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Abstract. The paper argues for the integration of engineering and accounting 

professionals through a transdisciplinary approach to on-farm water issues as-

sociated with farm dams. An integrated macro and micro solution is put forward 

in the context of poor farmer behaviour as spillways are blocked to pursue indi-

vidual aims at the expense of other stakeholders, including downstream com-

munities and the environment. Integrated engineering accounting is proposed as 

a solution through transdisciplinary thinking.  
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1 Introduction 

As accountancy professional bodies worldwide move to calls to expand the bounda-

ries of the accounting discipline to incorporate environmental sustainability measures, 

there is evidence to suggest that there has been difficulty in integrating aspects of the 

environment into practice [8]. In the main this is because of the intricacies of the en-

gineering aspects involved in accounting for elements of the environment. Ngwakee 

[8] suggests, in the context of sustainable development, accounting and engineering 

are like uncongenial twins (see earlier analogy between accounting and economics 

[2]) and should be recognised through the notion of ‘engineering accounting’. Engi-

neering accounting is portrayed to be a specialized field of accounting to handle the 

complex technical accounting problems that climate change and carbon trading pre-

sent, two areas which bring together macro (economy wide) and micro (company 

based) notions of accounting [21]. But this narrow setting is generalizable to all set-

tings where engineering and accounting contribute to a transdisciplinary solution.  

Accounting for carbon, water, biodiversity, electricity usage and other environ-

mental sustainability measures all require engineering knowledge and without this, 

the accounting profession’s involvement in the critical organisation-environment 

boundary is limited. Despite acknowledgement of the transdisciplinary nature of sus-

tainability accounting, it is apparent that continuous reliance on engineers reduces the 



power of accountants to evolve in line with the changing demands of macro and mi-

cro stakeholders such as society, international agencies, clients of firms and profes-

sional bodies. ‘Engineering accounting’ would embody all of the aspects of any rec-

ognised profession, education and training for technical proficiency, independence of 

perspective, support for public interest as well as recognition of the importance of 

member needs and a system to measure, evaluate, record, interpret and report organ-

izational sustainability information but not just for audit purposes as suggested by 

Ngwakwe [8]. The purpose is much broader and can be mainstreamed in traditional 

and environmental accounting practices providing sustainability information to all 

types of managers – production, product, divisional, marketing, environmental and 

top management [3]. The accounting and engineering professions face an opportunity 

to capture their presently unrecognised relevance in a joint initiative mainstreaming 

an integrated set of sustainable development activities common to the currently sepa-

rate, siloed professions – accounting and engineering. 

The behaviours of actors over water, a critical environmental aspect of sustainabil-

ity and the suggested future of global tensions to rival those over oil [9] can be ac-

counted for by a combination of engineering and accounting expertise and is consid-

ered here to illustrate the way in which ‘engineering accounting’ can help to under-

stand the reasons for and the behaviours of, for example, farmers desperate to secure 

water for their farming activities. Engineering accountants would stand together as 

joint participants in the engineering and accounting professions. The code of ethics 

for professional accountants APES110 prescribes that accountants safeguard against 

threats to their ability to perform duties with the appropriate degree of professional 

competence by consulting with independent experts or obtaining additional training 

themselves [1]. This was evidenced with the recent release of the first Australian Wa-

ter Accounting Standard [19] which raises interesting issues of the reliance on ex-

perts, specifically engineers, to provide the numbers to be used by accountants.  The 

development of and training for ‘engineering accounting’ would reduce this reliance 

thereby creating specialised accountants equipped to measure, record and interpret 

organisational environmental sustainability information. Such accountants would be 

educated at the tertiary level and by the professional firms through specially designed 

university courses and professional development as well as certification designed to 

recognise skills acquired.   

The paper addresses the bringing together of a team of accountants and engineers 

to study the possibility of specialised engineering accounting for one of the world’s 

largest surface water resources, farm dams. The research problem being addressed is 

how macro and micro sustainability solutions can be encouraged through engineering 

accounting using the example of the urgent need for solutions to the risks from ineq-

uitable water sharing and safety threats.  

2 Accounting for Sustainability – Farm Dams 

It is critically important to measure and account for water resources, especially in 

areas with increasing frequency of not only droughts but also flash flooding [4], [18]. 



Not accounting for water resources has far reaching consequences on the micro level 

for businesses and industries, and increasingly at the macro level for society, the 

economy and aquatic and land ecosystems [10]. For agriculture, dams are the “life-

blood” of most farming businesses as they provide stocks of essential water supply for 

irrigation and other farming activities. However, a problem exists with a lack of ac-

counting for farm dams and their safety in that thousands of dam structures have 

failed and many more pose significant safety threats [11-14]. In China the Shimantan 

and Banquia dams failed in 1975 because of the cumulative failure of 60 smaller up-

stream dams, resulting in the deaths of 230,000 people [20]; in the United States, the 

5m Evans and Lockwood dams, which held only 89ML and 39ML of water respec-

tively, both collapsed in a cascade manner in 1989, devastating communities and 

killing 2 people [5];  and, in Quang Binh Province, Vietnam in 2010, 85,000 homes 

and businesses were flooded and at least 16 people died after water rose more than 

one metre over a large public dam following heavy flooding in the catchment which 

contained many small dams [16]. Dam failure for a farming business can mean: no 

longer being able to water valuable crops, the subsequent loss of those crops, serious 

inconvenience to farming activities, substantial cost to repair or replace the dam, and 

possible liability for downstream consequences [7], [14]. 

Furthermore in times of drought, farmers have an incentive to store water using in-

equitable and unsustainable tactics such as the blocking of spillways (see Figure 1) 

[14]. Thus, whilst farm dams can reduce farming risks associated with water short-

ages, during periods of low rainfall in the catchment, they also reduce water available 

for downstream users and the environment [15], especially when unfairly managed in 

this way. Hence, management of a farm dam to maintain its performance, structural 

integrity and safety are vital for the sustainability of farming business [14]. But, ac-

counting for the structure and its stocks and flows is also important for the safety and 

sustainability of the downstream community and environment.  

Unfortunately, many countries and regions do not have an integrated water ac-

counting system for dams [14] that can effectively capture the linkages and interac-

tions within or between macro and micro economic production and consumption, 

water resource depletion and socio- and hydro-ecosystem degradation [6]. By bring-

ing together engineers and accountants the research is finding that sustainability ac-

counting provides a tool for identifying and making transparent the costs to business, 

the community and policy-makers associated with dam failure and inequitable water 

sharing.  



 

Fig. 1. An under-designed spillway1. SH = Max. Spillway Height, SW = Max. Spillway Width 

                                                           
1 The spillway (located in South Australia) size is clearly too small for this 100 ML impound-

ment. The spillway is also badly maintained as the owner allows physical obstructions, in-

cluding a walkway bridge and sandbags, to be present across the spillway restricting its po-

tential capacity. Cost-effective spillway safety technology enables the existing dimensions 

of the spillway (i.e. Spillway Height, SH and Width, SW) to be reviewed for adequacy by 

SW 

SH 



3 Accounting Issues 

Lessons from the past indicate that key issue for accounting for sustainable farm dams 

is the institutionally fragmented nature of actors who are operating, managing, regu-

lating and overseeing the accounting for sustainable dam management [25] (Figure 2). 

These actors are often pursuing individual management goals because of sub-optimal 

local decision making rather than global optimal decisions for flood risks to commu-

nities in any catchment [22]. Changing climate conditions and forecasts of increases 

in extreme weather events mean that the narrow focus of actors will only increase 

[26]. However, before moves can be made to overcome institutionally divided ap-

proaches, a clear understanding of the accounting issues for sustainable farm dam 

management is required. 
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Fig. 2. Fragmented nature of institutional actors involved in accounting for sustainable farm 

dams 

3.1 Micro Accounting Issues 

Engineering Accounting for Direct, Indirect and Hidden Costs  

                                                                                                                                           
‘non engineers’ due to its simplicity. It can also be used in design mode to readily determine 

what spillway size is needed (i.e. by how much SH and/or SW must be increased) to ensure 

adequate flood safety for the dam whilst being able to accommodate both the farmer’s min-

imum storage capacity requirements and the lowest cost earthworks. At the same time the 

technology is in line with modern engineering best practice [13]. 



The cost of sustainable farm dam management includes conventional direct and indi-

rect costs such as equipment for maintaining a dam, or monitoring equipment to 

measure dam capacity. However there are also four types of costs which potentially 

remain hidden because neither engineering nor accounting systems separately identify 

them. Upfront costs are incurred prior to the operation of a dam and include costs 

related to the choice of site, site preparation, permits, engineering and installation. 

Regulatory costs of dam operations involve notification, reporting, monitoring and 

testing, modelling studies, remediation, planning, training, inspections, insurance, 

assurance or audit, pollution control, spill or failure response, taxes and fees. There 

are also voluntary costs of operations linked with community outreach and stake-

holder engagement, monitoring and testing, training, assurance, reporting, insurance, 

recycling, habitat protection, landscaping, and financial support to nongovernment 

organisations. Back end costs relate to site survey, the decommissioning of dams, and 

post-closure care. 

Contingent Liabilities  

There are also non-certain contingent costs that can be associated with probabilistic 

calculations (expected value, variance, etc.). These contingent liabilities include the 

costs of remedying and compensating for dam failure and related fines and penalties 

for non-compliance, remediation for property damage or damage to natural resources, 

personal injury, legal expenses, relationships with downstream communities and rela-

tionships with regulators. 

3.2 Macro Accounting Issues  

Social and Environmental Costs  

Image and relationship costs associated with dam management are tangible but the 

benefits that result from trying to affect the perceptions of different stakeholders such 

as downstream communities, non-government organisations and regulators are intan-

gible. Reporting and assurance costs provide one example, community relations ac-

tivities another, and costs of downstream protection activities such as developing an 

emergency action plan or tree planting a third. However, environmental costs are 

mostly ignored, with all but the most basic costs being brought to light because of the 

limited ability of accountants to undertake ‘engineering accounting’. 

3.3 State of the art in engineering accounting for sustainable water storage 

Accounting for sustainable farm dam management can be possible, when comple-

mented by the appropriate institutional response [25]. The technological engineering 

accounting tool developed by [13] based on best practice catchment analysis, calibra-

tion and modelling, flood hydrology and reservoir hydraulics, all in line with [23] 

provides an example of a possible mechanism to create a sustainability account of 

farm dams in a region. The accounting tool allows for measurement of the hydraulic 

response of any size of reservoir and spillway(s) relative to the hydrological flood 



response of the selected rural catchment in an ‘hydrologically homogenous’ region for 

the full range of design storm events up to the Probable Maximum Precipitation (i.e. 1 

in 10,000,000 years Annual Exceedence Probability (AEP)).  This accounting tool has 

been developed in South Australia, Victoria and New South Wales [24] in order to 

promote consistency and uniform standards in the sustainability of farm dams and 

practical application of involves using a regionalised relationship based on simple 

hydrological/hydraulic variables, for predicting reservoir flood capability – known as 

Dam Crest Flood (DCF) (see [13]) and is cost-effective and simple to use. The tool 

would enable diverse actors to access reliable measures for monitoring and overseeing 

the sustainability of farm dams in a region. 

4 Conclusion 

This paper addresses the bringing together of a team of accountants and engineers to 

study the possibility of specialised engineering accounting for one of the world’s 

largest surface water resources, farm dams. By addressing the research problem of 

how macro and micro sustainability solutions can be encouraged through engineering 

accounting, the paper draws awareness to the challenge for researchers and profes-

sionals to traverse and span multiple disciplines for sustainability solutions, especially 

when faced with ever increasing weather related disasters. However, what is also 

highlighted is the need for an urgent future research agenda that includes gathering 

evidence from key macro and micro stakeholders through government, community 

and professional body perception, attitude and behaviour surveys.  

Perhaps this is a timely opportunity to draw from the lessons of the past, such as 

those experienced by the accounting profession when faced with the challenge of 

fraud, who developed the specialised forensic accounting stream, or other professions 

coping with changes in the environment such as economists who created the ecologi-

cal economics concentration. In addition, public and investor confidence in the 

amount of water traded, consumed, recovered and managed for environmental and 

other public benefit outcomes will be improved in conjunction with understanding of 

how water resources are sourced, managed, shared and used. Importantly, new oppor-

tunities are presented: for the marketing of transdisciplinary professional services, for 

professional development, for educators of professional services graduates, for water 

resource managers and engineers requiring the basis of financial accounting for effec-

tive water accounting, and for revisiting the mechanism critical to addressing complex 

problems, integrated multi-level, multi-purpose macro and micro systems at a time 

when economics itself has been slipping from the main professional interests con-

tained in engineering and accounting.  
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