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Executive Summary 

 
Project: Household Garden Watering Assessment 

 
The Household Garden Watering Assessment project commenced in April 2006 and was 
completed in April 2009, when the SmartGardenWatering.org.au website was launched. 
 
The project was carried out by the Department of Resource Management and Geography 
and the Department of Information Systems, University of Melbourne, with the financial 
support of the Smart Water Fund Round 3 scheme. 
 
The main aim of the project was to develop a computer based tool, that would assist 
gardeners in Melbourne and Geelong, to make informed decisions regarding garden 
watering. A significant knowledge gap exists between the level of information required to 
make sound watering decisions and the knowledge base of gardeners. The primary 
purpose of the tool is to estimate the amount of water that a garden needs, using scientific 
principles, and this provides the foundation on which decisions can be made. 
 
As part of the project process the key factors influencing water use were identified and 
evaluated. A mathematical model was constructed that took into account the climate, 
plant water use characteristics, site conditions and watering methods, in the calculation of 
watering requirements. This model, referred to as the Decision Support Tool (DST) 
Model, was used to drive the computer-based interface program.  
 
Originally it was proposed to base the model on a CD, however with IT technology 
developments in recent years, it was decided to make the program web-based. This 
provides the major advantages of being able to continually update the program and data 
fields and also to able to obtain feedback from users.  
 
Following two years of establishing the information base and development of the DST 
Model, the project efforts were then directed at the development of the web-based 
computer interface. 
 
The name SmartGardenWatering.org.au was selected as the site name and web hosting 
arranged.  
 
The design of the interface was strongly based on user requirements. Workshops and 
interviews were conducted to establish the functions and operating characteristics that 
would best suit a website of this type. Whilst the original proposal was based strongly on 
providing quantitative information to the user, it was decided that the interface would 
provide an engaging educational experience as well as provide the quantitative 
information.  
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The interface was designed to be highly interactive so that when the user makes any 
selections regarding watering, the impact of these decisions is immediately visually 
apparent. 
 
SmartGardenWatering.org.au produces a watering demand graph for a twelve month 
period. The Burnley Plant Directory, which contains water use characteristics and plant 
details of more than 1500 plants, is embedded in the program. The website also produces 
an irrigation schedule for each month of the year. The schedule nominates watering 
frequency and watering depth (time) for each watering event for a particular plant 
condition. Stage 3A watering regulations are taken into consideration and the gardener is 
able to tune the watering schedule on a monthly basis to match different plant conditions. 
 
Gardeners can also model the performance of a water tank in supplying water to a garden 
area. They can choose the size of the tank, the roof area that feeds it, and specify the 
percentage full for any month of the year, to see how the tank will perform throughout 
the year. 
 
The website was launched at the Melbourne International Flower and Garden Show 
(MIFGS) in April 2009 in Melbourne on the Savewater.com.au stand. 
 
Following release, there has been positive reaction to the website, including coverage on 
the Garden Guru TV program on 30 May 2009.  
 
The project has been extended to be further developed as a Web 2.0 version through the 
Smart Water Fund Round 6 scheme. This will greatly expand the capability of the 
program through social networking and the availability of garden design tools and 
imaging, such as Google maps. 
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1. Background 
 
Rainfall has declined significantly in many parts of southern Australia over the past 
decade and climate research suggests that this trend will continue. 
 
To achieve sustainable water supplies for our cities there is a need to reduce overall 
garden water use and achieve higher efficiency of water use. A significant amount of 
household potable water, typically in the vicinity of 25%, is used on gardens in 
Melbourne. 
 
There are numerous strategies that are being adopted, including regulatory, technology 
and education, to facilitate a change in the water use behaviour of residential gardeners. 
 
While most residential gardeners are aware of the need to save water, there are significant 
knowledge gaps in how to go about it. To water efficiently requires a breadth of 
knowledge and detailed information on specific aspects of each of the main factors that 
influence water use. 
 
The two key decisions that need to be made by a home gardener to water efficiently are 
the amount of water to be applied and when the water should be applied. These decisions 
require detailed information about plants, climate, soils, irrigation systems, the site 
microclimate and conditions.  
 
It was decided by the Smart Water Fund (Vic) to initiate a project that would assist 
Melbourne gardeners in making decisions about garden watering. A project titled, 
Household Garden Watering Assessment, which was proposed by the Department of 
Resource Management and Geography, University of Melbourne, in 2006, was supported 
as part of the Smart Water Fund (Vic) Round 3 research activities. 
 
The project was specifically designed to address knowledge gaps in the water demands of 
home gardens and the optimum irrigation requirements, taking into account local climate, 
soil, soil treatments (mulch and wetting agents) and the performance of the irrigation 
system.  
 
The main challenges in the project were a) the establishment and collation of the 
comprehensive plant, soil, climate and irrigation data that was relevant to Melbourne and 
Geelong, b) the construction of a mathematical model, that would deliver accurate water 
estimation, and c) the development of a computer interface that would allow this 
knowledge to be readily accessed.  
 
The first phase of the project conducted was the development of the Decision Support 
Tool (DST) Model. A key component of the project was the employment of the Burnley 
Plant Database (over 1500 plants) to allow alternative garden designs to be assessed in 
terms of water use efficiency. Plants in the database have been evaluated, as part of the 
project, to identify water demand and drought tolerance properties. Crop Factor values 
have been allocated to individual plants.  
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A major challenge of the project was to develop a computer based tool that was simple, 
accurate and friendly to use.   The original interface product that was proposed in 2006, 
was envisaged to be available predominantly as a CD-based calculator. Over the course 
of the project, with developments in IT, it was decided to make the interface program 
web based. 
 
It was decided to establish a dedicated website, Smartgardenwatering.org.au, to host the 
program. The Department of Information Systems planned and designed the computer 
interface program, using a process strongly based on usability testing, to ensure that the 
finished product would fulfil all information and educational requirements. 
 
Smartgardenwatering.org.au allows gardeners to learn about domestic garden watering 
through both direct manipulations of garden inputs and outputs, as they model their 
garden and from contextual help information provided throughout the program. Gardens 
are modelled by describing discrete areas with plants, irrigation systems and the various 
site conditions affecting watering efficiency. Existing gardens may be modelled or new 
gardens planned.  
 
The overall aim of the project is to reduce garden water consumption and in particular to 
reduce potable water use. Rain water tanks can make a significant contribution to potable 
water use on the garden. The capability of the interface program was extended to 
accommodate water tank sizing, so that this water source could be used effectively. The 
program allows water tanks to be sized, using visual graphics, by taking into account the 
actual water demand of the garden area to be maintained and the roof water harvest area.   
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2. Introduction 
 
2.1 Project Description 
 
The project was founded basically on developing a tool that would assist residential 
gardeners in making informed decisions about watering in their gardens. The overall aim 
is to reduce water consumption in Melbourne and Geelong gardens. 
 
The product that was developed is the SmartGardenWatering.org.au website which gives 
Melbourne and Geelong gardeners access to expert information, that will assist in making 
decisions about their particular garden, and also will provide an educational experience in 
water conservation practices. 
  
The program determines the amount of water required for each zone or section of the 
garden. The postcode of the garden is used identify local climate and also identify native 
soil type. This is the first step on the pathway to being water efficient, to know the actual 
water requirements. Each zone can be individually designed or planned to represent an 
existing garden or to consider a planned garden. Virtually any combination of plants, 
microclimates, terrain and watering system can be used to “construct” a garden zone. 
 
A key feature of the website is the interactivity of the program. Selection of a particular 
garden combination (e.g. plant species and mulch) will provide an individual graph or 
image of the water requirements. Changes to any option results in spontaneous, animated 
changes to the water requirement graph. This is a very powerful educational element of 
the program. 
 
The program, also generates a recommended irrigation schedule, How frequently to 
water? and How long to water for? These are generated on a monthly basis and vary 
according to the seasonal changes. These change according to selections made in terms of 
plants, microclimate, terrain, and watering system. Gardeners can obtain a print out or 
summary of water requirements and the irrigation schedule. 
 
An additional feature of the program is that water tanks can be sized using a scientific 
approach. The tank size, garden area, planting and roof harvesting area can all be 
matched to determine the right size tank. This removes the arbitrary or guesstimate  
approach to tank selection. 
 
The tank selection is also strongly interactive and is a very effective means of assisting 
the user in understanding the implications of choosing incorrect tanks, in particular 
selecting tanks that are too small. 
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2.2 Project Structure 
 
The project is based around a Decision Support Tool (DST) Model which allows 
estimated water consumption to be determined. 
 
Details on the overall structure of the program and mathematical model used are outlined 
in the publication; “Decision Support Tool to Aid in the Watering Assessment of 
Melbourne Household Gardens” (Appendix 3). 
 
The basic structure of the project is presented in Figure 1. It is designed to allow a range 
of water consumption outputs from defined inputs. The input data used in the model is 
sourced either from the user or from data sets embedded in the model. 
 
The project brings together a wide range of expertise including knowledge of plants, 
soils, climate, water management and irrigation technology.  
 
 

 

 

 
Figure 1. Diagramatic model of Decision Support Tool 

 
 
The Decision Support Tool Model will allow individuals to input information about their 
specific site and, combined with embedded information, the DST will estimate water use. 
 
The main horticultural information areas of the project are: 
 

A. Plant water use – Burnley Plant Database 
B. Mulch characteristics – Mulch trial 
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C. Soil wetting agent performance – Soil Wetting Agent trial 
D. Irrigation performance – Irrigation applicator evaluation and irrigation system 

trial. 
E. Irrigation sensors evaluation and performance – Sensor trial (Rain switch and Soil 

moisture sensors) 
 
 
2.3 Key Deliverables 
 
The key deliverable of the project is an engaging and informative website which is 
readily accessible to all Melbourne and Geelong gardeners. 
 
The website uses current programming features and technology and provides a valuable 
educational water conservation experience for users. 
 
The key information outcomes from the website are: 
 

 Monthly and annual water demand for gardens 
 Recommended irrigation schedule – When to water? And How long to water for? 
 How to minimize water consumption through plant selection and site management 

practices 
 Sizing of a water tank 

 
The research outcomes from the various trials, conducted as part of the project, are 
valuable in terms of informing the horticultural community about the performance of 
mulch, wetting agents, irrigation applicators, irrigation systems and sensors (rain 
switches and soil moisture sensors). Details are presented in the various Milestone 
Reports. 
 
2.4 Contact Details for Further Information 
 
Further details on the project can be obtained from the following website hosted by the 
Department of Information Systems, University of Melbourne. 
http://disweb.dis.unimelb.edu.au/staff/jonmp/projects/SGW/ 
 
Enquiries can also be directed to the Department of Resource Management and 
Geography, School of Land and Environment, University of Melbourne. 
http://landfood-unimelb.custhelp.com/ 
 
 
Contact details for project personnel are: 
 
 Geoff Connellan, Department of Resource Management and Geography 
 geoffc@unimelb.edu.au 
 
 Dr Jon Pearce, Department of Information Systems 
 jonmp@unimelb.edu.au 
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3. Project Objective and Goals 
 
The overall objective of the project was to:  
 
Develop a simple tool that can be used by the community to establish water needs for 
different plant types using different watering systems. 
 
The project covered a range of study areas and research activities. 
 
The two major components of the project were: 
 

(1) Development of Decision Support Tool (DST) Model 
 
(2) Development of SmartGardenWatering.org.au website 

 
There were objectives for each stage of the project. 
 
In the case of the development of the DST Model, there were a number of investigations 
carried out with the purpose of obtaining information to address knowledge gaps in 
identified horticultural areas, that influence garden watering. 
 
These investigations were guided by the following aim: 
 
To gain an understanding of  role and evaluate performance, in order to inform the DST 
Model. 
 
The following are the investigation areas, together with the Milestone Report, in which 
specific details regarding investigations and outcomes are provided. 
 
 Mulch trial (Milestone 3 & 5 Reports)  
 Soil wetting agent trial (Milestone 4 Report) 
 Irrigation applicator trial (Milestone 3 Report) 
 Rain switch (Milestone 5 & 6 Report) 
 Soil moisture sensor (Milestone 5 & 6 Report) 
 Irrigation system (Milestone 5 & 6 Report) 
 
Whilst the overall objectives of the project were maintained, objectives relating to the 
interface were modified to reflect the change from a CD-based tool to a web based tool. 
 
The development of the SmartGardenWatering.org.au website was guided by the need 
for the computer interface to meet the following requirements: 

(1) Highly engaging interface 
(2) Clear and informative graphics 
(3) A high degree of interactivity e.g. sliders, animated outputs  
(4) Short user completion time for any task  
(5) Flexibility in structure to allow modifications 
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4. Literature Review 
 
The Household Garden Watering Assessment  project was primarily designed to fill a 
knowledge gap that exists between gardeners, who make the watering decisions, and the 
knowledge required to make sound decisions. The first stage of the project was strongly 
focused on collating existing information and generating new information, through 
research trials, in subject areas, where there were identified deficiencies. 
 
The literature reviewed covered the following areas:  
 
 Water estimation techniques 
 Plant water use characteristics 
 Climate and plant growth 
 Garden mulch performance 
 Soil amendment performance and behaviour 
 Irrigation system performance 
 Environmental sensors for irrigation control 
 
The estimation of water use by garden plants is fundamental to the development of the 
Decision Support Tool (DST) model. The technique employed in this project is based on 
an expression which uses reference evaporation and crop factor values. The principles are 
outlined in Guidelines for predicting crop water requirements,  Doorenbos, J. and Pruitt, 
W. O (1977). The application to landscape situations is described by Costello and Jones 
(2000). The climate data, including rainfall and evaporation (Class A pan) data, were 
sourced from the Bureau of Meteorology. 
 
Crop Factor (CF) values for turf are presented in numerous references including 
Handreck and Black (2001). The publication Costello and Jones (2000) provides 
extensive water use information for ornamental plants. Whilst this information is US 
based, it does provide valuable guidance for the southern Australian situation. 
 
The water requirements of a group of ornamental plants, such as occurs in a garden, are 
influenced by a range of factors. The plant species Crop Factor value, the nature of the 
microclimate and the density of planting all need to be taken into account. The Landscape 
Coefficient, as described by Costello and Jones (2000), is used as the basis of the 
estimation. The Landscape Coefficient (KL) is a single term that accounts for all factors 
that may influence the water requirements of a group of plants. 
 
The categorisation of the different climate zones within the Melbourne and Geelong 
metropolitan areas was required as part of the water estimation process. 
 
While these zones could be simply based on annual average rainfall, it was considered 
that the use of an effective rainfall index might be a better approach to take and might 
also allow the transfer of the DST Model to other regions.  The most recent version of the 
Waite Index (Gentilli, 1971) was selected for use.  This calculation was derived at The 
University of Adelaide for climate comparative purposes. There are four climate regions 
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which have been determined as part of the overall project. The hydric grade was used as 
the basis for defining the various climate regions (Connellan, May and Denman, 2008) 
(Appendix 3). 
 
The procedures relevant to the conduction of each of the field trials including mulch, 
wetting agents and soil properties are outlined in the relevant standards including AS 
4454 Composts, Mulches and Soil Conditioners, Standards Australia and AS 4419 – 2003 
Soils for landscape and garden use, Standards Australia. 
 
The performance of irrigation systems are described in numerous technical and 
commercial publications. Company product performance specifications were used for 
each of the applicators tested, if appropriate data were available. These data were 
generally accessed from company websites.   
 
A core requirement of this project was to use independently verified performance data. 
There is only a limited amount of independent information, regarding residential 
products, available in the literature. There is a considerable amount of literature relating 
the commercial and public open space sector products. 
 
A study carried out by the University of Western Sydney, Maheshwari (2006), was a 
major source of information on testing and assessment of the performance of irrigation 
systems operating in residential properties.  
 
Sprinkler and spray uniformity testing indicators, such as Distribution Uniformity, are 
described in Zoldoske, Solomon and Norum (1994). Test procedures and reporting of 
irrigation system performance are described in Irrigation Association of Australia (IAL) 
publications covering the Irrigation Efficiency Course.  
 
The key sets of values generated in the scheduling section of the model are; a) Timing or 
frequency of irrigation, b) Depth or amount of water applied and c) Irrigation system run 
time. Landscape irrigation scheduling principles are outlined in McCabe (2003) were 
used in the development of advice regarding irrigation timing and depth. 
 
The role of environmental sensors, rain switches and soil moisture sensors, are important 
in assisting in reducing water wastage. The main reference used regarding products was a 
report prepared for the Victorian water authorities by Connellan (2004), titled  Review of 
Rain Shut Off and Soil Moisture Sensors Final Report. 
 
The potential benefits of soil moisture sensors are described in several trials. In a trial 
conducted on Defense Housing Authority (DHA) properties in Swanbourne, W A, 
several different soil moisture sensors were installed to evaluate the water conservation 
capacity of this technology (Peck, 2000). Water consumption was analysed for the period 
1995 to 1999 and the sites using the “Watermatic” (K. Cuming) sensor were reported to 
have achieved a water saving in the order of 40%. In an earlier turf field trial, in 
Melbourne, conducted on sports ovals in the Camberwell area, the "Watermatic” soil 
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moisture sensor was found to provide water savings in the range of 40% to 50% 
(Connellan et al, 1992).  
 
A comprehensive description of soil moisture sensors including methodology used in 
measurement, calibration, data handling, maintenance, potential limitations and positive 
points are presented in the publication Soil Water Monitoring, Irrigation Insights No.1 
(Charlesworth, 2000). 
 
Soil moisture sensors are potentially complex devices. Some of the requirements for soil 
moisture sensors, to be used in urban areas, include accuracy, reliability, robustness and 
the ability to be readily calibrated. The requirements of urban soil moisture sensors are 
outlined in Soil Moisture Sensors – An Overview (Connellan, 2004) 
 
 
5. Key Steps – Milestones and Project Description 
 
5.1 Milestone Descriptions (Project Plan, April 2006) 
 
The following is a summary description of the eight milestones of the project, as they 
were presented in the Project Plan, June 2006. 
 
 
Milestone 1:  Project Plan and Protocols  
 
Aim: To document as a Project Plan the various components of the field work and IT 
development needed to upgrade the Burnley Plant Database 
 
Timelines: May 2006 to July 2006 
 
Description: Detailed Project Plan, inclusive of appropriate protocols for field trials and 
KPI’s to be completed by the grantee and approved by the SWF. This milestone 
constitutes a hold point.  
 
Milestone 2: Database Development  
 
Aim: To provide information to upgrade the Burnley Plant Database 
 
Timelines: August 2006 to April 2007 
 
Description: Database development, Update plant list incorporating variables such as 
climate conditions, soil conditions, Milestone report to be completed by the Grantee and 
approved by the SWF. 
 
Milestone 3: Field Trials Stage 1 – Mulch and Irrigation 
 
Aim: To evaluate contribution of mulches and irrigation technologies to water 
conservation 



Final Report.  Household Garden Watering Project. Burnley.  6 October 2009 13

 
Timelines: August 2006 to August 2007 
 
Description: Stage 1; Irrigation and Mulch Trial and Evaluation (6 month trial – 
Irrigation Season Oct-April) as per Project Plan and Protocol. 
 
Database updated with Irrigation and Mulch information from Trials. Evaluation Report 
for Irrigation and Mulch Trials to be completed by the Grantee and approved by the 
SWF. 
 
 
Milestone 4: Field Trials Stage 1 – Wetting Agents 
 
Aim: To evaluate soil wetting agents and irrigation control environmental sensors 
 
Timelines: August 2006 to July 2007 
 
Description: Wetting agents field trial – monitoring and evaluation completed, soil 
moisture sensor and rain shut off monitoring and evaluation completed, Burnley Database 
updated with trial results.  
 
Milestone 5: Progress Report  
 
Aim: To identify any remaining knowledge gaps relating to the plant database, soil 
amelioration and irrigation technologies. 
 
Timelines: August 2007 to October 2007 
 
Description: Progress report on all research to date. This Milestone constitutes a hold 
point. 
 
Milestone 6: Field Trial Stage 2  
 
Aim: To be determined, based on previous evaluation research work 
 
Timelines: Deadline 30 April 2008 
 
Description: Stage 2 Work Plan to be completed by the Grantee and approved by SWF, 
Stage 2 Field Trial and Evaluation (if required and subject to review from Milestone 5) 
for irrigation season Oct 2007-March 2008 in accordance with Stage 2 Project Plan. 
 
Milestone 7: IT Development 
 
Aim: To construct a Decision Support Tool using the Burnley Plant Database and the 
information generated through literature reviews and field work. 
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Timelines: July 2007 to May 2008 
 
Description: IT development, Finalisation of database including all results into database. 
 
Development version of web based user interface completed, IT database and website 
presented by the Grantee and approved by the SWF. 
 
Milestone 8: Decision Support Tool  
 
Aim: To finalise the Decision Support Tool and test prototype 
 
Timelines: June 2008 to October 2008 
 
Description: Finalisation of web user interface, Final report and CD ROMs to be 
prepared by the Grantee and approved by SWF, Dissemination Strategy completed. 
 
 
5.2 Milestone Reports Listing  and Submission Dates 
 
The actual submission date varied from the original timelines in several cases. The 
seasonal nature of the trials and difficulties experienced with aspects of the components 
of the project meant that not all of the project components were finalised in the sequence 
originally intended. 
 
The Milestone Reports are presented here in chronological order of submission. 
 
Milestone 1: Project Description and Project Plan, Date 31 July 2006 
 
Milestone 2: Burnley Plant Data Base, Date 31 May 2007 (Amended)  
 
Milestone 3: Field trials: Water Application Technologies Product Trial, Date 10 
October 2007 (Revised report) 
 
Milestone 4: Soil Wetting Agents, Date 13 September 2007 
 
Milestone 3 & 5: Progress report: Field trials: Mulch, Date 31 October 2007  
 
Milestone 7: User Interface Requirements, Date 5 June 2008 
 
Milestone 8: Web Interface (Part Milestone Report), Date 7 December 2008 
 
Milestone 5 & 6: Irrigation System Performance and Control Devices, Date 28 May 2009 
 
 
Separate Progress Reports were submitted 6 March 2008 (Computer Interface update and 
Irrigation Sensors) and 5 May, 2008 (Computer Interface Development). 
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5.3 Resources 
 
Geoff Connellan, who initiated the Household Garden Watering Assessment Project, in 
2006 and has managed the project over the past three years. His expertise is in urban 
water management including landscape water demand, irrigation performance, water 
conservation, scheduling and irrigation technology. 
 
Dr Peter May is a horticultural consultant providing specialist advice in a range of areas 
including urban and landscape soils, landscape plant establishment, selection, 
management and maintenance.  
 
Ms Liz Denman is a horticulturist and was the Project Officer responsible for field trials 
at Burnley and also in the development of the DST Model. 
 
The Interactive Design Group is a thriving interdisciplinary group situated within the 
Department of Information Systems. It’s focus is on understanding and improving 
interactive technology for people. The group spans a diverse range of research, exploring 
both desktop and mobile technologies. 
 
Personnel involved in creating this project, from within this department, are: 
Dr Jon Pearce led the team creating the SmartGardeningWatering.org.au web 
application. He has expertise in interaction design, online engagement and education. Jon 
is particularly interested in exploring highly engaging and motivating online experiences. 
 
Dr Wally Smith provided interface and interaction design advice during the design of this 
web application. Wally is interested in the social and cognitive aspects of technology 
design and use. 
 
Involved Pty Ltd are an award winning, user-centric digital design agency. Over 5 years 
old, their project experience is diverse, ranging from interaction/visual design and 
marketing for multilingual hotel commerce websites throughout Asia Pacific, to rich 
video-centric community-driven websites to support the varied content of ABC 
Television.  
 
Involved's core expertise is in conceptualisation, information/visual design and software 
development of digital projects; combining cutting-edge web technologies, supported by 
experienced production management and methodologies. SmartGardenWater was 
developed using the Adobe® Flex™ 3 Software Development Kit. 
 
Paul Prickett and Nicholas Bruning, Involved Pty Ltd were responsible for the visual 
design and software development for this project. Recent work can be found online at 
www.involved.com.au. 
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Mr John Murphy is Principal of Design4Use and a specialist in user-centred design 
software development projects. He was the Project Manager, user interface designer and 
in particular responsible for the academic – industry liaison during this project. 
 
5.4 Financial Summary 
 
The total value of the project was $379,207, with $275,207 provided by the Smart Water 
Fund Round 3 and $104,000, as an in-kind contribution from the University of 
Melbourne. 
 
The main component of the in-kind contribution, $102,000, was attributed to the value of 
the Burnley Plant Directory.   
 
 

Table 1: Milestones, completion dates and SWF contributions 
 
 

Milestone 
Number 

Milestone Title Completion 
Date 

Amount  
(From SWF) 

1 Project plan July 2006 $20,000 
2 Plant data base May 2007 $26,100 
3 Mulch trial October 2007 $68,677 
4 Wetting agent trial September 

2007 
$29,150 

5 & 6 Irrigation Systems 
and Sensors 

October 2007 (M5) $20,000 
(M6) $55,000 

7 IT – Interface 
development 

June 2008 $ 43,140 

8 Website and Final 
Report 

December 
2008 & July 

2009 

$13, 140* 
Not invoiced as yet. 

    
 Total  $ 275, 207 

 
 
Throughout the project there were adjustments (agreed to by the SWF) to both the timing 
of milestone completion dates and, in the case of the irrigation and sensor trials carried 
out during 2008, changes were made to the Milestone requirements. Milestones 5 and 6 
were combined and were submitted in May 2009. Details of these changes are covered in 
letter from Professor Nigel Stork to Mr Dale Alsford, Contract Manager, Smart Water 
Fund, dated 23 December 2008.    
 
 
Budget Allocation Change 

 
There were significant changes in the personnel arrangements in the project over the final 
18 months of the project. Both Geoff Connellan and Dr Peter May left the University as 
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full time academic staff in June 2007. However, both continued to be actively involved in 
the project as Honorary Fellows within the Department of Resource Management and 
Geography. Their contributions have been made as consultants rather than as salaried 
staff during that time. The original Budget Allocation was strongly aligned to staff 
salaries, rather than consultant services. 
 
With the approval of the Smart Water Fund, the Budget Allocation was altered to reflect 
these changes. Other changes in expense allocation, including a greater focus on the 
educational properties of the web based program were also made. 
 
Budget Allocation as per Original Agreement (2006) 
 
Salary/Wages: $225,172 
 
Admin. Costs: $ 39,034 
 
Other project costs: $ 11,000 
 
Total (From Fund): $ 275,206 
 
Altered Budget Allocation (Dec 2008) 
 
Salary/Wages: $ 100,000 
 
Admin. Costs: $  39,034 
 
Other project costs: $ 136,173 
 
Total (From Fund): $ 275,207 
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6. Project Outcomes 
 
6.1 Overview of results 
 
The project outcomes can be considered in two parts, the Decision Support Tool Model 
and the SmartGardenWatering.org.au website. 
  
The Model contains all the information and intelligence required to determine the garden 
water needs and the website is the interface between the gardener/user and the Model. 
 
The website was released on 1 April 2009 and is now functioning according to the 
specifications that were prepared, as part of the project design process. 
 
The following computer interface features were identified as being important for a 
website that was required to meet the main requirements of this project: 
 

(1) Highly engaging interface 
(2) Clear and informative graphics 
(3) A high degree of interactivity e.g. sliders, animated outputs  
(4) Short user completion time for any task  
(5) Flexibility in structure to allow modifications 

 
The website is continuing to be assessed through several mechanisms, including feedback 
on the website, general feedback to project personnel and also through the social research 
component of the Web 2.0 phase of the project.   
 
 
6.2 Decision Support Tool (DST) Model 
 
The key outcomes from the DST  Model phase of the project were: 
 
a) Allocation of Crop Factor values and Drought tolerance to more than 1500 plants in 
the Burnley Plant Directory 
 
b) Development of the algorithms necessary to calculate the amount of water required to 
maintain a garden in Melbourne and Geelong 
 
c) Establishment of the water conservation and weed suppression performance data on a 
range of garden mulches 
 
d) Evaluation of the effectiveness of wetting agents used on hydrophobic soils 
 
e) Evaluation of the performance of irrigation applicators used on residential gardens 
 
f) Determination of the performance, including precipitation rate and efficiency, of 
typical garden irrigation systems 
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g) Evaluation of the operational performance of rain sensors and estimation of water 
saving potential in residential gardens  
 
h) Review of soil moisture sensors suited to gardens 
 
The expression that is used to estimate the garden irrigation requirement is described in 
Table 1, Appendix 3. 
 
 
6.3 Summaries of Field Trials 
 
The following field trials were carried out to provide quality foundation information on 
which the DST Model and program were based.  
 

(1) Assessment of the performance of individual irrigation applicators 
 

(2) Effectiveness and possible phytotoxicity of wetting agents 
 

(3) Garden mulch performance 
 

(4) Performance of garden irrigation systems 
 

(5)  Irrigation control input sensors – rain switch and soil moisture 
 
The following are summaries of the field trials carried out as part of the project. 
 
 
6.3.1 Evaluation of individual irrigation applicators 
 
A. Aim 
 
This part of the study was focused on building knowledge of the performance of the 
irrigation equipment used to water gardens. 
  
The approach that has been adopted has been the evaluation of the individual irrigation 
applicators and this will be followed up with the evaluation, in the field, of typical 
systems.  
 
The specific aims of the irrigation trial were: 
 
 (1) Review the performance of the irrigation company literature in relation to 
 irrigation applicator technologies and irrigation systems 
 
 (2) Identify particular irrigation applicator products that are representative of  
 those used in Melbourne market 
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 (3) Develop a test protocol for irrigation applicators 
 
  (4) Review irrigation applicator evaluation measurements with reference to 
 characterising water performance and achievement of high efficiency 
 
The performance data generated in the trial assists in the selection of the most appropriate 
applicator, the number of applicators required, for each watering situation, and the 
hydraulic performance (flow rate and volume) of the device.  
 
 
B. Trial Description 
 
Irrigation methods 
 
The following water irrigation methods were nominated in the Project Plan (Milestone 1 
Report) as the main methods of water application in residential gardens. 
 

1) Drip irrigation systems 
2) Perforated pipe 
3) Spray systems 
4) Hand held hoses 
5) Manual sprinkler systems 
6) Automatic sprinkler systems 

 
The performance of garden irrigation applicators varies greatly as there are many types, 
designs and sizes of devices.  
 
Applicators tested 
 
A list of all applicators types tested is presented in Table 2. The flow rate for each 
applicator operating at 200 kPa is also presented. In some cases, the 200 kPa operating 
pressure is higher than the recommended optimum, however this performance summary 
provides an overview of the typical flow rates and range of flow rates of equipment used 
by home gardeners. 
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Table 2. Applicator flow rate (L/h or L/h/m) tested (Operating pressure of 200 kPa) 
 

Applicator 
Category 

Applicator Type Flow rate (L/h or,  
* L/h/m) 

In line drip pipe, non pressure compensated (one 
dripper) 3  

In line drip pipe, pressure compensated (one dripper) 2  

Individual pressure compensated dripper (2 L/h) 2  

Individual pressure compensated dripper (4 L/h) 4  

Individual non pressure compensated dripper (2 L/h) 3  

Drip products 

Individual non pressure compensated dripper (4 L/h) 6 

Microspray, half circle, 1.0 mm orifice 39 

Microspray, full circle, 1.0 mm orifice 40 

Mini sprinklers 262 

Mini bubblers (set at 10 clicks) 76 

Microsprays 
and mini 
sprinklers 

Shrubbler (set at 10 clicks) 22 

Border spray jet 403 

Pop up sprays 317 

Garden sprays 
and sprinklers 

Rotating stream lawn sprinkler 293 

Soaker hose (averaged for 7.5 m section length) * 100  

Porous pipe – Aquapore (averaged for 15 m section 
length) * 74  

Hose products 

Porous pipe – Ryset (averaged for 15 m section 
length) * 50  

Hand held trigger - multi 'shower setting' 530 

Hand held trigger - multi 'cone setting' 352 

Hand held trigger – spray 1031 

Hose end 
products 

Hose end spray 983 

 
C. Results 
 
The following is a summary of the main outcomes of the individual irrigation applicator 
trial. 
 
(1) Pressure compensating (PC) drip equipment is effective in providing constant 
discharge rates over pressure ranges expected in residential gardens (Table 3). Irrigation 
applicators incorporating PC are well suited to achieving high efficiency in residential 
garden water supply situations. 
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(2) Many applicators are highly sensitive to supply pressure variations over the test range 
of 200 kPa to 600 kPa (Table 3). One weeping hose product was found to have flow rates 
300% higher (90 L/h/m) at 400 kPa than at 100 kPa (30 L/h/m). Note that the flow rate of 
the pressure compensated drip product actually decreases as the operating pressure 
exceeds upper pressure range of product.  

 
 
Table 3.  Effect of varying operating pressure on the flow rates of irrigation 

applicators . 
 

 
Flow rate at designated operating 

pressure (L/h) 

 
 

Irrigation 
Applicator  

200 kPa 
 

400 kPa 
 

600 kPa 

 
Change in flow 

rate   from 
operating 

pressure of 200 
kPa to 600 kPa 

Non pressure 
compensating 
dripper (2L/h) 

3.2 4.5 6.2 94% 

Pressure 
compensating 
dripper (2L/h) 

2.2 2.1 1.2 -45% 

Single piece jets 
, 360 o 

40 59 72 80% 

Border spray 403 579 715 77% 

 
 
(3) The porous pipe/weeping hose products were tested through the measurement of the 
discharge from 2 m sections over a total length of 14 m. At operating pressures up to 200 
kPa (recommended operating pressure 50 to 100 kPa), discharge flow rates were found to 
be reasonably uniform along the length of the hose. However at higher pressures (400 
kPa) discharge in the first section of the hose was approximately 80% higher than in the 
end sections.  
 
 
(4) The rotating stream lawn sprinkler product was found to have a precipitation rate in 
the range of 5 to 7 mm/h, at a supply pressure of 200 kPa, compared to conventional 
spray which had a precipitation rate in the range of 20 to 30 mm/h. Both high uniformity 
of application and precipitation rates lower than soil infiltration rates are requirements for 
high efficiency. 
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Picture: Catch can layout used to measure hand held hose nozzle 
 
(5) Hand held trigger nozzles have high flow rates and high precipitation rates. One 
product had a flow rate of approximately 1000 L/h at 200 kPa. The precipitation rate was 
in the range of 200 to 800 mm/h. 
 
 
6.3.2 Effectiveness of Soil Wetting Agents 
 
A. Aim 
 
The overall aim of the trial was to evaluate soil wetting agents, as a soil conditioner, in 
improving the water use efficiency of garden soils 
 
The following aspects of soil wetting agent performance were identified to be 
investigated: 
 

1) Efficacy in modifying the water repellency of soils 
2) Longevity of soil wetting agent in modification of soil wetting properties 
3) Potential toxic effects of plants of soil wetting agents 
4) Plant growth performance in sites treated with soil wetting agents 
5) Assessment of differences in performance, if any, between soil wetting products 

 
 
B. Trial Description 
 
Wetting agents are marketed in different forms. The products are either wetting agent 
solutions (designed to be diluted and spread on the soil surface with a watering can or 
similar) or wetting agent granules (where the wetting agent is carried on a granular solid 
such as coir fibre and this granular material is spread on the soil surface). 
 
The products used in this trial are non-ionic type surfactants, referred to as Soil Wetting 
Agents. 
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Selection of products 
 
The trial evaluated two representative products of both solution and granular type soil 
wetting agents.  
 
A number of products available on the local market, were considered for the trial. 
Selection of specific products for the trial was based on known performance (results of 
previous Burnley trials) and industry advice, regarding popularity of products sold. 
 
The four products selected were: 
 
 Solution type: Debco SaturAid, Yates Waterwise 
 
 Granule type:  Debco SaturAid, Hortico Soil Wetter  
 
 
Trial plots 
 
An area within Burnley Gardens Field Station was identified as being a suitable location 
for the trial, as it exhibited water repellency. The soil at the trial site is a sandy loam.  
 
A set of nine 2 m x 1 m plots were set up. There were two replications of each, of the 
four garden beds, with soil wetting agents and one untreated control plot.  Plots were set 
up with 0.5 metre walkways, between each plot and sited so as to avoid interference from 
the roots of neighbouring vegetation.   
 
To increase the hydrophobicity of the test site soil, hydrophobic fine pine bark (< 2mm) 
was incorporated into the soil. Approximately 2 m3 was spread across the 28 m2 site and 
the area was then rotary cultivated.  The site exhibited hydrophobic conditions at the 
beginning of the experiment. 

 
 

 
 
 

Picture: Planting hole exhibiting hydrophobic properties 
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Each plot was planted with a row of three Marguerite daisies (Argyranthemum 
frutescens), at 400 mm spacings, on the 23rd February 2007.  This species was selected as 
it is a common garden plant and grows quickly.   
 
Wetting agents were applied at the manufacturer’s recommended rate on 26th February 
2007.  The solution type wetting agents were diluted and then applied using a watering 
can. The wetting agents were watered in well after application.  All plots were then 
mulched, as per industry best practice with 75 mm of coarse pine bark mulch. 
 
 
C. Results 
 
The trial results showed that: 
 

(1) Wetting agents are effective in amending soil wetting properties 
 
(2) Wetting agents have limited life in terms of effectiveness 
 
(3) The four wetting agent products performed similarly 
 
(4) Wetting agents did not adversely affect plant growth and all performed 

acceptably as garden plants. 
 
 
D. Use of Wetting Agent Results in DST 
 
The information generated in the field trial and information sourced from the literature, 
were used in the Decision Support Tool to provide advice on the management of 
hydrophobic soils and use in irrigation efficiency calculations. 
 
 
6.3.3 Garden Mulch Performance  
 
A. Aim of Mulch Trial 
 
The purpose of the trial was to determine the effectiveness of a range of mulches as water 
conservation techniques in residential garden situations and to quantify the overall 
hydraulic performance of the mulches. Seven different mulches were included in the trial 
together with plots with no mulch.  
 
The main components of the mulch trial were to; 
 

a. Evaluate the effect of different mulches on the drying rate of soil following 
irrigation events  
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and 
 
b. To determine the extent to which different mulches trap irrigation and rainfall, 

preventing movement into the soil below. 
 

 
B. Trial Description 
 
Mulches Tested 
 
Seven different mulches were included in the trial together with unmulched plots. 
The mulches used were: 

• Pea straw 
• Fine pine bark 
• Coarse pine bark 
• Fine composted green waste 
• Coarse composted green waste 
• Coarse wood chips 
• Gravel  

 
 
Trial design 
 
In this trial eight treatments were selected, seven mulch products and an unmulched 
control. There were two replicates of each treatment, set out in a randomised block 
design.  Mulch was applied to a depth of 75 to 80 mm, as this has been shown in a 
number of studies to be the optimum depth for weed suppression without compromising 
plant health.  The mulch was applied to the surface after setup on 24th November 2006. 
 

 

 
 

Picture: Mulch trial plots – Burnley Field Station, February 2007 
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The trial plots were 2 m x 1m in size and were divided into planted and unplanted 
sections. One half of the plots were planted with four standard garden plants, at 400 mm 
centres.  The plants selected were Phormium ‘Surfer Boy’ (flax) and Myoporum 
parvifolium ‘Purpurea’ (creeping boobialla).  
 
The trial site was irrigated with under mulch inline drippers that were spaced at 400 mm 
(Netafim, Techline). Drip lines were the located across the plot at 100, 400, 800, 1200 
and 1600 mm from the planted end. 
 
Data collection 
 
The trial involved collecting the following data: 
 

a) Moisture content changes over time, following irrigation events  
 
b) Plant growth responses measured  by destructive harvest (dry weight) at the end 

of the trial period and by interim non-destructive methods such as basal diameter 
measurement (Phormium ‘Surfer Boy’) and measurement of the biomass of 
prunings (Myoporum parvifolium ‘Purpurea’) 

 
c) Weed emergence 

 
d) Extent of mulch breakdown 

 
C. Results 
 
Soil moisture  
 

a) Mulched areas maintain soil moisture at higher levels than non mulched areas. 
 

b) The range in soil moisture levels varies with the different types of mulch. 
 

c) In terms of maintaining soil moisture, there was no difference between the 
organic and non organic (gravel) mulches. 

 
d) The soil moisture readings indicated that the moisture readings were 

approximately 30% higher in the mulched areas than the non mulched areas. This 
observation is based on test results from the drying cycle in April 2007. 

 
Plant Growth 
 

a) Plant growth, over the trial period of December 2006 to October 2007, in all test 
sites, mulched and non mulched, was at a level consistent with desirable garden 
expectations. 
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b) Using the basal diameter as a measure of growth, the flax typically increased from 
10 to 14 cm at trial commencement to 24 to 30 cm at October 2007. 

 
c) There was no significant difference in plant growth between mulched and non 

mulched areas. The plants in the non mulched area had adequate soil moisture and 
with weed control in place, soil conditions suited healthy growth. 

 
Weed control 
 

a) All mulches reduced the number of emergent weeds but hand weeding was still 
required in all treatments. 

 
b) Over the trial period, December 2006 to October 2007, the number of weeds in 

the mulched plots was in the range of 25 to 300, whereas in the non mulched plots 
the estimated number of weeds was 3610. 

 
c) The number of weeds was fewer in the coarse, uniform mulches (coarse pine 

bark, wood chip and gravel), than in the other mulches (pea straw, fine composted 
green waste, coarse composted green waste and fine pine bark). 

 
d) The worst performing mulch, in terms of weed control, was the fine pine bark, a 

response that is consistent with findings in other studies. 
 
Mulch breakdown 
 

a) During the trial period some of the organic mulches exhibited significant 
breakdown. 

 
b) Breakdown of some mulches was very significant, for example 70% breakdown, 

after 8.5 months by the Coarse Green Waste (CGW) mulch. 
 

c) A feature of the inorganic mulch is that it does not break down, and hence does 
not require replenishment. Whilst this is a positive feature for mulch, this type of 
mulch does not add to soil organic matter levels and so does not improve the soil 
properties. 

 
 
Main mulch trial outcomes 
 
The main outcomes from the trial are that: 
 

a) Mulched areas maintain soil moisture at higher levels than non mulched areas 
 
b) In terms of maintaining soil moisture there was no difference between the organic 

and non organic (gravel) mulches 
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c) The soil moisture readings indicated that the moisture readings were 
approximately 30% higher in the mulched areas than the non mulched areas. This 
observation is based on test results from the drying cycle in April 2007 

 
d) There was no significant difference in plant growth between mulched and non 

mulched areas. 
 
 
D. Role of Mulch in DST Model 
 
Mulch has several impacts on the water management of gardens.  
 
They are: 
 

(1) Reduce plant water demand (ETc) through reduction in soil evaporation losses 
 
(2) Reduce efficiency of application (Ea) of irrigation water. If sprays used above 

fine organic mulch, very low efficiency of application. 
 

(3)  Reduce the amount of rainfall infiltrating to the soil (Peff). 
 
Each of these influences is taken into account in the DST Model. 
 
 
6.3.4 Garden irrigation system performance 
 
A. Aim 
 
The primary aim of the trials conducted on the various irrigation systems was to establish 
the performance values of each irrigation method used in the SGW Model. 
 
The irrigation methods to include drip, weeping hose, microspray, spray and sprinkler 
systems. Irrigation systems suited to a typical garden bed, area of approximately 10 m2, 
were to be designed and installed.  
 
The performance of the system is to be measured.  Key performance values include 
precipitation rate (PR), flow rate and uniformity (DU). The precipitation rates are to be 
expressed on a per unit basis to allow input into the model databases. 
 
The deliverables are: 
 
 (a) Determination of system PR (mm/h) 
 
 (b) Evaluation of uniformity (Distribution Uniformity (DU) %) 
  
 (c) System flow rate (L/min)   L/h 
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B. Trial description 
 
Irrigation Methods Tested 
 
The following irrigation methods/systems were nominated in the Milestone 1 Report as 
the main methods of water application: 
 

(1) Garden bed – Dripline 
(2) Garden bed – Weeping pipe/hose 
(3) Garden bed – Microsprays 
(4) Lawn sprays – Standard 
(5) Lawn sprays/sprinklers (Low precipitation rate) 

 
Hand held hoses/sprays were not separately tested as an irrigation system in these trials.  
 
 
Trial sites and products used 
 
The field test area dimensions: 
  
 Garden beds: 12 m x 1.5 m (18 m2)  
 
 Lawn areas: 10 m x 5 m (50 m2)  
 
  
(1) Garden bed – Dripline 
 
Product: Netafim Pressure Compensating (PC) Techline (Emitter interval of 400mm) 
 Emitter flow rate: 1.6 L/h 
 
(2) Garden bed – Weeping pipe/hose 
 
Product:  Aquapore 
 
(3) Garden bed – Microsprays 
 
Product: Antelco, single piece jet 180o, 1 mm diameter nozzle/orifice. 
 
(4) Lawn sprays – Standard 
 
Product: Rain Bird Model 1800 Pop-up spray,  Half and quarter circle sprays. 
 
(5) Lawn sprays – Low precipitation 
 



Final Report.  Household Garden Watering Project. Burnley.  6 October 2009 31

Product: Nelson No.2  MP Rotator, Half and quarter circle sprays 
 
Layout of sprays: Quarter circle in each corner, Half circle in middle on each longer side. 
 
 
Performance information recorded 
 
The following categories of test details were recorded for each irrigation method tested: 
 

a. Supply – Flow and pressure 
b. Test plot – Dimensions and area 
c. Applicators to be tested 
d. Operating conditions – Hydraulic, Pressure ranges 
e. Operating conditions – Atmospheric, Wind: Calm and/or Windy 
f. Test duration 
g. Catch can number, layout 
h. Emitter flow collection technique 

 
 
 
C. Results 
 
Precipitation Rate (PR) 
 
The PR rate was determined either from the direct measurement using catch cans or from 
measured emission rates (drippers or weeping hose) and the system layout.  
 
The values of PR used in the Model are presented in Table 4. This is a key performance 
value, as the recommended schedule run time is calculated directly from it. 

 
 

Table 4.  DST Model Precipitation Rate (PR) values (Version 24/3/2009) 
 

 
Irrigation Method 

Precipitation Rate 
(PR) mm/h 

Drip 10 

Weeping hose 23 

Soaker hose 25 

Microspray 20 

Spray (Fixed nozzle) 30  

Spray (Rotating stream) 12 

Sprinklers 12 

Note: Soaker hose PR is based on total coverage width of 4 
m and flow of 100 L/h/m. 
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Application Efficiency 
 
The following Table 5 provides a guide to the levels of efficiency, that are considered 
appropriate, to allocate to the various irrigation methods .   
 

Table 5.   Irrigation Application Efficiencies (Ea)  
 

 
Irrigation Method 

Efficiency Range 
(Ea) 

Hand held hose 0.50 – 0.70 

Weeping hose 0.50 - 0.70 

Weeping hose (below mulch) 0.60 - 0.75 

Soaker hose 0.50 - 0.65 

Drip 0.75 – 0.90  

Drip (below mulch) 0.75 – 0.95 

Sprays 0.60 – 0.75  

Sprinklers 0.65 – 0.80  

Microsprays 0.50 – 0.70 

Note: These values are continually being reviewed. 

 
 
Development in lawn spray technology 
 
Fixed nozzle lawn sprays tend to exhibit high precipitation rates and low uniformity of 
application. Rotating stream sprays which are suited to watering over relatively short 
distances are now available. 
 
The results obtained in the trials demonstrated that this technology has the potential to 
provide significant increases in efficiency, particularly for lawn irrigation. The reasons 
include increased uniformity and lower precipitation rates. Rotating stream sprays 
achieved a uniformity DU 70 % compared with DU 49 % for the fixed nozzle sprays. The 
measured PR was 12 mm/h for rotating stream compared to 21 mm/h for the fixed nozzle 
type. 
 
 
D. Role of Irrigation System Performance Data in the Model 
 
The Precipitation Rate (PR) and the Irrigation Efficiency (IE) are two key quantitative 
inputs into the DST Model. 
 
The estimation of the amount of water required to maintain a particular garden zone is 
dependent on the landscape evapotranspiration rate (ETL), the effective rainfall (Peff) and 
the Irrigation Efficiency (IE). 
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The recommended watering time for the selected irrigation method is based on the 
Precipitation Rate (PR) of the selected irrigation method. 
 
The Application Efficiency (Ea) values for the various methods were based on measured 
evenness of delivery and uniformity of application (DU value) for spray type applicators 
(microsprays, fixed nozzle sprays and rotating stream sprays). For each irrigation system, 
the overall efficiency (IE) is based on three component efficiencies associated with the 
applicator type (Ea), soil type and ground slope (Es) and the presence of mulch (Em). 
 
The precipitation rate (PR) value was also used to assess potential infiltration 
effectiveness on soils of varying types and terrain of varying slopes, flat to steep. 
 
The expression, which includes the overall irrigation efficiency (IE), used to estimate the 
irrigation requirement is outlined in Table 1, Appendix 3. 
 
 
6.3.5 Irrigation control sensors – Rain switch 
 
A. Aim 
 
A core requirement of automatic irrigation systems is to have some form of feedback 
from the garden area so the irrigation event is cancelled if the plants do not require water. 
A rain sensor (or rain switch) is one of the devices that are classified as an environmental 
sensor that provides feedback to the irrigation controller.  The sensor automatically 
interrupts the watering schedule but returns it to its normal schedule some time after the 
rain stops.  
 
Rain sensors are relatively simple devices, with the potential to save water by cancelling 
irrigation, during or close to rain events. 
 
The rain sensors were to be evaluated in terms of;  
 
(a) Functioning of the device  
and 
(b) Water saving potential.  
 
 
The deliverables from this trial were: 
 

a) Determination of operating characteristics of rain sensors 
 

b) Review of reliability of operation of sensors 
 

c) Comment on the water saving potential of rain switches 
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B. Trial Description 
 
Rain switches vary in the method of detection of rainfall and connection to the controller. 
 
Whilst rain switches in the past have used a trough or receptacle to detect rainfall, the 
predominant technique now used is an absorbing disc. This latter type was used in the 
trial. 
 
The sensors in the trial included both wired and wireless types. 
 
The switching of each sensor during rain periods is to be monitored for selected rainfall 
events to ascertain the operating characteristics of each sensor. 
 
Rainfall records for Melbourne over a period of ten years are to be analysed, using a 
model of a typical sensor, to assess the likely savings that would be achieved over a 
longer term. 
 
 
Key Performance Characteristics of Rain Sensors 
 
The following are the key performance characteristics that may impact on the suitability 
of a rain sensor for a particular application: 
 

1) Conditions (time and rainfall amount) required for activation 
2) Duration that irrigation is delayed or cancelled 
3) Adjustments available both for commencement and recommencement of 

operation 
4) Controller options to modify rain sensor signal 
5) Reliability of operation  
6) Maintenance requirements 

 
 
Selection of rain switches 
 
The following companies were identified as having rain sensors available: Rain Bird, 
Toro, HR Products, Hunter, Holman, Nylex and Irritrol. 
 
The price range for wired sensors was typically in the range of $40 to $80 and for 
wireless $150 to $300. 
 
Three different rain sensors were tested (Table 6).  
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Table 6.   Rain sensor products tested and settings 
 

Manufacturer Rain sensor Rainfall setting 

Hunter Rain-clik, wireless Variable, set at 6 mm 
Hunter Mini-clik, wired Variable, set at 6 mm 
Toro Wired Instantaneous  

(not adjustable) 
 
Methodology and Trial Design 
 
Two of each rain sensor, were mounted on to a building at the Burnley Campus Field 
Station to represent a residential situation. Rainfall was measured in the same location 
using a tipping bucket rain gauge (Envirodata, RG 12 Series). The sensors and a rain 
bucket were wired to a data logger and rainfall and the status of each sensor were logged 
every five minutes.  

 
The trial commenced on 21 December 2007 and ended on 31 March 2009. During the 
trial some data were lost due to power outages.  
 
C. Results 
 
Results from the trial indicated that the rain sensors operated effectively and reliably. 
There were, however, large variations recorded in the time to respond to rain and the 
length of time the rain sensors remained activated. The instantaneous sensor tested 
(Wireless type) sometimes activated before any rainfall was recorded. As expected, the 
other two sensors took many hours to activate as they were set to activate once six 
millimeters of rain had fallen.  
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Figure 2.  Rain sensor switching as a function of time and hourly rainfall 
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The water saving potential of rain sensors is influenced by the total rainfall, the pattern of 
rainfall, the scheduling program of the irrigation controller and the operating 
characteristics of the particular sensor in use. In relatively dry periods the savings 
achieved with rain sensors will be small.   
 
Based on analysis of fifteen years of rainfall records, rain sensors are estimated to 
provide savings in the range of 8 % to 10 %. In a wet year it would be expected to be 
higher, for example approximately 12 % and in a dry year, it may be around 4 %.  
 
The bar charts illustrate the way in which the sensors vary in responsiveness to rain. Both 
the hourly rainfall and cumulative rainfall are presented. 
 
 
6.3.6 Irrigation control - Soil Moisture Sensors 
 
A. Aim 
 
The main purpose of the trial was to compare the performance of a number of soil 
moisture sensors that are suitable for the residential market. The soil moisture sensors 
available in Australia range from sophisticated expensive instruments to simple, low cost 
probes. The primary function of a residential soil moisture sensor is to interrupt 
programmed irrigation events.  
 
The soil moisture sensor trials were designed to compare performance of a range of 
sensors and to characterise the behaviour of the sensors. The soil moisture sensors 
selected for the trial were all considered to be suited to the residential market.  
 
 
B. Trial Description 
 
There are broadly two types of soil moisture sensors on the market; (A) Sensors that 
measure water content and (B) Sensors that measure water tension. 
 
The water content of the soil can be measured in a variety of ways including using the 
soil density, the electrical and the thermal properties of the soil. 
 
The types of water content sensors that are potentially suited to the residential market 
include: a) Capacitance, b) Electrical resistance, c) Dielectric constant and d) Thermal 
dissipation. 
 
The types of water tension sensors that are potentially suited to urban applications 
include: a) Tensiometers, b) Resistance type - Granular Matrix and c) Resistance type - 
Ceramic Block. 
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Soil Moisture Sensor Selection 
 
The following are the criteria used in selection of sensors for testing: 
 

a) Low cost:  Less than $300 (approx) 
b) Accurately measure soil moisture levels 
c) Operate effectively in a range of soil types and conditions 
d) Simple to install 
e) Effective in controlling irrigation 

 
The sensors selected for testing were Rain Bird MS-100,  Irritrol101, SMS Agrilink, 
AquaBlu, Gardena  Soil moisture sensor, Common Sensor Model 20/5 and  Holman 
Industries Water Smart. 
 
 
Test Procedures and Test Soil Bins 
 
All sensors were to be continuously logged so that any switching on and off could be 
monitored. 
 
The sensors selected for the trial were tested in the same media environment so that a 
direct comparison could be made between sensors. It was also decided that the sensors 
should be tested in two different soil textures to provide a range of operating conditions. 
 
Procedures were developed for the testing of the soil moisture sensors. Reference was 
made to Irrigation Association (USA) soil moisture testing protocols. Two soil bins were 
constructed to carry out the testing. The bins were 950 mm long, 600 mm wide and 500 
mm deep. 
 
The field trial tested six soil moisture sensors installed in two soil bins. The bins were 
located in a plastic film covered greenhouse, to encourage drying out, in the Burnley 
campus Nursery production area. One bin contained a free draining soil (sand) and the 
other bin contained a medium draining soil (loam). Each sensor was connected to a data 
logger housed in the nearby Nursery Potting Shed.  
 
Six sensors were installed in each bin and an additional separate sensor (Delta-T Devices, 
SM200) was positioned in the middle of the bin and its voltage output logged frequently 
to provide a reference soil moisture value. 
 
The layout of the soil moisture sensors within the soil bin are shown in Fig. 3 
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Figure 3.  Soil moisture sensor layout (Sand soil bin) 
 
 
C. Results 
 
Throughout the trial period readings on the operation of the sensors were found to be 
erratic. It was considered that there were a number of factors contributing to this situation 
including the type of test media selected, the soil moisture variation in the media, the data 
logging technique employed and the variability in the performance of the sensors. Due to 
the lack of confidence in the readings obtained it was decided that the results for 
individual sensors could not be used. 
 
However valuable experiences and information on the role of soil moisture sensors, as 
water conservation devices, was gained as part of this study. The educational text 
component of the DST Model will be expanded using this information.  
 
The sensors selected for testing were found to be relatively simple to install and could be 
readily connected to the irrigation controller. 
 
 
Water saving potential of soil moisture sensors 
 
This technology, if correctly installed, and operating reliably, should provide greater 
savings than rain sensors. A soil moisture sensor, that accurately measures the amount of 
moisture available in the soil, will potentially prevents irrigation until the plant has a need 
for water rather than a rain sensor which cancels irrigation, for a period of time following 
a rainfall event. This means that the period of interruption to programmed irrigations will 
be greater than a rain sensor and hence the savings will be greater. It is expected, that the 
savings associated with soil moisture sensors, would be in the range of 20 % to 40 %. 
The savings will be greatest during periods of high rainfall and frequently programmed 
irrigation.  
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D. Role of Soil Moisture Sensors in DST Model 
 
Soil moisture sensor performance has been used in the Help advice, as part of the 
scheduling component of the website. 
 
 
6.4 SmartGardenWatering.org.au (SGW) Website 
 
6.4.1 Description 
 
Gardeners can use SmartGardenWatering.org.au to learn about watering requirements 
for existing gardens and for the planning of new gardens or new sections of garden.  
 
The website allows gardeners to learn about domestic garden watering through both 
direct manipulation of garden inputs and outputs, as they model their garden, and from 
contextual help information provided throughout the program.  
 
Gardens are modelled by describing discrete areas with plants, irrigation systems and the 
various conditions affecting watering efficiency. 
 
Current or envisioned irrigation systems may be selected to learn about the various 
efficiencies and water delivery characteristics of each system. Various conditions 
including garden soil and terrain and mulch to be applied, may be manipulated to 
determine the effect on irrigation efficiency and total water demand.  
 
SmartGardenWatering.org.au produces a watering demand value, in graphical form, and 
a schedule for each month of the year. The demand provides information on the litres of 
water required for a range of plant conditions. The schedule nominates watering 
frequency and watering depth (time) for each watering event for a particular plant 
condition. Stage 3A watering regulations are taken into consideration and the gardener is 
able to tune the watering schedule on a monthly basis, to match different plant conditions. 
 
 
6.4.2 How the SGW website works? 
 
There are many factors that determine the precise water demands of plants in Australia. 
The underlying model in SmartGardenWatering.org.au takes into account the main 
factors: 
 

• The climate zone that the garden is situated in (Rainfall and evaporation rates); 
• The soil type for a given locality (way in which water is held within the root zone 

of the plants); 
• The use of mulches (amount of water reaching the plants as well as the loss due to 

evaporation); 
• Slope of the land (water loss due to run-off); 
• Microclimate (sun and wind conditions that impact on evaporation); 



Final Report.  Household Garden Watering Project. Burnley.  6 October 2009 40

• Planting density (how much water is required for a given garden area); 
• Finally, the plants themselves - they each have different water demands (“Crop 

Factors”). 
 
Having modelled a garden, taking the above factors into account, knowledge of the 
effectiveness of different water applicators (sprinklers, drips, etc.) is used to determine 
how frequently to water and for how long. The optimum amount of water to apply at any 
given time is taken to be 10 mm. In some situations this will not be possible, within the 
current water regulations - such situations are highlighted within the program. It is, by 
adjusting the frequency of watering, and/or the duration (within a range of 5 mm to 15 
mm) that one can try to satisfy a garden’s water requirements. The water demand graph 
displays a range of demands mapped onto a choice of garden ‘health’.  
 
In summary, the four key output areas of the interface are: 
 
(1) Total water demand graph including monthly data/information 
(2) Recommended irrigation schedule including frequency of irrigation and irrigation 
system operation time 
(3) Water tank sizing calculator 
(4) Water conservation and regulatory advice 
 
 
6.5 Website Launch and Marketing  
 
The marketing of SmartGardenWatering.org.au (SGW) is a combination of targeted 
programs and broad awareness strategies directed at the daily media. 
 
The website was launched at Melbourne International Flower and Garden Show 
(MIFGS), 1 April 2009, on the Savewater.com.au stand. Publicity was included in the 
Savewater.com.au show bag (10,000 units). A copy of the website brochure is attached 
(Appendix 1). 
 
Media releases (Appendix 2) were forwarded to daily media outlets. Green life 
organizations (nursery, landscape, turf and irrigation), including industry journals, have 
been targeted.  
 
The University of Melbourne websites have been and will continue to be used to promote 
the SGW program. The websites of the Land and Food faculty and the Department of 
Information Systems have carried links to the SGW site. 
 
SmartGardenWatering.org.au was promoted in the university print and electronic 
journal, the Voice. Vol 5 Number 3 June 8 – July 12, 2009. 
  
The main post launch media activity has been a feature on Garden Gurus (Chanel 9, 30 
May 2009). http://www.thegardengurus.tv/ . This show has over 90,000 viewers in 
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Melbourne and initial response has been very positive with over 650 hits in the first 24 
hours. 
 
ABC Radio, South East, carried an interview with Geoff Connellan, in June 2009, on the  
operation and applicability of the website to householders. 
  
It is planned to elevate the marketing effort in spring 2009, at a time when gardeners are 
beginning to focus on how they are going to manage their gardens over the coming 
summer. These marketing activities are supported by the Smart Water Fund and the 
Melbourne water retailers.  
 
The features and functions of the website are to be presented to the marketing group of 
Yarra Valley Water, in July 2009. 
 
Opportunities to increase the exposure of the SGW website through specialist water 
conservation websites, such as Savewater.com.au, are being investigated. 
 
 
7. Risk Management 
 
The risks associated with an IT computer interface project is that the product will not 
function as planned or not function at all. There is also the underlying risk, in this project, 
that the calculation model will not provide the quality and type of data necessary to 
support the interface. 
 
Specific risks associated with the development of the DST Model were: 
 
a) Modified Plant Database would not be able to be integrated into the final program 
 
b) Algorithms would not generate accurate and reliable data 
 
c) Field trials would not produce required information based outcomes due to 
experimental errors, mishaps or unfavourable weather conditions 
 
These latter risks were mitigated through careful planning and the involvement of 
appropriately skilled personnel. Planning for the field trials was outlined in the Milestone 
1 Report. 
 
Specific risks associated with the development of the SmartGardenWatering.org.au 
website were: 
 
a) The interface would not allow integration of the DST Model 
 
b) Programming glitches and failure 
 
c) The interactivity and usability features of the website would not be achieved 
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These risks were mitigated through detailed and thorough planning and engagement of 
relevant expertise. Dr Jon Pearce, Department of Information Systems, provided IT 
overall management of the interface development.   
 
The interface planning process was managed by John Murphy of Design4Use Pty Ltd 
who has specialist skills in interface development planning. 
 
The following is an outline of the interface design process that was executed. 
 

(1) Development of project requirements 
 
(2) Design – detailing of the interface and interaction specifications, detailed data 

structures, program data and development of prototype screens 
 
(3) User interface evaluation – user-based evaluation of prototype screens with 

representative users performing typical tasks with the user interface. Findings 
used to improve the program design 

 
(4) Development – development of the DST computer program including all screens, 

calculations, data handling and system testing 
 
(5) Testing – user acceptance testing based on scenarios developed in the 

requirements phase 
 
(6) Release -  packaging, marketing and release of software 

 
Workshops and usability testing were core activities in program development. 
 
Specialist interface programmers, Involved Pty Ltd, were engaged to construct the 
website. 
 
The success of the website was largely due to the detailed planning and engagement of 
appropriate expertise for each of the key components of the interface development. 
 
There is potentially a risk that the program will not be used. A broad ranging marketing 
campaign, covering print and electronic media, has been developed to reduce this risk. 
 
 



Final Report.  Household Garden Watering Project. Burnley.  6 October 2009 43

8. Project Discussion 
 
8.1 Website function and features 
 
The website brings together the horticultural knowledge and expertise relevant to making 
sound decisions on garden watering. 
 
The program contains the Burnley Plant Directory, consisting of over 1500 plants, which 
is the most comprehensive plant database available on the plants of Melbourne and 
Geelong. 
 
The program informs the user of the irrigation water requirements of gardens unique to 
user location, site conditions and plant composition. 
 
The requirements of the interface were developed over a period of several months. 
Several workshops were conducted to facilitate the process. 
 
The following features were identified as being important to an interface that was 
required to meet the requirements of the Smart Water Fund project: 
 
 (1) Highly engaging interface 
 (2) Clear and informative graphics 
 (3) A high degree of interactivity e.g. sliders, animated outputs  
 (4) Short user completion time for any task  
 (5) Flexibility in structure to allow modifications 
 
It is crucial that users of the software very quickly see the effects of whatever data they 
are entering into the system. For this reason it was decided not to produce a ‘form based’ 
application that leads the user through screen after screen of questions. Instead a highly 
dynamic simulation was designed in which the user sees an output as soon as they click 
on the initial choice of plant types. From that point on, the system shows dynamic 
updates in real time as the user makes changes to match the conditions in their own 
garden.   
 
This gives the impression of ‘driving’ a simulation that is continuously running. There is 
no start and end. The user is encouraged to explore and learn the impact of making 
changes to their garden. It is through this approach that the application is a truly 
educational one that encourages users to explore and ask ‘What if?’ questions. 
 
The process of identification of the features was outlined in the report to the Smart Water 
Fund titled:  User Interface Requirements Report, dated 5 June 2008, prepared by J 
Murphy, Design4Use Pty Ltd and J Pearce, Department of Information Systems, 
University of Melbourne.  
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8.2 Website Monitoring and Traffic 
 
The number of hits on the website is being monitored through Google Analytics. The 
impact of media events and exposure, such as the Melbourne International Flower and 
Garden Show, (1 to 9 April 2009) are evident on the traffic data. During this period the 
peak usage was in the range of 200 to 300 hits per day. 
 
The amount of traffic experienced following the Garden Guru television show on 30 
May, 2009, generated in excess of 1500 new users in the following three days. In total we 
have had in excess of 3000 visitors using this application. 
 
The timing of the release of the website was not ideal as this was towards the end of the 
garden water decision making period. 
 
The importance of obtaining high exposure for the website in the period leading up to the 
summer watering period of 2009/2010 is appreciated. 
 
 
8.3 Feedback on SmartGardenWatering.org.au 
 
Following release of the website on 1 April, 2009, a number of mechanisms have been 
used to provide feedback. The purpose of the feedback is twofold, one to obtain 
constructive advice on opportunities to improve the website and secondly to gauge the 
level of use. The program feedback has been obtained both in formal and informal ways. 
 
Throughout the development of the program there was ongoing assessment and 
modification of the program. The website was made available to a broad group of 
potential users and comments sought on the website.  
 
The following is a summary of the comments received and reported by G. Connellan, 31 
March 2009. 
 

• Overall program is well received and considered comprehensive 
• Older users tend to find website complex 
• Request to include more information on hoses and watering cans 
• Include category of “plant container” 
• Plant directory should be identified as “Burnley Plant Directory” 
• Suggested to include soil category of potting mixes 
• Plants with mixed water requirements in the same zone needs explanation 

 
 
The ongoing upgrade of the program is a core part of the Web 2.0 project and a 
component of this study has involved interviewing website users and assessing their 
experiences with the site. This work is being carried out by Bjorn Nansen, Department of 
Information Systems, University of Melbourne.  
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The main issues identified as part of this review were: 
 

 Potential use of real time weather data 
 Relevance of historical data used 
 Need to explain gap between water demand and recommended schedule amount 
 Demand consequences through selecting mixed water requirement plants in single 

zone 
 Inclusion of hose as an irrigation method 
 Option to include grey water 

 
These items are being addressed as part of the Web 2.0 project and outcomes reported  
This aspect of the project will be reported in more detail as part of Web 2.0 project. 
 
 
8.4 Feedback Survey Questions 
 
A user feedback option has been incorprated into the program. The survey facility is 
managed through the software SURVEYGIZMO. 
 
A total of 11 questions were compiled by the Department of Information Systems to 
collect responses to both the program software and the impact on garden water. 
 
The questions are as follows: 
 
Part A. About the software 
Q1: I found the SmartGardenWatering.org.au program easy to use. 

Q2: I found the SmartGardenWatering.org.au program fun to use. 

Q3: I found the videos helpful in explaining how to use the program. 

Q4: I was able to model one or more areas of my garden successfully. 

Q5: I was able to create a water schedule for my garden successfully. 

Q6: I was able to use the water tank model successfully. 

Q7. Were there any aspects of the program that you found difficult to use or understand?  

Q8: Are you able to suggest any improvements, changes or additions that you would like 
to see made to the program? 

Q9. How did you find out about this program?  

 

Part B. About the impact on your garden. 
Q10. For the parts of your garden that you have modelled, try to estimate how the total 
watering time suggested differs from what you currently do. 

Q9. Please compare your current weekly garden water use to that suggested by the 
program. 
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Q10. Do you think that you will follow the schedule suggested by the model? Please tell 
us why or why not and what changes to your water consumption you hope to achieve. 

Q11: Any other comments? Please add them here. 

If you are willing for someone from the University of Melbourne to contact you and 
discuss your use of this program, and possibility be involved in further research, please 
enter your name and email address here. 
 
Data from these surveys will be monitored and analysed as part of Web 2.0 project. 
 
 
9. Return on Investment 
 
The website was released at MIFGS (April 2009) and so the opportunity to demonstrate 
savings in a quantitative way is very limited. One way to gauge the return on investment 
is to assess the value of the water that may be saved as a result of gardeners using the 
website. 
 
Due to the broad appeal and the nature of the website the potential savings are very high. 
 
There are approximately 1.3 M households in Melbourne and the average annual 
consumption is 180 kL (Essential Services Commission, April 2008). According to Yarra 
Valley Water research report, prepared by P. Roberts (2005), on Residential End Use 
Measurement Survey, the outdoor seasonal use (mainly irrigation) is 25% of annual total. 
Of the total volume (234 GL) used in households, approximately 45 GL is used in the 
garden annually. 
 
On the assumption that the website was used by 5% to 10% of households, the total 
volume that would be impacted would be 2.2 GL to 4.5 GL. If the use of the website 
resulted in a 30% saving (plant selection, better water application and less dependence on 
potable water through increased water tank usage) then the potential volume that may be 
saved is 750 ML to 1,350 ML per year.    
 
If the current price of water is used as the basis of the valuation, then each ML has a 
value of approximately $1200 ($1.20 per kL).   
 
Using the 5% adoption level this represents a saving value of $900,000 per year. 
 
The total cost of the project was $380,000 over three years. This represents a very 
favourable return on investment, with all costs recovered in less than one year. 
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10. Conclusion 
 
The project has been very successful in terms of meeting the primary goal of the 
development of a tool to aid gardeners in making watering decisions. 
 
The properties of the final product were modified over the three years of development of 
the project to reflect changes in technology and refinement in the requirements of the 
tool. A stronger emphasis on the educational role of the program was a significant change 
to the program. The product originally proposed was to be CD-based. The final product is 
wholly web-based. 
 
The final website product is strongly interactive and provides the user with an 
informative and engaging experience. 
 
The website has bridged the gap between the extensive knowledge required of plants, 
climate, soils and irrigation systems, to allow the user to make informed watering 
decisions, and is especially useful for garden users who have very limited knowledge of 
the factors involved. 
 
The program has performed well since release in April 2009. It is continuing to be 
monitored and improved as a result of feedback surveys. 
 
The high quality of the website product was achieved by adopting a multi-disciplinary 
approach and the engagement of specialists for each key aspect of the project.  
 
The challenge now is to achieve a wide adoption of the program by the gardeners of 
Melbourne and Geelong. 
 
The project has now progressed into the Web 2.0 version (Smart Water Fund Round 6 
2009) which will provide gardeners with a more powerful tool to assist in managing 
gardens efficient water. 
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11. Recommendations 
 
The following are the recommendations from the Household Garden Watering 
Assessment project: 
 
 
Web 2.0 
 
The key recommendation of this project has been to extend the website (Web 1.0) to 
include social networking capability (Web 2.0). 
 
This recommendation has been supported through funding from the Smart Water Fund 
Round 6 scheme. 
 
Monitoring 
 
The Web 1.0 version should continue to be monitored and maintained until the Web 2.0 
version is formally released (early 2010). During this time there will be opportunities for 
improvements through the updating of data sets used in the DST Model. 
 
Marketing 
 
It is recommended that continued marketing of the website, in a range of media and fora, 
be undertaken to realise the full water saving potential of the DST. Both the print and 
electronic media should be targeted in the early stages of the next garden watering 
season.   
 
Transferability 
 
It is recommended that the website be adapted to allow ready use in other regions and 
states. The website has applicability to many parts of the country.  
 
In its current form it is specific to Melbourne and Geelong. Resources should be obtained 
to allow the program to be modified and versions suited to other localities should be 
designed. To do this will require modifications to the plant data sets as well as the 
establishment of logical data sets for climate and soil variations within proposed new 
application areas. 
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Appendix 1. SmartGardenWatering.org.au Brochure 
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Appendix 2.  
SmartGarden 
Watering.org 
.au  
Media  
Release 

 
 
 

Media Release: 1 April 2009 
Media Contact: Cheyne McKee, 0407 367 108  

 
New website to help gardens stay green and save 
water 
 
The Smart Water Fund together with the University of Melbourne has officially 
launched a new state-of-the-art website designed to help gardeners save water.  
 
SmartGardenWatering.org.au is an interactive website that shows 
gardeners the most water efficient way to sustain their gardens.  

 
SmartGardenWatering.org.au  has been created by the University of 
Melbourne with the help of a $275,000 grant from the Smart Water Fund. 
The website is the most comprehensive garden watering tool for the 
metropolitan Melbourne area. 
 
The easy-to-use website lets gardeners create a virtual model of their 
garden to produce a monthly watering schedule based on plant, soil and 
mulch types, wind and sun exposure, average rainfall, and the type of 
watering technique used.   
 
In launching the website today at the Melbourne International Flower and 
Garden Show, 3AW garden program host Jane Edmanson praised the 
website saying, 
 
“SmartGardenWatering.org.au is a fantastic tool for gardeners that allows 
them to really understand the watering needs of their gardens.” 
 
“As Melburnians continue to deal with drought and water restrictions, 
gardeners need to adapt their watering habits, and this website can help 
show them how,” she said.  
 
Project manager Geoff Connellan from the Department of Resource 
Management and Geography at the University of Melbourne said the tool 
would educate gardeners on the most effective ways to water their 
gardens.  
 
“Many gardeners still water during winter when plants require less water 
due to increased rainfall and less evaporation. “ 
 
“The SmartGardenWatering tool provides a watering schedule that takes 
these seasonal variations into account.” 
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A unique feature of SmartGardenWatering.org.au allows gardeners to 
compare the water saving benefits of a range of watering techniques and 
plant options. 
 
Mr Connellan said the tool is designed specifically for Melbourne, utilising 
the Burnley Plant Directory developed at the University of Melbourne.  
 
“Containing over 1500 plant species, the Burnley Plant Directory is the 
most comprehensive plant database covering the Melbourne and Geelong 
areas.”  
 
SmartGardenWatering.org.au also incorporates a rainwater tank calculator 
that allows users to explore their ability to supply water to their gardens 
throughout the year. 

 
 
 

1 of 2 
 

 
Smart Water Fund Manager Chris Lee said that the SmartGardenWatering tool is another example of 
the innovative projects supported by the Fund. 

 
“With ongoing water restrictions, there is a clear need to help gardeners become more water efficient 
without sacrificing what is, for many, an important part of their lives.” 

 
“Melbourne’s water businesses, through the Smart Water Fund are proud to have supported the 
development of this tool and are very excited by the water savings it will encourage” Mr Lee said. 
 
savewater!® Alliance CEO Nigel Finney endorsed SmartGardenWatering.org.au as an innovative way 
to educate the community about water efficiency. 
 
“The SmartGardenWatering tool will play an important part in educating the community about best 
practice in garden watering and savewater!® is proud to support the launch of this fantastic water 
saving initiative.”  
 
To access the SmartGardenWatering tool visit www.smartgardenwatering.org.au.  
  

- ends - 
 
About the Smart Water Fund 
 
A joint initiative of Melbourne’s water businesses and the Victorian Government, the Smart Water 
Fund invests in research and innovation in urban water conservation, water recycling and biosolids 
management.  
 
Since its inception in 2002, the Fund has invested approximately $25 million in over 150 projects. 
 
Smart Water Fund projects have created a wealth of water saving knowledge available for the 
community and industry to access at www.smartwater.com.au.  
 
Media Contact: 
Cheyne McKee, 0407 367 108  
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Appendix 3. Decision Support Tool Paper – Connellan, May and Denman (2008) 

 
DECISION SUPPORT TOOL TO AID IN THE WATERING ASSESSMENT OF 

MELBOURNE HOUSEHOLD GARDENS 
(Paper presented at Irrigation Australia Conference, Melbourne, May 2008) 

 
Geoff Connellan, Honorary Research Associate, School of Resource Management, 
University of Melbourne. 
Dr Peter May, Honorary Research Associate, School of Resource Management, 
University of Melbourne. 
Ms Liz Denman, Project Officer, School of Resource Management, University of 
Melbourne 
 
ABSTRACT 
 
A Decision Support Tool (DST) is being developed to allow the irrigation water 
requirements of Melbourne household gardens to be assessed. The project is part of the 
2006 Smart Water Fund (Vic) Round 3 research activities designed to address 
knowledge gaps in the water demands of home garden plants and the optimum irrigation 
requirements. The project is being carried out at the Burnley Campus, School of 
Resource Management, University of Melbourne, and is due for completion at the end of 
2008. 
 
A key component of the DST is the Burnley Plant Database which includes detailed 
information on the identification, growth, characteristics and water requirements of more 
than 1500 plants. Plants in the database have been evaluated as part of the project to 
identify water demand and drought tolerance. Crop Factor values have been allocated to 
individual plants. This information, together with climate data from one of four nominated 
climate zones within the Melbourne metropolitan, are being used as an input to the DST. 
The DST will be accessible either via the internet or a CD. 
 
The project has also involved a number of field trials which have evaluated the 
performance of garden mulches, wetting agents and irrigation equipment. Seven 
mulches were assessed in terms of water conservation, weed suppression and 
longevity. Four wetting agent treatments were assessed on hydrophobic soil test plots. 
The information developed from these trials is mainly descriptive. 
 
A total of 20 irrigation applicators, typical of those used in household gardens, were 
tested as part of the trial. The applicators were assessed in terms of water application 
performance, flow rate, compliance with performance specifications and sensitivity to 
supply pressure variation. Pressure compensated (PC) emitters were found to perform 
more reliably whereas some non-PC outlets were found to be very sensitive to supply 
pressure variation. Some lawn sprays were found to have precipitation profiles that were 
not conducive to uniform application. The quality and appropriateness of the irrigation 
equipment packaging information, including product performance details, were also 
reviewed.  
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The DST will incorporate performance information relating to complete irrigation systems 
and the role of both soil moisture sensors and rain shut off devices in influencing 
optimum irrigation water requirements. 
 
This presentation will outline the methodologies and field trials being used as the 
information basis of the DST and will review the outcome of the tests conducted on the 
irrigation applicators. 
 
PROJECT 
 
Project Outline 

 
While many residential gardeners are aware of the need to save water, there are 
significant knowledge gaps in how to achieve the desired savings and still maintain a 
healthy garden. It was decided by the Smart Water Fund (Vic) to initiate a project that 
would assist Melbourne gardeners in making decisions about garden watering. A project 
titled, Household Garden Watering Assessment was supported as part of the 2006 
Smart Water Fund (Vic) Round 3 research activities and is designed to address 
knowledge gaps in the water demands of home garden plants and the optimum irrigation 
requirements taking into account local climate, soil, soil treatments (mulch and wetting 
agents) and the performance of the irrigation system.  
 
The project involves literature reviews, field and laboratory trials. The field trials and 
development of methodologies is being carried out at the Burnley Campus, School of 
Resource Management, University of Melbourne. The computer interface development 
work is being carried out at Department of Information Systems, University of 
Melbourne, Parkville. The project is due for completion at the end of 2008. 
 
The efficient delivery of water to a garden is dependent on knowledge of the following: 
 

(A) Plant water needs 
(B) Soil water properties and plant root depth 
(C) Irrigation system delivery rate 

 
When each of these is known, an informed decision can be made about the correct 
operating time or run time for the irrigation system. Significant inaccuracies in any of 
these can lead to inefficiencies. A key purpose of the irrigation trial is to quantify the 
irrigation delivery rate of a range of representative garden irrigation products.  
 
The major output of this project is a computer based Decision Support Tool (DST) that 
facilitates water-efficient decisions by gardeners, suppliers and advisors. Integrating 
knowledge on plants, climate, soils and soil treatments, irrigation and control 
technologies with Melbourne garden design requirements will allow gardeners to make 
informed decisions on garden watering based on sound water management advice. It is 
planned that the DST will be accessible either via the internet or a CD. 
 
A key component of the project is the employment of the Burnley Plant Database (over 
1500 plants) to allow alternative garden designs to be assessed in terms of water use 
efficiency. Plants in the database have been evaluated, as part of the project, to identify 
water demand and drought tolerance. Crop Factor values have been allocated to 
individual plants. This information, together with climate data from one of four nominated 
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climate zones within the Melbourne metropolitan area is being used as an input to the 
DST.  
 
The evaluation of garden mulches, wetting agents and irrigation equipment performance 
were carried out as part of the project. Seven mulches were assessed in terms of water 
conservation, weed suppression and longevity. Four wetting agent treatments were 
assessed on hydrophobic soil test plots. The information developed from these trials will 
be used as educational content in the DST.  
 
The performance of the various irrigation methods being used by home owners will also 
be established. To quantify garden water requirements it is necessary to consider the 
actual water needs of the plant and also the methods of watering the plants. 
 
Twenty irrigation applicators, typical of those used in household gardens, were tested as 
part of the trial. The individual applicators were selected as being representative of the 
type of applicator used in Melbourne gardens. The applicators include drip, microspray, 
spray, sprinkler, hose (aerosol and weeping types), hose end and hand held hose 
products. The applicators were assessed in terms of water application performance, flow 
rate, compliance with performance specifications and sensitivity to supply pressure 
variation.  
 
The DST will incorporate performance information relating to complete irrigation systems 
and also the influence of both soil moisture sensors and rain shut off devices on 
optimum irrigation water requirements. 
 
The project has three major phases: 

(1) Information generation and gathering 
(2) Computational model development 
(3) Conversion of model into user friendly CD interface  

 
A key feature of this project is the application of a scientific approach to building 
knowledge of the watering of home gardens.  
 
Project Structure 
 
The project is based around a model which allows estimated water consumption to be 
determined and also presents the user with descriptive information about efficient 
watering and water conservation. 
 
The basic structure of the project is presented in Figure 1. It is designed to allow a range 
of water consumption outputs from defined inputs. The input data used in the model is 
sourced either from the user or from data sets embedded in the model. 
 
The project is bringing together a wide range of expertise including knowledge of plants, 
soils, climate, water management and irrigation technology. It is expected that this would 
be an evolving process as new information on particular aspects of the project becomes 
available. 
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Figure 1. Diagramatic model of Decision Support Tool 

 
The Decision Support Tool (model) will allow individuals to input information about their 
specific site and combined with embedded information the DST will estimate water use. 
 
The main information areas of the project are: 
 

F. Plant water use – Burnley Plant Database 
G. Mulch characteristics – Mulch trial 
H. Soil wetting agent performance – SWA trial 
I. Irrigation performance – Irrigation applicator evaluation and irrigation system trial. 
J. Irrigation sensors evaluation and performance – Sensor trial 

 
The starting point for the model is the estimation of plant water use. This will be 
achieved by using the Crop Factor times Evaporation pan relationship. The Landscape 
Coefficient, as described by Costello and Jones (2000), is used as the basis of the 
estimation. The amount of irrigation water used in a garden situation needs to take into 
account rainfall and irrigation system efficiency. 
 
The following table outlines the main components and sources of information required to 
achieve the garden irrigation requirement outcomes. Other sources are also being used. 
 
 
 
 
 
 
 
 
 
 
 

 
Decision  

 
Support  

 
Tool 

(B) Existing garden 
& plants. 

Existing irrigation 

(1) Plant water 
requirement 

(A) New garden and 
plants. New irrigation 

(2) Irrigation 
requirement 

(3)Irrigation 
scheduling 
advice

(4) Water 
conservation 
strategies.  

INPUTS OUTPUTS 
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Table 1. Landscape Coefficient expressions  
 

Garden Irrigation Requirement  
= (Plant Water Requirement – Effective rainfall) ÷ Irrigation 

Efficiency 

Plant Water Requirement = Land. Coeffic. (KL) x Evap data x Kas 

Landscape Coefficient Determination (KL) 
(KL) = Ks x Kmc x Kd  

Component/Factor Symbol Source of 
value 

Comments 

1. Species Water 
Use 
Characteristics  

Ks Burnley Plant 
Database 

 

2. Microclimate 
characteristics 

Kmc Garden site 
and climate 
data 

 

3. Density of 
planting 

Kd Garden site 
details 

 

4. Soil moisture 
level - Stress 

Kas Various  

 
 
BURNLEY PLANT DATABASE 
 
A key component of the project is the employment of the Burnley Plant Database (BPD) 
(a CD-based resource listing over 1500 plants) to allow alternative garden designs to be 
assessed in terms of water use efficiency. In addition to providing images and notes on 
plant culture, the BPD allows plant selection against a number of criteria, including water 
demand and drought tolerance. Crop Factor values based on this ranking have been 
allocated to individual plants.  
 
As an example of this, Acer griseum is described in the Burnley database as falling into 
drought tolerance category “Poor”.  This equates to plant water use category “High” 
which is assigned a crop factor of 0.8. The other plant water use categories and their 
crop factors are “Moderate” 0.6, “Low” 0.4  and “Very Low” 0.2.   
 
 
MELBOURNE CLIMATE ZONES AND IRRIGATION REQUIREMENTS 
 
To account for the range of climates across Greater Melbourne and to allow plant 
selection in these various locations, a set of climate zones has been established as part 
of the DST.  While these zones could be simply based on annual average rainfall it was 
thought that the use of an effective rainfall index might be a better approach to take and 
might also allow the transfer of the DST to other regions.  The most recent version of the 
Waite Index (Gentilli, 1971) was selected for use.  This calculation was derived at The 
University of Adelaide for climate comparative purposes.  The Waite Index calculates a 
monthly Hydric grade using the relationship Hydric Grade = R/E 0.7, where R = mean 
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monthly rainfall and E = mean monthly evaporation. The value of Hydric grade ranges 
from 0 to >20 depending on the wetness of the month.  As an example of the 
relationship between Hydric grade and water availability, a Hydric grade of around 2 is 
needed to keep grass relatively green and a Hydric grade of 4 will allow lush growth of 
cool season grasses.  In the analysis used in this study, the number of months where 
HG < 2 has been used as a measure of aridity across Greater Melbourne and Geelong. 
Representative monthly values of Hydric Grade, calculated using data from the Bureau 
of Meteorology website, are presented in Figure 1. 
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Figure 1. Monthly values of Hydric Grade for various Melbourne suburbs 
 
Using this analysis, four climate zones are proposed.  These are Western, Central, 
Eastern and Mountain.  The number of months of Hydric Grade < 2 in each is 7, 5, 3 and 
1 respectively.  The boundaries of these zones are still to be finalized but this will be 
done in the DST to allow users to search their climate zone by postcode. 
 
In addition to an irrigation calculation tool described in Project Structure section of this 
paper, it is proposed to provide irrigation scheduling advice.  To gain an understanding 
of the range in irrigation schedules, monthly irrigation deficits have been calculated for 
each plant irrigation need category in each of the Melbourne/Geelong climate zones. 
This has been done using historical data from the Bureau of Meteorology for four type 
locations (Melbourne Airport, Central Business District, Scoresby and Mt. Dandenong). 
For each month, average rainfall is subtracted from (mean evaporation X Crop Factor). 
This gives the estimated Irrigation Deficit for the month.  The values obtained by this 
activity are shown graphically in the figure below (Fig 2). 
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Fig 2. Monthly Irrigation Deficits for four Climate Regions in Melbourne 
 
Calculation of irrigation schedules can then be done using this data. A range of 
scenarios can also be planned for, especially for years drier than average.  Data of this 
type can be used for purposes other than irrigation scheduling.  In particular, such an 
approach allows a gardener to investigate the water costs of various garden designs and 
plant palettes.  
 
An example of how irrigation intervals vary according to plant water needs for a 
particular climate zone is given below. The climate region is “Eastern – loam soil” which 
would include parts of areas such as Knox, Monash and Casey. Two scenarios are 
given, both based on versions of the “standard drink” model (a standard drink is the 
amount of water delivered at each irrigation cycle).   
 
The two irrigation scenarios are: 
 
(i) Irrigation is carried out so that the soil reservoir is allowed to be depleted to a refill 
point and then irrigation fills the reservoir to “full” or field capacity. Typically in an Eastern 
Melbourne loam soil would require approximately 20 mm of water, assuming a root zone 
depth in the vicinity of 100 mm. In the following table this is indicated as “Fill surface 100 
mm” 
 
(ii) Application of a standard depth of 10 mm of water per irrigation event. A number of 
applications may be required per week to meet the plant water demands. In the following 
table indicated as “Add 10 mm irrigation”. 
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These scenarios are interpreted for each of the four levels of plant water use.  The 
number in each cell is the days between irrigation events (Table 2). A dash (-)  indicates 
that no irrigation is required in that month. 
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Table 2. Monthly irrigation intervals (days) for varying plant water needs (Eastern 

Climate zone (loam soil). 
 

  July Aug Sept Oct Nov Dec Jan Feb Mar Apr May June 

High need 
 

Fill surface 
100 mm 

- - - - 30 12 7 9 12 - - - 

 10 mm/irrig - - - - 12 6 4 4 8 - - - 

              

Moderate 
need 
 

Fill surface 
100 mm 

- - - - - 30 12 15 30 - - - 

 10 mm/irrig - - - - - 14 6 7 14 - - - 

              

Low need 
 

Fill surface 
100 mm 

- - - - - - 30 30 - - - - 

 10 mm/irrig - - - - - - 15 15 - - - - 

              

Very low 
need 
 

Fill surface 
100 mm 

- - - - - - - - - - - - 

 10 mm/irrig - - - - - - - - - - - - 

 
Note: Dash (-) indicates no irrigation. 
 
Using this table, a gardener in Berwick could establish an irrigation schedule, or 
alternatively, could examine the relative supplementary water needs of different garden 
designs.  As an example, a garden based on Very Low water use plants would require 
no supplementary irrigation in an average year while one based on High water use 
plants would require 260 mm of irrigation. 
 
The irrigation approach that has been adopted in the DST is to apply 10 mm irrigation. 
 
 
SOIL AMENDMENT TRIALS 
 
Mulch Trial 
 
The purpose of the trial was to determine the effectiveness of a range of mulches as 
water conservation techniques in residential garden situations and to quantify the overall 
hydraulic performance of the mulches. Seven different mulches were included in the trial 
together with plots with no mulch. The mulches used were: Pea straw, Fine pine bark, 
Coarse pine bark, Fine composted green waste, Coarse composted green waste, 
Coarse wood chips and Gravel.  
 
 
The main elements of the mulch trial were to evaluate the effect of different mulches on 
the drying rate of soil following irrigation events and to determine the extent to which 
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different mulches trap irrigation and rainfall, preventing movement into the soil below. 
Mulch can have a negative impact on irrigation efficiency. If organic mulch is used in 
conjunction with overhead sprays and sprinklers, significant water can be lost as a result 
of absorption by the mulch. According to Connellan (1998), fine mulch can absorb up to 
20 mm of applied water in an 80 mm depth of mulch. The testing of the hydraulic 
performance of the mulches is yet to be completed. 
 
Soil moisture content, plant growth, numbers of emerged weeds and mulch breakdown 
were measured. The main outcomes from the trial are that: 
 

e) Mulched areas maintain soil moisture at higher levels than non mulched areas. 
f) In terms of maintaining soil moisture there was no difference between the organic 

and non organic (gravel) mulches. 
g) The soil moisture readings indicated that the moisture readings were 

approximately 20% higher in the mulched areas than the non mulched areas. 
This observation is based on test results from the drying cycle in April 2007. 

h) There was no significant difference in plant growth between mulched and non 
mulched areas. 

 
The trial has provided valuable information about the mulch materials and the results will 
be mainly used in the Decision Support Tool as educational content.  
 
Soil Wetting Agent Trial 
 
The overall aim of the trial was to evaluate soil wetting agents as a soil conditioner in 
improving the water use efficiency of garden soils 
 
The following aspects of soil wetting agent performance were identified to be 
investigated: 
 

6) Efficacy in modifying the water repellency of soils 
7) Longevity of soil wetting agent in modification of soil wetting properties 
8) Potential toxic effects of plants of soil wetting agents 
9) Plant growth performance in sites treated with soil wetting agents 
10) Assessment of differences in performance, if any, between soil wetting products 

 
The trial results showed that; 
 

(5) Wetting agents are effective in amending soil wetting properties 
(6) Wetting agents have limited life in terms of effectiveness 
(7) The four wetting agent products performed similarly 
(8) Wetting agents did not adversely affect plant growth and all performed 

acceptably as garden plants. 
 
The information generated in this trial and will be used in the Decision Support Tool to 
provide advice on testing for and management of hydrophobic soils. 
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IRRIGATION TRIALS 
 
Background and Role in DST 
 
Developing representative performance data for the various systems and individual 
applicators will allow particular watering methods to be characterized quantitatively and 
matched to the individual garden needs incorporated in the DST. Within the model the 
performance of each watering system will be determined on a unit area (m2) basis. This 
will allow performance of a system (flow, volume and precipitation rate) to be expressed 
on a square metre basis.  
 
The irrigation trial involved evaluation of the performance of irrigation applicators that 
may be expected to be used in home gardens. The evaluation of 5 irrigation systems is 
also part of the trial.  
The specific aims of the irrigation trial included a review of the irrigation company 
literature performance data for irrigation applicators and irrigation systems and to 
quantify the performance of individual irrigation applicators and also the performance of 
the five designated irrigation systems. 
Twenty applicators were evaluated from the following categories: in-line drip pipe, 
pressure compensated (PC) drippers, non pressure compensated drippers, soaker 
(aerosol) hose, porous/weeping pipe, microsprays, mini-sprinklers, mini-bubblers, 
microstream emitters, standpipe landscape spray,  popup lawn spray,  hose end 
portable spray, hand held hose nozzle spray and hose trigger nozzle.  
 
The criteria used to select the particular applicator products (Make and Model) to be 
tested included that they be representative of the applicator category and be 
representative of the products used in the Melbourne metropolitan area. The individual 
applicators were tested inside a large landscape teaching facility that had a concrete 
floor.  
 
The performance aspects used for the evaluation included coverage - wetted area 
(Wetted Diameter (m), precipitation rate - p (mm/h) and flow rate (L/h). Applicators were 
evaluated under supply conditions that are considered to be typically experienced in 
residential garden situations, 200 kPa, 400 kPa and 600 kPa.  
 
Summary of the Key Findings from the Irrigation Applicator Trials 
 
The following is a summary of selected key findings of the laboratory trials carried out on 
the irrigation applicators. 
 
1. There is limited quantitative performance data available on the packaging of 
residential irrigation products 
 
2. Performance information is generally not presented in a way that could be readily 
used by home gardeners to assist in applying water efficiently 
 
3. Pressure compensating (PC) drip equipment is effective in providing constant 
discharge rates over pressure ranges expected in residential gardens (Table 3). 
Irrigation applicators incorporating PC are well suited to achieving high efficiency in 
residential garden water supply situations. 
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4. Many applicators are highly sensitive to supply pressure variations over the test range 
of 200 kPa to 600 kPa (Table 3). One weeping hose product was found to have flow 
rates 300% higher (90 L/h/m) at 400 kPa than at 100 kPa (30 L/h/m). Note that the flow 
rate of the pressure compensated drip product actually decreases as the operating 
pressure exceeds upper pressure range of product. 

 
Table 3.  Effect of varying operating pressure on the flow rates of irrigation applicators. 

 
 

Flow rate at designated operating 
pressure (L/h) 

 
Applicator 

200 kPa 400 kPa 600 kPa 

 
Change in flow 

rate   from 
operating 

pressure of 200 
kPa to 600 kPa 

Non pressure 
compensating 
dripper (2L/h) 

3.2 4.5 6.2 94% 

Pressure 
compensating 
dripper (2L/h) 

2.2 2.1 1.2 -45% 

Single piece jets , 
360 o 

40 59 72 80% 

Border spray 403 579 715 77% 

 
 
5. The porous pipe/weeping hose products were tested through the measurement of the 
discharge from 2 m sections over a total length of 14 m. At operating pressures up to 
200 kPa (recommended operating pressure 50 to 100 kPa), discharge flow rates were 
found to be reasonably uniform along the length of the hose. However at higher 
pressures (400 kPa) discharge in the first section of the hose was approximately 80% 
higher than in the end sections.  
 
6. The rotating stream lawn sprinkler product was found to have a precipitation rate in 
the range of 5 to 7 mm/h, at a supply pressure of 200 kPa, compared to conventional 
spray which had a precipitation rate in the range of 20 to 30 mm/h. High uniformity of 
application and precipitation rates lower than soil infiltration rates are both requirements 
for high irrigation efficiency. 
 
7. Hand held trigger nozzles have high flow rates and high precipitation rates. One 
product had a flow rate of approximately 1000 L/h at 200 kPa and the precipitation rate 
was in the range of 200 to 800 mm/h. 
 
Full test details and results will be outlined in the Final Report of the project. 
 
 
COMPUTER INTERFACE 
 
The final output or product of the project will be an online computer-based Decision 
Support Tool (DST) that will be available to home gardeners, water industry personnel 
and other interested parties. This represents a wide cross section of the community. 
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The tool will interactively support users making decisions regarding their use of water for 
home gardens in that it will provide a range of outputs based on embedded data and 
user-inputted information. The output will be both quantitative and descriptive.  
 
The design of the interface is critical to the acceptance of the tool. The interface should 
be engaging, dynamic and reflective. A direct-manipulation style of interaction will 
provide rapid user feedback. A strong feature of this interaction will be the educational 
outcomes achieved through feedback when using the interface. 
 
The development of the tool will take a user-centered approach starting with the creation 
of rich user scenarios of the main user groups. These scenarios will inform the 
requirements gathering, which will be followed by interface design and user evaluation of 
the design. With this detailed design document complete, a graphic designer and coder 
will be employed to implement the design, followed by a period of user-testing and 
evaluation  
 
To achieve this staff from the Department of Information Systems, University of 
Melbourne, with skills in Human-Computer Interaction (HCI) have been engaged to 
design and develop the interface. The skills required to achieve this are based on 
computer science and psychology. 
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