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Executive Summary 

This document outlines the process by which the Technical Manual for Assessing Hotspots 
in Channel and Piped Irrigation Systems was developed by the Commonwealth Scientific 
and Industrial Research Organisation (CSIRO), for the Irrigation Infrastructure Hotspots 
Assessment project (the Hotspots project) under the ‘Sustainable Rural Water Use and 
Infrastructure’ element of the Australian Government ‘Water for the Future’ program.

The objective of the Hotspots project is to identify areas in an irrigation supply system where 
localised significant water losses are occurring, through evaporation, seepage, leakage and 
operational components, and to quantify the extent of those losses. These water losses are 
categorised as ‘real’ and ‘apparent’.

The real water loss is water lost through evaporation or by seepage into a saline water table. 
Once this water is lost it cannot be directly recovered or used for beneficial purposes within 
the irrigation system. 

Apparent water loss is the volume of water that moves from one system to another and 
could become available for beneficial use. However, the first opportunity for beneficial use is 
lost. 

This document describes the series of workshops that were organised by the CSIRO, in 
collaboration with the International Centre for Water for Food Security at Charles Sturt 
University, and how they informed the development of the Technical Manual for Assessing 
Hotspots in Channel and Piped Irrigation Systems.  

Prior to the workshops, four discussion papers were prepared and distributed to seek input 
from participants. An independent technical writer compiled written feedback on the papers. 
This feedback is presented in Appendix A.

Three workshops were held, in Sydney, Adelaide, and Melbourne, to facilitate further 
consultation with key water practitioners. Participants included irrigation water providers, 
state and federal water-related agencies, consultants, academics and scientists. An 
independent expert facilitated the three workshops. A listing of workshop participants is 
presented in Appendix B.

Feedback on the technical aspects of the project was complied and considered throughout 
the process. Independent national experts participated in all three workshops. In addition, 
three international experts participated in the final workshop held in Melbourne. Their role 
was to make sure the proposed process was inclusive, critically reviewed and robust. They 
maintained their independence with regard to science and organisation affiliations. 

As a result of the workshop findings and existing techniques and knowledge the CSIRO has 
also developed a Technical Manual for Assessing Hotspots in Channel and Piped Irrigation 
Systems.
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Acronyms and abbreviations 

IAL1 Irrigation Australia Limited

ANN artificial neural network

CSIRO Commonwealth Scientific and Industrial Research Organisation

DEWHA Australian Government Department of the Environment, Water, 
Heritage and the Arts

GIS Geographic Information System

IWA International Water Association

M&E monitoring and evaluation

  
1 Formerly ANCID – Australian National Commission on Irrigation and Drainage
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1. Introduction

The Commonwealth Scientific and Industrial Research Organisation (CSIRO) was 
contracted by the Australian Government Department of the Environment, Heritage and the 
Arts (DEWHA) to develop a standardised methodology for identifying areas in an irrigation 
supply system where localised significant water losses are occurring, through evaporation, 
seepage, leakage and operational components, and to quantify the extent of the losses. 

In the irrigation sector, water losses occur in the transport of water from the irrigation source 
to the farm gate and in the production of biomass and crops. The overall surface water 
conveyance efficiency of different irrigation areas in Australia ranges from 67 and 
90 percent, depending on the type and age of channel or piped infrastructure, irrigation 
methods, irrigation scheduling, and the management practices of irrigators (Khan et al 2004, 
Smith 2007). To increase water productivity, significant investment is required to improve 
water use efficiency through better water accounting and bringing unaccounted water into 
service for agriculture, urban, industrial and environmental needs. 

The standardised methodology for undertaking hotspots assessments is detailed in the 
Technical Manual for Assessing Hotspots in Channel and Piped Irrigation Systems. The 
Technical Manual provides standard techniques (from diagnostic to detailed measurements) 
for identifying and quantifying the significant water losses and potential savings, from 
sub-irrigation systems to the whole of the piped/channel system. 

The Technical Manual can be used to evaluate water losses within irrigation districts, and to 
inform strategies for improved water productivity. The development of the Technical Manual 
incorporated feedback from the workshops and considered recent advances in detection 
methods, management tools (Irrigation Australia Limited, 2000, 2003a, b, 2008), remote 
sensing and satellite imagery. 

The Technical Manual can be used for both piped and open-channel irrigation systems, in 
data-rich or data-sparse settings. A ‘whole-of-irrigation system’ approach has been taken to 
provide insights into possible real water savings by tracking water pathways.
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2. Summary of processes 

The CSIRO project team documented ideas on a methodology for assessing irrigation 
system hotspots in a series of four working papers (Khan 2008a, b, c, d), which were 
circulated to workshop participants on 12 February 2008. Written submissions were invited,
with nineteen received from twelve participants, representing twelve organisations. 

An independent organisation summarised the written submissions, which are available at 
Appendix A. 

The submissions report was provided to all respondents to ensure that their comments were 
recorded accurately, the project team then revised the four working papers accordingly. 

Three workshops were held during March 2008, in Sydney, Adelaide, and Melbourne, to 
facilitate further consultation with key water practitioners, in particular irrigation water 
providers, state and federal water-related agencies, consultants, academics and scientists. 

At each workshop, a hotspots assessment methodology based on the four working papers 
was presented. The participants ranked the issues of interest in priority order and each 
participant was provided with a full opportunity to discuss and comment in detail on each 
issue and component of the proposed approach. Agreed components were reworked and 
presented for further discussion at each workshop. A list of workshop participants is at 
Appendix B.

An independent expert facilitated the three workshops, and a technical writer recorded and 
compiled a report on the workshop discussions at each workshop. These are summarised at 
section 2.1 of this report.   

Workshop participants included independent national experts (present at all three 
workshops) and international experts (present at the concluding workshop at Melbourne). 
The role of these experts was to ensure the proposed approach was inclusive, critically 
reviewed and robust. They maintained their independence with regard to science and 
organisational affiliations. 

Written feedback provided by the workshop participants was discussed. The project team 
encouraged further ideas to emerge from the workshops through formal and informal 
discussions. Discussion of technical issues raised in relation to the methodology was led by 
the CSIRO team, whilst all policy-related issues were handled directly by the DEWHA team. 

This consultation process sought to take into account most of the proven techniques trialled 
in Australia and overseas for the development of the Technical Manual for Assessing 
Hotspots in Channel and Piped Irrigation Systems. 

The key to success of the hotspot project lies not only in the sound rationale and objectives 
underpinning its technical soundness and feasibility, but also in its effective and interactive 
consultation with key water practitioners and stakeholders from the early stages of the 
project. 
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2.1 Summary of the workshop findings 

TERMINOLOGY

Participants believed that standard terminology (such as that of Irrigation Australia Limited or 
the National Water Commission) should be used. This standard terminology would reduce 
confusion about terms that vary across the industry.

EXISTING WORK

Many irrigation water providers have already done substantial work in identifying losses, 
developing water balances and monitoring and evaluating their projects. Participants wanted 
to know how this work would be recognised in the hotspots project. One participant provided 
the project team with a description of their loss investigation methods (GHD, 2008) to 
incorporate into any hotspots assessment approach, as appropriate. 

TECHNIQUES

Workshop participants broadly agreed that the proposed range of techniques for measuring 
channel losses was adequate. However, they found it hard to comment on individual 
techniques without first seeing documented information on their uses and accuracy in 
practice. They recommended that the final documentation include:

• a discussion of the levels of accuracy required for different purposes

• clear guidelines for assessing channel losses, covering the different situations that 
may be faced and explaining who would be applying the methods

• a strategic approach to distinguishing between different types of losses

• strategic guidance about what methods to use and when to use them. 

They also wanted to see the final approach described in the context of loss statistics for the 
various elements of irrigation systems from around Australia. 

The final approach will also need to:

• handle leakage, seepage and operational losses separately

• acknowledge system improvements that reduce losses year to year

• account for losses that vary with varying allocations

• incorporate existing irrigation water provider (IWP) experience with these issues.

REAL AND APPARENT LOSSES

Participants were pleased that the process handles both ‘real’ and ‘apparent’ losses. They 
emphasised the need for incentives to address apparent losses (e.g. by improving the 
accuracy of metering) because apparent losses may have opportunities or costs that 
increase as the value of water increases. 

WATER BALANCE

Participants generally agreed that a cost-effective top-down screening of inflows and 
outflows - a strategic water balance - is needed to identify where more detailed assessment 
of losses is warranted. However, they had differences of opinions about the information 
required to develop the strategic water balance component. Participants considered that the 
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need for a strategic water balance should be described comprehensively in any final 
documentation. 

While participants generally agreed that the proposed water balance approach was sound, 
they were uncertain about how detailed the water balance would need to be under different 
circumstances. They also wanted the project team to make sure that areas of most need 
would not be missed due to a lack of data.

Participants agreed that while a strategic water balance is essential, the need for it must be 
better demonstrated in the hotspots assessment framework that the project team will be 
developing. They provided many reasons for this, including:

• making investment decisions 

• developing business cases

• determining the impact on the system (be that the irrigation sub-system or the 
broader hydrological system)

• calibrating and validating models.

Participants pointed out that some IWPs had already taken similar approaches to develop 
water balances and that their experience should be considered and documented by the 
program team. 

The documentation for the strategic water balance needs to better explain the approaches 
for handling climate change, on-farm aspects of water loss and water quality.

Participants found the decision logic diagram that was developed at the Sydney workshop to 
be useful for understanding the hypothetical water balances presented by Prof Khan. They 
believed they would gain more useful information over time by going through this decision 
logic process.

They also believed that the hypothetical water balances emphasised the need to:

• measure the system systematically to prevent wasting time and resources

• talk to operators to identify system losses initially and then verify through further 
investigation

• commit to a long-term program with an agreed approach for making decisions; then it 
would not matter if the losses identified were out by 5–10% as everyone would be out 
by this amount

• provide more information than the water balance required because 1 GL of water lost 
in one location is not equal to 1 GL lost in another location.

Participants agreed that a flow chart and decision-support framework would be useful to 
guide people through the process of identifying and quantifying losses. They emphasised 
that the water balance needs to use the minimum data set (diversions, deliveries, seepage, 
rain, operational losses) necessary to identify and quantify losses. They wanted any final 
documentation to explain the need for on-farm measurements and different levels of analysis 
in regions with sparse data. They also wanted the document to explain how the water 
balance would deal with unaccounted losses and how it would work in areas where data are 
lacking. 

An explanation of the desired accuracy levels for a water balance and the process for 
dealing with multiple sources of error being introduced during different steps in the process 
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must be included. Participants could not agree on how frequently data would need to be 
collected for the water balance, or over what time period, because some irrigation water 
providers did not have the data or did not believe it was feasible to collect them for all 
elements of the water balance. Participants wanted to see the level of uncertainty and the 
magnitude of loss in the strategic water balance. 

The international experts believed decisions should not be based only on the strategic water 
balance. Further information was needed, including: 

• the effects of modernisation and improved meter accuracy;

• whether potential hotspots would be pre-assessed (i.e. to allow rapid estimation of 
savings before more detailed measurements are made);

• how IWPs would determine acceptable levels of loss;

• how the techniques could be applied at different scales in the irrigation system;

• a description of the district’s operational framework; 

• a schematic diagram of where the water is and where it is flowing; 

• a narrative description of the strategic water balance; 

• the location of the irrigation water providers; 

• the lengths and the areas where losses occur;

• economic information about the district’s water use efficiency; and,

• the level of uncertainty and the magnitude of loss in the strategic water balance. 

The international experts also suggested that the skills of the people interpreting the water 
balances would need to be considered.

Some IWP representatives said that all they need to decide whether to invest in more 
detailed measurements is the ‘diversions versus deliverables’ in the water balance. They 
emphasised that good strategic measurement is the priority for making investments and that 
good data for inflow, outflow and loss measurements would help them identify some very 
early opportunities in the system.

One participant pointed out that a strategic water balance would be needed for each year 
rather than combining 10 years of data into one table because a lot of information can be 
lost through averages.

MONITORING AND EVALUATION

Participants wanted to know whether a monitoring and evaluation (M&E) framework will be 
applied broadly to investments in water savings (by government or others) or whether it 
applies only to the hotspots assessment project. Their main concern with any proposed M&E 
framework was a lack of clear stated objectives. Participants wanted to see: 

• a rationale for monitoring and evaluation; 

• examples that demonstrate the proposed approach; 

• how the Australian Bureau of Statistics and other data-collection organisations 
could inform the indicators; and,

• how existing M&E that irrigation water providers and others (e.g. state 
governments) were doing could be incorporated into any Hotspot project M&E. 

DATABASE
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Participants agreed that standardised data on water loss assessments are required for 
government to make investment decisions. However, they were concerned about providing 
unnecessarily detailed, sensitive or commercially valuable information to a public national 
knowledge base. They recommended alternatives to a national knowledge base, such as a 
project-specific knowledge base or a decentralised knowledge base. They were also 
concerned about the costs they would incur in supplying data to the knowledge base versus 
any benefits. They recommended linking with the new Bureau of Meteorology National 
Water Information Capacity program, which will be collecting some of the data needed for 
this project. One of the international experts suggested that DEWHA considers 
decentralising some of the responsibility for collecting and reporting information. 

TIMESCALE

Some participants pointed out that the timescale would be a problem for the project as some 
organisations will have the data available in the first few years while others will take longer to 
collect it.

Participants highlighted a tension between having the areas of most need participate in the 
program and the need for data covering a long period to cover climatic variation and climate 
cycles. They did not believe that a standard formula could be applied for how often and over 
how long data should be collected, but they did suggest that the project team should define 
the minimum data set required. Two of the international experts said they had been involved 
in a ‘rapid appraisal methodology’ for channel losses that the project team should examine.

STANDARDS AND ESTIMATES

Other suggestions from the international experts include:

• developing standards for the strategic water balance and providing assistance to 
people through consultants to bring the water balance up to standard

• incorporating good land use information and, where good information is not available, 
including estimates of diversions and rainfall contribution.

The international experts indicated that the process of developing the hotspots assessment 
framework was ‘cutting-edge’ and could be applied in many other countries with similar 
issues.

Further detail on workshop discussions can be obtained by contacting the 
Australian Government Irrigation Hotspots Project team, at the address at the start of this 
document.
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3. Overview of the process 

The workshop participants agreed that the core components of any approach in assessing 
irrigation system hotspots are: 

• Element 1: A strategic water balance 

• Element 2: A preliminary appraisal to establish the significance of losses 

• Element 3: A detailed water loss assessment 

An overall conceptual framework underpinning any proposed approach is shown in Figure 1. 
Choosing which pathway to follow is critical for reducing costs, streamlining the data-
collection process, and achieving the required goals. A detailed analysis of the three 
elements would find the water lost out of the system.

The process begins with a strategic water balance (Element 1) where the key hydrologic 
features of the irrigation systems are documented, knowledge about hotspots is synthesised, 
and the data are inventoried. These data are then captured in a geographic information 
system (GIS) format to represent key hydrologic links at the spatial scale with the potential 
hotspots. Based on the data available, a ‘first cut’ strategic water balance is made. The 
strategic water balance considers the difference between water inflow and water outflow to 
identify and quantify the unaccounted water — the calculation should balance. Element 1
can be used to rank hotspot opportunities or to make decisions about collecting new data if 
the opportunity is significant. 

Element 2 is a preliminary appraisal of whether the expected water savings are significant 
enough to justify further, detailed investigation into the nature and location of water losses. If 
not, the process may stop here or, for data-sparse environments, the decision may be to 
collect more data. Otherwise, the process continues on to Element 3. 

Element 3 is a qualitative and quantitative data collection process to allow detailed 
assessment of water losses, including locating sources and measuring the losses. 

The full hotspots assessment technique can be found in the Technical Manual for Assessing 
Hotspots in Channel and Piped Irrigation Systems. 
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