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Glossary

Amenity

Pleasantness (of places, persons etc.) (Mclntosh, 1964).

Crop Coefficient (Kc)

Fraction of water lost from the crop relative to reference
evapotranspiration (University of California Cooperative Extension
California Department of Water Resources, (UCCECDWR, 2000).

Crop
Evapotranspiration
(ETo)

Water loss from a crop (UCCECDWR, 2000).

Density Factor (kd)

One of three factors used to generate a landscape coefficient.
Adjusts the landscape coefficient to account for the effect of
vegetation density on water loss from a hydrozone. (UCCECDWR,
2000)

Effective rainfall

Effective rainfall is the proportion of rainfall that is available for
use by plants after all rainfall losses have been considered
(Connellan, 2002).

Evapotranspiration

Includes the transfer of water to the atmosphere in the form of
vapour by either evaporation from the soil and plant surfaces, or as
a result of transpiration (Rey, 1999).

The amount of water transpired from the plant (usually the
leaves) and water evaporated from the soil. The ET rate is
influenced by temperature, relative humidity, soil, plant species,

sun, shade, wind and day length (Weinstein, 1999).

ETo Reference

Evapotranspiration.

The approximation of water loss from a field of 4-to-7-inch-tall
cool season grass that is not water stressed. ETo is measured at
CIMIS weather stations in various locations around the state
(UCCECDWR, 2000).

Green Industry

The bodies constituted of and limited mainly to the South
African Green Industries Council (SAGIC), but inclusive of the

general gardening end users (Hoy, 2009).

Hydrozone

A portion of a landscaped area having plants with similar water
needs that are served by one irrigation valve or set of valves with
the same schedule (UCCECDWR, 2000).

Hydrozoning:

Selecting plants appropriate to our climate, grouping them
according to water needs, and then actually irrigating according to
water need (Whiting and de Jong, 2014).

A distinct grouping of plants with similar water needs and
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climatic requirements (Randolph, 2005).

Indigenous (Native)

Any plant or creature which originated in the defined country
(Botha and Botha, 1997).

Means home-grown, local; occurring naturally without artificial
assistance and in a defined place (Johnson, Johnson and Nichols,
2002).

Irrigation Efficiency

A percentage (%) of the gross quantity of water applied by the
sprinklers to the net quantity of water (mm/hr) effectively put into the
plant root zone (Landscape Irrigation Association of South Africa,
2009).

Landscaper For the purposes of this study, Landscaper refers to any
member of ILASA-Institute of Landscape Architects of South Africa,
SALI-South African Landscape Institute or other suitably qualified
person designing or maintaining landscapes.

Landscape The functional equivalent of the crop coefficient. Used for

Coefficient (KL)

estimating water needs from landscape plantings. Landscape
coefficient = species factor x microclimate factor x density factor
(UCCECDWR, 2000).

Landscape irrigation

Landscape irrigation is the systematic application of water to
land areas that supply the water needs of amenity landscape plants
(St. Hilaire, et al., 2008).

Likert Scale

Likert scale was devised in order to measure ‘attitude’ in a
scientifically accepted and validated manner in 1932. An attitude
can be defined as preferential ways of behaving/reacting in a
specific circumstance rooted in relatively enduring organization of
belief and ideas (around an object, a subject or a concept) acquired

through social interactions (Joshi, et al., 2015).

Mean Annual rainfall
(MAR)

Precipitation runs off the land surface to accumulate in streams
and lakes, and also infiltrates the soil to become groundwater. The
total quantity of surface flow, which is the average annual runoff
originating from a certain geographic area, is referred to as the
Mean Annual Rainfall (MAR) (Statistics South Africa, 2006).

Microclimates

Climates of localized spaces that differ from the overall climate
of the area, such as under a tree or at the top of a hill or in between
buildings (Weinstein, 1999).

Model

A simplified description, especially a mathematical one, of a
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system or process, to assist calculations and predictions (Oxford

University Press, 2015).

Mulch

Any material such as straw, sawdust, leaves, plastic film, loose
soil etc., that is spread on the surface of the soil to protect the soil
and plant roots from the effects of raindrops, soil crusting and
freezing, evaporation.(Foth, 1978).

Potential

evaporation

Potential evaporation does not represent actual transfer of
water to the atmosphere but rather the transfer that would be
possible under ideal conditions of soil moisture and vegetation, it
usually cannot be measured directly and is usually only determined

experimentally (Thornthwaite, 1948).

Potential
evapotranspiration
(PET)

This describes the maximum evapotranspiration possible under
specific climatic conditions with unlimited water reserves in the soll
(Rey, 1999).

Quinary

A river network quinary catchment was delineated around each
1:500 000 river reach, defined as the stretch of river from the source
to another tributary, or from a tributary to another tributary (i.e. the
stretch of river between nodes on the 1:500 000 river network layer)
(Maherry, et al., 2013).

Raster coverage

In its simplest form, a raster consists of a matrix of cells (or
pixels) organized into rows and columns (or a grid) where each cell
contains a value representing information, such as temperature.
Rasters are digital aerial photographs, imagery from satellites,
digital pictures, or even scanned maps (Environmental Systems
Research Institute, 2016).

Species Factor (ks)

One of three factors used to generate a landscape coefficient.
Adjusts the landscape coefficient to account for water loss from a
hydrozone due to the plant species composition (UCCECDWR,
2000).

TWA Total
applied.

water

An estimate of the total amount of water to apply to a landscape
planting. Calculated by dividing ETL (estimated water needs of the
planting) by IE (irrigation efficiency), (UCCECDWR, 2000).

Vegetation Density

An evaluation of vegetation surface area per unit volume taking
into consideration factors such as tree canopy cover and tiers of
vegetation. (UCCECDWR, 2000).

Water Conservation

“Water conservation refers to action taken to use water wisely
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and efficiently, by reducing unnecessarily high usage, losses and
wastage” (United Nations. Economic and social commission for Asia
and the Pacific, 2001).

Water Conservation (WC) refers to the minimisation of water
loss or waste, the care and protection of water resources, and the
efficient and effective use of water (DWAF, 2004).

Water demand
management (WDM)

WDM is defined as the practical ‘development and
implementation of strategies aimed at influencing demand’ (Willis, et
al., 2011).

Water efficiency

Doing the same (or more) with less’ (example: fix leaks;
hydraulically efficient toilet pan and cistern design (Wegelin and
Jacobs, 2013).

Xeriscape

Is derived from merging the Greek word "Xeros," meaning "dry,"
with the word "landscape. Xeriscape-type landscaping is a package
of seven common-sense steps for making a landscape more water-
efficient namely; Planning and Design, Soil Analysis, Appropriate
Plant Selection, Practical Turf Areas, Efficient Irrigation, Use of

Mulches and Appropriate Maintenance (Wade, et al., 2007).
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CHAPTER 1 - INTRODUCTION

Amenity landscapes provide us with opportunities for sanctuary, healing, aesthetics,
work and enjoyment. The continual transformation of urban and amenity landscapes places
pressure on water supply to meet this demand (Hof and Wolf, 2014). As the human
population increases so the demand for housing, business and other associated facilities
and infrastructure resulting in the shrinking of outdoor amenity and working spaces. This has
resulted in the need to become more focused on sustainable utilisation (Carrow, Duncan and
Waltz, 2005) and to do more with the same resources especially water. Water availability
volumes per capita for South Africa place us just above scarcity status (Carbon Disclosure
Project, 2010). Juxtapose to this is the continual need to create, enhance and maintain our
amenity landscapes. To do this the Green Industry and amenity landscape owners need to
take additional steps towards using water in a sustainable way (Randolph, 2005). Many
initiatives have already been and are being implemented. However one critical area that still
needs further input, is to transform the way in which water use is addressed (e.g. design and

management) in amenity landscapes in South Africa.

The study aims to address water use in the amenity landscape through developing a
model. It will consider a range of elements that impact on water use on the landscape
ranging from the design phase through implementation and finally maintenance. The
development of the model will incorporate a range of these elements both on site (micro

environment factors) and in the immediate vicinity of the site (macro environment factors).

1.1. Rainfall, evaporation, weather and climate change

Given the nature of this study and that it is undertaken specifically for South Africa, an
understanding of the various macro and micro-environmental factors which impact this
geographic area is vital for critically assessing the problem and identifying the human and

ecological drivers and the importance of determining water-use variables.

The climate of a given location in South Africa is affected by its latitude, terrain, altitude,
solar radiation, evaporation, as well as nearby water bodies and their currents (King, Mitchell
and Pienaar, 2011). It also changes over time both in the short and long term (King, Mitchell
and Pienaar, 2011). For any location, the weather changes on a daily basis, whilst the
climate is a statistical distribution of weather patterns over a period of time (Department of
Environment Affairs, n.d.). Climates are classified according to average and typical ranges of
among other variables, temperature and precipitation (Conradie, 2012). It is necessary to
understand and consider these aspects since they impact on amenity landscapes.
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1.1.1. Rainfall

Rainfall received in South Africa is unreliable and unpredictable, fluctuating in most
areas of the country. Below-average annual rainfall is more common than above-average
annual rainfall. Drastic and prolonged droughts also periodically afflict South Africa. (Earle,
Goldin and Kgomotso, 2005; Winter, 2010; King, Mitchell and Pienaar, 2011).

The Southern Africa sub-region is mostly semi-arid, experiencing variation in rainfall,
over time and between countries. Sixty five percent of South Africa receives less than
500 mm annual rainfall (King, Mitchell and Pienaar, 2011; South African Government, 2014)
and there is also a steady decline in average rainfall from east to west across the country
(Department of Science and Technology, n.d.; King, Mitchell and Pienaar, 2011). Southern
Africa rainfall patterns are strongly influenced by different complex climatic systems
including, the Inter-Tropical Convergence Zone (ITCZ), the “Botswana High”, and the EI Nifio
Southern Oscillation (ENSO) (UNEP, 2002).

Predictions are that climate change will cause extensive disruptions to the current
cyclical rainfall patterns as the sub-region may experience further variability in rainfall,
reduced precipitation and increased evaporation (Winter, 2010). It is predicted that rainfall

intensity will increase, without an increase in total rainfall (CSIR, 2010).

1.1.2. Evaporation and runoff ratio

Of all the rain that falls to earth, about two thirds evaporates back into the atmosphere,
and of the remaining water, about one half flows back into the sea, unused (Serageldin,
1995). In most parts of South Africa, potential evapotranspiration (ETo) rates exceed rainfall
exhausting almost all available surface water resources (CSIR, 2010; King, Mitchell and
Pienaar, 2011).

The mean annual precipitation (MAP) to mean annual runoff (MAR) ratio is 8.6%
(Carbon Disclosure Project, 2010). This means that only 8.6% of rainfall is available as
surface water. The rest evaporates or infiltrates into the ground. Compare this to Canada
with a ratio of 65.7% and Australia a ratio of 9.8%. The annual average rainfall of Canada
being 537 mm and Australia 534 mm (Jacobson, 1997).

Due to climate change anticipated decreases in rainfall of between 10% - 30% and

higher rates of evapotranspiration will result in:less rainfall availabler as surface runoff (Van
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Jaarsveld and Chown, 2001; CSIR, 2010; Winter, 2010). This adds to the pressure on water

systems, water storage facilities (Winter, 2010) and amenity landscapes.

Since evapotranspiration is a crucial factor in plant growth and wellbeing, the model
developed in this research required that Evapotranspiration (Potential evaporation) data be

used as part of the calculation for water use in landscapes.

1.2.  Water is limited and critical for future growth

At current water use rates, anticipated growth in use and other climatic factors South
Africa will have insufficient water to meet the needs if we do not take additional action
(National Water Resources Strategy 2 (NWRS2), 2013). We are over utilising the resource
and will run out of available water in the near future. This is evident from the research that
follows. About 25% of renewable water in South Africa is used annually (just 10% leads to
water stress) (UNEP, 2002; Carbon Disclosure Project, 2010). By 2005, 95% of our
freshwater resources had already been utilised for human-associated purposes (National
Business Initiative, 2012). In 2013 it was stated that South Africa is fast approaching full
utilisation of available surface water yields (NWRS2, 2013). The demand for municipal water
services will continue to increase, placing strain on the ability of natural water systems to
sustainably provide sufficient quantity and quality of water. This pressure on the system is
exacerbated by continued increases in industrialisation, urbanisation and population growth
(Earle, Goldin and Kgomotso, 2005). The failure to maintain sanitation works results in
inefficient systems and operation thereof resulting in increased costs of downstream water
purification (CSIR, 2010). Boccaletti, Stuchtey, and Van Olst, (2010) indicated that an
extreme water shortage of between -20% and -80% will be experienced by six of the
nineteen water management areas in South Africa (Figure 1.1). It is expected that by 2030
there will be a shortfall of approximately 25% between available water supplied and demand
(Boccaletti, Stuchtey, and Van Olst, 2010; National Business Initiative, 2011).

This all points towards a need for mechanisms to be put into place now, allowing water
users to voluntarily reduce their water use, rather than being “forced” to do so in a few years’
time or as has occurred in Cape Town during the drought of 2016/18. The Amenity
Landscape Plant Water Use Model for South Africa (ALWUMSA) will be a contributor to

sustainable water solutions.
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Figure 1.1: Gap between Existing Supply and Projected Demand in 2030 National Business
Initiative (2011)

Sustainable water supply strategies should be aimed at achieving a balanced water
supply by reducing potable water demand through implementing a range of Water
Conservation (WC) and Water Demand Management (WDM) measures such as best
practice, and related initiatives (Armitage, et al., 2014). Many different interventions are
being proposed and implemented to address the inevitable water shortages, such as
campaigns that address water loss (e.g. infrastructure leaks), water wise interventions,
various Green Industry interventions, business and building green star ratings, planning and
building of additional water storage systems, reuse of grey water, government and municipal
policing interventions, policies, government “Green drop” and “No drop” rating systems, the
“‘War on Leaks” program, water restrictions and even specific targeted water conservation
interventions (such as the Water Wise campaign by Government and Rand Water and the
water conservation program by City of Cape Town). Amenity landscapes are known to use a
large percentage of urban water. The need for mechanisms to assist with more efficient use

of water and reduced water use within amenity landscapes is ever increasing and urgent.
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1.3. Amenity landscapes linkage to water use

It is often incorrectly thought that magnificent gardens and well-kept lawns are only
possible through extensive watering and other horticultural practices (U.S. Environmental
Protection Agency, 2013). However as much as a 15% to 30% reduction in outdoor water
use can be achieved by implementing appropriate design strategies, suitable soil and plants
and appropriate irrigation and maintenance practices (City of Kelowna, 2010). Improving the
efficiency of irrigation devices and designs, the designing of low water use landscapes, as
well as promoting practices that influence water use by plants are alternative methods of
achieving reductions in potable water use (Devi, 2009). Connellan (2002) indicates that
organisations need to develop site water management plans to allow for improved decision
making. These aspects are the tip of the iceberg with regards to possible water conservation
initiatives that can and should be implemented in every amenity landscape.

It is important that water-conserving landscape plants and appropriate designs be
promoted for each ecogeographical region (i.e. soil and climate) as foundational
mechanisms of water conservation (Cabrera, et al., 2013). To aid this, correct design
followed by suitable maintenance will allow chosen plants to provide aesthetically pleasing
and environment-friendly landscapes with minimal requirements for additional irrigation
(Cabrera, et al., 2013).

Incorporation of landscape crop coefficients to ET-based irrigation is effective and
allows for additional water savings while maintaining the aesthetic quality and function of
amenity landscapes (Cabrera, et al.,, 2013). However, it is challenging to develop these
coefficients for mixed landscape plantings particularly when combining traditional (exotic)
and native species (Pannkuk, et al., 2010). This study has used a plant factor as has been
adopted by other sources such as UCCECDWR, 2000; Pittenger and Shaw, 2007, and
Costello and Jones, 2014. Added to this it is imperative to design amenity landscapes
considering specific plants linked to a range of hydrozones with each hydrozone watered
independently (Salt Lake City, 2011).

To determine both water demand and water use predictions of an amenity landscape
site models (water budgets), can be used (UCCECDWR, 2000; Salt Lake City, 2011;
Costello and Jones 2014; Du Plessis, 2014). Models also allow for estimating possible water
conservation volumes, should water restrictions be implemented (Du Plessis, 2014). Water
use models can also assist with water estimates/requirements for each amenity site and
each hydrozone. Also models can allow for site water demand improvement, as the design,
site conditions and maintenance are altered/manipulated.
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1.4. Justification for the research

As water demand increases and water availability decreases so does the need to
implement measures that will assist with improved water use management and water
conservation. Each amenity landscape site is unique and adjustments to reduce water use
must be site-specific (Carrow, Duncan and Waltz, 2005). The focus of this study is to
develop a database of plants most commonly sold in South Africa linked to hydrozones and
plant factors as well as an amenity landscape water use model for South Africa together with
the necessary supporting data (e.g. rainfall and potential evapotranspiration). The aim is to
allow for each site’s water use to be evaluated based on the site’s unique climate,
environmental conditions, design, maintenance and management parameters. This will allow
for improved water use and allocation of the amenity landscape site. Du Plessis and Jacobs
(2015) indicate that developers need to specify a range of plants with crop coefficients or
plant factors that can be used by property owners of new developments in their amenity

landscapes. This would improve the ability to estimate outdoor water usage.

It is anticipated that the model will also be used as a planning tool to allow landscape
designers to present various options to the “client” that will incorporate changes to the water
use of the site over time as the site matures (including long-term financial benefits). This
could influence changes in design, management and operational aspects, as well as plant

choice in the manner that will encourage reduced water use in amenity landscapes.

1.5. Rationale for this research
1.5.1. Problem statement

The key problem to be addressed is that there is currently no comprehensive water use
model (that considers a range of design, management, site, climatic and environmental
factors) linked to an extensive plant database associated with hydrozones that can be

applied across a broad range of amenity landscapes in South Africa.

1.5.2. Aim and objectives

Aim

To develop a comprehensive South African database of Water Use Classification of
Landscape Plant Species as well as a Green Industry centered, Amenity Landscape Water
Use model for South Africa that can be applied in the various amenity landscapes to ensure

sustainable water use.
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The objectives of this study are to;

Develop a comprehensive list of the most commonly commercially available ornamental
horticultural plants for South Africa that are linked to a specific identified hydrozone and
plant factor.

Obtain expected average rainfall and potential evapotranspiration data linked to
selected towns in South Africa.

Investigate and determine suitable design, site, management, microclimate and
environmental factors that could be used in determining an appropriate amenity
landscape water use model for sites.

Research design, develop and test (for an actual site and various scenarios) a suitable
model for landscape water use in South Africa that will allow for the determination of
estimated quantities of water that should be applied to amenity landscapes for proper

health, appearance and growth of an ornamental/amenity landscape.

1.5.3. Research questions:

Will it be possible to develop a list of amenity landscape plants for South Africa each
linked to a hydrozone as well as a plant coefficient?

What are the key elements that need to be included into an amenity landscape water use
model for South Africa?

Can an amenity landscape water use model for South Africa be used to determine the
most efficient water use options on a site and for each hydrozone of a site?

Will the amenity water use landscape model be suitable for an in-field assessment which
can then be modelled against?

How does the developed model compare, in terms of recommended water use for an

amenity landscape, to other existing models?

1.5.4. Hypothesis

Hypothesis 1:

HO: Site landscape aspects that are anticipated to demonstrate water savings will not
exhibit water savings when input into the newly developed amenity landscape water
use model.

H1: Site landscape aspects that are anticipated to demonstrate water savings will
positively exhibit water savings when input into the newly developed amenity

landscape water use model.
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Hypothesis 2:

HO: Site landscape aspects that are anticipated to demonstrate excessive water use will
not exhibit a saving of water when input into the amenity landscape water use
model.

H1: Site landscape aspects that are anticipated to demonstrate excessive water use will

exhibit water savings when input into the amenity landscape water use model.

1.6. Research design
The research was undertaken in several stages to address different aspects of what
was required to produce the model.

Firstly a literature review considered the most common plants sold for use in amenity
landscapes in South Africa. This was followed by sourcing hydrozone data from a range of
sources varying from written literature to internet sites and sales/availability lists from South
African wholesale nurseries. This was used to produce a plant database for South Africa

each linked to a hydrozone with a plant factor/coefficient.

Next, workshops were held across South Africa with the South African Green Industry
members (SAGIC) to obtain an agreement on the recommended site, design, management,
microclimate and environmental related aspects and factors that needed to be considered
and included in the proposed model, as well as limited parameters for each. Workshop
participants were members of SAGIC and were identified by means of a stratified sampling
process. Workshops used the Delphi technique to achieve the end results. The model was
produced considering recommendations from the workshops and formulae from existing
models (South Africa’s Green Star rating system, the South African Outdoor Water Model,
Landscape Coefficient Method (LCM) — California USA and Green Star Potable Water
Calculator — Australia). Finally it was tested against existing models from SA, USA and

Australia using three amenity landscape site designs and a range of scenarios.

1.7. Thesis structure

The thesis covers seven main chapters as outlined below.

Chapter 2 provides a context to the study by reviewing the water situation as well as the
need to conserve water in the amenity landscape. A range of topics that are specifically
relevant to the plant database, the climatic data used in the model and the various aspects

that influence amenity landscape water use are discussed.
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Chapter 3 explains the methodology used in the project and discusses the approach
used to focus on the selected target audience. It also addresses the process used to obtain
potential evapotranspiration and rainfall data as well as the mapping process that followed.
The procedure used to determine and produce the plant data base and to allocate a plant
factor is also explained. Finally the methodology used in the workshops to elicit what type of
data should be used in the model, the refinement of the model itself as well as the testing of
the model to aspects on-site, as well as a range of scenarios is also explained.

Chapter 4 addresses the actual results of the evapotranspiration and rainfall data
obtained with the resultant maps and data. Included is some discussion on the extremes of
data for different locations in South Africa (this places a context of some of the climatic
influences that could impact water use on amenity landscapes in these different locations).

Chapter 5 focuses on the plant data base, some of the features of the data base and
some of the plants in the database. All plants in the database are specifically linked to a

hydrozone and each hydrozone has a range of plant factors that can be allocated to it.

Chapter 6 provides a breakdown of the model elements that are to be used to assess
site hydrozones. It then provides details of the formula used to determine the model
(ALWUMSA). The model was tested on three sites. The results are addressed. The data
from the three sites was also tested on several existing overseas and South African models
for comparison. The model was also tested on a range of scenarios based on the three sites.

All data is discussed with results demonstrating suitability of the ALWUMSA.

Chapter 7 offers some discussion on the final views of the evapotranspiration and
rainfall data and maps, the plant data base as well as ALWUMSA. Proposed implementation
within the Green Industry is discussed as well as elements that require further study and

improvement for the future.
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CHAPTER 2 - LITERATURE REVIEW

2.1. Introduction

Part of the reality of being a South African citizen, is that large portions of the country are
dry and providing as well as obtaining sufficient water resources will always be a challenge in
the country. If water misuse (uncontrolled leaks and excessive application, both indoors and in
the amenity landscape) continues at the current rate in South Africa, it is predicted that many
parts of the country will face excessive water shortages within the next few years. The Western
Cape has experienced water shortages during 2015-2018 (Masante, McCormick and Vogt,
2018). Many different interventions are being proposed and implemented to address this
potential water crisis such as legislation (Water Services Act, 1997), guidelines (NWRS2, 2013)
and voluntary associations encouraging water reduction (Green Building Council of SA, 2014).
Despite the variety of interventions which impact a wide range of different communities and has
the ability to influence everyone in some way, water is still in short supply, with water restrictions

in place across different parts of the country on an ongoing basis.

Currently, the amount of water applied to amenity landscapes is consistently more than
baseline plant water requirements. This may be as a result of non-uniformity in application of
irrigation systems (Kjelgren, Rupp and Kilgren, 2000) or indiscriminate water application. To
address the excessive and wasteful use of water in amenity landscapes it is important that

mechanisms to reduce water use should be studied.

An understanding of the value of water depends on several components, namely “the
volume of water supplied, where the water is supplied, when it is supplied, whether the supply is
reliable, and whether the quality of the water meets the requirements of the intended use” (US
EPA, 2013). All these aspects are relevant when considering requirements of a watered amenity

landscape.

Water availability and use within the urban environment, as has been traditionally managed
in the past, can no longer continue. Increasing demand from residents, industry, business and
other water users is placing strain on water resources in terms of availability, storage,
transportation, supply and management. Added to this is climate change and associated

variables that impact on water availability.

Climate change will impose challenges on our fresh water sources. Most of South Africa is
likely to become drier and hotter over time. The storage infrastructure on our river systems is
almost maximised and storing additional water is becoming a major challenge (National
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Business Initiative, 2011). This is exacerbated by the fact that South Africans use more water
than our catchments are able to replenish. Lack of sufficient water could impact business
processes and function (more particularly wet industries), and this could have a significant
impact on South Africa’s industrial and economic competitiveness (National Business Initiative,
2011). As a result, South Africa has resorted to balancing supply and demand by transferring
water across catchments on a scale not common elsewhere in the world. According to the
National Water Act (Act No. 36 of 1998), government is the custodian of all water sources in the
country. Water catchment areas serve multiple users. It is therefore critical that the South
African government effectively negotiates, regulates and distributes water among equally
deserving users (National Business Initiative, 2011). Added to this, demand for water in the
large and rapidly growing areas of Johannesburg-Pretoria (Gauteng), Cape Town (Western
Province) and Durban (Kwazulu-Natal), is compounding the requirement for additional water
supply (Binns, et al.,, 2001). All these aspects will impact on available water for amenity
landscapes.

Amenity plant water use, plant species linked to specific hydrozones, as well as
environmental climatic and management factors linked to amenity landscapes in South Africa,
have not been extensively discussed or researched. Moreover, there is little scientific data
available for such studies within the South African context. As a result, many references
available are either policy or recommendations that are mostly scientifically unconfirmed (e.g.
data quoted by the Rand Water, Water Wise brand).

2.1.1. Strategies to reduce water use
Many strategies to reduce water use involve dissemination of information and tools to end
users through various media/forms (Rand Water, 2017). Water demand management that
focusses on aspects such as leak detection, retrofitting, pressure reduction techniques etc. has
also been implemented. All Water Service authorities are required to educate end users on
water conservation (Water Services Act, 1997) and as a result many authorities and
municipalities in South Africa have started to address this matter at various levels. The
government’s ‘Blue drop status’ that commenced in 2009, is awarded to Water Service
Authorities and also to municipalities (Department Water and Sanitation, 2015). It addresses a
wide range of water related activities and considers amongst others the extent that they have
engaged with and educated end users on water conservation (Department Water and
Sanitation, 2015). The Department of Water and Sanitation has also proposed that a “No drop”
reporting and awarding system focusing more specifically on water conservation and water
demand management, be implemented, however this has yet to fully materialize and be
reported upon (Tancott, 2013). The National Water Resource Strategy 2 (NWRS2) notes the
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need to implement numerous practical, educational and awareness initiatives that will contribute
towards water conservation and water demand management (NWRS2, 2013). Devi (2009)
indicates three broad methods that are used to promote outdoor demand management
programs. These methods being, communication and education, economic incentives as well as

best practice, and benchmarking. This research study addresses the latter methods.

Since 1997 Rand Water has made huge contributions in South Africa and especially in the
Gauteng Province with its Water Wise campaign researching, educating, and demonstrating of
practical methods of how water conservation can be applied. Predominantly this was focused on
the horticultural, landscaping and gardening industry but has since spread its attention to
include other areas. This position was reinforced in 2017, with their campaign receiving the
International Water Association award for PIA 2016 Marketing and Communications Award as
well as the PIA Grand Award 2016 (Rand Water, 2017). Added to this, several organisations
(e.g. Green Building Council of SA, 2014) and non-governmental organisations (e.g. World
Wildlife Fund, 2018) are in their own capacity attempting to influence a radical water use ethic
and culture across South Africa as part of their operations. Despite these attempts by many role
players, there is still a need for greater input to conserve water in order to reduce wastage and

demand.

2.1.2. Water conservation measures in times of drought

In 2009, Hoy made several recommendations with regard to proactive and reactive water
restrictions for amenity landscapes. It included estimated water savings for each level of
restriction (Hoy, 2009). These were never implemented. However the reality is that droughts are
still periodically experienced. When droughts impact the water storage below pre-set levels for
each storage facility, many political and/or water regulatory structures announce various forms
of restrictions, often seemingly at the last minute. They are seldom phased in over a long period
of time, as stated by Hoy (2009) and echoed by Carrow (2006). This same scenario was again
repeated in numerous regions of South Africa in the drought of 2016 - 2018. Water restrictions
in most instances involve dictating times and frequencies of using any form of outdoor watering
device/method and are usually imposed for a specific period of time based on water availability
(Devi, 2009). None of the current methods (restrictions) specifically indicate how much water
can be saved through these initiatives either in buildings or in the amenity landscape. For the
Green Industry, this is contrary to what was proposed by Hoy (2009) where specific restrictions
were proposed together with the anticipated water savings, based on international

benchmarking and South African Green Industry input.
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Generally, water restrictions in themselves do not change long-term water use habits, as
the restrictions are mainly implemented only during times of crisis. This is primarily because the
restrictions themselves do not address the underlying issues, but merely the use factor of water
itself (Devi, 2009; Hoy, 2009). This points to a potential gap in the manner in which amenity

landscape water is used and managed.

2.2. Impact of water use on amenity landscapes

Amenity landscapes and the Green Industry in general are dependent on water. Plants
require water to grow in a landscape even if they are xerophytic type plants. The saying used so
often “Water is life” applies equally to amenity landscapes as it does to human survival. Amenity
landscapes very often require supplementary water application over and above normal rainfall
(Stabler and Martin, 2004). Within the South African context where the average annual rainfall is
only approximately 450 mm, compared to the global average of 860 mm (Winter, 2010). This
becomes a pertinent issue, as the average South African amenity landscape would almost
always require supplementary water application. To draw the linkage of the water situation to
amenity landscapes, it is necessary to understand the extent of drought(s) and how the lack of

water impacts amenity landscapes and ultimately the value of these landscapes to society.

There is a need within society to continually quantify goods, services or benefits. When
considering the world of flora, amenity landscapes (mixture of turfgrass/lawns, annuals,
perennials, shrubs and woody plant species) are measured against an unquantifiable vyield,
whereas agriculture is measured with a specific yield in mind. As a result, the concept of
optimum growth and yield of agricultural crops is irrelevant for amenity landscapes (Allen, et al.,
1998; Kjelgren, Rupp and Kilgren, 2000). Hence the conundrum of water use/requirements for

amenity landscapes.

2.2.1. Droughts impact water availability

South Africa is periodically afflicted by severe and prolonged droughts, which are often
terminated by severe floods (Earle, Goldin and Kgomotso, 2005). Examples of previous severe
droughts occurred from 1925 to 1933, from 1944 to 1946, from 1950 to 1952, from 1962 to 1971
(The Department of Water Affairs, 1986), 1982 to 1995 (Backeberg and Viljoen, 2003), 2016
(Agri SA, 2016) and more recently 2017 (Masante, McCormick and Vogt, 2018).

Droughts imapct on available water as is indicated in recommendations from the OXFAM
report on the current severe drought indicating that more focus be placed on water conservation
and water demand management, that tighter restrictions be placed on water users, and that
charges be imposed on higher use households (e.g. leisure uses, car washing, garden watering,
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etc.) (Hornby, et al., 2016). These pressures will place more and more constraints on water use
for amenity landscapes, as users try to redistribute their available water for consumption

between applications.

2.2.2. Sustainability of water systems

The continual and almost cyclical droughts point society to an ever increased need to use
water more sustainably. Achieving the objectives of water efficiency, equity and sustainability
are possibly the biggest problems for society (Armitage, et al., 2014). The transforming of cities
to include sustainable urban water management concepts requires not only a paradigm shift for
planners but also with end users alike. This amongst other factors involves creating landscapes
that have an inherent ecological function linked to the inter-relationships within the environment
(Armitage, et al., 2014). In Australia, in recent years actions aimed at sustainable water use,
have been implemented to encourage water management plans across the country (Australian

Government National Water Commission, 2011), namely:

e short-term restrictions focussed mainly on outdoor garden watering,

¢ medium-term water efficiency programs, influencing both indoor and outdoor structures and
behavioural demand,

¢ long-term regulations, compelling new and existing households to meet significant demand-

reduction targets.

Pares-Franzi, Sauri-Pujol and Domene (2006) state that the environmental performance of
urban spaces could be improved significantly if practices of using high water demand species
where changed to rather focus on utilising plants that require less water. This type of
intervention should be applied to the South African context to assist with improving sustainable

water use in urban areas, by business, industry, and particularly in amenity landscapes.

2.2.3. Traditional and technical water conservation practices improved over time

Many traditional and technical practices/interventions (e.g. mulching, water harvesting,
water recycling and head to head spacing of sprinklers) are implemented within amenity
landscapes to reduce supplementary water requirements. Some examples of these

interventions being (Bartlett, 2006);

e Inrecent years the use of polymers and wetting agents has enabled water to remain longer

within the root zone.
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¢ The improved understanding of the chemistry of water and soils has allowed for the altering
of pH levels with natural elements, which has improved water and nutrient uptake.

e Moreover, the ability to create a network of multiple amenity landscape sites using specific
computer generated data, allows for accurate irrigation schedules by means of accurate
programming.

e Irrigation technology (sprinkler check valves, droplet size control and flow sensors) has
improved by allowing for greater control over water application rates, times and volumes.

e On-site weather stations linked to irrigation systems provide for real-time information on
wind, humidity, heat and solar radiation, which can be used to influence water application

periods and frequency to specific parts of the landscape based on need.

Improved cultural practices assists in providing a mechanism which allows for improved

water use in amenity landscapes.

2.2.4. The value of amenity landscapes and plants

The benefits of well-maintained amenity landscapes are not widely understood, resulting in
these landscapes being high on the priority list when imposing water conservation measures
(International Turf Producers Federation (ITPF), n.d.). Without an agreed or perceived market
value of an amenity landscape, the value of the water application on the amenity landscape
cannot be measured. Unfortunately, most of the benefits (direct as well as indirect, physical and
psychological) of the Green Industry are difficult to quantify financially, which results in them
being seen as non-essential. Unseen benefits of the Green Industry/amenity landscapes include
amongst others (Dwyer, Schroeder and Gobster, 1991; Moffat, and Schiller,1994; Holtzhausen,
2005; Fjeld, 2000; Aldous and Binkley, 2001; Ashwell and Hoffman, 2001; Frumkin, 2001,
Akbari, 2002; Fang and Ling, 2003; Omasa, et al., 2003; Grobbelaar, 2005; Gies, 2006; Dixon
and Wolf, 2007; Kollmuss, Polycarp and Zink, 2008):

e Improved aesthetics,

e Psychological well-being,

e Reduced sickness and improved health,

e Physical fitness, body health and stress relief,
e Carbon sinking/sequestration,

e Air conditioning and temperature control,

e Noise reduction barrier,

¢ Flood attenuation,

e Increased shading and associated cooling,
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e Urban greening,

¢ Reducing and slowing down soil erosion,
e Reduction in loss of soil water content,

e Reduction of heat island effect, and

¢ Wastewater treatment.

Direct and indirect benefits of amenity landscapes are increased or decreased depending
on the condition, management of and standard of these landscapes. This in turn is influenced by

aspects such as, design, plant selection and placement, maintenance and water application.

2.2.5. Amenity landscape water use

Water use in an amenity landscape involves a wide range of environmental and site related
matters (such as microclimate, solar radiation, wind, slope, soil factors shade, etc.). Each
amenity landscape is unique, in its plant selection, design and location resulting in specific water

requirements and should be treated as such.

Plants require sufficient water of adequate quality and at the right time and frequency within
the root growth zone for them to grow (FAO, 2017; Whiting and Wilson, 2018). In an ideal
situation, amenity landscapes should only be irrigated when rain is insufficient to support
expected plant growth. Depending on site location, this irrigation can be permanent in more arid
type areas or temporary in areas with high rainfall in the rainy season (Kjelgren, Rupp and
Kilgren, 2000). However, in many situations watering systems are set to water at specific times
and as a result water irrespectively of whether water is required by the landscape or not. There
are specific periods and reasons why some landscapes legitimately require additional watering,

examples being:

e Plants planted from bags need short term irrigation after planting until they have established
new roots in the surrounding soil. Similarly, plant pots and planters require periodic
irrigation/watering regardless of the climate (Kjelgren, Rupp and Kilgren, 2000).

e Plants planted in incorrect climate or hydrozones with insufficient rainfall/irrigation to sustain
their growth (Randolph, 2005).

e The in-situ growth and establishment of annuals and grasses from seed, in an amenity
landscape.

e Newly planted landscapes should be well watered for between 12 and 24 months to allow
for settling in of plants (SAGIC, 2018).

Page 20 of 409
CHAPTER 2 — LITERATURE REVIEW



Traditionally outdoor water use was calculated by taking the average winter consumption
and subtracting that from the total water consumption for summer (Kjelgren, Rupp and Kilgren,
2000). This excluded actual rainfall. This approach assumed that no outdoor watering occurred
in winter. It has more recently been considered to be incorrect, as outdoor watering does in fact
occur in many amenity landscapes in winter ( American Water Works Association Research
Foundation (AWWAREF), 1999; Australian Government National Water Commission (ANWC),
2011. Devi (2009) indicates that the use of water for amenity landscapes, swimming pools and
car washing, varies depending on the location of the landscape and the climate of the location
(Devi, 2009). This is evident in Table 2.1 where water use in America and Australia for a large
variety of locations, varies between 7% of total domestic water use to 75%, whilst for South
Africa figures are quoted at between 30% and 73%. More detailed examples are available in

Annexure 1.

Table 2.1: Example of external water use by various communities in different locations.

Location Percentage of
total domestic _
water o Note/Location Source
outdoors
Gold Coast (Residents with
Australia 8% moderate concern for | (Willis, et al., 2011)
environment)
65% Alice Springs (Devi, 2009)
Gold Coast (Residents with
14% high concern for | (Willis, et al., 2011).
environment)
New .
Zealand 8% Auckland (Willis, et al., 2011)
America 7% Cambridge (Ontario) (Devi, 2009)
72% Las Virgenes (California) (Devi, 2009)
58% America (as an average) (AWWARF, 1999)
75% USA (Hot dry climates) (Barta, et al., 2004)
(Landscape Irrigation
South Africa | 30%-50% South Africa Association of SA, 2009;
Wegelin and Jacobs,
2013)
73% South Africa (perceived use) | (Jacobs, 2008)
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Turfgrass and amenity landscapes tend to be overwatered (Barta, et al., 2004), in an
attempt to preserve aesthetic appearance, to maintain the landscape ecosystem, to maintain
continual “green lawns” or beds of seemingly lush well watered plants. This is often due to lack
of education and incorrect practices (St. Hilaire, et al., 2008). The Association of California
Water Agencies (ACWA) estimates that California (USA) residents overwater amenity
landscapes by as much as 60% (SABI, 2016). Plants and amenity landscapes that are
overwatered can, become waterlogged with soggy soils, experience increased diseases, plant
dieback and defoliation, root dieback whilst for others excessive growth which can lead to
weaker plants (Weinstein, 1999; Stabler and Martin, 2004; Carrow, Duncan and Waltz, 2005).
Plants can be stressed from either overwatering or underwatering; however, overwatering

causes more harm (Hartin, et al., 2015).

According to SABI (2016) it is possible for residential gardens to reduce water consumption
by up to 25% and still have gardens that add value to our lives. Measures to reduce water use
in amenity landscapes should include improved plant selection, water efficient landscaping,
installation of water meters, mulching of garden beds, installation of drip irrigation systems,
improvement in irrigation efficiency, installation of electronic controllers and moisture sensors,
the use of irrigation systems that rely on rain or grey water (St. Hilaire, et al., 2008; Gossling et
al., 2012) and the use of indigenous plants and appropriate garden designs (Goéssling, et al.,
2012). 