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Abstract 

Agriculture relies on efficient transformation and regeneration of ecological capital to sustainably produce a 
range of life-supporting goods and services. An improvement in the ability to account for ecological capital in 
agriculture may assist recognition, avoidance and reversal of its depletion. This paper investigates current 
conventions of accounting for biological, productive and land-related assets to conceptualise a way of 
incorporating ecological capital in the accounting framework of business entities. A conceptual framework for 
ecological capital in agriculture is used to link intermediate and productive biological assets to inflows and 
outflows of economic benefit. An Ecological Balance Sheet (EBS) is proposed as a means to deliver a more 
complete representation of an agricultural entity’s total equity and to keep records of where changes to 
ecological asset accounts cause flows of expenditure. Methods and strategies to design, develop and 
continually improve the use of the EBS in agriculture are suggested to help other researchers further explore 
this concept.  
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Highlights 

1. Agriculture’s ecological (natural) capital is being systemically depleted. It is not currently priced or 
recorded in the statements of equity, profit or considered in allocation of dividends of entities 
conducting agricultural businesses. 

2. Investments in ecological capital have potential to improve the economic profitability of agriculture 
and increase the delivery of ecosystem services to society 

3. Techniques to enable proper accounting for agriculture’s natural resources (its ecological capital) do 
not currently exist. Without these, managers and investors may be unaware of emerging risks or 
opportunities that relate to these resources.      

4. The ability to produce an Ecological Balance Sheet could resolve this situation. This article suggests a 
conceptual approach.  

Introduction 

As a primary industry that supports population health and economic well-being through its provision of food 
and fibre, agricultural sustainability is of critical importance but is not assured. Extensive agricultural 
production systems (broadacre, rain-fed grazing and cropping) cover an estimated 40% of global terrestrial 
ecosystems (MEA, 2005, World Resources Institute, 2000) and  present a significant sustainability challenge. 
Approximately 38% of land under agriculture is judged to be degraded due to overgrazing, excessive 
cultivation, clearing of forests and draining of wetlands (UNEP, 2014, Von Braun et al., 2013, MEA, 2005, SOE, 
2011, World Resources Institute, 2000).  Degradation of agricultural landscapes is judged to be a current threat 
to food security and intergenerational equity (Dasgupta, 2008, ELD, 2013, Lal, 2009, UNEP, 2012, UNEP, 2014). 
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Although agricultural commodities are a fraction of a developed country’s gross domestic product
1
, problems 

in agriculture flow through the economy and through society. As a primary industry, extensive agriculture 
provides the grains, fibres and livestock that are key inputs to upstream industries. These industries include 
intensive confinement agriculture, food processors and retailers, clothing, cosmetics, and pharmaceutical 
companies that transform primary produce in order to build wealth for their shareholders and economies. 
Through their relationships as value-added processors of agricultural commodities or suppliers of financial 
capital to agriculture, companies in the private sector may risk economic loss associated with depletion of 
agriculture’s natural resources (ACCA et al., 2012, Costanza et al., 1997, Trucost, 2013, UNEP, 2011, Bateman 
et al., 2013, Dasgupta, 2008, PPR, 2010, Costanza et al., 2014).  

Knowledge of the role of natural systems in agriculture is increasing rapidly and this is generating interest in 
how they affect economic performance. Agriculture, perhaps even more than any other industry is a complex, 
dynamic system and is tightly coupled to environmental and social factors as well as economic. The 
productivity and profitability of an agricultural enterprise is an emergent property of largely unique 
combinations of resources, seasons, markets and quality of management.  Consequently, the drivers of better 
performance can only be imperfectly studied through conventional scientific techniques. An alternative is 
needed to generate information that might help to improve both economic and environmental performance. 

In the private sector, accounting has been used for decades, to record how assets create inflows of economic 
benefit and prevent outflows of them.  This information helps investors, managers and stakeholders to judge 
the relative performance, viability and sustainability of an enterprise and the quality of its management. 
Sufficient knowledge may now exist to enable adaptation of familiar accounting principles to agricultural 
natural resources. This article synthesises relevant scientific literature and expert opinion to conceptualise an 
approach. To do this it describes the natural assets, the flows between them and how they might affect flows 
of economic benefit. It uses a model of agricultural grasslands

2
 and their management to provide an 

accessible, plausible illustration of how accrual accounting and double-entry bookkeeping might be applied.  

Ecological capital in agriculture 

The natural resource base of agriculture (soils, vegetation, livestock, and water) can be thought of as its 
‘ecological capital’. Although the term “natural capital” is used more frequently in the literature, this article 
uses “ecological capital” when describing agricultural ecosystems. This enables the distinction of natural 
ecosystems, which are untouched by humans, from agricultural ecosystems that are modified and 
manipulated by humans.  Agricultural ecological capital assets are defined in keeping with economic and 
accounting convention as classes of durable non-financial assets (productive assets) that are controlled by the 
agricultural enterprise as a result of past events and are expected to generate future economic benefits. 
Agricultural commodities are produced and agricultural landscapes regenerated by combinations of ecological 
capital, built (manufactured), natural and human capital (knowledge, skills, capabilities and relationships) that 
interact with a broader social-economic system including social trends, markets, taxation and regulatory 
systems (social capital).  

It is beyond the scope of this article to cover the details, but it is increasingly accepted that economic 
efficiency and resilience of agricultural systems are dependent on the flows of goods and services produced by 
local, regional and global ecosystems (Dale and Polasky, 2007, Power, 2010, Swinton et al., 2007, Zhang et al., 

                                                                 

1
 Agriculture, Fisheries and Forestry industry is about 2% of Australian GDP. Agriculture is about 1% of the GPD 

of the USA and about 5.5% of Brazil’s GDP. Agriculture is a significantly higher proportion of developing 
countries’ GDP; 18% for India, 24% for Afghanistan. 
2
 Grasslands in this context refer to paddocks used for livestock grazing in extensive agriculture and managed 

so they produce polycultures with high proportion and species richness of (native) perennial grasses. The term 
is used to distinguish these assets from pasturelands and croplands comprised mainly of annual monocultures. 
 



DOI: 10.1108/SAMPJ-07-2014-0040 

 

3 

 

Fig. 2 Conceptual diagram of ecological capital  

2007, Bommarco et al., 2013, de Groot et al., 2010, Kremen and Miles, 2012, Powlson et al., 2011, Ryan et al., 
2010, Saunders et al., 1991, Schipanski et al., 2014, Allison and Hobbs, 2004, Walker et al., 2009). Ecosystems 
and the goods and services they produce are highly significant to human well-being and are important 
components of national wealth. Ecosystems provide provisioning, regulating, maintenance and cultural 
services from microscopic to global scales and affect all industries and geographies directly or indirectly.  (See 
for example Costanza and Daly, 1992, Daily, 1997, Dasgupta, 2008, Ekins, 2003, Mace et al., 2012, Bennett et 
al., 2010, Lal, 2012, de Groot et al., 2010). Systemic depletion of ecosystems and ecological and natural capital 
is posing threats to current and future human well-being (MEA, 2005, Rockström et al., 2009, SOE, 2011, 
UNEP, 2012, Von Braun et al., 2013, Haines-Young and Potschin, 2010). In response, a number of academic 
disciplines and industry sectors have initiated work to include ecosystems in systems of government accounts 
(UNSD, 2012, SEEA, 2013, Eigenraam et al., 2013, Haines-Young and Potschin, 2011), national income reporting 
(Barbier, 2013, Hartwick, 2001, Hrubovcak et al., 2000) and in corporate reporting (UNEP, 2011, PPR, 2010, 
ACCA et al., 2012, Burritt, 2004, Schaltegger and Synnestvedt, 2002, Hopwood, 2009).  

The conceptualisation of ecological accounting presented here follows Farley and Costanza in perceiving 
ecosystems as configurations of stock-flow resources that produce inflows and outflows of economic benefit 
(Farley and Costanza, 2010). The agricultural ecosystem is conceptualised as the principal of an asset that 
produces goods (such as inventories of grass that can be transformed into wool or livestock and traded) and 
services (such as replenishment of soil) (Fig. 1). Excessive harvest of the ecosystem depletes the principal and 
generates liabilities and expenses for 
replenishment of the principal.  

Privately held ecological and biological assets 
in agriculture include livestock (for breeding, 
trade and fibre production), grasslands, 
pastures, crops, trees and shrubs, soil 
biology and soil. They live in complex 
interrelationships dependent on providing 
and receiving a range of provisioning and 
supporting goods and services to each other 
(Mace et al., 2012, Robinson et al., 2013, 
Dominati, 2010, Palmer and Febria, 2012, 
Maes et al., 2012, Maes et al., 2013).  

Breeding stock and Grasslands are productive (or provisioning) assets that produce progeny via procreation or 
forage via growth of grasses. Grasses are intermediate goods that in becoming forage for livestock are 
transformed into final goods for sale (meat or fibre). Soils that provide decomposition services to infiltrate, 
cycle and store reserves of soil-water and 
nutrients for future plant growth are productive 
assets that also provide temperature stabilisation 
functions (Lal, 2012). Trees and shrubs provide 
‘supporting services’ such as shade and shelter 
for livestock and pasture as well as habitat for 
economically productive insects and birds 
(pollinators and pest predators). Shade and 
shelter reduces the diversion of energy to body 
temperature maintenance and makes livestock 
healthier and more productive. Habitat for 
predators of pest insects and birds can improve 
crop productivity (Landis et al., 2000). In addition 
to these private benefits to the entity, agricultural 
ecosystems also provide public benefits including inheritance value in their capacity to continue to provide 
food and other ecosystem services for the benefit of future generations (Farley and Costanza, 2010, Dale and 
Polasky, 2007, Dasgupta, 2008, Swinton et al., 2007). Fig. 2 provides a conceptual diagram of these assets and 
their interrelationships. 

 

Fig. 1 Conceptual diagram of Ecosystem ‘Principal’, ‘Income’ and ‘Expenses’ 
related to Grassland as an agricultural ecosystem.  



DOI: 10.1108/SAMPJ-07-2014-0040 

 

4 

Ecological and agronomic studies have demonstrated that the interactions between each of these ecosystems 
or ecological asset classes can affect the productivity and sustainability of an agricultural enterprise. Studies of 
animal behaviour and nutrition suggest that livestock perform best (are fittest) when; they mature in the 
landscape they were born and bred in (due to epigenetic and in-utero effects on physiology and morphology); 
when they learn (from mothers and herd mates) to sequence and combine foods to balance nutritional 
requirements and neutralise plant toxicity and when the landscape has many species of plants of different age 
structures (Provenza, 2006, Provenza et al., 2003, Provenza et al., 2007, Villalba and Landau, 2012, Villalba and 
Provenza, 2009, Villalba et al., 2006, Wang, 2010, Manteca, 2008).  

Biodiversity (the species richness and genetic diversity of plants and the soil microbiology) significantly 
improves the productivity and regenerative capacity of pastures and grasslands and the herbivores that 
depend on them (Glover et al., 2010a, Hector, 1999, Kotowska, 2010, van der Heijden et al., 2008, Kremen and 
Miles, 2012, Liebman et al., 2008, de Deyn et al., 2012, Tilman, 1996, Tilman, 1997). This improvement of 
productivity and regenerative capacity increases economic inflows and avoids outflows of economic resources 
thereby improving enterprise profitability (see Davis et al., 2012 for examples of this in a range of agricultural 
enterprises, Landis et al., 2000, Liebman et al., 2008, Sandhu et al., 2010, O'Reagain and Scanlan, 2013).  

Absence of ecological functions can reduce enterprise productivity. Livestock experiencing inadequate 
nutrition (due to poor quality forage) or exposure to extreme weather (in the absence of shade and shelter) 
demonstrate reduced performance including reduced ability to gain weight, reduced wool quality, reduced 
fertility and problems with parturition. Lack of consideration of local adaptation of livestock (and plants) to the 
landscape and the specific breeding of animals to perform in confinement feeding systems may have resulted 
in development of animals and plants that have low genetic diversity and are maladapted to natural grasslands 
and rangelands and low-input systems (Siebert et al., 1992, Lammerts van Bueren et al., 2011, Murphy et al., 
2007). This in turn may be driving increased physiological dependence on artificial supplementation (fertilisers, 
lime, veterinary medicines) in order to produce the plant communities (grain crops) and nutrients these 
animals require to achieve reliable and satisfactory yields (Provenza et al., 2007).  

Through improved management of ecosystems functions, farmers can have a significant impact on the 
efficiency with which an agricultural enterprise generates income and regenerates its asset base. Local 
adaptation of livestock combine with management of animal density, paddock rest and grazing duration to 
impact the efficiency of transformation of plants into livestock and on efficiency of regeneration of the plant 
community, soil-water and soil-nutrients (Post et al., 2006, Teague et al., 2013, Teague et al., 2011, Tongway 
et al., 2003, Tongway and Ludwig, 2011, Weber and Gokhale, 2011, O'Reagain and Scanlan, 2013, Hunt et al., 
2014, Jakoby et al., 2014). Management that increases ecological function in cropping soils can significantly 
reduce fossil energy use (Cruse et al., 2010), improve economic returns (Liebman et al., 2008) and agronomic 
performance (Kremen and Miles, 2012, Lavelle and Spain, 2005). Livestock grazing and use of fertilisers have a 
significant impact on morphological and regenerative traits of grassland plants including species type and 
richness (Dorrough et al., 2006, McIntyre and Lavorel, 2007, Teague et al., 2011, Ash et al., 1995, Stafford 
Smith et al., 2007, Laurent et al., 2006) and on soil surface condition (McIntyre and Tongway, 2005). 
Overgrazing of grasslands reduces the numbers and quality of perennial grass species and increases the 
proportion of unpalatable (non-nutritious) annual grasses (Ash and Corfield, 1998, Stafford Smith et al., 2007, 
Hunt et al., 2014, O'Reagain and Scanlan, 2013, Teague et al., 2013, Tongway et al., 2003). Annual grasses are 
less effective at water and nutrient cycling than perennials and are unable to replenish soil-water and nutrient 
reserves as efficiently. This impairs soil structure, stability and fertility and increases risk of erosion or 
degradation (Tongway et al., 2003, Lavelle, 2005). Studies of the economics of land degradation find that is 
more efficient to avoid depreciation or degeneration of ecological capacity of landscapes than to restore it 
(ELD, 2013, Von Braun et al., 2013, Stafford Smith et al., 2007). 

Accounting in agriculture 

Most countries use a set of International Accounting Standards (IAS) published by the International Financial 
Reporting Standards Foundation (IFRS) and publicly supported by the G20, World Bank, IMF, Basel Committee, 
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Fig 3. Illustrative example of ecological capital assets 
relationship to international accounting standards. 

IOSCO and IFAC (IFRS, 2014b). Agricultural enterprises are mainly governed by IAS 41 Agriculture, IAS 16 
Property, Plant and Equipment and IAS 2 Inventory.  

Under IAS 41, agricultural activity is the “management by an entity of the biological transformation and 
harvest of biological assets for sale or for conversion into agricultural produce or into additional biological 
assets”(IFRS, 2014a). Biological assets are current assets that include livestock, crops, fruit etc. A change in 
physical attributes of a living animal or plant directly enhances or diminishes economic benefits to the entity.  

IAS 16 Property, Plant and Equipment (PPE) standard applies to the land, buildings and equipment used by 
agriculture for its activities. These non-current assets are tangible items that; “are held for use in the 
production or supply of goods or services, for rental to others, or for administrative purposes and are expected 
to be used during more than one period” (IFRS, 2001).  

Management of produce after harvest (for example grapes being processed into wine) has been guided by IAS 
2 Inventories. This prescribes the amount of cost to be recognised as an asset and carried forward until the 
related revenues are recognised (IFRS, 2014a).  

Recognition and ongoing measurement of assets 

Under IAS 41 & IAS 16, the costs of biological assets and PPE are registered on the Balance Sheet of the entity 
after they are recognised. This occurs when and only when:  

 the entity controls them as a result of past events;  

 it is probable that economic benefits associated with the asset will flow to the entity; and  

 where the fair value or cost of the asset can be measured reliably.  

After recognition, an entity chooses whether to use the cost model (purchase price less accumulated 
depreciation and impairment losses) or the revaluation model (where fair value can be measured reliably) to 
track changes to asset value. Changes to asset value affect the overall net worth of the business.  

Incorporating ecological capital 

Accounting for ecological capital requires methods of measurement, record-keeping and valuation that are 
efficient and reliable and provide a true assessment of the total ecological wealth of the entity.  

Current and non-current ecological assets 

In conceptualising the accounting for ecological capital, soil and soil surface, grassland, trees and shrubs are 
described as long-term, productive, ecological resources or fund-services. They are attached to the land, 
controlled by the enterprise and changes in their structure, composition or condition can enhance or diminish 
economic benefits to the entity.  In practice, they 
are managed as non-current assets. Current 
accounting standards are silent on the specific 
treatment of these assets, but IAS 16 provides the 
most appropriate starting point. For it to be 
applied, methods to provide clear guidance for 
the valuation, recognition and accounting must be 
developed. 

The forage produced by the grassland and the 
services it provides to replenish soil fertility and 
structure are exchanged in the current period 
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suggesting that IAS 2 or 41 are appropriate standards. Figure 3 provides an illustrative example of these 
distinctions. 

Recognition 

Conventionally, the units of the entries into Balance Sheets are based on either historical cost, or Fair Value. 
Due to the dynamic nature of ecosystems and biological systems, historical cost is not an appropriate method 
for recognition of ecological assets (Barton, 1999). Their value depends on their quantity (extent) and 
condition at the current market price. Records of them should be of their biophysical quantities and 
characteristics.  

Ecological capital has economic and production value, but currently this is not consistently recognised in 
markets. Studies that looked at the relationship between soil characteristics (e.g. nutrient levels) and 
agricultural property prices indicate that the judgement of net present value of agricultural property is not 
significantly dependent on the evaluation of the ecological capital (Ringrose-Voase et al., 1997, Samarasinghe 
and Greenhalgh, 2013, Wossink and Swinton, 2007). This raises the risk that declines in economic flows due to 
depletion of ecological resources may be concealed by technological innovations, property speculation and 
other economic trends. 

For ecological capital assets to be recognised, they must be able to be measured and valued separately to the 
land they are attached to or ‘propertised’ (Farley and Costanza, 2010). In accounting, measurement of asset 
value is either at cost, or at fair value. Fair value of privately-owned assets is related to their ability to generate 
income or avoid expenses for the entity that controls them. The fair value of ecological capital such as 
grassland may be accurately assessed by either the present value of future streams of income or its 
comparative long term (10 year) past performance. Using past performance to indicate future performance 
may allow realistic comparisons of economic returns under real, past conditions of varying rainfall, input price 
and commodity price to create (and continually improve) predictions of future economic returns under 
predicted weather and market conditions.  

Depreciation, liability, and revaluation 

Farmers create a positive flow of ecosystem goods and services and must do so in a sustainable manner. A 
decline or increase in ecosystem extent and condition affects the flows of economic resources indicating that 
methods of handling liability, depreciation, gain and impairment should be developed for them.  

Biophysical details of the lifecycles, fitness and resilience of ecosystems that affect their value and flows of 
economic benefit are ambiguous, complex, dynamic, variable and value driven. Although they will have to be 
elucidated, this requires further analysis and cannot be covered in this article. For the purpose of exploring the 
idea, it is reasonable to accept the following.  

 In general, ecosystems are renewable when the rate of harvest of them (or their components) is less 
than the rate of regeneration.  

 Over-grazing changes species composition and structure of grasslands and diminishes the stability of 
the soil and reduces its capacity to store water and nutrients.  

 Changing the composition and structure of grasslands to less nutritious or productive species reduces 
the capacity of the landscape to feed livestock, to infiltrate and store soil-water and nutrients and 
regenerate to its initial state.  

 Continual cropping systemically changes soil structure and fertility and reduces the capacity of the soil 
to produce good yields of crops and pastures.  

 The rate of depreciation and the likelihood of transition to a dysfunctional (unproductive state) vary 
with soil type, climate and topography.  
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Fig. 4 Illustrative example of two grazing management policies  

Depreciation 

Where tightly prescribed and relatively unchanging production practices are used (e.g. in cropping or set-
stocking of livestock), a standard depreciation schedule could be developed based on the pattern in which 
asset characteristics such as plant species, soil structure and fertility are expected to be consumed by the 
entity. This would allow the recognition of a depreciation charge in the profit or loss (P&L) statement and 
inform managers of the need to make provision for expenses (e.g. purchases of fertiliser or pasture 
improvement activities) for replenishment of the asset.  

‘Intra-ecological’ Liabilities 

Where management policy is to avoid depreciation by being highly adaptive to varying conditions it is 
proposed that transactions between asset classes of an enterprise be managed as a form of internal ‘liability’. 
For example, when livestock graze in grassland, they consume the forage and do some damage to the soil 
surface. For the grassland to self-regenerate, livestock must be excluded for a time. The grazing of grassland by 
livestock can therefore be regarded as creating a form of obligation event or ‘internal liability’ to the grassland 
that is satisfied by supplying a sufficient amount of protection from grazing. If this internal liability is not 
satisfied and livestock grazing continues, the grassland principal would be consumed and cease to provide 
services to both livestock and soil. A revaluation might record this decline as impairment and record a loss on 
revaluation in the P&L if its carrying amount exceeds its value in use. Avoidance of depreciation or revaluation 
loss could be assisted by recording the obligation event created by grazing and its satisfaction by livestock 
exclusion. An illustrative example of how depreciation or impairment of an asset might appear in a grazing 
operation is provided in Figure 4. 

Adaptive Grazing Management (left hand image) judges the inventory of plant material generated by the 
grassland and matches livestock consumption of it to ensure that sufficient resources remain in the grassland 
to ensure its regeneration and resilience. 

An alternate scenario - over-grazing is 
presented on the right hand side. In this 
scenario, some of the plant material 
being consumed by the livestock is 
coming from the ‘principal’ of the 
grassland; the livestock so produced are 
by transformation of part of the principal 
(the partial liquidation) of this asset. In 
future, to continue to produce the same 
quantities of livestock in the absence of 
these resources, the enterprise may be 
reliant on purchasing supplementary 
fodder (particularly if seasons are poor). 
This could reduce enterprise profitability 
and threaten viability. If this is not 
recorded, stakeholders of the enterprise 
may be misled in their assessment of the 
performance and prospects of the entity.  

Double-entry bookkeeping and accrual accounting 

Double-entry bookkeeping is a system of recording the actions and transactions of an enterprise as they create 
inflows and outflows of economic benefit. Accrual accounting attempts to present a business’s state and 
trends through recording all a business’s transactions, not only those in cash, as they happen. Together, they 
enable the performance, viability and sustainability of a business to be judged, managed and communicated. 
Cash accounting is an alternate method of accounting where only cash transactions are posted to the ledger 
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accounts. Cash accounting is regarded as appropriate when a business operates so that payments are made or 
received very close to the core transactions to which they relate and when any assets are only retained for a 
short time.  

Key to accrual accounting is the Balance Sheet. This states the value of what the business owns and is owed (its 
assets) minus what the business owes (its liabilities) to provide information about what the business is worth 
(its owners’ equity) at a point in time. A Balance Sheet is a static representation of a business’s financial state. 
It is complemented with information about the flows of expenditure (usually exchanges of money between 
entities) in a record known as the Profit and Loss statement (P&L). The Balance Sheet and the P&L are 
connected through records of where changes to asset accounts cause flows of expenditure. Changes to asset 
accounts can generate income (e.g. from sales of goods) or cause expenses.  

The entries to a balance sheet do not need to be monetary. Double-entry bookkeeping is based on the 
construction of the integers (positive and negative) as ordered pairs of natural numbers of equivalent classes. 
The requirement is only that transactions are recorded in such a way as to maintain the truth of an equation. 
They can therefore include valid operations that transform equations into equations. This means that double-
entry bookkeeping may be able to be adapted to account for multi-dimensional biophysical properties such as 
fitness, diversity and resilience (Ellerman, 1985, Ellerman, 1986). Provision of non-price quantities and clear 
records of the management actions that have resulted in changes to these stocks are able to satisfy the 
requirements of IAS 41, 2 and 16. 

 

The Ecological Balance Sheet  

Methods of measurement and record-keeping of ecological capital assets requires the creation of an Ecological 
Balance Sheet (EBS) that uses non-monetary units of biophysical characteristics to complement the 
conventional Balance Sheet. This may then allow the application of the familiar double-entry bookkeeping and 
accrual accounting systems. 

There is recognition that information about natural assets is necessary to inform their management (Fisher et 
al., 2009, Young and Wilcox, 1984, Sukhdev, 2011, Palmer and Febria, 2012). But the need to avoid double 
counting has meant that intermediate non-current ecological capital assets have been purposefully excluded 
from systems of national accounting (Boyd and Banzhaf, 2007, SEEA, 2013). The same restrictions may not 
exist for private enterprise. Exclusion of intermediate (productive) non-current assets from accounting of a 
business is not considered good practice as it has a tendency to mislead stakeholders as to the net worth of 
the business. For example, purchases of consumables such as livestock fodder, lime and fertilisers are used to 
maintain productivity when the ecological capital (grasslands, soils) cannot provide the desired quantities or 
qualities of intermediate goods and replenishment services. Explicit information about changes to ecological 
capital assets and how they are affecting flows of economic benefit could allow different production and 
management decisions to be made. 

In much the same way as a conventional Balance Sheet avoids double-counting of built capital by 
discriminating built capital assets (such as tractors) from the services they provide (for example crop 
harvesting), the use of an EBS reduces the danger of double-counting of ecological capital. An EBS 
discriminates from ecological capital stock (grassland) and the flow of services (fodder production) it provides. 
Noting the changes to these stocks over time provides information about whether they are increasing or 
decreasing. The relationship of changes in stocks to the inflows and outflows of economic benefit helps to 
identify areas of possible practice and operations improvements. An important consideration in improving 
profit is the level of reliance on consumables (such as fuel) for tractors, supplementary feeding for livestock 
and (fertiliser or lime) for soils (McEachern and Francis, 2014). Characteristics of assets can have significant 
influence over the requirement for consumables (in built and ecological capital). 
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Management information 

Recognising that the performance of a business is an emergent property of its resource base, opportunity and 
management expertise, the EBS is proposed as an information source to inform management of the historical 
changes, not to prescribe best practice.  

To generate profits, farmers make decisions about things they have control over: livestock numbers; paddock 
numbers; grazing duration, timing and livestock density, cropping practices and rotations. They make these 
decisions using information about how the elements in this complex dynamic system work, what the causal 
drivers of increases and decreases of performance are and with incomplete knowledge of factors outside their 
control (such as rainfall, temperature and market prices). Their decisions cause changes to the ecological asset 
accounts and generate flows to income and expenditure. The EBS needs to connect the management decisions 
that a farmer makes to the P&L via transactions that show where changes to ecological asset accounts cause 
flows of expenditure. To be useful (and therefore used), the entries to the balance sheet must assist the 
manager of the enterprise to serve the aims of the business. 

As demonstrated earlier, there is an increasing body of empirical evidence for the economic value of ecological 
capital.  Each of the ecological capital assets is a complex dynamic system and each has a multi-dimensional, 
dynamic relationship with the others. Changes in one asset will most likely affect the others. These affects may 
immediately produce the desired results or they may cause temporary diminished performance while 
biophysical and metabolic systems adjust. For example, a dramatic change to the pasture species and age 
structure may cause temporary ill-health in livestock until their digestive systems adapt. Allowing a previously 
cropped soil to self-regenerate may cause temporary infestation of annual weeds prior to natural 
reestablishment of native perennial grasses. If undesirable effects occur, it is important to be able to 
understand whether these are temporary and an expected part of the ecological adjustment processes (much 
like a scab is a normal part of the healing of a wound), or whether they indicate the system is producing the 
wrong outputs.  

For farmers to assimilate and apply this knowledge to improving profit and returns on ecological capital, they 
will need to:  

 understand how these ecological functions work and affect each other,  

 understand how they could affect farm profitability and viability 

 understand how to make cost-effective ecological capital investments 

 decide how to measure and monitor the functions 

 how to diagnose problems and identify appropriate corrective action.  

Defining the entries to the EBS 

The EBS relies on the existence of an agreed theoretical base and mental model for how the agricultural 
system works. It can’t be assumed that a common mental model currently exists or that it is accurate. 
Significant differences currently exist between expert farmer practice and agricultural science (Abel et al., 
1998, Teague et al., 2013, Van Der Ploeg et al., 2006). For a useful accounting system to develop, we must first 
elucidate the stocks and flows of the system along with feedback and causal loops to create a useful model.  

Systems Dynamics Modelling (SDM) helps people learn about the behaviour of complex systems, to identify 
and eliminate problems and decide what measurements of the system are the most useful (Sterman, 2000). 
Development of the EBS and support for management decisions may be accomplished through the use of 
SDM. Models of conventional agricultural systems already exist that successfully reflect the performance of 
high input modern agriculture (Donnelly et al., 2002, Keating et al., 2003, Robertson et al., 2009). These 
models don’t currently include factors of performance conferred by increased ecological functionality (as 
described earlier in the paper) and may, as a result, be underestimating the economic advantages of increased 
ecological intensity. Such models could be updated and improved by combining knowledge about soil, plant 
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and animal performance from the ecological literature with knowledge of expert managers of ecologically 
intensive agriculture. Methods to ensure effective transdisciplinary research are available (Brandt et al., 2013, 
Abel et al., 1998) and designs for a knowledge base to support researchers and practitioners have been 
proposed (Villa et al., 2002). 

SDM has been successfully used in many projects in ecology and economics (see for example Costanza and 
Ruth, 1998, Özesmi and Özesmi, 2004, Heckbert et al., 2013, Turner et al., 2011, Boumans et al., 2002, 
Costanza et al., 1993, Jarchow et al., 2012) to show how economic and social decisions can affect biophysical 
characteristics of ecosystems and vice versa. Models of ecologically intensive agriculture that can be used as 
management decision support tools could be useful to support farmers and investors. Empirical knowledge 
about grassland ecology and floristics may provide the ability to judge the productivity and nutritional value of 
individual species and plant communities in grasslands (Duru et al., 2009, Sakanoue, 2007, Sakanoue, 2013, de 
Deyn et al., 2012). ‘Look-up’ tables based on these as inputs to models may provide the information that 
would allow economic valuation of the agricultural grassland. Models using ‘look-up’ tables that farmers can 
update with their own results may allow farmers to simulate and then measure (and continually learn about) 
how changes in their farm’s ecological assets result in the inflows and outflows of income and expenses in the 
P&L. This may increase innovation and allow unique characteristics of landscapes to be incorporated. 

The behaviour of ecosystems elements and the magnitude and characteristics of their flows of services can be 
accurately portrayed using models and mathematical representations derived from empirical research (Keating 
et al., 2003, Kragt et al., 2011, Turner et al., 2011, Wang et al., 2002, Heckbert, 2011, Boumans et al., 2002, 
Heckbert et al., 2013, Palmer and Febria, 2012, Kwansoo et al., 2001, Ritchie, 1998). The sensitivity of system 
performance to changes in stocks and flows can be assessed using empirical evidence and simulation of 
different scenarios to judge which fine-scale system elements are the most significant. This knowledge may 
also provide guidance for management of grazing and cropping so that depreciation or impairment of the 
asset (for example under drought conditions) is avoided. A schema for this relationship is shown in Fig. 5 
below. 
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The EBS could appear in the financial statements of a company alongside the Balance Sheet for built and 
financial capital. Changes to ecological capital of primary producers could be communicated to stakeholders in 
supply chains or investment funds via notes to the financial statements of these companies.  

Prototype ecological transactions 

Using concepts introduced within the article, a series of ecological transactions is provided to illustrate how an 
ecological chart of accounts might be specified and used in double-entry bookkeeping of a grazing enterprise.  

Conceptual chart of accounts 

Chart of Ecological Accounts (Ek) 

Assets Description 

Current Assets  

Livestock forage Inventory of forage available for transformation into livestock 

Purchased feed Inventory of supplementary feed to fill forage shortfalls 

Grassland Ek ‘regeneration’ When the grassland supplies forage to livestock, but has not yet been 
granted the exclusion from grazing required to allow it to regenerate its 
resources. 

Non-Current Assets  

Grassland A subclass of ‘land’ valued based on its ability to increase efficiency of 
production and regeneration. Comprised of perennial grass species that 
provide ecological functions that increase the efficiency of transformation 
and regeneration of agricultural products. The act of growing forage 

 

Fig. 5 Conceptual scheme for an Ecological Balance Sheet to support Double-entry bookkeeping and Accrual 
Accounting 



DOI: 10.1108/SAMPJ-07-2014-0040 

 

12 

replenishes roots, litter, soil biology, soil function and structure. 

Trees & Shrubs A subclass of ‘land’ valued on its ability to provide ecosystem goods and 
services to the grassland, livestock and soil. Comprised of configurations of 
trees and shrubs including widely-spaced ‘paddock trees’ for shelter. 

Soil A subclass of ‘land’ valued on its ability to cycle nutrients and infiltrate 
water. Comprised of geological materials and soil biological communities 
that create reserves of soil water and nutrients and maintain good soil 
structure for plant productivity.  

Liabilities  

Current Liabilities  

Livestock Ek ‘forgone grazing’ The obligation event that is generated when livestock receives forage from 
grassland. 

Non-Current Liabilities  

Reversal of land degradation The obligation to restore landscape functionality to an appropriate level. 

Ecological Journal Entries  

The table below contains some simple examples of possible transactions for a grazing business. These 
transactions formalise the decisions made in contemporary good-practice grazing management. Notes below 
the table describe each transaction. The unit DSEDays is explained below the notes. 

Year Ek Journal Entries 
DSEDays 

Dr Cr 

Date 1 Livestock forage (1) 733,650  
 Grassland  730,000 
 Purchased feed   3,650 
 To record the supply to livestock of forage (from Grassland) and 100 

DSEDays of supplementary fodder required because stocking rate 
currently exceeds carrying capacity.  

  

    
 Livestock Ek ‘forgone grazing’ (2)  730,000 
 Grassland Ek ‘regeneration’ 730,000  
 To record the obligation for the livestock to remain excluded from 

the grassland until the forage fully regenerates. 
 

  

Date 2 Livestock Ek ‘forgone grazing’ (3) 730,000  
 Grassland Ek ‘regeneration’  730,000 
 To record the satisfaction of the livestock obligation event.   

 

Year Expenses Journal  
$ 

Dr Cr 

Date 1 Purchased feed (5) $1,058.50  
 Cash at bank  $1,058.50 
 To record the purchase of supplementary fodder at AUD$290/t to fill the 

forage shortfall.  
  

 

(1) On date 1, the livestock numbers exceed the amount of forage the grassland produces. This 
transaction records the assignation of grass in the grassland to livestock for their consumption and 
the supply of 3,650 DSEDays worth of purchased feed to meet the remaining needs of the livestock. 

(2) Also on date 1, an obligation event is generated to record the obligation for livestock exclusion from 
the grassland to allow its regeneration 
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(3) On date 2, it is recorded that sufficient DSE Days of livestock exclusion has occurred to allow the 
grassland to replenish its forage and other resources. 

(4) On Date 1, the P&L records the purchase of 3.65t of supplementary feed. 

Units for transactions 

The units selected for this simple example are DSEDays. DSE stands for Dry Sheep Equivalent and is in common 
use in grazing enterprises. As a simple rule of thumb, a DSE would eat a kilogram of feed a day. The DSEDay 
then is the amount of food a dry sheep would eat in a day (1kg). It provides a neat and simple link between the 
biophysical (kg of grass) and with time and is already in common use by regenerative farmers in planning their 
grazing operations. In this example, the Grassland can produce 730,000 DSEDays per year and therefore would 
produce 730t of forage (grass), sufficient to feed 2,000 DSE (730,000 DSEDays/365Days) each year without 
requirement for purchased fodder. Monitoring of paddocks and livestock performance in this way is a normal 
part of leading farmer practice (Teague et al., 2013, Ampt and Doornbos, 2011). This type of accounting would 
formalise this and provide information useful for property owners and investors to help them judge the quality 
of farm management.  

The equivalence unit of DSEDays allows useful information to be generated.  

 DSEDays as a means of comparing productivity of different farms is in common use and the causes of 
productivity change through different soil type, climate, management history and recent weather are 
a subject of extensive study.  

 The equivalence of DSEDays to kg also allows an easy conversion to current cost/kg of feed for an 
assessment of Fair Value on balance day. 

 The good practice for judgement of whether the grassland is fully recovered is based on whether it 
has regenerated the expected amount of DSEDays of forage.  
As the amount of recovery varies with rainfall, temperature, amount of defoliation and other complex 
events, judging grassland recovery based only on how much time has passed is not judged as good 
practice in grazing (Hunt et al., 2014, O'Reagain and Scanlan, 2013, Teague et al., 2013, Tongway et 
al., 2003). 

 Incorporation of other ecological components such as soil, trees and shrubs may require development 
of another equivalence unit, but it is also possible that it could be accomplished via the concept of 
DSEDays in the following way. These assets can contribute to the flows of economic benefits on a per 
hectare basis by increasing the number of DSE (through better shelter from temperature extremes), 
decreasing the cost of production (by lowering requirement for veterinary medicines and 
supplementary feed) or increasing the price/DSE received at market. The significance of these flows is 
related to the extent and specific characteristics of the ecosystem and the quality of the 
management. This is an area where further research and modelling will be required to provide useful 
information.   

Chain of responsibility for ecological capital 

Agriculture is fully integrated in the biophysical, social and economic systems of the planet. The goods, services 
and disservices provided by it are an emergent property of its relationships with these systems. Through 
encouraging excessive harvest or failure to ensure maintenance of ecological functions or by constraining 
investment in it, corporations who lend to or invest in agricultural companies may have unwittingly been a 
causal factor in the decline of agricultural ecosystems.  

The requirement for government and private sector to become involved in the management of the natural 
resource base is being recognised and a range of approaches are being developed (see for example Burritt, 
2004, Hartwick, 2001, Hrubovcak et al., 2000, Schaltegger and Burritt, 2010, Sukhdev, 2011, Sukhdev and 
Kumar, 2010, Von Braun et al., 2013). With the publication of “Is natural capital a material issue”, the first 
Environmental P&L (PPR, 2010), and the report of natural capital at risk (Trucost, 2013), ACCA, KPMG, FFI and 
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Trucost have made an enormous impact on the ability of the private sector to appreciate its role in and 
exposure to depletion of natural capital.    

The generous publication of the expert evaluation of the first EP&L (PPR, 2012) has provided a thorough and 
useful insight into developments that would help further development of this innovation. This article proposes 
the EBS as a possible avenue for this development. The development of an Ecological Balance Sheet (EBS) 
enables the use of familiar accrual accounting techniques to be applied to the accounting of ecological capital 
and addresses some of the critiques of the EP&L: 

 It removes the problem of double-counting of goods and services as demonstrated in the simple 
model provided for agricultural ecosystems. 

 It reduces the complexity by using an already familiar system.  

 Ecological capital in agriculture can be measured by adapting monitoring systems already familiar in 
ecology and agronomy and incorporating systems of management used by leading regenerative 
farmers. This means that it can satisfy the requirement for increased amount and resolution of 
primary data about biophysical elements, collected from suppliers at site level and rolled up to the 
end point of the supply chain, much like a statement of consolidated holdings in an annual report.  

 Removes the problem of inaccurate EIO models and LCA datasets and the changes to financial 
valuations due to ebbs and flows of markets 

The benefits for businesses from better ways of assessing the state and trends of their ecological capital 
include: 

 Better knowledge of where to direct their investments to create the resource base (the social, human, 
natural, built and financial capital asset base) that will give them the greatest structural competitive 
advantage. 

 Availability of leading indicators of risks emerging from (natural) asset performance to enable them to 
respond intelligently and strategically to protect and enhance shareholder value.  

 Better knowledge of where increasing or preserving ecological (and human and social) capital 
generates competitive advantage.  

 Verified and transparent reporting of changes to ecological capital to avoid ‘free-riders’ and ‘green-
wash’. 

 Improved capacity (investment in human and social capital) for innovation in the supply chain to 
maximise the realisation of benefits from investment in ecological capital and reduce transaction 
costs of certification of suppliers. 

 The explicit measurement strategies that would underpin an EBS may also inform the setting of an 
‘Assurance Bond’ that would give owners of agricultural landscapes some financial reserves to fund 
remediation activities in the event that a leaser caused impairment to the ecological capital as 
suggested by Costanza and Perrings (Costanza and Perrings, 1990). 

Benchmarking enterprise performance 

Widespread investment in ecological intensification requires elucidation of the magnitude of private benefits 
attainable by the enterprise. Benchmarks of good ecological management may already exist that would 
provide useful information. A community of leading farmers and scientists have been quietly developing and 
studying methods of investment in ecological capital in agriculture. These innovative and adaptive approaches 
demonstrate credible mechanisms to realise improved biodiversity, productivity and sustainability (see for 
example Ampt and Doornbos, 2011, Glover et al., 2010b, Lal, 2012, Landis et al., 2000, Tongway and Ludwig, 
2011, Howden et al., 2005, Bommarco et al., 2013, Kremen and Miles, 2012, Teague et al., 2011). For the EBS 
to enter normal use, corporations and investors will need to have confidence in the quality of judgement and 
management of ecological capital. This may require development of a specialised ecological auditing and 
modelling capability. Reliable, useful and cost-effective ecological monitoring techniques already exist (see for 
example Thackway and Lesslie, 2008, Tongway and Hindley, 2004) and can be adapted for this purpose. 
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Public services from agriculture 

In addition to providing private returns, agricultural ecological assets provide a range of non-market (public) 
goods (including regulation of atmospheric carbon, water purification, and amenity and inheritance values). 
Methods to value non-market ecosystems and ecological capital are undergoing rapid and intense 
development (see for example Costanza et al., 1997, Farber et al., 2002, Jones-Walters and Mulder, 2009, Liu 
et al., 2010) suggesting that reliable means to ascertain fair value of non-market goods and services provided 
by agricultural ecological capital will soon exist. Frameworks for supplementing income from conventional 
agricultural commodities with payments for providing ecosystem services that produce public benefit are 
under development (Norgaard, 2008, Swinton et al., 2007, Stallman, 2011, Farley and Costanza, 2010) but are 
not yet widely adopted. The ability to track changes in ecosystems and the relationship of those changes to the 
P&L of individual entities may also assist with the collective management of catchment scale ecological assets 
(such as wildlife corridors, bee colonies and tree belts) (Stallman, 2011, Swinton et al., 2007). 

Conclusion 

Empirical evidence for the economic value of ecological capital in agriculture is emerging. The accounting 
standards for agriculture already implicitly include ecological capital, but lack the mechanisms to support 
double-entry bookkeeping and accrual accounting for this class of assets. A mechanism that could help to 
satisfy the requirement is development of an Ecological Balance Sheet (EBS) to record stocks of ecological 
assets and the changes to these stocks that result from actions and transactions. The nature and quantity of 
the flows from ecological capital is an emergent property of their structure, composition and extent (quantity).  

The requirement of a balance sheet to be in a non-currency unit is permissible in double-entry bookkeeping. 
Mathematical and modelling methods are available that should provide the means for designing appropriate, 
useful and efficient measures and methods of recording ecological transactions and relating them to the P&L. 
This article has provided a simple example, synthesised from ecological literature and farmer experience, to 
communicate the idea and illustrate a possible approach.  

The development of an EBS and a way of modelling biophysical and market interactions may also provide a 
way for leaders in the private sector to influence trends in ecological and natural capital. Better ecological 
literacy coupled with a reliable means of measurement and communication could induce innovations in farm 
operations, agricultural products, services, industry relationships and marketing communications. Improved 
quality of strategic marketing communications, business cases and operational models to realise competitive 
advantage could increase confidence and capability to generate returns from investments in ecological and 
natural capital. The methods and insights developed as a result of the good level of knowledge about 
ecological capital in agriculture could provide insights that would accelerate development of approaches for 
other forms of natural capital. 

It is likely that early adopters and developers of ecological accounting in agriculture will be investors in 
agricultural enterprises, particularly ‘impact’ investors seeking to generate improved environmental 
performance. These parties need better information in order to perform fundamental analysis about the 
effectiveness of the investment in achieving its objectives. To develop the EBS concept for practical and useful 
application for these stakeholders it must; demonstrate its potential to affect value creation, deliver benefits 
that exceed the perceived costs, reflect the enlightened views of stakeholders and be actionable by 
companies. This requires we improve knowledge in three areas; 1) identify the current best practitioners of 
ecological capital management in agriculture so that the systems being studied are the best available (to avoid 
underestimating the opportunity), 2) trial the concept of the EBS and its use in agricultural accounting to 
identify the metrics that provide the most complete and directional clarity about performance. Trialling the 
EBS and ecological accounting in agriculture in collaboration with investors, farmers, agronomists, ecologists 
and veterinarians could yield rapid improvements in our understanding of how private enterprise can 
contribute to reversing depletion of human, ecological and natural capital. The development of benchmarks 
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and indices of the economic value of improved ecological and human capital performance could provide a 
means for investors in agriculture to make useful comparisons and to induce further innovation.     
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