
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Figure 11 Diagrammatic representation of the flow path within the Umhlangane
catchment
Subsequent to determining the flow path through the Umhlangane catchment was the
computation of the area of each sub-catchment. This was undertaken by ensuring that
the projection of the shapefile is appropriate to ensure correct calculation of the area
of the sub-catchment polygons. Once the area had been calculated, with the units set
at km2, this information was almost ready to be entered into the ACRU model’s
baseline menu.
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Development of Climate Change Scenarios
Owing to the large number of simulations that would be required to accommodate the
latest Global Circulation Models (GCMs), which at the time of wriing are currently
(October 2020) still being configured for hydrological applications at the Centre for
Water Resources Research, and the short timelines for this project, a decision was
taken by the project team in collaboration with the eThekwini team to rather use
climate thresholds to set up a range of climate change scenarios. Additionally, the use
of multiple GCMs would, at this stage, have presented the difficulty of having to select
those GCMs gving the most feasible results, and without substantial consultation with
various GCM experts such a decision could not be made, especially if the results
obtained from simulations using the various GCMs showed divergent patterns.
The following climate scenarios were decided upon collaboratively to to be used to
assess the potential impacts of projected future climatic changes:
•
•
•
•

•

Scenario 1: Historical status quo: Historical climate from 1950 to 1999 with no
changes to the climatic inputs.
Scenario 2: A wet and hot future: A 10% increase in daily rainfall and 2.0 oC
increase in daily maximum and minimum temperatures.
Scenario 3: A warmer future: Rainfall unchanged, but a 1.5 oC increase in daily
maximum and minimum temperatures.
Scenario 4: A hot and wet future with more intense rainfall: 10% increase in daily
rainfall, a 20% increase in rainfall intensity (i.e the 2 year return period 30 minute
rainfall intensity as used in the ACRU model for peak discharge calculations) and
a 2.0oC increase in daily maximum and minimum temperatures.
Scenario 5: A wet future: A 10% increase in rainfall with no change in daily
temperatures.

The main scenarios that are focussed on from the above set of scenarios are those
from Scenario 1, i.e. the historical period and from Scenario 4, which according to
previous work using the various GCM ensembles is likely to occur in this region.

21

Changes Made to Historical ACRU Menus for Baseline Land Cover Simulations
The following changes were necessary to the ACRU input menus:
• Catchment area (ACRU variable CLAREA): The values calculated for each of the
606 HRUs were entered into the ACRU model input file.
• The land cover characteristics used were derived from the Quinary Catchments
Database. In this instance the land cover value used is 2090101, which is defined
as Coastal Forest and Thornveld, and Table 2 shows the characteristics that are
entered into the model and that will influence the results with regards to baseline
land cover.
• The option in ACRU to calculate sediment yield using the Modified Universal Soil
Loss Equation (MUSLE) was selected, and this resulted in the Peak Discharge
calculation having to be as this is a requirement for the MUSLE.
• The catchment lag equation used in the computation of peak discharge (ACRU
variable LAG) was set to 2, in which instance the Schimdt and Schulze lag equation
is used, this being the preferred and most verified method for southern Africa.
• The average slope of each of the sub-catchments was computed using the 30 m
DEM, and then entered into the model input file, with slope being used in the
MUSLE.
• The method used to derive reference potential evaporation (ACRU variable
EQPET) was set to use the Hargreaves and Samani (1985) equation which requires
only daily temperature values as climate input, which are readily available, and with
results in South Africa comparing very favourably with observations and with the
more complex Penman-Monteith equation.
• The daily rainfall input obtained from the Quinary Catchment Database was used
as inputs, and as the Umhlangane catchment small in area, there is no need for
further areal correction factors to be applied. Hence ACRU variable PPTCOR was
set to 0 (no correction necessary) with the monthly rainfall correction factor
CORPPT set to 1.
Table 2
2090101 CAY
2090101 COIAM
2090101 CONST
2090101 PCSUCO
2090101 ROOTA
2090101 VEGINT

Month-by-month ACRU model input variables for Coastal Forest and
Thornveld
0.85
0.3
0.4
100
0.75
3.1

0.85
0.3
0.4
100
0.75
3.1

0.85
0.3
0.4
100
0.75
3.1

0.85
0.3
0.4
100
0.75
3.1

0.75
0.3
0.4
100
0.75
2.5

0.65
0.3
0.4
100
0.75
2

0.65
0.3
0.4
100
0.75
2

0.75
0.3
0.4
100
0.75
2.5

0.85
0.3
0.4
100
0.75
3.1

0.85
0.3
0.4
100
0.75
3.1

0.85
0.3
0.4
100
0.75
3.1

0.85 COASTAL FOREST & THO
0.3 COASTAL FOREST & THO
0.4 COASTAL FOREST & THO
100 COASTAL FOREST & THO
0.75 COASTAL FOREST & THO
3.1 COASTAL FOREST & THO

The variables in Table 2 are as follows:
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• CAY: Average monthly crop coefficients for the pervious land cover of a catchment.
Essentially this is the fraction of water “consumed “ by a plant under conditions of
maximum evaporation in relation to that evaporated by an A-pan in the given period.
• COIAM: Coefficient of initial abstraction. It is a coefficient given on a month-bymonth basis which is used to estimate the rainfall abstracted by interception,
surface storage and infiltration before stormflow commences.
• CONST: Fraction of plant available water of a soil horizon at which total evaporation
is assumed to drop below the maximum evaporation during drying of soil.
• PCSUCO: Surface cover (mulch etc) input as a % on a month-by-month basis. The
maximum evaporation from the soil can be suppressed by surface sover such as
mulch, litter and surface rock.
• ROOTA: Fraction of effective root system in the topsoil horizon, specified monthby-month.
• VEGINT: Interception loss (mm.rainday-1) by vegetation, given month-by-month.
Subsequent to the above simulations using baseline land cover and the various
climate change scenarios, the ACRU input menus were altered to accommodate
actual land cover.
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Configuring the ACRU Model for Actual Land Use Simulations
Baseline simulations cannot be used to simulate actual flows from the catchments in
question as most of the areas have had natural vegetation replaced by other land uses
and land cover has a considerable impact on surface and sub-surface runoff, as is
shown in the results sections of this document. To accommodate these differences in
land cover the ACRU input menus must be altered to inform the model that the land
cover is no longer the same and that the new land use parameters should be used.
This altered parameters then result in changes in runoff responses and flow
magnitudes from the catchment, as shown in the results.
As mentioned above, significant processing of information was required to provide the
input information to the model, especially in terms of land cover. The brief explanation
provided above is the first step in obtaining actual land cover to be entered into the
model. Still to be undertaken are the following steps:
• Subseqeunt to determining the area of each of the land uses that make up the 606
HRUs, the impervious surfaces had to be determined. This was done using the
rules that had been developed to determine the land use for each of the 6 HRUs,
with HRUs 3 and 4 being the HRUs with the major impervious areas, as these are
dedicated to various forms of urbanisation. If a mine were present in this catchment
then a portion of HRU 1 would have been allocated to mine parameters.
• The next step was to determine the percentage of the catchment that comprises of
the adjunct and disjunct impervious areas. An adjunct impervious area is one that
has a direct connection with the stream via a stormwater drain, e.g. a tarred parking
lot linked to a stormwater system. A disjunct impervious area is an area such as a
tarred parking lot that does have a direct connection with the stream, with runoff
from it rather draining into the surrounding pervious area. The determination of the
respective percentages of adjunct and disjunct areas was done through a
categoriation of these area, based on previous work. The monthly land cover input
variables for formal and informal urban areas as well as for other land uses present
are shown in Table 3.
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Table 3

Month-by-month land cover variables that were entered to facilitate simulation of runoff from actual land covers

Cropno Variable Jan
Feb
1030201 CAY
0.8
1030201 ROOTA
0.8
1030201 VEGINT
1.4
1040101 CAY
0.55
1040101 ROOTA
0.9
1040101 VEGINT
0.8
2090101 CAY
0.85
2090101 COIAM
0.3
2090101 CONST
0.4
2090101 PCSUCO
100
2090101 ROOTA
0.75
2090101 VEGINT
3.1
7010109 CAY
0.45
7010109 COIAM
0.15
7010109 CONST
0.4
7010109 ROOTA
1
7010109 VEGINT
0.5
9010101 CAY
0.83
9010101 COIAM
0.3
9010101 CONST
0.4
9010101 ROOTA
0.75
9010101 VEGINT
2
ADDIN FORPCSUCO
SUGARCANE
90
5283051 CAY
0.65
5283051 COIAM
0.15
5283051 CONST
0.4
5283051 COVER
0.07
5283051 ROOTA
0.9
5283051 VEGINT
1.5
ADDIN FORPCSUSCO
FALLOW LAND 50

Mar
0.8
0.8
1.4
0.55
0.9
0.8
0.85
0.3
0.4
100
0.75
3.1
0.45
0.15
0.4
1
0.5
0.83
0.3
0.4
0.75
2
90
0.65
0.15
0.4
0.07
0.9
1.5
50

Apr
0.8
0.8
1.3
0.55
0.9
0.8
0.85
0.3
0.4
100
0.75
3.1
0.45
0.15
0.4
1
0.5
0.83
0.3
0.4
0.75
2
90
0.65
0.15
0.4
0.07
0.9
1.5
50

May
0.7
0.9
1.2
0.45
0.94
0.7
0.85
0.3
0.4
100
0.75
3.1
0.35
0.15
0.4
1
0.5
0.83
0.3
0.4
0.75
2
90
0.55
0.2
0.4
0.07
0.94
1.5
50

Jun
0.6
1
1.1
0.2
1
0.6
0.75
0.3
0.4
100
0.75
2.5
0.3
0.15
0.4
1
0.5
0.83
0.3
0.4
0.75
2
90
0.3
0.3
0.4
0.07
0.98
1.5
50

Jul
0.5
1
1
0.2
1
0.5
0.65
0.3
0.4
100
0.75
2
0.2
0.15
0.4
1
0.5
0.83
0.3
0.4
0.75
2
90
0.2
0.3
0.4
0.07
1
1.5
50

Aug
0.5
1
1
0.2
1
0.5
0.65
0.3
0.4
100
0.75
2
0.2
0.15
0.4
1
0.5
0.83
0.3
0.4
0.75
2
90
0.2
0.3
0.4
0.07
1
1.5
50

Sep
0.5
1
1
0.2
1
0.6
0.75
0.3
0.4
100
0.75
2.5
0.2
0.15
0.4
1
0.5
0.83
0.3
0.4
0.75
2
90
0.2
0.3
0.4
0.07
1
1.5
50

Oct
0.6
0.9
1.1
0.3
0.94
0.7
0.85
0.3
0.4
100
0.75
3.1
0.35
0.15
0.4
1
0.5
0.83
0.3
0.4
0.75
2
90
0.3
0.3
0.4
0.07
1
1.5
50

Nov
0.7
0.9
1.2
0.4
0.92
0.8
0.85
0.3
0.4
100
0.75
3.1
0.45
0.15
0.4
1
0.5
0.83
0.3
0.4
0.75
2
90
0.5
0.3
0.4
0.07
0.95
1.5
50

Dec
0.8
0.8
1.3
0.5
0.9
0.8
0.85
0.3
0.4
100
0.75
3.1
0.45
0.15
0.4
1
0.5
0.83
0.3
0.4
0.75
2
90
0.55
0.2
0.4
0.07
0.9
1.5
50

Description
0.8 FORMAL RESIDENTIAL MED DENSITY (Pervious portion)
0.8 FORMAL RESIDENTIAL MED DENSITY (Pervious portion)
1.4 FORMAL RESIDENTIAL MED DENSITY (Pervious portion)
0.55 INFORMAL RESIDENTIAL URBAN (Pervious portion)
0.9 INFORMAL RESIDENTIAL URBAN (Pervious portion)
0.8 INFORMAL RESIDENTIAL URBAN (Pervious portion)
0.85 COASTAL FOREST & THORNVELD(#01)
0.3 COASTAL FOREST & THORNVELD(#01)
0.4 COASTAL FOREST & THORNVELD(#01)
100 COASTAL FOREST & THORNVELD(#01)
0.75 COASTAL FOREST & THORNVELD(#01)
3.1 COASTAL FOREST & THORNVELD(#01)
0.45 Bare Rock/Soil(pongola)
0.15 Bare Rock/Soil(pongola)
0.4 Bare Rock/Soil(pongola)
1 Bare Rock/Soil(pongola)
0.5 Bare Rock/Soil(pongola)
0.83 Sugarcane (Coastal;SC80 90) (mvoti)
0.3 Sugarcane (Coastal;SC80 90) (mvoti)
0.4 Sugarcane (Coastal;SC80 90) (mvoti)
0.75 Sugarcane (Coastal;SC80 90) (mvoti)
2 Sugarcane (Coastal;SC80 90) (mvoti)
90 Sugarcane (Coastal;SC80 90) (mvoti)
0.65 URBAN / BUILT UP LAND RESIDENTIAL SMALL HOLDINGS GRASSLAND (URBAN)
0.15 URBAN / BUILT UP LAND RESIDENTIAL SMALL HOLDINGS GRASSLAND (URBAN)
0.4 URBAN / BUILT UP LAND RESIDENTIAL SMALL HOLDINGS GRASSLAND (URBAN)
0.07 URBAN / BUILT UP LAND RESIDENTIAL SMALL HOLDINGS GRASSLAND (URBAN)
0.9 URBAN / BUILT UP LAND RESIDENTIAL SMALL HOLDINGS GRASSLAND (URBAN)
1.5 URBAN / BUILT UP LAND RESIDENTIAL SMALL HOLDINGS GRASSLAND (URBAN)
50 URBAN / BUILT UP LAND RESIDENTIAL SMALL HOLDINGS GRASSLAND (URBAN)
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Table 3 shows the alterations that were required to facilitate the simulations of the
actual land use changes. The difference can be seen in variables such as VEGINT,
the rainfall interception by vegetation/land use, when a comparison is made between
the urban area and the natural land cover. There is significantly less interception in
the urban area, thus resulting in an increase in runoff. The same applied to the crop
coefficient CAY, indicating vegetation water use, in that in urban and informal urban
areas significantly less evaporation is occurring, therefore resulting in a lower relative
value to be entered into the model. This results in less water being lost evaporation,
thus increasing the overall runoff from the catchment. This also applies to initial
abstractions (ACRU variable COIAM), the fraction of roots found in the topsoil
(ROOTA) and percentage soil surface cover and mulch (PCSUCO). This culminates
in an overall increase in the magnitude of extreme events, and increases the overall
variability of the hydrological responses, which is also due to the decrease in
groundwater recharge, thus resulting in lower baseflows during the drier low flow
(winter) months.
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Variables Adjusted to Accommodate Impacts of Waste Water Treatment Works
(WWTW)
In addition to the above variables that affect natural streamflows there are those
variables that account for contributions from external sources. The external sources
are effectively catchment water transfers into this system, which have to be accounted
for as these will affect flows out of this system. The contributions referred to as
“catchment tranfers” in this document comprise of daily household water usage.
Household water supply is sourced from the various dams on the Umgeni system and
then pumped to individual households through a network of reservoirs and pipelines.
Subsequent to use the water is then conveyed from individual households to one of
two waste water treatment works (WWTWs) along the Umhlangane river. After the
treatment process this water is discharged back into the Umhlangane river, thus
contributing to flows from the system. It should be noted that although discharge
volumes during the day may vary in accordance with water usage, these discharges
into the river are continuous. Monthly values for each of the two WWTWs works were
obtained from the eThekwini Municipality and entered as input into ACRU model
The above paragraph explained how the flows occur in reality. However, within the
ACRU model a different approrach is taken to accommodate these catchment
transfers and the subsequent flows. To facilitate the transfer of water into this system
a small “dummy” reservoir is added to the system within the same sub-catchment as
the WWTW is located. Water is then transferred into this “dummy” reservoir which has
a capacity small enough for the water from the WWTWs to flow downstream the same
day.
Table 4 shows all the ACRU variables involved in this and other processes when
considering actual land uses and explains how they are implemented in the simulation
as well as what the expected effects are on flows.

27

Table 4

Other ACRU input variables changed for actual land use simulation

INPUT
VARIABLE

DEFINITION

DAMCAP

Full capacity of the dam (m3) on which the reservoir yield analysis is carried
out.

RESYLD

Option to request an analysis of the reservoir yield.

SURFAR

Surface area (ha) of the reservoir at full capacity.

QNORM

Environmental and other legal/riparian flow releases (m3.day-1) which must
legally be released daily from the reservoir.

SEEP

Seepage (m3.day-1) through the reservoir wall/base.

PERDAM

The initial reservoir storage at the beginning of the simulation, expressed as
a percentage of the full supply capacity.

DEDSTO

Unuseable (dead) storage of the reservoir, expressed as a percentage of the
supply supply capacity. Typical value = 10%.

XDRAFT

The draft (106m3) abstracted from the reservoir onth by month for uses other
than irrigation (e.g urban, ecological).

PUMPIN

Total volume of water to be pumped into the reservoir month by month
(106m3.month-1) from outside the catchment/sub-catchment, i.e. intercatchment transfer.

PANDAM

Monthly coefficient to adjust A-pan equivalent evaporation to water body
evaporation.
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RESULTS OF SIMULATIONS
Background
The results section of this resport will focus on those variables that are most relevant
to this study. In this instance these are:
•
•
•
•

Accumulated streamflows,
Accumulated sediment yields,
Stormflows, and
Magnitudes of peaks of flow events.

In each case key questions are raised and these are discuseed and interpreted in light
of maps and / or graphs that are presented. The 18 key questions raised are as follows:
•

•
•

•

•

•
•
•

Key Question 1: How much streamflow is generated from baseline land cover
conditions, i.e. from natural vegetation, under historical climatic conditions, and
what are the differences in streamflows under the climate change scenario
assumed?
Key Question 2: How much streamflow is generated from actual land cover
conditions under historical climatic conditions, and what are the differences in
streamflows when the climate change scenario is assumed?
Key Question 3: How different are accumulated streamflows in the Umhlangane
system between baseline land cover and actual land use under historical climatic
conditions, and what are the differences in streamflows under the climate change
scenario?
Key Question 4: How much sediment yield is accumulated downstream the
Umhlangane system for baseline land cover conditions under historical climatic
conditions, and what are the differences in accumulated sediment yields between
historical and projected future climates?
Key Question 5: How much sediment yield is accumulated downstream the
Umhlangane system for actual land cover conditions under historical climatic
conditions, and what are the differences in accumulated sediment yields between
historical and projected future climates?
Key Question 6: What are the differences in accumulated sediment yields under
historical climatic conditions and under an assumed future climate when actual
land cover replaces baseline land cover?
Key Question 7: What are the differences, within each of the 101 sub-catchments
making up the Umhlangane catchment, in stormflows between baseline land cover
and actual land cover in informal urban areas under historical climatic conditions?
Key Question 8: What are the differences in stormflows from informal urban areas,
within each of the 101 sub-catchments making up the Umhlangane catchment,
from baseline land cover conditions under historical and projected future climates?
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•
•
•

•

•

•
•
•

•

•

Key Question 9: What are the differences in stormflows from informal urban areas,
within each of the 101 sub-catchments making up the Umhlangane catchment,
from actual land cover conditions under historical and projected future climates?
Key Question 10: What are the differences, within each of the 101 sub-catchments
making up the Umhlangane catchment, in stormflow between baseline land cover
and actual land cover in formal urban areas under historical climatic conditions?
Key Question 11: What are the differences, within each of the 101 sub-catchments
making up the Umhlangane catchment, in stormflows between informal and formal
urban land areas from baseline land cover conditions under historical and
projected future climates?
Key Question 12: What are the differences, within each of the 101 sub-catchments
making up the Umhlangane catchment, in stormflows between informal and formal
urban land areas from actual land cover conditions under historical and projected
future climates?
Key Question 13: What are the differences in peak discharges from HRU 3, within
each of the 101 sub-catchments making up the Umhlangane catchment, between
baseline land cover and actual land cover in informal urban areas under historical
climatic conditions?
Key Question 14: What are the differences in peak discharge from HRU 3 under
baseline land cover conditions, from each of the 101 sub-catchments making up
the Umhlangane catchment, between Climate Scenarios 1 and 4?
Key Question 15: What are the differences in peak discharge from HRU 3 under
actual land cover conditions, from each of the 101 sub-catchments making up the
Umhlangane catchment, between Climate Scenarios 1 and 4?
Key Question 16: What are the differences in peak discharges from HRU4, within
each of the 101 sub-catchments making up the Umhlangane catchment, under
baseline and actual cover conditions for formal urban areas between historical
climatic conditions?
Key Question 17: What are the differences, within each of the 101 sub-catchments
making up the Umhlangane catchment, in peak discharges under baseline land
cover conditions for formal urban areas between historical and projected future
climatic conditions?
Key Question 18: What are the differences, within each of the 101 sub-catchments
making up the Umhlangane catchment, in peak discharges under actual land cover
conditions for formal urban areas between historical and projected future climatic
conditions?

From the above results conclusions, regarding possible climate change impacts as
well as future urban expansion plans, can be drawn.
As a reminder,
• baseline land cover assumes natural vegetation, in this case classified as KZN
Coastal Forest and Thornveld,
30

• actual land cover consists of informal urban areas in HRU 3 and formal urban areas
in HRU 4,
• historical climatic conditions are those derived from daily rainfall and temperature
conditions for the 50-year period 1950 to 1999, and the
• climate change scenario assumes an increase in temperatures of 2°C, a rainfall
increase of 10% and an increase in rainfall intensity.
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Key Question 1: How Much Streamflow is Generated from Baseline Land Cover Conditions, i.e. from Natural Vegetation,
Under Historical Climatic Conditions, and What are the Differences in Streamflows Under the Climate Change Scenario
Assumed?

Figure 12 Accumulated streamflows under baseline land cover conditions for Climate Scenario 1, i.e. for historical climatic
conditions (left), and (right) differences in flows between Climate Scenario 1 and Climate Scenario 4 which assumes
climate change
From the differences between Climate Scenarios 1 and 4 it is projected that streamflows from the Umhlangane catchment will
increase. This is shown in Figure 12 in that at the outlet of the catchment the increases in flows are significant, equivalent to
approximately 7 million m3 per year, or between an 8 – 10% increase as a result of projected climatic changes. This is true
throughout the catchment, although it only becomes apparent in the lower reaches due to the accumulation of flows. This projected
flow increase will also exacerbate sediment yields from system, which could cause a further deterioration in water quality.
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Key Question 2: How Much Streamflow is Generated from Actual Land Cover Conditions Under Historical Climatic
Conditions, and What are the Differences in Streamflows When the Climate Change Scenario Is Assumed?

Figure 13 Accumulated streamflows under DEA (2018) land cover conditions for Climate Scenario 1, i.e. for historical climatic
conditions (left), and (right) differences in flows between Climate Scenario 1 and Climate Scenario 4 which assumes
climate change, but alsowith DEA (2018) land cover
When compared with the flow differences between baseline land cover under historical climatic conditions and baseline flows
under climate change then, when using the DEA (2018) land uses, the differences are even larger (Figure 13). This is due to the
proportion of impervious surfaces being higher than under baseline land cover conditions. Hence, a change in climate results in
a greater increases in flows than those which occur over natural land cover conditions.
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Key Question 3: How Different are Accumulated Streamflows in the Umhlangane System Between Baseline Land Cover
and Actual Land Use Under Historical Climatic Conditions, and What are the Differences in Streamflows Under the Climate
Change Scenario?

Figure 14 Differences in accumulated streamflows between baseline and DEA (2018) land covers for Climate Change Scenarios
1 and 4
Results in Figure 14 show that changes in land cover cause highly significant changes in flow volumnes, while changes in climate
exacerbate the situation further. The map on the left shows that flows increase by approximately 30% to 40% when baseline land
cover is changed to DEA (2018) land cover under Climate Scenario 1. The map on the right shows an increase of 40% to 50%
when the same change in land cover occurs, but under Climate Scenario 4. This demonstrates the huge effect of land cover in
urbanised situations vs the lesser effects of climate change on flows from the system. This is is a critical finding, especially for
potential future urban expansion projects.
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Key Question 4: How Much Sediment Yields is Accumulated Downstream the Umhlangane System for Baseline Land
Cover Conditions Under Historical Climatic Conditions, and What are the Differences in Accumulated Sediment Yields
Between Historical and Projected Future Climates?

Figure 15 Accumulated sediment yields under baseline land cover conditions for Climate Scenario 1, i.e. for historical climatic
conditions (left), and (right) differences in sediment yields between Climate Scenario 1 and Climate Scenario 4 which
assumes climate change
Noting the differences in the class intervals in the legend in Figure 15, the impact of climate change on sediment yields is relatively
marginal, as shown in the difference map (right). This is due to the increases in accumulated streamflows, and hence in sediment
yields, being relatively low as a result of climate change.
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Key Question 5: How Much Sediment Yields is Accumulated Downstream the Umhlangane System for Actual Land Cover
Conditions Under Historical Climatic Conditions, and What are the Differences in Accumulated Sediment Yields Between
Historical and Projected Future Climates?

Figure 16 Accumulated sediment yields under DEA (2018) land cover for Climate Scenario 1 (left), i.e. for historical climatic
conditions, and (right) differences in sediment yields between Climate Scenarios 1 and 4 which assumes climate
change.
Under DEA (2018) land cover conditions the climatic changes in sediment yield appear to be significant, with increases of
approximately 30% to 40% (Figure 16). This is the result of the decreased protective land cover, which exacerbates the effect of
climate change, and hence a relatively small increase in flows results in a significant increase in sediment yields from this system.
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Key Question 6: What are the Differences in Accumulated Sediment Yields Under Historical Climatic Conditions and
Under an Assumed Future Climate When Actual Land Cover Replaces Baseline Land Cover?

Figure 17 Differences in accumulated sediment yields between baseline land cover and DEA (2018) land cover for Climate
Scenario 1, i.e. for historical climatic conditions, and Climate Scenario 4 which assumes climate change
Figure 17 shows these differences to be minimal, implying that in regard to sediment yields the impacts of land uses dominate
over those of climate change
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Stormflows
As the ACRU hydrological model does not cascade and accumulate stormflow values
from one catchment to the next downstream one in a river system, but rather ouputs
these values on a catchment by catchment basis, these results could not be mapped.
As each of the 101 sub-catchments has been divided up into 6 HRUs, graphical results
of this Project’s key HRUs, viz. HRUs 3 and 4, are presented in Figures 18 and 19.
As a reminder, HRUs 3 and 4 are, respectively, informal and formal urban areas and
as such these are the HRUs where the highest levels of change occur with the greatest
impacts on the stream system from both a total streamflow and a sediment yield
perspective. Results from the other HRUs are available on request if required.
As a reminder, the key questions regarding stormflows were as follows:
•
•
•
•
•

•

Key Question 7: What are the differences, within each of the 101 sub-catchments
making up the Umhlangane catchment, in stormflows between baseline land cover
and actual land cover in informal urban areas under historical climatic conditions?
Key Question 8: What are the differences in stormflows from informal urban areas,
within each of the 101 sub-catchments making up the Umhlangane catchment,
from baseline land cover conditions under historical and projected future climates?
Key Question 9: What are the differences in stormflows from informal urban areas,
within each of the 101 sub-catchments making up the Umhlangane catchment,
from actual land cover conditions under historical and projected future climates?
Key Question 10: What are the differences, within each of the 101 sub-catchments
making up the Umhlangane catchment, in stormflow between baseline land cover
and actual land cover in formal urban areas under historical climatic conditions?
Key Question 11: What are the differences, within each of the 101 sub-catchments
making up the Umhlangane catchment, in stormflows between informal and formal
urban land areas from baseline land cover conditions under historical and
projected future climates?
Key Question 12: What are the differences, within each of the 101 sub-catchments
making up the Umhlangane catchment, in stormflows between informal and formal
urban land areas from actual land cover conditions under historical and projected
future climates?
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Key Question 7: What are the Differences, Within Each of the 101 Sub-Catchments Making Up the Umhlangane
Catchment, in Stormflows Between Baseline Land Cover and Actual Land Cover in Informal Urban Areas Under Historical
Climatic Conditions?

Figure 18 A comparison of stormflows from HRU 3, i.e. informal urban areas, for baseline land cover (in blue bars) and actual land
cover (orange), under Climate Scenario 1, i.e. for historical climatic conditions
Overall there are significantly higher stormflows from the informal urban townships / settlements in HRU 3 under actual land cover,
as expected (Figure 18). This is due to the removal and replacement of natural land cover, in this instance KZN Coastal Forest
and Thornveld, with the informal townships / settlements. As a consequence the surface of the soil is more exposed, the proportion
of impervious surfaces is introduced and, due to traffic, both vehicular and pedestrian, the soil surface is hardened and to some
extent becomes impervious. The result of this is higher overland flows during stormflow events, and hence much higher sediment
yields.
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Key Question 8: What are the Differences in Stormflows from Informal Urban Areas, Within Each of the 101 SubCatchments Making Up the Umhlangane Catchment, from Baseline Land Cover Conditions Under Historical and Projected
Future Climates?

Figure 19 Differences in magnitudes of stormflows between informal urban areas (HRU 3) when Climate Scenarios 1 (historical
flows) and 4 (flows under climate change) are compared assuming baseline land cover
It has been shown in previous figures that climate change increases flows under baseline land cover from both the informal areas
of HRU 3 by approximately 10% to 20%. If Figure 13 is examined the first catchment value is approximately 70 000 m3/ day (blue
bar) and then if Figure 19 is examined this could increase to ~ 90 000 m3/day.
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Key Question 9: What are the Differences in Stormflows from Informal Urban Areas, Within Each of the 101 SubCatchments Making Up the Umhlangane Catchment, from Actual Land Cover Conditions Under Historical and Projected
Future Climates?

Figure 20 Differences in magnitudes of stormflows between informal urban areas (HRU 3) when Climate Scenarios 1 (historical
flows) and 4 (flows under climate change) are compared assuming Actual land cover
If actual land cover is substituted for baseline land cover, increases as a result of climate change are similar to those exhibited by
baseline land cover (10 – 20%), highlighting the exacerbating effect of projected climatic changes on the hydrological regime.
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Key Question 10: What are the Differences, Within Each of the 101 Sub-Catchments Making Up the Umhlangane
Catchment, in Stormflow Between Baseline Land Cover and Actual Land Cover in Formal Urban Areas Under Historical
Climatic Conditions?

Figure 21 A comparison of stormflows from HRU 4, i.e. formal urban areas, for baseline land cover (in blue bars) and actual land
cover (orange), under Climate Scenario 1, i.e. for historical climatic conditions
Overall there are significantly higher stormflows from the formal urban areas in HRU 4 under actual land cover (Figure 21; orange
bars), due to the removal and replacement of natural land cover, in this instance KZN Coastal Forest and Thornveld with formal
residential / CBD areas. As a consequence this much of the soil surface is covered by impervious surfaces such as asphalt roads,
buildings or parking lots. In most instances these structures are connected a storm water system, the purpose of which is to
transport excess water from the area into the nearest river system as fast as possible. Hence, stormflows and peak flows from
urban areas tend to be very high, but with hydrographs dislaying a short lag time. Additionally, as there is virtually no groundwater
recharge occurring in these areas, the baseflows also tend to be low.
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Key Question 11: What are the Differences, Within Each of the 101 Sub-Catchments Making Up the Umhlangane
Catchment, in Stormflows Between Informal and Formal Urban Land Areas from Baseline Land Cover Conditions Under
Historical and Projected Future Climates?

Figure 22 Comparison of the potential impacts of climate change on stormflows from HRU 4 when under baseline land cover
Immediately apparent in Figure 22 is the magnitude of the changes, with the differences in flows from HRUs 3 and 4 while under
baseline land cover not exceeding 90 000 m3/day. The same changes in Climate Scenarios 1 to 4, but under actual land cover,
show that the differences in stormflows from HRU 4 is just exceeding 180 000 m3/day in one instance. A major conclusion that can
be drawn from this is that land cover is responsible for the majority of changes in flows, with climate change exacerbating the
situation.
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Key Question 12: What are the Differences, Within Each of the 101 Sub-Catchments Making Up the Umhlangane
Catchment, in Stormflows Between Informal and Formal Urban Land Areas from Actual Land Cover Conditions Under
Historical and Projected Future Climates?

Figure 23 Comparison of the potential impacts of climate change on stormflows from HRU 4 when under actual land cover
The same changes in Climate Scenarios 1 to 4, but under actual land cover, show that the differences in stormflows from HRU 4
is just exceeding 180 000 m3/day in one instance. A major conclusion that can be drawn from this is that land cover is responsible
for the majority of changes in flows, with climate change exacerbating the situation.
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Peak Discharges
As the ACRU hydrological model does not accumulate the peak discharge, i.e. the
peak, or highest, flow of a hydrograph generated from a stormflow / flood event, down
a river system, but rather ouputs these values at the individual HRU sub-catchment
level, these could not be mapped for the entire Umhlangane system. However, with
each of the 101 sub-catchments having been divided up into 6 HRUs, a graphical
results of peal discharges from the critical HRUs 3 and 4 will be presented. HRUs 3
and 4 are informal and formal urban areas, respectively, and as such these are where
the highest peak discharges as well as changes thereof with different levels of
urbanisation occur. Results of peak flows from all HRUs are available if required.
As a reminder, the key questions on peak discharges were as follows:
•

•
•
•

•

•

Key Question 13: What are the differences in peak discharges from HRU 3, within
each of the 101 sub-catchments making up the Umhlangane catchment, between
baseline land cover and actual land cover in informal urban areas under historical
climatic conditions?
Key Question 14: What are the differences in peak discharge from HRU 3 under
baseline land cover conditions, from each of the 101 sub-catchments making up
the Umhlangane catchment, between climate scenarios 1 to 4?
Key Question 15: What are the differences in peak discharge from HRU 3 under
actual land cover conditions, from each of the 101 sub-catchments making up the
Umhlangane catchment, between climate scenarios 1 and 4?
Key Question 16: What are the differences in peak discharges from HRU4, within
each of the 101 sub-catchments making up the Umhlangane catchment, under
baseline land and actual cover conditions for formal urban areas under historical
climatic conditions?
Key Question 17: What are the differences, within each of the 101 sub-catchments
making up the Umhlangane catchment, in peak discharges under baseline land
cover conditions for formal urban areas between historical and projected future
climatic conditions?
Key Question 18: What are the differences, within each of the 101 sub-catchments
making up the Umhlangane catchment, in peak discharges under actual land cover
conditions for formal urban areas between historical and projected future climatic
conditions?
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Key Question 13: What are the Differences in Peak Discharges from HRU 3, Within Each of the 101 Sub-Catchments
Making Up the Umhlangane Catchment, Between Baseline Land Cover and Actual Land Cover in Informal Urban Areas
Under Historical Climatic Conditions?

Figure 24 A comparison of magnitudes of peak discharges from the informal urban areas of HRU 3 between baseline land cover
(blue bars) and actual land cover (orange bars) under Climate Scenario 1, i.e. historical climatic conditions
As with stormflows, the magnitude of peak flow events from HRU 3, under actual land cover is much higher, two to three times
higher, than that which results from the same HRU, but under baseline land cover. As mentioned previously, this is due to the
removal of much of the natural vegetation which is then replaced by informal townships in the case of HRU 3. The result is an
increase in the rate of impervious areas, which leads to higher overland flows. This causes higher peaks and sedimentation,
increasing the magnitude of events, while also decreasing the water quality.
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Key Question 14: What are the Differences in Peak Discharge from HRU 3 Under Baseline Land Cover Conditions, from
Each of the 101 Sub-Catchments Making Up the Umhlangane Catchment, Between Climate Scenarios 1 and 4?

Figure 25 Difference in magnitude of peak discharges between Climate Scenarios 1 and 4 from HRU 3 under baseline land cover
Under baseline land cover peak flows increase by approximately 20 – 30%, which is a signifcant increase and as a consequence
it is expected that sediment yields from system will increases in a similar manner. Hence, the negative impacts on the system
from a water quality perspective are significant, but still lower than those that may occur under actual land cover.
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Key Question 15: What are the Differences in Peak Discharge from HRU 3 Under Actual Land Cover Conditions, from
Each of the 101 Sub-Catchments Making Up the Umhlangane Catchment, Between Climate Scenarios 1 and 4?

Figure 26 A comparison of magnitudes of peak flows from HRU 3 under for actual land cover, under Climate Scenario 1, i.e.
historical climatic conditions
The natural surface cover in HRU 3 has been removed and replaced with informal urban areas, which comprise of hard packed
dirt roads/pathways and roofs. Most of which are not connected stormwater systems, which could cause major erosion problems
while being transported to the river. This results in a significant sediment load entering the river system, as well as other forms of
soild waste, all of which contribute to a deterioration in water quality levels.
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Key Question 16: What are the Differences in Peak Discharges between Formal Urban Areas, Within Each of the 101 SubCatchments Making Up the Umhlangane Catchment, and Baseline Land Cover Conditions Under Historical Climatic
Conditions?

Figure 27 A comparison in magnitudes of peak discharges from the formal urban areas of HRU 4 (orange bars) to those from
baseline land cover (blue bars) under Climate Scenario 1, i.e. historical climatic conditions
Increases magnitude of peaks from HRU 4 from baseline to actual land cover are approximately double those occurring under
baseline land cover conditions. This is due to a complete replacement of natural land cover with formal urban areas. Urban areas
in most instsances are connected to stormwater systems, which are designed to transport storm water away from these urba,
areas as rapidly as possible. This will result in high flows entering the river systems, which may be realtively free of sedimentation
when entering the system, as a result of concrete pipes. As a conquence channel erosion could significantly increase.
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Key Question 17: What are the Differences, Within Each of the 101 Sub-Catchments Making Up the Umhlangane
Catchment, in Peak Discharges from Formal Urban Areas Between Historical and Projected Future Climatic Conditions?

Figure 28 Comparison of the potential impacts of climate change on peak flows from formal urban areas
Under baseline land cover peak flows increase by approximately 30 – 40% under climate change, which is a signifcant increase
and, as a consequence, it is expected that sediment yields from system will increases in a similar manner. Hence, the negative
impacts on the system from a water quality perspective are significant, but still lower than those that may occur under actual land
cover.
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Key Question 18: What are the Differences, Within Each of the 101 Sub-Catchments Making Up the Umhlangane
Catchment, in Peak Discharges from Formal Urban Areas Between Historical and Projected Future Climatic Conditions?

Figure 29 Comparison of the potential impacts of climate change on peak flows from HRU 4 when under actual land cover
The complete replacement of baseline land cover with formal urban areas, which comprise of a significant proportion of impervious
surface will, according the simulations, result in a approximate doubling in the magnitude of peak flow events when under Climate
Scenario 1 and 4 respectively. This could result in a significant increase in channel erosion, as well as more frequent blockages
of the various structures, thereby potentially causing more damage into the future.
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The October 2017 Floods
During 2017 rainfall events during the latter half of the year resulted in extremely high
flow levels, which caused significant damage in and around the eThekwini region. As
a consequence of this there was infrastructure damage and loss of life, which into the
future may be mitigated if proper preparation measures are implemented, such as the
proposed maintenance of infrastructure, which is one of the major focal points of this
project. It should also be noted that although the climate is projected to change and
could result in increased frequencies and / or magnitudes of events, the greatest
impact on the system is as a result of changes in land cover. That is an issue that must
be considered carefully when future urban expansion occurs.
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Figure 30 Accumulated streamflows on 10 October 2017, highlighting the magnitude
of flows at the lower end of the catchment.
During the series of rainfall events that occurred leading up to 10 October, the highest
of which occurred on 10 October 2017 at 54 mm, antecedent soil moisture increased.
The result of this was an accumulation of flows which led to the flood events on 10
October 2017 that exceeded 2 million m 3 at the lower end of the catchment. As a
consequence of this, significant damage was done to infrastructure in this and
surrounding areas.
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Figure 31 Impacts of climate change on accumulated streamflows at the outlet of the Umhlangane catchment during 2017
As with simulation for the observed historical period (1950 – 1999), the graph in Figure 31 shows that changes in climate from
Scenario 1 to 4 have a negligible effect on accumulated flows. This graph shows a very slight increase in flows (orange line) under
Climate Change Scenario 4 from those occurring under Climate Scenario 1, i.e. historical climate (blue line). This indicates that
climate change will exacerbate potential high flow events rather than causing major changes in flow events.
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Figure 32 Impacts of land cover on accumulated streamflows at the mouth of the Umhlangane catchment during 2017, with the
blue line representing flows from baseline land cover and the orange line flows from the actual land cover of formal
urban areas in HRU 4.
Figure 32 shows that the greatest differences between baseline and DEA (2018) land cover occur during high flow events. This
highlights the effect that the changes from the baseline cover of KZN Coastal Forest and Thornveld to the formal urban areas
identified from the DEA (2018) land cover have on individual flood hydrographs and on accumulated flows. The flood peaks are
much higher, and relative to the size of the event the flow lags are very short, indicating a very fast response of increases and
decreases in volume. This is a characteristic of catchments where minimal infiltration occurs, resulting in high stormflows, low
baseflows and a highly variable hydrological regime.
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DISCUSSION, CONCLUSIONS AND RECOMMENDATIONS
Summing Up the Major Findings
In the results section, two broad sets of results were examined.
• The first set was the accumulative streamflow, which shows how flows
accumulate downstream within the Umhlangane catchment, and thereby rendering
areas downstream more vulnerable those upstream.
• The second set of results examined were event based, such as
o stormflows and
o magnitudes of peak flow events which, in the case of
o sediment yields, are in part the result of high flows events.
The accumulated streamflows from the catchment exhibit a relatively muted increase
in volume (8 – 10%) under climate change assumptions. The greatest increase in flows
is as a result of baseline land cover, i.e.natural vegetation, being replaced by informal
and especially formal urban areas determined from the DEA (2018) land cover images.
This causes a 30 – 40% increase in flows from the Umhlangane system, and is the
consequence of increased impervious surfaces and removal of soil surface cover,
resulting in higher stormflows (surface runoff) and lower baseflows. The result of this
is an increase in the variability of flows, i.e. higher summer flows and lower winter
flows, especially in terms of stormflows and peak events.
A change from Climate Scenario 1, which represents the historical climate, to Climate
Scenario 4, which is the climate change scenario assumed in this Project, results in a
overall increase in peak flows of 30 – 40%, especially in informal and formal urban
areas as a consequence of increased impervious surfaces and the removal of the soil
cover.
A similar pattern can be seen when examining daily stormflow results, although the
increase is more muted than those of peak flows, as this deals with a daily volume
rather than a more discrete / instantaneous runoff event. This is particularly important
in regard to this study as it is the event-based flow which often causes the most
damage in terms of infrastructure and the riparian areas. Therefore, with reference to
future planning, particular focus should be on attempting to reduce runoff during high
rainfall events, especially in urban areas, which in this instance are the causes of such
high flow events. Related to the extreme flow events is the sediment yield from the
system, as this is dependent largely on surface cover and peak flows.
From the maps it was shown that sediment yields increase most significantly as a
result of the removal of surface cover, and replacement with informal settlements in
HRU 3, which often leave the soil surface exposed. In the more formal urban areas of
HRU 4 the surface of the soil is, in most instances, covered with impervious surfaces
which reduce infiltration and result in higher runoff. This enters the stormwater system
and, in most cases, is conveyed directly to the nearest stream in a concrete pipeline.
The result is a significant increase in channel flows during stormflow events. Unless
prevention measures have been put in place, this could cause significant erosion of
the channel. This, in addition to contributions from informal areas, could result in a
significant increase in the sediment load of the entire system, which could reduce the
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capacity of infrastructure such as bridges and culverts, thereby causing overflows and
damage to surrounding areas.
From the overall results of this study, including a case study of the 2017 flood events,
the conclusions that can be drawn are as follows:
• Land cover changes within the catchment, especially hydrologically “drastic /
radical” changes such as urbanisation where, on the one hand,
o changes to surface properties (imperviousness) result in more rapid /
instantaneous responses, while on the other hand,
o major sources of water to households and industry conveyed into the catchment
from external catchments (e.g. from Midmar dam), but which discharge back into
the local river system via Waste Water Treatment Works result in a relatively
steady flow throughout the year downstream of the WWTWs,
will have far greater impact on flows from the system than climate change.
• These land cover changes will
o cause a higher variability in accumulated flows, while
o resulting a greater increase in magnitude of both peak flows and stormflow
events.
• These land use driven changes in hydrological responses will, however, be further
exacerbated by potential changes in climate, which are projected to result in
o increases in magnitude of rainfall quantity as well as
o increases in rainfall intensity, and as a consequence,
o sediment yields are likely to increase, although this will occur more as a result of
an increase in peak flow events rather than as a result marginal increases in
streamflows.
o Examples of the above are shown in Figures 33 and 34.

Figure 33 Example of impacts of land use change on stormflows from informal
township areas (orange bars) exacerbated by projected impacts of climate
change (additonal blue bars)
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Figure 34 Example of impacts of land use change on peak flows from informal
township areas (orange bars) exacerbated by projected impacts of climate
change (additonal blue bars)
Careful attention should, therefore, be given to further urban expansion in this and
similar catchments to prevent further increases in peak discharges and stormflows,
which would further exacerbate infrastructure damage.
Identifying Gaps and Possibilities to be Considered for the Future
The gaps and possibilities identified below are discussed in two parts, viz. those that
require the attention of eThekwini authorities and those that require the attention of
hydrological researchers.
• eThekwini Related Gaps and Possibilities
o Ideally a relatively dense rainfall station network with recording raingauges, if not
already in existence, should be established to supplement the official raingauge
network. Quality controlled results from these would greatly enhance an
understanding of local variations and would enable internal and external
researchers to gain considerablybetter inputs into hydrological and hydraulic
modelling.
o Similarly, a streamflow monitoring network, if not already in existence, should be
established to monitor streamflows both upstream and downstream of major
WWTWs as well as monitoring streamflows from informal and formal urban areas
of different densities. This would enable one to gain a better unstanding of urban
runoff responses as well as enabling hydrological and hydraulic models to be
verified and improved.
o This research project identified gaps in discharge data from the WWTWs, and
some coordination within eThewini is recommende in this regard.
• Hydrological Researcher Related Gaps and Possibilities
o Researchers need better esimates of the levels and degrees of imperviousness
in urbanised areas to better substantiate and refine their findings
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o A vast amount of valuable and new simulated hydrological information has been
generated in this Project in a short space of time. Given time,
▪ a re-analysis of some of the information is suggested, as there may still be
“hidden gems” of useful information left to identify and to be digested by
researchers and local authorities alike;
▪ threshold analyses should be undertaken to determine at what levels of
urbanisation, both formal and informal, hydrological responses “flip” from a
more linear steady state to a more non-linear unsteady state;
▪ the great diversity and degrees of urbanisation in the Umhlangane system
lend themselves to developing generic relationships which could be
transferred and applied in other catchments within eThekwini.
o In the discussion of results, the approach of asking key questions, and then
interpreting these by way of maps and diagrams, was taken. It has, however,
become evident that many of these key questions should be formulated even
clearer, and even more unambiguously, than has been the case. This will need
to be addressed in future work.
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