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Abstract 

 

In the heart of Australia‟s food bowl is the Murray-Darling River Basin (MDRB) 

which is under great stress due to salination and drought. An agreed path for 

resolution of the concerns of specific regional and corporate interests along the whole 

Murray-Darling river system has not yet emerged. This paper focuses on agricultural 

production in a river basin and the ecosystem processes relating to climate change, 

water supply and carbon emissions. The simulation model presented is for a generic 

river basin as the first step. In the paper, this regulated river basin model is integrated 

with an existing macroeconomic model, the aim being to provide a rigorous 

instrument for planning and management. What is anticipated from the study is an 

evidence-based decision system for saving the MDRB from collapse, then identifying 

policies for the system to generate sustainable farming and grazing. 
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1. Integrating Eco-Sustainable Framework and Economic Modelling 

A clear path to the new eco-sustainable techno-economic paradigm is mapped out in 

Courvisanos (2009a) using a framework for innovation and investment developed 

from the seminal work of Adolph Lowe and Michał Kalecki. This theoretical 

framework is based around three elements that are crucial to achieving this eco-

sustainable paradigm: (i) cumulative effective demand for eco-sustainable products, 

services and processes, (ii) ecological rules for capital investment to ensure resource 

saving and long-term carrying capacity, and (iii) iterative flexible public and private 

planning and monitoring processes to allow ecologically sustainable innovation to be 

supported by infrastructure, R&D and learning and development systems. This path 

was specifically applied in Courvisanos (2009a) to regional (non-metropolitan) 

Australia, an area of food and fibre production that is fragile because of drought, fire 

and massive storms due to ecological degradation and greenhouse warming. The 

heartland of regional Australia is the nation‟s food bowl, the Murray-Darling River 

Basin (MDRB), which is under great stress due to salination and drought. A path for 

resolution of the concerns of specific regional and corporate interests along the whole 

Murray-Darling river system has not yet emerged. What is required is the adoption of 

an eco-sustainable framework that addresses these issues in a holistic manner. 

The adoption of an eco-sustainable framework along the lines of Courvisanos (2009a) 

for the MDRB needs to be integrated with a specific economic modelling approach in 

order to identify sustainable solutions to challenges currently facing the river basin 

economy and its environment. At the heart of the problem is lack of a non-equilibrium 

modelling approach with appropriate policy levers; one that embraces the complexity 

of interactions at the individual sector level, and can also be coupled with models for 

related ecosystem services. With such an ecosystem-based computer model in 

operation, the eco-sustainable framework can begin to be implemented in the river 

basin. This paper develops a non-equilibrium modelling approach to what eventually 

will become a fully-specified and policy-oriented model of the MDRB.  

A physical ecologically-based computer model is being developed for the MDRB - 

called RiverManager - based on the work of Hameed and Podger (2001) and Goss 

(2003), but it is not complete and has not yet identified the best suite of policies. The 

research group developing the RiverManager/RiverOperator model is the eWater 

Cooperative Research Centre. This group has admitted they have no plans in the near 
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future to integrate a detailed economic model with their physical model. Without 

modelling the economic-physical feedbacks and expectational “feedforwards”, any 

physical model will give incorrect answers to how to save the MDRB. The authors of 

this paper are part of a research team supported by the Universities of Ballarat and 

Sydney, as well as Imperial College London, to develop the sophisticated economic 

computer model and integrate it into an existing physical model of the MDRB. The 

focus of this work will be on the interaction between agribusiness, changes in land 

use, energy usage, carbon emissions, and water consumption, given various climate 

change scenarios. 

A simulation modelling research method is applied.
1
 This paper reports on the first 

stage where a generic river basin model with a very basic/simplistic physical module 

is adopted. The method requires computer simulation of a series of 

difference/differential equations (plus identities) to mimic the MDRB‟s physical and 

economic dynamics, in response to various suites of policies proposed by the basin's 

regulatory authority. It is a non-optimising model, as advocated for sustainable 

development in Courvisanos (2009b), that is a tool for assessing the effects of various 

policy suites. In this paper, a simplified regulated river basin model that has 

agricultural crops and grazing production is integrated with an existing 

macroeconomic model disseminated by the authors over a series of computer 

simulation experiments in Courvisanos and Richardson (2006, 2008) and Richardson 

and Courvisanos (2008). The aim is to provide a rigorous instrument for planning and 

management of a regulated river basin system. What is anticipated in the longer term 

from this project is an evidence-based, validated, analytical, decision system for 

saving the MDRB from collapse, then identifying policies for the system to generate 

an indefinitely sustainable basis of farming and grazing. 

The next section of the paper outlines current approaches and their inadequacies in 

modelling the integrated ecosystem and economy of a real-world agriculture-based 

river basin. An alternative Post Keynesian complexity modelling approach will be 

specified in the following section, outlining a generic river basin model with projected 

outputs and policy implications. Concentration in this model is on agricultural 

production in the river basin and the ecosystem processes relating to climate change, 

                                                 
1
 This is a dynamic, non-linear, non-equilibrium, and non-optimising method, with certain 

resemblances to the system dynamics methodology. 
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water supply and carbon emission. The final version will have a „front end‟ with a 

real-time interactive graphical interface for displaying the resulting spatio-temporal 

data, allowing MDRB  regulators to adjust policy levers and immediately observe the 

short-, medium- and long-term consequences. The mathematical details of the river 

basin model are then specified, with implications for future theoretical developments 

into the far more sophisticated integrated ecological-economic model of the MDRB. 

Finally, a short conclusion on the theoretical and policy implications will round off 

this paper. 

 

2. Current Approaches 

There are two conventional modelling approaches in the current discourse on 

integrating the ecosystem and the economy. One is rooted in ecological and physical 

sciences modelling with attempts to incorporate existing standard economic models. 

The other approach has come from mainstream economists adopting ecological 

models of species interaction and modelling economic processes within a dynamic 

stochastic general equilibrium (DGSE) approach.  This section outlines an example of 

both approaches to highlight their serious limitations and the need for the heterodox 

approach developed in the next section.   

Australia‟s Commonwealth Scientific and Industrial Research Organisation (CSIRO) 

has had been undertaking a 15-year research project beginning with hydrological 

work on the Integrated Quantity and Quality Model (IQQM) for the MDRB water 

catchments. This model is described in Simons et al. (1996) and Hameed and Podger 

(2001). IQQM carefully specifies MDRB‟s topography, hydrology, microclimes, soil 

types, forestry, etc.. Based on Welsh and Podger (2008), the IQQM has morphed into 

the larger RiverManager model. This modelling project is connecting the various 

surface and groundwater models that describe some 18 catchment areas within the 

MDRB. Using computer simulation, the RiverManager framework carries out up to 

70 model runs to generate results for each scenario over a 111-year modelling period. 

This is a deterministic model which runs in a range of time steps from daily and 

weekly to monthly. Podger et al. (2008) describe the results from their project as 

providing the most accurate assessment, to date, of the available water resources in 

the MDRB. They show how the impacts of climate change, on-farm dam development 
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and groundwater development impact on local regions and throughout the MDRB, as 

well as identifying the relevance of these impacts from both a local and basin-wide 

perspective. 

In a complementary study, Young et al. (2008) note that the hydrological information 

inputs into the eWater CRC water modelling comprise only one of the important 

components of a broader assessment, which must include the social, economic and 

environmental consequences of expected changes in water availability. The 

RiverManager team are well aware of this need, but limited resources have forced 

eWater CRC to place the modelling of economic impacts at the bottom of their „action 

list‟.
2
 The assumption can be made that the very low priority this team has for an 

economic sub-model is because their colleagues in the Treasury of the Federal 

Government have a highly regarded standard mainstream General Equilibrium Model 

which the team could see as being able to be integrated with their ecological model in 

the short term. This means that the economic component will need to specify the 

economic behaviour of each agent in the region as operating under the neoclassical 

assumptions of „rational economic man‟, with all the limitations that that entails 

(Hollis and Nell, 1975). Also, there is a serious modelling problem with the 

integration of the ecosystem and the economy. The dynamic non-equilibrium 

physical/ecological model of the River Manager/River Operator project appears to be 

incompatible with the static neoclassical economics general equilibrium modelling 

approach. The long time horizon with simulation of scenarios does not fit well with 

the simultaneous equation form of the general equilibrium economic model. 

Rather than separately, as in the RiverManager modelling project, the second 

approach stresses the need for ecological and economic systems to be jointly 

determined. This is because important ecological variables are dependent on 

economic variables, and also the other way around. Thus it has been strongly argued 

that the modelling approach should integrate ecology and economics to capture 

important intersystem feedbacks (Amir, 1979; Perrings, 1987; Wätzold et al., 2006). 

                                                 
2
 In an email communication on 15 January 2010 to one of the authors, Dr. Peter Wallbrink (Executive 

Manager: River and Catchments, eWater CRC, CSIRO) stated: “Specifically regarding the economic 

impacts and economic change aspects, these have fallen to the bottom of our action list…Realistically 

any functionally (sic) in these domains will be many years away.” 
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Ecological economics has recognised the lack of integration by neoclassical resources 

economics with the type of ecological systems described above in the River Manager 

project (Costanza and Daly, 1987). In response, governments have funded 

interdisciplinary work between ecologists and evolutionary economists (Tschirhart, 

2009, p. 386). One example is a study by Finnoff and Tschirhart (2008) on the 

Alaskan marine ecosystem and the state economy, using a dynamic computable 

general equilibrium economic model with an adaptive general equilibrium ecosystem 

model. The integration is based on the Lotka-Volterra biological model of plants and 

animals on how predators expend time (dynamics) to capture and handle prey up to 

optimal satiation of foraging (Lotka, 1925; Volterra, 1926). In this integration 

ecological economists have used the same predator-prey competitive model to derive 

self-limiting growth (Tschirhart, 2009). 

The integration of ecological and economic concerns in a dynamic setting is to be 

applauded. However, there are two serious limitations that this approach can not 

address. The first is the assumption of optimality in both the ecological foraging 

process and the economic trade-off of benefits and costs of predation. Courvisanos 

(2009b), from the perspective of Post Keynesian analysis, identifies the optimality 

determinant of equilibrium to be unjustifiable in the real non-ergodic world where 

fundamental uncertainty requires all agents to operate within the context of satisficing 

conventions.
3
 The optimality of some ecological steady state, as proposed by 

Costanza and Daly (1987) is as much a chimera as the neoclassical nirvana of perfect 

competition.  

The second limitation is related to the ecological world in which river basins like the 

MDRB exist. In such regions, climate change and resource depletion come from 

human economic activity engaging with the ecological system, and not some pure 

biological predator preying on another. This goes to the heart of the implied general 

equilibrium assumptions of this model, in which there are millions of identical 

predators and prey optimising their energy profits and utilities respectively with no 

monetary system or valuation. Thus, there are no firms that can accumulate capital 

goods and market power. The only agency is individual predators and prey in a 

biologically ergodic world. Finally, there is no form of government or „regulator‟ of 

                                                 
3
 Hendry and Mizon (2010) prove that this is not only unjustifiable, but impossible. 
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an area like the river basin that ensures public accountability of the quality of natural 

resources like water and air. 

 

3. Alternative Post Keynesian Complexity Modelling Approach 

Having identified the limitations of current approaches to modelling the integration of 

the ecosystem and the economy, this section sets out an alternative approach on 

modelling a regulated river basin model of agricultural production. This model 

integrates the ecological river basin system with an existing non-equilibrium Post 

Keynesian macroeconomic model developed by the authors. 

The modelling begins with an alternative economic approach developed from research 

done by Post Keynesians to handle non-ergodic fundamental uncertainty as an 

epistemic instability of beliefs, reinforced and magnified by institutional features in 

financial markets and technological change (Runde, 1991, pp. 142-3). A behavioural 

motivation in this approach to decision-making underlies economic instability, 

resulting in a non-equilibrium open system based on historical-time processes with a 

monetary system and cumulative causation of investment in capital goods and 

accompanying path dependence in the system‟s evolution.  

The investment decision-making dynamics in this approach originate with the work of 

Michał Kalecki on investment cycles and increasing risk, in which profits derived 

from effective demand provide both ability and incentive to invest (Kalecki 1939). 

Kaleckian foundations deliver an investment cycle of corporate instability due to 

entrepreneurial uncertainty built into conventions and rules that are sensitive to 

information about the unknown future and evolutionary processes of technological 

innovation. Thus, in the Kaleckian approach, it is the struggle for economic power 

that creates the cyclical path of economic activity. Courvisanos (1996) synthesises 

this alternative analysis by identifying susceptibility of investment as the sensitivity 

factor in the cyclical process. Courvisanos and Richardson (2008) is an exposition of 

a macroeconomic simulation model built by the authors along these Kaleckian lines to 

map out various types of traverses that emerge from different innovation and 

investment regimes. 

A forerunner to the Kaleckian model set out in this paper is the business cycle model 

by Richard Goodwin, who also used the Lotka-Volterra modelling approach to 
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identify the dynamic processes that developed out of the struggle over the distribution 

of income between workers and capitalists. The Goodwin (1967) model identifies 

workers as the predators with economic activity and employment as the prey, and the 

rate of unemployment acting “as a check upon worker‟s wage demands” (Keen, 2003, 

p. 179). This was an early attempt at complex systems modelling which develops 

models that are not required to, and rarely do, converge to an equilibrium state. In this 

present modelling work, the ecological Lotka-Volterra model can be seen as a prequel 

to the integrative complexity modelling of the ecological system with the capital 

accumulation process. In this way, issues like the depletion and despoiling of the 

ecological system (e.g. oil spill in the Gulf of Mexico in May 2010) out of the needs 

of powerful capitalist forces (e.g. BP oil company) can be investigated together. It is 

only with the introduction of investment and of financial capital due to credit creation 

that a truly integrative approach can been made between ecology and economics.   

In complexity modelling with adaptive feedback mechanisms over historical time the 

unit of analysis is functional cohorts that can be modelled based on the stylised facts. 

These facts portray both ecological and economic circumstances. From ecology there 

is the functional variation in biodiversity of the ecosystem (Caron-Lormier, et al., 

2009) that raises serious questions about any possibility of optimisation (Hooper et 

al., 2005; Meysman and Bruers, 2010). From economics, notable cohorts are industry 

clusters of firms and workers, government authorities, and supplying/purchasing 

agents outside the region being modelled. Instead of static equilibrium economic 

transactions the alternative is for modelling to operate in a time-dependent and 

uncertain world. Thus, complexity modelling is systems-based and time-dependent 

which allows for the incorporation of both elements in their reconstructed form and 

then using them for analysis and planning of sustainable development (Rosser, 1999).  

Market production and transaction within a fragile global ecological system can be 

modelled with computer simulation of patterns of cohort behaviour. Then the way the 

system adapts and changes over time can be seen through changes in the variables 

(including such ratios as the land degradation rate, profit rate and the capital-output 

ratio) over a succession of simulated historical short time periods that can be 

represented as separate and discrete. Courvisanos and Richardson (2006) use such a 

complexity modelling approach to trace out the path of investment decisions and their 

impact on the economy. More recently the same two authors have embarked on 
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building a sustainability model as a test bed for the evolution, investigation and trial 

simulations of a new synthesis of economics and ecology that does not have the 

limitations of the two conventional approaches described above (Richardson and 

Courvisanos, 2009).  

For this reason, the complexity approach to modelling aims to significantly enhance 

current efforts by policy makers, agriculturists and environmentalists to stave off a 

looming environmental disaster that exists in places like the MDRB system and then 

build an ecologically supported economic system. In this way, a simulation exercise 

can be produced that provides a research focus for dealing with the interaction of 

economic and environmental changes. In the next section, this complexity modelling 

approach is applied to economic and ecological activity in a generic river basin as a 

prototype for a fully integrated ecological-economic model of the Murray-Darling 

basin.  

 

4. The River Basin Model 

Outlined in this section, the river basin model shows how adaptive complexity 

modelling is used to integrate economic and ecological variables in a computer 

simulation modelling exercise. This brings ecological sustainability into the economic 

profitability algorithm of a capitalist decision-making process that is modelled with 

adaptive feedback mechanisms over a period of 100 years of historical time. Two 

public policy administrative branches have been incorporated, along with their policy 

levers, as a precursor to involving the Lowe-Kalecki eco-sustainability policy 

framework once the model has been fully integrated. The River Basin Commission 

(RBC) administers the water irrigation allocations for the river basin region, while the 

Federal/State Governments (FSG) accounts for the basin identify the tax, transfer and 

public expenditures that occur within this region. In the full model, the impact of set 

targets using specific policy tools will be evaluated iteratively as more information is 

gained on progress of the policy implementation. 

The model outlined below centres on modelling water usage in a generic river basin 

and the need to develop mandatory water targets for sustainability. The river basin 

agricultural model is developed around three agricultural industries – rainfed wheat, 

irrigated rice, and the raising of livestock turned off farms after two to three years 
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grazing on rainfed pasture grass. The macroeconomy section includes the revenue and 

expenditure accounts of both public policy institutions (RBC and FSG), as well as 

exports and imports outside the river basin economy. The model simulates 100 years 

of investment in land, herds, seeds, fertilisers, etc. and the commodity production for 

export that follows. The focus is on agricultural production in the river basin and the 

ecosystem processes relating to climate change, land degradation, water supply, and 

carbon emissions. The model centres on tracking land and water usage in a typical 

river basin, together with the profitability of agricultural production when 

environmental constraints are either permissive or binding. Developing this dynamic, 

non-equilibrium and non-optimising model of profit-driven monetary production in 

sustainable agriculture is a political economy approach to climate change that 

challenges neoclassical or „mainstream‟ economics at the purely technical level.  

This model makes economic and ecological variables interact in computer simulations 

of two scenarios: a „base case‟ with ample land, rainwater and riverwater (for 

irrigation) and a „perturbed case‟ where all three resources are rendered scarce by a 

combination of climate change (reduced rainfall and riverflows) and land degradation 

due to salinity, erosion, etc.. This exercise is designed to establish whether it is 

theoretically possible for sustainable and profitable agricultural production to 

continue in the face of severe climate change. If this can be shown to be both possible 

and effective, then governments and the public can become emboldened to move 

away from „either/or‟ (sustainability vs profitability) towards a „both/and‟ mindset. 

Such an altered mindset can bring about massive political change in the approach to 

ecological innovation and sustainable development.   

In „Year zero‟ (say, 1909) the river basin comprises a stock of arable land, that slowly 

degrades over the ensuing century of simulated historical time, due to soil erosion 

from rainwater runoff exacerbated by irrigation runoff, which also increases salinity 

by raising the water table. The MDRB‟s actual and trend rainfall figures (1910-2009) 

are inserted for years one through 100. These reduce to „useable rainfalls‟ after 

accounting for evapotranspiration losses, initially set at 45% (base case) but raised to 

65% for the perturbed case. There is a conversion from rainfall in millimetres to 

supplies of water in gigalitres: actual for rainfed crops and potential for irrigated 

crops. Demands for irrigation water may be cut back by policy decisions, whenever 

irrigation allocations are set at less than 100% by the RBC. This authority acts 
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whenever an Extreme Drought/Bushfire Event occurs, i.e. a Drought Severity Index 

Anomaly (low rainfalls combined with high maximum temperatures) has risen well 

above its trend, thus reflecting significant climate change. 

Turning now to the river basin‟s economy, its land is equally suitable for growing 

crops or raising livestock. Rainfed wheat, irrigated rice and meat animals are 

produced by farmers for export to the rest of Australia (RoA), though mainly to the 

rest of the world (RoW). Except for labour and irrigation water, all farm inputs, items 

of capital stock and consumer commodities (including milled rice, wheat flour and 

meat products) are sourced as imports from RoA/RoW. As the region issues no 

currency unit, its volatile balance of merchandise trade can have no impact on any 

inter-regional „exchange rates‟. These don‟t exist and, in any case, the river basin‟s 

RoW trade will hardly affect the Australian dollar‟s value, dominated as it is by 

mineral exports and financial flows related to Australia-RoW interest rate differences.  

At this point we introduce the seven-page Appendix A, an Excel spreadsheet 

displaying five years of results from the perturbed case model run with ecological 

constraints binding. These operate on formerly plentiful resources that have been 

forced into scarcity from various start dates during the second half of our century of 

simulated historical time. The first three columns contain the names, symbols and 

growth rates of model variables, while the remaining columns are headed with the 

number of each simulated year. Year 0 is needed to insert initial values in those 

equations that need them. Then come sample Years 1 and 2, with Years 99 and 100 

for comparison. Initial values are bolded in Year 0, as also are the RBC and FSG 

„policy levers‟ and five real-world „water resources‟ variables that have been copied 

into the model from the Murray-Darling Basin‟s climate history. All other data is 

computed by the equations and identities which underlie each cell of the spreadsheet 

and are responsible for the value that appears in that cell. Appendix A shows that the 

model is divided into five main sections: three sub-models for Rice, Wheat, and 

Livestock; plus two modules covering the River Basin‟s Ecology and Macroeconomy. 

The Rice and Wheat sections each have more than 60 parameters and variables, which 

were developed in a previous smaller model reported in Richardson and Courvisanos 

(2009). The Livestock section is much more complex with just over 80 parameters 

and variables due largely to the need for also tracking animal births, purchases, 

turnoffs, deaths, adult herd, and total herd numbers. This section is still exploratory 
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with many modelling problems still to be resolved. In the expectation of integrating 

this developing economic model with an existing physical model of the MDRB‟s 

microclimes, terrain, hydrology, soil types, vegetation, etc., River Basin Ecology has 

25 parameters and variables while River Basin Macroeconomy has almost 140. 

The supply of labour comes from the basin‟s resident workforce, which experiences 

slow natural increase during the century. In any given year, the money wage paid to 

fieldhands has four determinants. It cannot fall below the previous year‟s level, will 

rise with both labour productivity and price inflation, and will fall as the rate of 

unemployment increases, thus eroding the workers‟ bargaining power. The demand 

for workers is directly linked with the total areas producing grains and livestock and - 

as an emergent property - labour demand tends to be inversely related to the real wage 

rate, though only in the short term. Employment of fieldhands periodically rises and 

falls because the areas farmed cycle around growth trends (rising for crops but falling 

for livestock is what emerges) as farms of minimum economic size are established, 

switched between crops and livestock – or else abandoned – in accordance with the 

„economic outlooks‟ envisaged by farmers, concerning profitable production of 

wheat, rice and livestock. What they are keen to track is each year‟s realised profit 

rate (r% pa), i.e. the return they have earned on the value of their capital stock after 

harvesting crops and turning fattened livestock off-farm and into the saleyards. 

The simulated economic outlooks in Appendix A are characterised by a critical single 

number for each crop: its „profitability gap‟ (z% pa). This is the difference between 

last year‟s „return on capital‟ (i.e. this year‟s expected profit rate, under a regime of 

static expectations) and this year‟s „cost of capital‟ (market interest rate plus risk 

premium). Stemming from all its previous history, in Year zero the region inherits a 

situation where the z for wheat stands at 20.6% pa, while livestock is on 18.2% pa and 

rice is earning 18.1% pa. Thus it is not surprising that in Year 1 the area planted to 

wheat expands by 2.1% whereas hectares under pasture increase by 1.9% and the area 

devoted to rice rises by 1.5%. In fact, plantings increase whenever z is positive, 

decrease if z is negative and stays the same when z is zero.
4
 

                                                 
4
 Should these farmers‟ combined demand for arable land have exceeded availability, those anticipating 

a higher z for wheat would outbid the low-z livestock graziers and lower-z rice growers, thus securing 

all the land they want. The residual area would be split between pasture and rice, depending on the 

relative profitability expected by livestock and rice farmers. 
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Area planted determines actual production of grains and numbers of minimum 

economic size (MES) farms. Export prices then fix each commodity‟s market value. 

Thus „crop-in-field‟ investments by farmers are driven by the time series of lagged 

profitability gaps, as too are their „land-and-water‟ investments that maintain and 

improve farmland, together with all private irrigation infrastructure. (Public irrigation 

infrastructure is financed and built by the FSG, not by the RBC.) Farmers‟ land-and-

water investments, together with RBC expenditures on agricultural research, 

agronomy and extension, determine the fluctuating yields per hectare recorded when 

the river basin‟s crops of wheat and rice are annually harvested. The key 

mathematical relationships in this computer simulation model of the river basin 

economy are set out in Appendix B. 

Other key specific attributes built into this river basin model include:  

 Each year an „ideal herd‟ size is envisaged by graziers, based on their profitability 

expectations. If the actual herd differs from this ideal, then purchases of livestock 

(from outside the basin) will be adjusted to approach more closely the ideal herd 

size. 

 Debt-equity ratios (d = D/E) affect (i) areas under crops and pasture, (ii) livestock 

herd sizes, (iii) investment in land for any of the three farm types, and (iv) land 

plus irrigation infrastructure for rice farms. As per Courvisanos and Richardson 

(2008), these debt-equity ratios (lagged by one year) help fix the size of the 

„reaction coefficient‟ variables which determine the above investment aggregates, 

given the corresponding previous end-year capital stock values and profitability 

gaps. 

 Transferees receive their FSG transfer payments from outside the river basin, thus 

adding to consumption demand without adding to production supply. There is one 

per capita allowance figure, representing average transfer payments per transferee 

in the categories of students/trainees, disabled, retirees, and unemployed. 

 Farmers (3 per MES farm) are separately identified and amalgamation of farms 

has caused an increase from 1 to 3 MES farms per farming family over 100 years 

of river basin „history‟. Farmers receive both a money wage and dividends from 

their ownership shares in farming enterprises. 

 FSG receipts from the river basin comprise income tax, company tax and goods & 

services tax (totalling Tg dollars pa) which - together with government 
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expenditure (Gg dollars pa) on transfer payments, wage bill and purchases - result 

in Tg > Gg over most decades so that typically a budget surplus is extracted from 

the basin. 

 River Basin Commission (RBC) policy is to run a balanced budget (Tc = Gc). 

Receipts comprise proceeds from pricing of irrigation water and carbon emissions, 

while expenditures are on the Commission‟s wage bill and its purchases. 

 

5. Model Results 

Two 100-year simulations were conducted by Excel spreadsheet. One model run did 

not have any ecological constraints and represents the base case. The other run was 

constrained by the river basin‟s stock of land, together with its availability of 

rainwater and irrigation water flows. The perturbed case is set out in Appendix A. 

Some of its more significant results are discussed in this section, with comparisons 

against the unconstrained model run where appropriate.  

Figure 1 provides an overall perspective on the river basin production model. Useable 

Land Endowment (AU) sets the limit of planting crops, while the total area planted 

(A) trends upwards in concert with business cycle activity of the basin economy. The 

total land constraint on planting occurs in Year 88. This, then, results in a consequent 

significant downturn of rice planting area (Ar) as less profitable rice production 

increasingly loses out to more profitable wheat production in the competition to 

purchase more arable land. Wheat, therefore, shows strong increased planting (Aw) 

through the later years of the century. This planting pattern replicates itself in 

production with a three year lag.  

The vertical scale in Figure 1 is not calibrated sufficiently to view the cycle activity in 

pasture land acquisition for livestock. This activity is more evident by examining the 

difference between the constrained and unconstrained model runs, which shows that 

by Year 77 there was a 13.2% increase in pasture area in the constrained model run 

compared to the unconstrained, as a result of the resource constraints not impacting 

much during the early years. In the later years, when constraints impact strongly on 

the river basin, livestock pasture decreases dramatically, such that by Year 100, there 

is a 10.5% decrease compared to the unconstrained model run. 
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In Figure 2, real output (Yr, measured as GDP) traces out the business cycle of the 

river basin economy. There are two peaks (Years 13 and 64), and two troughs (Years 

28 and 80), with the century ending in an expansion that seems to be reaching its 

peak. This cycle pattern matches the planting activity in Figure 1. Of major 

significance is the much more subdued expansion out of the Year 80 trough compared 

to the earlier expansion out of the Year 28 trough. The resource constraints bite 

strongly in the second half of the century, leading to a more constrained expansion 

compared to the unconstrained simulation run, which had a 16.5% greater GDP figure 

in Year 100. The real wage bill (Wr) has the same cycle pattern to Yr, but with wages 

being more constrained in the final expansion compared to the unconstrained 

simulation run, such that there was a 23.3% greater Wr figure in Year 100 for the 

unconstrained resources run. This skews income distribution in the last expansion 

towards profits, thus making resource-constrained periods more profitable relative to 

wages, as is to be expected.  

It is interesting to note that RBC real receipts (Tcr) in Figure 2 vary over the century, 

but remain on a flat trend throughout - e.g. Year 5 $8.9m, Year 100 $8.8m; this is 

despite water and carbon taxes reflecting higher production in the river basin over 

time. A comparison with the unconstrained model run explains why. The 

unconstrained model has 40.6% higher RBC real receipts in Year 100, compared to 

the constrained run. This is because rice planting and production continues to be 

profitable even as total land planted increases with very high water usage by rice, 

whose producers pay their water bills to the RBC. With land and water being 
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constrained in the simulation model depicted in Figure 2, rice in the later years was no 

longer profitable at high planting levels, so the switch to wheat became a more 

sustainable option, resulting in much lower water usage and reduction in RBC water 

payments from rice farmers.  
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Figure 3 shows the driver of the cyclical activity as being the industry profitability 

gaps. These are clearly depicted by the cyclical pattern of wheat and rice profit rates 

(rw and rr, respectively), matched against the common interest rate (i) plus constant 

risk premia of 0.5% in wheat and 1% in rice – the more resource- and capital-

intensive rice production justifying the higher risk premium. As Courvisanos (1996, p. 

147) identifies in the susceptibility to investment cycle activity, with constant risk 

premium, rising profit rates provide the stimulus for investment orders that (with a lag 

for investment to be expended) results in strong expansion in the early stages of the 

investment cycle expansion. Such investment activity is supported by the century-

long trend for the debt-equity ratios of all three industries to decrease (see Figure 4). 

Thus, relatively low investment susceptibility can be evidenced in Figure 5 by the rise 

of fixed investment in I3w (wheat) and I3r (rice) from the years in the twenties and 

through to the late forties. The subsequent fall in profit rates signify higher 

susceptibility tensions towards further investment spending, leading to the slow-down 

in fixed investment from the years in the early fifties until the late century expansion. 

This is reinforced with relatively higher debt-equity ratios in all three industries 

through the fifties, peaking in Year 65 before resuming their downward trend (see 

Figure 4). The rising profit rates in the early seventies are supported by debt-equity 
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ratios resuming their downward trend and supporting the investment boom and 

expansion, particularly in wheat, during the later part of the century.   
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The later part of the century signifies structural change from ecologically more 

unsustainable rice to more ecologically sustainable wheat as the resource constraints 

bite and the higher constant risk premium for rice impacts on the lower rice 

profitability gap. This can be seen in Figure 3 by the dramatic rice profit rate fall, 

while the wheat profit rate powers the fixed wheat investment to overtake rice as the 

leading investment industry by the end of the century (Figure 5). By Year 100, the 

still positive rice profitability gap and the larger wheat profitability gap have powered 

the strong business cycle expansion (Figure 2). 
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The cyclical patterns in profitability gaps evidenced by profit and interest rates in 

Figure 3 drive the relative volatility of industry investment cycles. Figure 5 shows 

relatively less volatile rice investment cycle activity than wheat as a result of 

irrigation water prices ameliorating the risks and uncertainty of investment 

commitments. The cyclical pattern in livestock is subdued and less obvious, due to the 

simulation run not accounting for the profitability gap affecting the actual herd of 

livestock through reducing stock numbers when required by „selling-out‟ stock 

outside the river basin. This will be corrected in the next model iteration. In the 

meantime, there is some evidence of livestock benefiting at the end of the century 

from the relative decline of rice (Figure 3), but this industry faces its own cost rises 

due to paying more for carbon emissions from stock ruminants. Figure 5 shows very 

strong initial early years‟ investment in livestock with very high profit rates and 

significantly low constant risk premium of 0.07% due to ability of livestock to hold 

onto their dollar value longer compared to the perishable nature of wheat and rice. 
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Figure 6 provides a macroeconomy view of the river basin, with price indices of all 

three agricultural industries showing very similar price inflation trends. 

Unemployment (u) in the region, depicted in Figure 6, is a direct reflection of the 

business cycle pattern that can be observed in Figure 2. Unemployment never rises 

above 11.4%, nor below -17.9%, this latter figure representing „overfull employment‟, 

resulting in overtime working by the agricultural labour force. Also, Figure 6 shows 

land utilisation (a) as reaching the index of unity in Year 88, which can be confirmed 

by Figure 1 which shows the total plantings land constraint occurring in that same 
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year. Further, the strong rise early in the century of the capital-output ratio (cor) 

reflects strong investment in capital stock vis-à-vis output, especially in the more 

capital-intensive rice industry. Then, as the century progresses, rice becomes 

relatively less profitable with resource constraints impacting, leading to a reduction in 

the overall capital-intensive nature of the economy and „cor‟ coming down off its 

peak in Year 33. 
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6. Policy Implications 

There are policy implications that may be drawn from the results of exercising even 

this simple dynamic, non-equilibrium, non-optimising (in short, non-mainstream) and 

profitability-driven simulation model of a generic regulated river basin‟s ecology and 

economy. The first implication is that experimental simulation runs, ones in which the 

land and rainfall constraints are forced to bind, indicate that rainfed crops benefit from 

increased resource scarcity vis-à-vis irrigated crops. This raises the problem of 

whether to retire the massive past investments in public and private irrigation 

infrastructure in Australia, plus the protection and subsidies provided to irrigated 

crops like rice and cotton. A case in point concerns the world‟s largest cotton 

plantation on one of the biggest private irrigation projects on the planet. Cubbie 

Station is located in the north of the MDRB on a Queensland river that feeds into the 

Darling and, ultimately, the Murray. Past irrigation infrastructure investments (plus 

dependent business enterprises) create dilemmas about using the station‟s water 

entitlements for improving the fortunes of long-established irrigation farmers 
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downstream of Cubbie, or instead reviving the MDRB‟s ecosystem. Irrigation farmers 

below Cubbie (in New South Wales, Victoria and South Australia) are being denied 

benefit of the water, but if the government buys the Cubbie entitlements and retires 

them for the benefit of the ecosystem, then the below-Cubbie farmers will still be no 

better off.
5
 

The second implication is that our constrained and unconstrained experimental 

simulation runs show that there is quite a difference in economic outcomes. When the 

RBC raises their water price „taxation rate‟ in response to droughts and reduces water 

allocation, this helps ameliorate business cycle volatility over the long term. Such 

reductions in the volatility of profitability, investment, profitability and output (hence 

lower risk premia) may actually benefit irrigation farmers, provided their average 

financial return on capital remains above their new, lower, average opportunity cost of 

capital. Here is an example of tax-funded water sustainability measures being 

consistent with the continuing sustainable profitability of irrigated agriculture. This 

important issue is reflected in other simulation experiments by less severe troughs in 

recessions for the irrigated crop. The implications from this provide support for policy 

intervention due to systemic failure in the economic system as a result of ecological 

pressures (Courvisanos, 2009b). 

The third policy implication is a recognition that policy levers set up for targeting 

sustainable development through setting prices for water extractions and carbon 

emissions provide an opportunity for innovation and structural change in the region. 

This is exemplified by the shift from more resource intensive rice to relatively less 

resource intensive wheat by the end of the century, when resource constraints begin to 

impact on profitability. This means that ecological sustainability can be achieved with 

economic profitability, as long as the region is able to innovate and adapt as policy 

levers are set to reflect ecological concerns. Unlike neo-classical economics, this 

modelling approach recognises the role of markets in assisting ecological 

                                                 
5
 Cubbie Station property is Australia‟s biggest cotton plantation with a total land holding of 93,000 

hectares. However, the station‟s permits to divert and store more than 500,000 megalitres of water 

(enough to fill Sydney Harbour) upset downstream MDRB users. Coming under financial pressure, 

Cubbie which is valued at $450m., went into voluntary administration on 30 October 2009. 

Queensland‟s Natural Resources Minister, Stephen Robertson, argued that the Federal Government 

should buy Cubbie and retire its water entitlements for the benefit of the environment, but the Federal 

Government refused (ABC, News 2009). 
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sustainability. Here, the market acts as a servant of democratic policy decisions that 

are guided by ecological concerns. Profitability will follow. 

The above policy implications are only tentative, given the exploratory nature of this 

simplistic model. However, the River Basin Model nonetheless captures some of the 

complex feedbacks and other interactions within and between the ecology and 

economy of a generic regulated river basin.  

 

7. Limitations of the Model 

All economic models have limitations; in no particular order, those of this 

(incomplete) river basin model include: 

 No representative horticultural, orchard or tree crops; while the livestock sub-

model is based on the raising of beef cattle with no coverage of sheep or dairy 

cattle. 

 Only one grade of labour. Ideally, there should be several, each with its own 

money wage equation, e.g. managers, professionals, administrators, and skilled, 

semiskilled and unskilled workers. 

 Labour productivity in each agricultural industry presently emerges as a-cyclical, 

whereas one would expect it to be counter-cyclical. 

 Due to the complexity of the livestock industry, it does not cycle in the same 

pattern as rice and wheat. Analytical testing at the end of the simulation runs 

indicated a significant problem with the livestock sub-model as evident in 

Appendix A with many inexplicable negative numbers in columns years 99 and 

100. Although livestock producers were allowed to purchase livestock from 

outside the river basin region in this model, there was no linking of actual herd 

with the profitability-driven ideal herd. This results in reducing numbers by 

raising the „turnoff rate‟ during periods of low expected profitability, and not just 

during extreme drought/bushfire events. Much further development of this sub-

model is required. 

 Unrealistic to retain the simplifying assumption that only agricultural production 

takes place in the river basin. We plan to add an input-output table to model 

production, imports and exports of minerals and energy, building and 

construction, infrastructure, machinery, processed food and drink, other goods, 
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and services. Also, labour productivity should emerge as a-cyclical in services, but 

pro-cyclical in the other six activities. 

 Also unrealistic to retain the simplifying assumption that investors and consumers 

import all needed commodities from RoA/RoW. Services, building and 

construction and infrastructure are trade-sheltered, while the other three domestic 

products in the input-output table are trade-exposed. Based on 

domestic/international price ratios and other variables, investor-choice over 

machinery and consumer-choice over processed food and drink, and other goods 

will be introduced. 

 Finally, being a river basin, over a century the area exploited will climb away 

from the most fertile river bottom land. This means the newly cleared land‟s 

natural fertility must get progressively lower, so that crop yields fall and pastures 

become less nutritious for livestock. Applications of artificial fertiliser and labour 

per hectare therefore should be modelled as rising along with hectares exploited. 

 

8. Conclusion 

The model described in this paper is a generic ecological-economic River Basin 

Model that will be worked up during 2011 into a specific model of the Murray-

Darling Basin, concentrating on the economic characteristics of that particular region. 

In the same year, the detailed RiverManager ecological model of the MDRB will 

become available. The plan is to integrate, at multiple entry-points, a greatly 

expanded version of the economic model outlined in this paper, shorn of its simplistic 

ecological content, with the RiverManager model, since the simulation exercise 

conducted provides confidence to proceed with integrating this demand-based 

economic model with such a supply-based river basin physical model. Testing out the 

simulations,   both constrained and unconstrained, conveys an understanding of the 

nature and viability of the regulated river basin model, from both the model-building 

and political economy perspectives. Once a proof-of-concept model is successfully 

developed, the joint research project involving the Universities of Sydney and 

Ballarat, plus Imperial College London, will develop and test an integrated Economic 

and Ecological Sustainability Model for the Murray-Darling Basin (EESM:MDRB). 

The focus of this collaboration will be on the interactions between agribusiness, 

changes in land use, energy usage, carbon emissions, and water consumption, given 
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various climate change scenarios. Such a research agenda has a strong political 

economy focus related to achieving better economic policy development that is in step 

with ecological concerns.  

Final two observations can be made from the perspective of pure economic theory 

development. One is that the current general equilibrium modelling approaches to 

ecological-economic integration are inadequate and reflect the same concerns that 

have led Post Keynesians to criticise the macroeconomic mainstream neoclassical 

theory built on general equilibrium models. This paper has attempted to show what 

can be done by combining the recent complexity-based work of ecologists with the 

complexity modelling of the type conducted by the present authors in previous model 

building research work. The other observation is the way that dynamic biological 

models can provide a way of linking in Goodwin type income inequality constrained 

economic cycles with the type of ecologically constrained profit-based economic 

cycles shown in this paper. Much needs to be done in this area, and urgently, if the 

devastation of the ecosystem is not arrested and reversed so that the climate change 

global target of 350 parts per million global carbon emissions and resource integrity 

are achieved (Rockström, 2009).  

 



 

 26 

References 

ABC NEWS (2009), “Water-sucking Cubbie Station for sale” and “Cubbie Station 

going into administration”. Accessed on 23/11/09 at: 

http://www.abc.net.au/news/stories/2009/08/17/2657448.htm, and 

http://www.abc.net.au/news/stories/2009/10/29/2727856.htm (respectively). 

AMIR, S. (1979), “Economic Interpretations of Equilibrium Concepts in Ecological 

Systems”, Journal of Social and Biological Structures, no 2 (4), pp. 293–314. 

CARON-LORMIER, G., BOHAN, D., HAWES, C., RAYBOULD, A., 

HAUGHTON, A. and HUMPHRY, R. (2009), “How might we model an 

ecosystem?”, Ecology Modelling, no 220 (17), pp. 1935-49. 

COSTANZA, R. and DALY, H. (1992), “Natural capital and sustainable 

development”, Conservation Biology, no 6 (1), pp. 37-46. 

COURVISANOS, J. (1996), Investment Cycles in Capitalist Economies: A Kaleckian 

Behavioural Contribution, Cheltenham, Edward Elgar. 

COURVISANOS, J. (2009a), “Regional Innovation for Sustainable Development: An 

Australian perspective”, Journal of Innovation Economics, no 3 (1), pp. 119-

43. 

COURVISANOS, J. (2009b), “Optimise Versus Satisfice: Two approaches to an 

investment policy for sustainable development”, in Holt, R., Pressman, S. and 

Spash, C.L. (eds.), Post Keynesian and Ecological Economics: Confronting 

Environmental Issues, Cheltenham, Edward Elgar, pp. 279-300. 

COURVISANOS, J. and RICHARDSON, C. (2006), “Corridor of Viability: 

Complexity analysis for enterprise and investment”, in Setterfield, M. (ed.), 

Complexity, Endogenous Money and Macroeconomic Theory, Cheltenham, 

Edward Elgar, pp. 125-51. 

COURVISANOS, J. and RICHARDSON, C. (2008), “Invention, Innovation, 

Investment: Heterodox simulation modeling of capital accumulation”, in 

Harvey, J. and Garnett Jr. R. (eds), Future Directions for Heterodox 

Economics, Ann Arbor, The University of Michigan Press, pp. 185-221. 

FINNOFF, D. and TSCHIRHART, J. (2008), “Linking dynamic ecological and 

economic general equilibrium models”, Resource Energy Economics, no 30 

(2), pp. 91–114. 

GOODWIN, R.M. (1967), “A Growth Cycle”, in Feinstein, C. H. (ed.), Socialism, 

Capitalism and Economic Growth, Cambridge, Cambridge University Press. 

GOSS, K. (2003), “Environmental flows, river salinity and biodiversity conservation: 

Managing trade-offs in the Murray–Darling Basin”, Australian Journal of 

Botany, no 51 (6), pp. 619–625. 

HAMEED, T. and PODGER, G. (2001), “Use of the IQQM Simulation Model for 

Planning and Management of a Regulated River System‟, in Mariño, M. and 

Simonovic, S. (eds), Integrated Water Resources Management, Wallingford 

IAHS Press, pp. 83-89. 

HENDRY, D.F. and MIZON, G.E. (2010), "On the Mathematical Basis of Inter-

temporal Optimization”, Economics Series Working Papers No 497, Oxford, 

University of Oxford, Department of Economics. 

http://www.abc.net.au/news/stories/2009/08/17/2657448.htm
http://www.abc.net.au/news/stories/2009/10/29/2727856.htm


 

 27 

HOLLIS, M. and NELL, E. (1975), Rational Economic Man, Cambridge, Cambridge 

University Press. 

HOOPER, D., CHAPIN III, F., EWEL, J., HECTOR, A., INCHAUSTI, P., 

LAVOREL, S., LAWTON, J., LODGE, D., LOREAU, M., NAEEM, S., 

SCHMID, B., SETÄLÄ, H., SYMSTAD, A., VANDERMEER, J. and 

WARDLE, D. (2005), “Effects of biodiversity on ecosystem functioning: A 

consensus of current knowledge”, Ecological Monographs, no 75 (1), pp. 3-

35. 

KALECKI, M. (1939), Essays in the Theory of Economic Fluctuations, London, 

Allen & Unwin. Reprinted in Osiatyński, J. (ed.) (1990), Collected Works of 

Michał Kalecki, Volume I: Capitalism – Business Cycles and Full 

Employment, Oxford, Clarendon Press, pp. 233-318. 

KEEN, S. (2003), “Growth Theory”, in King, J. E. (ed.), The Elgar Companion to 

Post Keynesian Economics, Cheltenham, Edward Elgar, pp. 175-80. 

LOTKA, A. J. (1925), Elements of Physical Biology, Baltimore, Williams & Wilkins. 

MEYSMAN, F. J. R. and BRUERS, S. (2010), “Ecosystem functioning and 

maximum entropy production: a quantitative test of hypotheses”, 

Philosophical Transactions of the Royal Society B – Biological Sciences, no 

365 (1545), pp. 1405-16. 

PERRINGS, C. (1987), Economy and Environment, Cambridge, Cambridge 

University Press 

PODGER, G., DAVIDSON, A. and YANG, A. (2008), “A Framework to Support the 

Modelling of Surface and Ground Water Resources throughout the Murray-

Darling Basin”, in Lambert, M., Daniell, T. and Leonard, M. (eds), 

Proceedings of Water Down Under 2008, Engineers Australia: Causal 

Productions, Modbury [CD-Rom]. Accessed 13/3/10 at: 

http://search.informit.com.au/browsePublication;isbn=0858257351;res=IELE

NG 

RICHARDSON, C. and COURVISANOS, J. (2008), “Modeling Keynes with 

Kalecki”, in Wray, L.R. and Forstater, M. (eds), Keynes and Macroeconomics 

After 70 Years, Cheltenham UK and Northamption, Mass., Cheltenham, 

Edward Elgar, pp. 99-122. 

RICHARDSON, C. and COURVISANOS, J. (2009), “Towards a post-Keynesian 

model of agricultural production in a regulated river basin”, paper presented at 

the Eight Australian Society of Heterodox Economists (SHE) Conference, 

University of New South Wales, Sydney, 7-8 December. 

ROCKSTRÖM, J., STEFFEN, W., NOONE, K., PERSSON, A., CHAPIN III, F., 

LAMBIN, E., LENTON, T., SCHEFFER, M., FOLKE, C., 

SCHELLNHUBER, H., NYKVIST, B., DE WIT, C., HUGHES, T., VAN 

DER LEEUW, S., RODHE, H., SÖRLIN, S., SNYDER, P., COSTANZA, R., 

SVEDIN, U., FALKENMARK, M., KARLBERG, L., CORELL, R., FABRY, 

V., HANSEN, J., WALKER, B., LIVERMAN, D., RICHARDSON, K., 

CRUTZEN, P. and FOLEY, J. (2009), “A Safe Operating Space for 

Humanity”, Nature, no. 461 (2), pp. 472-5. 



 

 28 

ROSSER Jr. J. B., (1999), “On the Complexities of Complex Economic Dynamics”, 

The Journal of Economic Perspectives, no 13 (4), pp. 169-92. 

RUNDE, J. (1991), “Keynesian Uncertainty and the Instability of Beliefs”, Review of 

Political Economy, no 3 (2), pp. 125-45. 

SIMONS, M., PODGER, G. and COOKE, R. (1996), “IQQM - A Hydrologic 

Modelling Tool for Water Resource and Salinity Management”, 

Environmental Software, no 11 (1-3), pp. 185-92. 

TSCHIRHART, J. (2009), “Integrated Ecological-Economic Models”, Annual 

Review of Resource Economics, no 1 (1), pp. 381-409.  

VOLTERRA, V. (1926), “Fluctuations in the abundance of a species considered 

mathematically”, Nature, no 118 (2972), pp. 558–60. 

WÄTZOLD, F., DRECHSLER, M., ARMSTRONG, C., BAUMGÄRTNER, S. and 

GRIMM, V. (2006), “Ecological-economic Modeling for Biodiversity 

Management: Potential, Pitfalls, and Prospects”, Conservation Biology, no 20 

(4), 1034–41. 

WELSH, W. and PODGER, G. (2008), Australian Hydrological Modelling Initiative: 

River System Management Tool (AHMI: RSMT) functionality specifications, 

eWater Technical Report, Canberra, eWater Cooperative Research Centre. 

YOUNG, W., PODGER, G., WALKER, G. and CHIEW, F. (2008), “Integrated 

Assessment of the Likely Impacts of Climate Change and Future 

Developments on Water Availability and Use in the Murray-Darling Basin”, 

in Lambert, M., Daniell, T. and Leonard, M. (eds), Proceedings of Water 

Down Under 2008, Engineers Australia: Causal Productions, Modbury, pp. 

1948-56 [CD-Rom]. Accessed 13/3/10 at: 

http://search.informit.com.au/browsePublication;isbn=0858257351;res=IELE

NG 

 

 



 

 29 

Appendix A: Generic River Basin Constrained Computer Simulation Run 

In bold: Initial values are bolded in Year 0, including RBC and FSG „policy levers‟ and 5 real-world 

„water resources‟ variables copied into the model from the Murray-Darling Basin‟s climate history. 

 

 

symbol 

 

setting         0         Year 1        Year  2 

        

…..         Year  99         Year 100 

RICE SUB-MODEL         

Constants         

 

Rice Reaction Constant 

 

φkr 

 

0.00% 0.0500 0.0500 0.0500  0.0500 0.0500 

Rice Investor Confidence Coefficient 

 

φcr 

 

0.00% 0.1000 0.1000 0.1000  0.1000 0.1000 

Rice Debt Risk Coefficient φdr 0.00% 0.3000 0.3000 0.3000  0.3000 0.3000 

Rice Safe Debt-Equity Ratio φer 0.00% 0.4000 0.4000 0.4000  0.4000 0.4000 

Rice Seedling Rate (kg/ha) αsr 0.00% 20 20 20  20 20 

Rice Fertiliser Rate (kg/ha) αfr 0.00% 100 100 100  100 100 

Rice Water Rate (Ml/ha) αhr 0.00% 2.5 2.5 2.5  2.5 2.5 

Rice Emissions Rate (kg/ha) αgr 0.00% 2.0 2.0 2.0  2.0 2.0 

Rice Crop Yield Coefficient βr 0.00% 0.1 0.1 0.1  0.1 0.1 

Rice Farm MES (ha) λr 0.00% 3,000 3,000 3,000  3,000 3,000 

Rice Risk Premium (% pa) ψr 0.00% 1.0% 1.0% 1.0%  1.0% 1.0% 

Resources, Utilisation         

Rice Reaction Coefficient rcr 1.29% 0.2294 0.0803 0.0907  0.5020 0.5407 

Rice Ideal Area Planted (ha) Air 0.81% 68,380 69,374 70,404  164,144 167,915 

Rice Actual Area Planted (ha) Ar 0.58% 68,380 69,374 70,404  81,946 74,061 

Rice Number of MES Farms Mr 0.56% 23 24 24  28 25 

Rice Water Applied (Gl) Hr 0.32% 171 173 176  205 185 

Rice Real Fixed Capital Kr3r 1.37% $500,000 $963,982 $1,395,327  $11,561,273 $11,788,147 

Rice Employment (workers) Lr 0.11% 22,612 22,883 23,090  17,723 16,248 

Rice Capital-Labour Ratio Growth (% pa) gxr na 0.5% 0.2% 91.1%  10.9% 11.2% 

Rice Capital-Labour Ratio xr 1.37% $22 $22 $42  $640 $712 

Rice LP Growth (% pa) gqr -0.2% 0.5% 0.5% 0.5%  0.6% 0.6% 

Rice LP (t/worker pa) qr 0.51% 10.0 10.0 10.1  16.8 16.9 

Rice Crop Yield Real Outlays Ibr 0.94% $7,035,827 $7,102,226 $7,241,840  $17,656,717 $20,960,769 

Rice Crop Yield Growth (% pa) gbr na 1.0% 0.4% 0.6%  -0.5% 3.1% 

Rice Crop Yield (t/ha) br 0.01% 3.36 3.36 3.36  3.35 3.36 

Production, Other Inputs, Prices         

Rice Produced (t) Qr 0.62% 226,120 229,958 233,181  298,403 275,213 

Rice Seed Sown (t) Ssr 0.58% 1,368 1,387 1,408  1,639 1,481 

Rice Fertiliser Applied (t) Fr 0.58% 6,838 6,937 7,040  8,195 7,406 

Rice Carbon Emissions (t) Cer 0.58% 137 139 141  164 148 

Rice Export Price ($/t) Pr 0.75% $242 $242 $244  $503 $507 

Rice Seedling Price ($/t) Psr 0.72% $1,400 $1,410 $1,420  $2,848 $2,869 

Rice Fertiliser Price ($/t) Pfr 0.72% $1,000 $1,007 $1,014  $2,034 $2,049 

Costs, Margin, Markup         

Rice Wage Bill Wbr 1.26% $34,144,160 $34,974,925 $35,886,136  $81,904,503 $75,414,482 

Rice Seed Bill Sbr 1.34% $1,916,565 $1,928,419 $1,970,547  $5,079,504 $4,701,727 

Rice Fertiliser Bill Fbr 1.34% $6,837,071 $6,887,212 $7,037,668  $18,141,086 $16,791,881 

Rice Fixed Asset Depreciation Cost Kdr 2.22% $39,308 $40,000 $77,674  $1,832,995 $1,881,705 

Rice Water Bill Hbr 1.04% $5,130,000 $5,165,409 $5,278,251  $14,191,470 $17,429,030 

Rice Emissions Bill Ebr 0.58% $3,282 $3,330 $3,379  $3,933 $3,555 

Rice Total Cost CTr 1.33% $49,427,111 $50,471,537 $51,828,457  $138,298,448 $133,314,122 

Rice Average Cost CAr 0.71% $218.59 $219.48 $222.27  $463.46 $484.40 

Rice Prime Cost CPr 0.64% $212.59 $213.08 $215.51  $406.01 $422.30 

Rice Margin mnr 1.78% $29.41 $28.92 $28.30  $97.30 $84.78 

Rice Markup mr 1.13% 13.8% 13.6% 13.1%  24.0% 20.1% 
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Investment, Capital, Debt, Equity         

Rice Crop-in-Field Asset K1r 1.37% $27,155,348 $27,824,928 $28,214,847  $74,534,772 $69,258,013 

Rice Crop-in-Field Investment I1r na $901,249 $669,580 $389,919  -$5,558,685 -$5,276,759 

Rice Land&Water Asset K2r 3.10% $1,211,138 $2,439,888 $3,686,885  $174,914,482 $177,888,577 

Rice Land&Water Investment I2r 0.81% $1,211,138 $1,228,750 $1,246,997  $2,907,304 $2,974,095 

Rice Fixed Capital Asset K3r 2.09% $500,000 $970,923 $1,415,492  $23,521,318 $24,155,567 

Rice Fixed Capital Investment I3r 1.53% $500,000 $510,923 $522,243  $2,441,871 $2,515,954 

Rice Farms Total Asset Kr 2.12% $28,866,486 $31,235,739 $33,317,224  $272,970,572 $271,302,156 

Rice Farms Total Investment Ir na $2,612,387 $2,409,252 $2,159,159  -$209,510 $213,290 

Rice Retained Earnings Rer na $2,737,873 $2,889,008 $2,723,106  $9,848,480 $7,928,025 

Rice Average Debt Dr 1.19% $23,521,826 $23,924,980 $24,649,895  $58,327,094 $56,892,202 

Rice Average Equity Er 2.92% $5,344,660 $7,310,758 $8,667,329  $214,643,478 $214,409,954 

Rice Debt:Equity Ratio dr 1.68% 4.401 3.273 2.844  0.272 0.265 

Sales, Variable Cost, Interest, Profit        

Rice Sales Receipts SRr 1.37% $54,721,104 $55,649,855 $56,852,916  $150,187,565 $139,554,895 

Rice Variable Cost CVr 1.26% $48,070,386 $48,999,296 $50,253,656  $121,153,492 $116,222,380 

Rice Profit Company Tax Tcor 2.41% $66,507 $66,506 $65,993  $290,341 $233,325 

Rice Profit (after Company Tax) Rr 2.41% $6,584,211 $6,584,054 $6,533,267  $28,743,732 $23,099,190 

Rice Interest Bill Jr 1.55% $870,308 $888,411 $918,625  $3,080,184 $3,015,225 

Rice Profit less Interest Bill Rnr na $5,713,903 $5,695,642 $5,614,643  $25,663,548 $20,083,965 

Rice Profit Rate (% pa) rr 0.28% 22.8% 21.1% 19.6%  10.5% 8.5% 

Rice Normal Profit Rate (% pa) nr 0.29% 4.7% 4.7% 4.7%  6.3% 6.3% 

Rice Profitability Gap (% pa) zr na 18.1% 16.4% 14.9%  4.2% 2.2% 

WHEAT SUB-MODEL         

Constants         

Wheat Reaction Constant φkw 0.00% 0.0540 0.0540 0.0540  0.0540 0.0540 

Wheat Investor Confidence Coefficient φcw 0.00% 0.3000 0.3000 0.3000  0.3000 0.3000 

Wheat Debt Risk Coefficient φdw 0.00% 0.6000 0.6000 0.6000  0.6000 0.6000 

Wheat Safe Debt-Equity Ratio φew 0.00% 0.4000 0.4000 0.4000  0.4000 0.4000 

Wheat Seed Rate (kg/ha) αsw 0.00% 150 150 150  150 150 

Wheat Fertiliser Rate (kg/ha) αfw 0.00% 80 80 80  80 80 

Wheat Water Rate (Ml/ha) αhw 0.00% 1.1 1.1 1.1  1.1 1.1 

Wheat Emissions Rate (kg/ha) αgw 0.00% 1.0 1.0 1.0  1.0 1.0 

Wheat Crop Yield Coefficient βw 0.00% 0.1 0.1 0.1  0.1 0.1 

Wheat Farm MES (ha) λw 0.00% 1,400 1,400 1,400  1,400 1,400 

Wheat Risk Premium (% pa) ψw 0.00% 0.05% 0.05% 0.05%  0.05% 0.05% 

Resources, Utilisation         

Wheat Reaction Coefficient rcw 1.04% 0.3600 0.1007 0.1116  0.3610 0.3585 

Wheat Ideal Area Planted (ha) Aiw 1.32% 35,132 35,859 36,604  147,565 155,241 

Wheat Actual Area Planted (ha) Aw 1.32% 35,132 35,859 36,604  147,565 155,241 

Wheat Number of MES Farms Mw 1.31% 26 26 27  106 111 

Wheat Water Applied (Gl) Hw 1.17% 39 39 40  130 111 

Wheat Real Fixed Capital Kr3w 1.89% $300,000 $580,240 $842,579  $10,962,771 $11,339,297 

Wheat Employment (workers) Lw 0.78% 19,669 20,344 20,467  47,430 49,352 

Wheat Capital-Labour Ratio Growth (% pa) gxw na 0.5% 87.0% 44.3%  -0.8% -0.6% 

Wheat Capital-Labour Ratio xw 1.10% $15 $29 $41  $231 $230 

Wheat LP Growth (% pa) gqw 0.23% 0.5% 0.5% 1.4%  0.5% 0.5% 

Wheat LP (t/worker pa) qw 0.52% 5.0 5.0 5.1  8.5 8.6 

Wheat Crop Yield Real Outlays Ibw na $6,449,688 $6,511,419 $6,646,040  $17,374,615 $20,748,437 

Wheat Crop Yield Growth (% pa) gbw na  0.7% -0.1%  -0.2% -0.4% 

Wheat Crop Yield (t/ha) bw 0.00% 2.89 2.91 2.91  2.88 2.87 

Production, Other Inputs, Prices         

Wheat Produced (t) Qw 1.31% 98,344 102,244 104,279  404,918 423,442 

Wheat Seed Sown (t) Ssw 1.32% 5,270 5,379 5,491  22,135 23,286 
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Wheat Fertiliser Applied (t) Fw 1.32% 2,811 2,869 2,928  11,805 12,419 

Wheat Carbon Emissions (t) Cew 1.32% 35 36 37  148 155 

Wheat Export Price ($/t) Pw 0.70% $401 $401 $404  $794 $800 

Wheat Seed Price ($/t) Psw 0.72% $435 $438 $441  $885 $891 

Wheat Fertiliser Price ($/t) Pfw 0.72% $890 $896 $903  $1,811 $1,824 

Costs, Margin, Markup         

Wheat Wage Bill Wbw 1.94% $29,700,017 $31,095,031 $31,809,214  $219,197,850 $229,067,372 

Wheat Seed Bill Sbw 2.04% $2,235,464 $2,308,852 $2,373,633  $18,659,019 $19,730,352 

Wheat Fertiliser Bill Fbw 2.04% $2,439,311 $2,519,391 $2,590,080  $20,360,492 $21,529,518 

Wheat Fixed Asset Depreciation Cost Kdw 2.75% $23,321 $24,000 $46,753  $1,716,523 $1,784,294 

Wheat Emissions Bill Ebw 1.32% $843 $861 $879  $3,542 $3,726 

Wheat Total Cost CTw 1.99% $35,167,894 $36,789,137 $37,714,759  $276,357,185 $289,244,643 

Wheat Average Cost CAw 0.68% $357.60 $359.82 $361.67  $682.50 $683.08 

Wheat Prime Cost CPw 0.64% $349.78 $351.59 $353.10  $641.95 $642.63 

Wheat Margin mnw 1.05% $51.22 $49.41 $50.71  $152.44 $157.32 

Wheat Markup 

 

mw 

 

0.41% 14.6% 14.1% 14.4%  23.7% 24.5% 

Investment, Capital, Debt, Equity         

Wheat Crop-in-Field Asset K1w 2.02% $19,580,031 $20,499,991 $20,907,937  $159,712,921 $168,188,720 

Wheat Crop-in-Field Investment I1w na $1,815,803 $919,960 $407,946  $7,950,237 $8,475,799 

Wheat Land Asset K2w 3.48% $625,000 $1,262,943 $1,914,141  $125,995,553 $128,757,316 

Wheat Land Investment I2w 1.32% $625,000 $637,943 $651,198  $2,625,202 $2,761,763 

Wheat Fixed Capital Asset K3w 2.62% $300,000 $584,417 $854,756  $22,303,671 $23,235,812 

Wheat Fixed Capital Investment I3w 2.05% $300,000 $308,417 $317,092  $2,563,657 $2,716,435 

Wheat Farms Total Asset Kw 2.49% $20,505,031 $22,347,351 $23,676,834  $308,012,145 $320,181,848 

Wheat Farms Total Investment Iw 1.84% $2,740,803 $1,866,320 $1,376,236  $13,139,096 $13,953,997 

Wheat Retained Earnings Rew na $2,073,626 $2,194,527 $2,182,041  $20,937,176 $22,635,357 

Wheat Average Debt Dw 1.87% $16,625,165 $17,349,984 $17,803,403  $122,094,554 $127,479,051 

Wheat Average Equity Ew 3.26% $3,879,866 $4,997,367 $5,873,430  $185,917,591 $192,702,797 

Wheat Debt:Equity Ratio dw 1.34% 4.285 3.472 3.031  0.657 0.662 

Sales, Variable Cost, Interest, Profit        

Wheat Sales Receipts SRw 2.02% $39,436,115 $40,999,982 $42,108,585  $321,661,823 $338,732,082 

Wheat Variable Cost CVw 1.96% $34,398,956 $35,948,135 $36,820,558  $259,937,425 $272,115,261 

Wheat Profit Company Tax Tcow 2.37% $50,372 $50,518 $52,880  $617,244 $666,168 

Wheat Profit (after Company Tax) Rw 2.37% $4,986,788 $5,001,329 $5,235,146  $61,107,153 $65,950,653 

Wheat Interest Bill Jw 2.24% $615,131 $644,260 $663,477  $6,447,667 $6,756,252 

Wheat Profit less Interest Bill Rnw na $4,371,657 $4,357,068 $4,571,669  $54,659,486 $59,194,401 

Wheat Profit Rate (% pa) rw 0.12% 24.3% 22.4% 22.1%  19.8% 20.6% 

Wheat Normal Profit Rate (% pa) nw 0.36% 3.8% 3.8% 3.8%  5.3% 5.3% 

Wheat Profitability Gap (% pa) zw na 20.6% 18.6% 18.3%  14.5% 15.2% 

LIVESTOCK SUB-MODEL         

Constants         

Livestock Reaction Constant φkb 0.00% 0.0616 0.0616 0.0616  0.0616 0.0616 

Livestock Investor Confidence Coefficient φcb 0.00% 0.4230 0.4230 0.4230  0.4230 0.4230 

Livestock Debt Risk Coefficient φdb 0.00% 0.6100 0.6100 0.6100  0.6100 0.6100 

Livestock Safe Debt-Equity Ratio φeb 0.00% 0.4100 0.4100 0.4100  0.4100 0.4100 

Livestock Water Rate (kl/head) αhb 0.00% 3.7 3.7 3.7  3.7 3.7 

Pasture Water Rate (Ml/ha) αhp 0.00% 0.7 0.7 0.7  0.7 0.7 

Livestock Fodder Rate (tonnes/head) αfb 0.00% 3.0 3.0 3.0  3.0 3.0 

Livestock Emissions Rate (tonnes/head) αgb 0.00% 0.7 0.7 0.7  0.7 0.7 

Pasture Grass Yield Coefficient βp 0.00% 0.1 0.1 0.1  0.1 0.1 

Livestock Dressed Weight (kg/head) γb 0.00% 250 250 250  236 250 

Livestock Farm MES (ha) λb 0.00% 800 800 800  800 800 

Livestock Risk Premium (% pa) ψb 0.00% 0.07% 0.07% 0.07%  0.07% 0.07% 

Resources, Utilisation         
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Livestock Reaction Coefficient rcb na 2.5037 1.6147 1.8331  -15.1165 -9.4205 

Livestock Adult Mortality Rate mmb 0.00% 3.4% 3.4% 3.4%  6.1% 3.4% 

Livestock Calf Mortality Rate mcb 0.00% 3.5% 3.5% 3.5%  6.2% 3.5% 

Livestock Cow Fertility Rate ffb 0.00% 67.0% 67.0% 67.0%  64.3% 67.0% 

Livestock Turnoff Rate trb 0.00% 27.0% 27.0% 27.0%  28.4% 27.0% 

Livestock Ideal Herd (head) Nib na 41,105 53,194 69,064  -239 -242 

Livestock Actual Herd (head) Nb 0.24% 41,105 41,897 42,401  32,766 32,760 

Livestock Trend Herd (head) Ntb 0.24% 41,105 41,897 41,797  33,085 33,005 

Livestock Adult Herd (head) Nab 0.24% 24,469 25,684 25,753  20,316 20,171 

Livestock Calves Born (head) Ncb 0.24% 7,910 8,303 8,325  6,125 6,521 

Livestock Purchases/Sales (head) Npb na 0 0 19  -58 -56 

Pasture Grass Area (ha) Ap 0.24% 20,552 20,949 21,200  16,383 16,380 

Livestock Normal SR (head/ha) snb 0.00% 2.0 2.0 2.0  2.0 2.0 

Livestock Number of MES Farms Mb 0.23% 26 27 27  21 21 

Livestock Water Consumed (Gl) Hb 0.24% 0.01 0.01 0.01  0.01 0.01 

Pasture Grass Water Applied (Gl) Hp 0.24% 14.54 14.82 15.00  11.59 11.59 

Livestock Real Fixed Capital Kr3b na $355,116 $783,929 $1,312,725  -$33,115 -$32,341 

Livestock Employment (workers) Lb 0.29% 21 21 21  15 15 

Livestock K-L Ratio Growth (% pa) gxb na 0.5% 120.6% 65.5%  0.5% -2.3% 

Livestock Capital-Labour Ratio xb na $16,966 $37,426 $61,923  -$2,210 -$2,159 

Livestock LP Growth (% pa) gqb na 1.1% 1.9% 0.0%  0.0% 0.0% 

Livestock LP (kg dwt/worker pa) qb 0.05% 1,964 2,000 2,000  2,186 2,187 

Pasture Grass Yield Growth (% pa) gbb na 0.4% 0.6% -0.1%  -0.2% -0.3% 

Pasture Grass Yield (tonnes/ha) bb 0.00% 6.00 6.03 6.03  5.98 5.97 

Pasture Grass Fodder Available (tonnes) Fp 0.24% 123,315 126,399 127,836  98,048 97,722 

Production, Other Inputs, Prices         

Livestock Turnoffs (kg dwt) Qb 0.24% 1,651,643 1,733,684 1,738,340  1,362,072 1,361,518 

Livestock Turnoffs (10kg dwt packs) bQ 0.24% 165,164 173,368 173,834  136,207 136,152 

Livestock Turnoffs (head) Nsb 0.24% 6,607 6,935 6,953  5,761 5,446 

Pasture Fodder Consumed (tonnes) pfc 0.24% 123,315 125,692 127,202  98,298 98,279 

Livestock Fodder Purchases/Sales (t) Fmb na 0 -707 -634  250 557 

Livestock Veterinary Service (calls) vsb 0.26% 312 324 324  252 252 

Livestock Carbon Emissions (tonnes) Ceb 0.24% 28,773 29,328 29,681  22,936 22,932 

Livestock Saleyard Price ($/kg dwt) Pb 0.70% $1.83 $1.77 $1.77  $3.73 $3.58 

Livestock Saleyard Price ($/head) Psb 0.70% $458 $444 $442  $883 $896 

Livestock Purchase Price ($/head) Ppb 0.70% $412 $399 $398  $795 $807 

Livestock Fodder Price ($/tonne) Psb 0.72% $150 $151 $152  $305 $307 

Livestock Veterinary Price ($/call) Pfb 0.01% $350 $354 $356  $352 $352 

Costs, Margin, Markup         

Livestock Wage Bill Wbb 0.86% $31,606 $32,015 $32,948  $69,257 $69,511 

Livestock Fodder Bill Sbb na $0 -$106,767 -$96,472  $76,306 $171,117 

Livestock Veterinary Bill Fbb 0.27% $109,200 $114,786 $115,311  $88,632 $88,582 

Livestock Fixed Asset Depreciation Cost Kdb na $23,321 $28,409 $63,166  -$5,493 -$5,390 

Livestock Emissions Bill Ebb 0.24% $690,563 $703,877 $712,334  $550,468 $550,363 

Livestock Purchases Bill Nbb na $0 $0 $7,641  $0 $0 

Livestock Total Cost CTb 0.60% $1,222,722 $1,202,480 $1,335,385  $5,196,202 $5,358,026 

Livestock Average Cost CAb 0.84% $0.74 $0.69 $0.77  $3.81 $3.94 

Livestock Prime Cost CPb 0.51% $1.27 $1.19 $1.23  $2.63 $2.71 

Livestock Margin mnb na $0.56 $0.58 $0.53  $1.10 $0.87 

Livestock Markup mb na 44.4% 49.0% 43.3%  41.7% 32.1% 

Investment, Capital, Debt, Equity         

Livestock Herd Asset K1b 0.46% $8,554,962 $8,625,631 $8,463,365  $12,058,740 $13,014,607 

Livestock Herd Investment I1b na $201,473 $70,668 -$162,266  -$1,911,174 $955,867 

Livestock Land Asset K2b 1.50% $852,063 $1,954,721 $3,386,355  $70,556,364 $70,551,343 
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Livestock Land Investment I2b na $852,063 $1,102,658 $1,431,634  -$4,963 -$5,021 

Livestock Fixed Capital Asset K3b na $355,116 $789,573 $1,331,696  -$67,372 -$66,271 

Livestock Fixed Capital Investment I3b na $355,116 $462,866 $605,289  -$4,208 -$4,288 

Livestock Farms Total Asset Kb 0.91% $9,762,142 $11,369,925 $13,181,417  $82,547,732 $83,499,680 

Livestock Farms Total Investment Ib na $1,408,653 $1,636,193 $1,874,657  -$1,920,345 $946,558 

Livestock Retained Earnings Reb na $752,791 $836,125 $777,455  $1,410,452 $1,319,032 

Livestock Average Debt Db na $1,510,551 $1,572,388 $1,924,489  -$2,551,627 $501,709 

Livestock Average Equity Eb 1.09% $8,251,591 $9,797,537 $11,256,928  $85,099,359 $82,997,971 

Livestock Debt:Equity Ratio db na 0.183 0.160 0.171  -0.030 0.006 

Sales, Variable Cost, Interest, Profit        

Livestock Sales Receipts SRb 0.48% $3,022,506 $3,076,000 $3,073,911  $5,136,945 $4,931,244 

Livestock Variable Cost CVb na $854,690 $772,320 $834,928  $779,171 $874,184 

Livestock Profit Company Tax Tcob 1.10% $21,678 $23,037 $22,390  $43,578 $40,571 

Livestock Profit (after Company Tax) Rb 1.10% $2,146,138 $2,280,643 $2,216,594  $4,314,196 $4,016,490 

Livestock Interest Bill Jb na $55,890 $58,388 $71,720  -$134,748 $26,590 

Livestock Profit less Interest Bill Rnb 1.27% $2,090,248 $2,222,255 $2,144,874  $4,448,945 $3,989,900 

Livestock Profit Rate (% pa) rb 0.18% 22.0% 20.1% 16.8%  5.2% 4.8% 

Livestock Normal Profit Rate (% pa) nb 0.35% 3.8% 3.8% 3.8%  5.4% 5.4% 

Livestock Profitability Gap (% pa) zb na 18.2% 16.3% 13.0%  -0.1% -0.6% 

RIVER BASIN ECOLOGY         

Constants         

Land Degradation Rate (ha/Gl) δa 0.00% 0.30 0.30 0.30  0.30 0.30 

Rtu to Hip Conversion (Gl/mm) χhi 0.00% 1.4505494 1.4505494 1.4505494  1.4505494 1.4505494 

Rainfall to Water Conversion (Gl/mm) χhr 0.00% 0.8263736 0.8263736 0.8263736  0.8263736 0.8263736 

RBC Policy Levers         

RBC Irrigation Allocation (%) Aloc 0.01% 100.0% 100.0% 100.0%  100.0% 100.0% 

RBC Irrigation Water Price ($/Ml) Phc 0.70% $30 $30 $30  $64 $85 

RBC Carbon Emissions Price ($/tonne) Pec 0.00% $24 $24 $24  $24 $24 

RBC Employment (workers) Lc 0.18% 3,086 3,074 3,086  2,553 3,100 

RBC Wage Bill Wc 0.96% $4,659,751 $4,698,781 $4,795,874  $11,799,531 $14,389,339 

RBC Purchases Cc 0.96% $1,164,938 $1,174,695 $1,198,969  $2,949,883 $3,597,335 

Land Resources         

Land Endowment (ha) AE 0.00% 250,000 250,000 250,000  250,000 250,000 

Useable Land Endowment (ha) AU 0.09% 250,000 249,810 249,620  229,511 229,302 

Area Planted (ha) A 0.73% 124,064 126,182 128,209  229,511 229,302 

Land Utilisation a 0.82% 0.50 0.51 0.51  1.00 1.00 

Water Resources         

Drought Severity Index Anomaly dsia na -9.59% -9.59% -13.38%  2.87% 25.60% 

Extreme Drought/Bushfire Events (%) Xdrt 0.00% 100.0% 100.0% 100.0%  102.7% 100.0% 

Extreme Flood/Disease Events (%) Xfld 0.00% 100.0% 100.0% 100.0%  100.0% 100.0% 

Actual Rainfall (mm) Ra 0.07% 485 519 512  452 415 

Trend Rainfall (mm) Rt 0.06% 455 455 455  483 483 

Evapotranspiration Losses (%) etl 0.00% 65.0% 65.0% 65.0%  65.3% 67.6% 

Useable Actual Rainfall (mm) Rau 0.07% 170 182 179  157 135 

Useable Trend Rainfall (mm) Rtu 0.07% 159 159 159  168 157 

Potential Irrigation Water (Gl) Hip 0.07% 231 231 231  243 228 

Regulated Irrigation Water (Gl) Hir 0.06% 231 231 231  243 228 

Trend Rainfall Water (Gl) Hrt 0.07% 132 132 132  139 130 

Actual Rainfall Water (Gl) Hra 0.07% 140 150 148  130 111 

RIVER BASIN MACROECONOMY         

Constants         

Worker Saving Ratio δw 0.00% 0.08 0.08 0.08  0.08 0.08 

Farmer Saving Ratio δr 0.10% 0.71 0.71 0.71  0.81 0.81 

Transferee Saving Ratio δt 0.00% 0.03 0.03 0.03  0.03 0.03 
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Financial Capital Turnover (times pa) κ 0.00% 2.0 2.0 2.0  2.0 2.0 

Employment-Wage Coefficient ε 0.00% 0.1 0.1 0.1  0.1 0.1 

Inflation-Wage Coefficient ρ 0.00% 0.9 0.9 0.9  0.9 0.9 

Productivity-Wage Coefficient γ 0.00% 0.9 0.9 0.9  0.9 0.9 

Workforce Growth (% pa) η 0.00% 0.5% 0.5% 0.5%  0.5% 0.5% 

Infrastructure Depreciation Rate (% pa) δf 0.00% 4% 4% 4%  4% 4% 

Other Capital Depreciation Rate (% pa) δo 0.00% 8% 8% 8%  8% 8% 

FSG Policy Levers         

FSG Income Tax Rate (% pa) int 0.00% 27% 27% 27%  27% 27% 

FSG Company Tax Rate (% pa) cot 0.00% 1% 1% 1%  1% 1% 

FSG Goods & Services Tax Rate (% pa) gst 0.00% 5% 5% 5%  5% 5% 

FSG Income Tax Receipts Tint 1.61% $25,399,883 $27,112,835 $27,628,849  $119,704,422 $121,445,737 

FSG Company Tax Receipts Tcot 2.26% $138,557 $140,061 $141,263  $951,162 $940,064 

FSG Goods & Services Tax Receipts Tgst 1.56% $4,360,240 $4,632,546 $4,791,065  $20,772,377 $20,990,446 

FSG Transfer Payments per Transferee tp 1.16% $378 $368 $389  $1,068 $1,115 

FSG Transfer Payments Ytp 1.66% $5,830,391 $7,939,411 $8,436,278  $37,583,180 $39,447,578 

FSG Interest on Infrastructure Stock Jfg 2.51% $0 $304,492 $672,554  $26,542,674 $26,640,309 

FSG Interest on Other Capital Stock Jog 1.73% $0 $157,543 $348,695  $5,522,866 $5,570,538 

FSG Other Current Expenditure Cog 0.66% $2,739,901 $2,815,262 $2,850,430  $4,949,254 $4,953,513 

FSG Infrastructure Investment Ifg 0.77% $8,200,000 $10,174,968 $10,346,301  $20,144,000 $20,144,000 

FSG Infrastructure Stock Kfg 1.98% $8,200,000 $18,046,968 $27,671,390  $502,657,619 $502,695,314 

FSG Other Capital Investment Iog 0.50% $4,242,644 $5,453,460 $5,480,728  $8,890,926 $8,935,380 

FSG Other Capital Stock Kog 1.22% $4,242,644 $9,356,693 $14,088,886  $105,106,646 $105,633,495 

FSG Depreciation Cost Kdg 1.86% $655,999 $667,412 $1,470,414  $28,471,318 $28,514,836 

FSG Employment (workers) Lg 0.15% 9,741 12,295 12,672  15,697 15,940 

FSG Wage Bill Wg 1.31% $14,709,056 $18,791,595 $19,694,491  $72,543,031 $73,983,923 

FSG Purchases Cg 1.31% $6,303,881 $8,053,541 $8,440,496  $31,089,870 $31,707,396 

Demography         

Children (14- years) chn 0.50% 15,424 13,287 13,353  21,662 21,770 

Students/Trainees (15+ years) std 0.50% 1,653 2,768 2,782  4,513 4,535 

Able Persons (15 - 64 years) abl 0.50% 55,087 55,362 55,639  90,258 90,710 

Disabled Persons (15 - 64 years) dab 0.50% 4,958 6,643 6,677  10,831 10,885 

Retirees (64+ years) ret 0.50% 8,814 12,180 12,241  19,857 19,956 

Population pop 0.50% 85,935 90,241 90,692  147,121 147,857 

Dependents dep 0.50% 30,849 34,878 35,053  56,863 57,147 

Dependency Ratio dpr 0.00% 56.0% 63.0% 63.0%  63.0% 63.0% 

Transferees tfr 0.50% 15,424 21,591 21,699  35,201 35,377 

Farmers fmr 0.77% 225 228 227  106 106 

MES Farms per Farming Family fff 1.50% 1 1 1  4 4 

Labour Resources         

Workforce (workers) N 0.50% 55,087 55,362 55,639  90,258 90,710 

Employment (workers) L 0.39% 55,087 56,075 58,946  84,128 83,866 

Labour Utilisation e 0.11% 1.000 1.013 1.059  0.932 0.925 

Unemployment Rate (%) u na 0.0% -1.3% -5.9%  6.8% 7.5% 

Money Wage Rate ($/worker pa) w 1.15% $1,510 $1,528 $1,554  $4,621 $4,641 

Money Wage Growth (% pa) gw na 0.0% 1.2% 1.7%  0.5% 0.4% 

Money Wage Bill W 1.54% $83,244,589 $89,592,347 $92,218,663  $385,514,171 $392,924,627 

Income Tax on Money Wage Bill Tw 1.54% $22,476,039 $24,189,934 $24,899,039  $104,088,826 $106,089,649 

Money Wage Bill (after Income Tax) Wt 1.54% $60,768,550 $65,402,414 $67,319,624  $281,425,345 $286,834,978 

Money Wage Bill Share Ws 0.08% 0.626 0.631 0.633  0.586 0.589 

Money Wage Rate (after Income Tax) wt 1.15% $1,103 $1,166 $1,142  $3,345 $3,420 

Real Wage Rate ($/worker pa) wr 0.43% $1,510 $1,518 $1,532  $2,272 $2,265 

Real Wage Growth (% pa) gwr na 0.0% 0.5% 1.0%  -0.2% -0.3% 

Real Wage Bill Wr 0.81% $60,768,550 $64,934,882 $66,360,592  $138,327,081 $139,978,198 
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Real GDP per capita Yr/pop 0.39% $1,130 $1,140 $1,156  $1,606 $1,607 

Real Labour Productivity Yr/L 0.50% $1,763 $1,834 $1,778  $2,808 $2,833 

Capital Resources         

Capital Stock K 1.96% $59,133,659 $64,953,015 $70,175,474  $663,530,449 $674,983,684 

Profit Rate r 0.45% 19.6% 17.8% 16.8%  13.5% 13.2% 

Average Debt D 1.42% $41,657,542 $42,847,352 $44,377,787  $177,870,021 $184,872,962 

Average Equity E 2.35% $17,476,117 $22,105,663 $25,797,687  $485,660,428 $490,110,722 

Debt:Equity Ratio d 0.90% 2.384 1.938 1.720  0.366 0.377 

Real Capital Stock Kr 1.23% $59,133,659 $64,488,696 $69,175,757  $326,140,599 $329,398,460 

Real Profit Rate rr 0.52% 18.8% 17.1% 16.0%  12.8% 12.5% 

Capital-Output Ratio cor 0.38% 0.602 0.575 0.615  1.375 1.372 

Capital-Labour Ratio x 0.83% $1,073 $1,150 $1,174  $3,877 $3,928 

Interest Rate (% pa) i 0.36% 3.7% 3.7% 3.7%  5.3% 5.3% 

Interest Bill Jb 1.90% $1,485,439 $1,532,672 $1,582,102  $9,527,852 $9,771,477 

Real Interest Rate (% pa) ir 0.43% 3.0% 3.0% 3.0%  4.6% 4.6% 

Gross Operating Surplus R 2.42% $11,570,999 $11,585,382 $11,768,414  $89,850,886 $89,049,843 

Gross Operating Surplus Share rs 0.78% 0.119 0.112 0.111  0.187 0.183 

Gross Operating Surplus (after Tax) Rt 2.35% $8,647,156 $8,662,481 $9,038,604  $74,235,290 $73,693,756 

Depreciation Kd 1.82% $741,949 $759,821 $1,658,007  $32,015,344 $32,175,446 

Net Operating Surplus Rn na $10,829,050 $10,825,562 $10,110,407  $57,835,541 $56,874,397 

GOS less Interest Bill Ri na $10,085,560 $10,052,711 $10,186,312  $80,323,034 $79,278,366 

Real Gross Operating Surplus Rr 1.69% $11,570,999 $11,502,564 $11,600,762  $44,163,793 $43,457,171 

Real GOS less Interest Bill Rir na $10,085,560 $9,980,849 $10,041,198  $39,480,633 $38,688,597 

Income Tax on Net Operating Surplus Tr na $2,923,844 $2,922,902 $2,729,810  $15,615,596 $15,356,087 

Net Operating Surplus (after Tax) Rnt na $7,905,207 $7,902,660 $7,380,597  $42,219,945 $41,518,310 

Retained Earnings of Farm Enterprises Re na $4,811,499 $5,083,535 $4,905,147  $30,785,656 $30,563,381 

Dividends from Farm Enterprises Rd na $3,093,708 $2,819,125 $2,475,449  $11,434,289 $10,954,928 

Wage Income of Farmers Wf 0.37% $248,207 $265,444 $259,400  $356,236 $363,467 

Dividend+Wage Income of Farmers Yf 2.19% $3,341,915 $3,084,569 $2,734,850  $11,790,525 $11,318,395 

Price Indices         

Rice Export Price Index prx 0.75% 1.000 1.008 1.015  2.095 2.111 

Rice Export Inflation Rate (% pa) gprx 0.00% 0.75% 0.75% 0.75%  0.75% 0.75% 

Wheat Export Price Index pwx 0.70% 1.000 1.007 1.014  1.995 2.009 

Wheat Export Inflation Rate (% pa) gpwx 0.00% 0.70% 0.70% 0.70%  0.70% 0.70% 

Livestock Export Price Index pbx 0.81% 1.000 1.008 1.016  2.223 2.241 

Livestock Export Inflation Rate gpbx 0.00% 0.81% 0.81% 0.81%  0.81% 0.81% 

Domestic Price Index p 0.72% 1.000 1.007 1.014  2.034 2.049 

Domestic Inflation Rate (% pa) gp 0.00% 0.72% 0.72% 0.72%  0.72% 0.72% 

 

 

Consumption Expenditure 

  

      

Consumption by Workers Cw 1.60% $55,678,716 $59,926,012 $61,695,406  $272,095,642 $274,054,731 

Real Consumption per Worker crw 0.48% $1,011 $1,061 $1,032  $1,590 $1,595 

Consumption by Farmers Cf 0.74% $969,155 $976,133 $983,161  $2,240,200 $2,256,329 

Real Consumption per Farmer crf 0.79% $4,307 $4,258 $4,267  $10,340 $10,361 

Consumption by Transferees Ct 1.68% $5,655,480 $7,701,229 $8,183,190  $39,754,208 $40,040,439 

Real Consumption per Transferee crt 0.45% $367 $354 $372  $555 $552 

Consumption C 1.60% $62,303,351 $68,603,374 $70,861,757  $314,090,050 $316,351,499 

Consumption Ratio cc 0.02% 0.642 0.662 0.666  0.653 0.650 

Real Consumption Cr 0.87% $62,303,351 $68,112,960 $69,852,264  $154,382,542 $154,382,542 

Real Consumption per capita cr 0.37% $725 $755 $770  $1,049 $1,044 

Investment & Saving         

Investment Expenditure I na $1,155,116 $1,282,207 $1,444,624  $5,001,320 $5,228,101 

Investment Ratio ii na 0.012 0.012 0.014  0.010 0.011 

Real Investment Expenditure Ir na $1,155,116 $1,273,041 $1,424,044  $2,458,265 $2,551,363 
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Saving by Workers Sw na $5,089,834 $5,476,402 $5,624,218  $9,329,702 $12,780,247 

Savings Account of Workers Saw 3.38% $5,089,834 $10,566,236 $16,190,454  $806,066,795 $818,847,041 

Saving by Farmers Sf na $2,372,759 $2,108,436 $1,751,688  $9,550,325 $9,062,066 

Savings Account of Farmers Saf na $2,372,759 $4,481,196 $6,232,884  $87,020,000 $96,082,066 

Saving by Transferees St na $174,912 $238,182 $253,088  -$2,171,028 -$592,860 

Savings Account of Transferees Sat 2.96% $174,912 $413,094 $666,182  $5,020,165 $4,427,305 

Saving S 1.84% $13,190,953 $13,666,376 $14,192,150  $79,510,000 $83,988,280 

Savings Account Sa 3.25% $7,637,505 $15,460,526 $23,089,521  $898,106,960 $919,356,412 

Saving Ratio ss 0.21% 0.136 0.132 0.133  0.165 0.172 

Real Saving Sr 1.11% $13,190,953 $13,568,682 $13,989,969  $39,081,008 $40,987,080 

Government Accounts (RBC)         

RBC Receipts Tc 0.96% $5,824,688 $5,873,476 $5,994,843  $14,749,413 $17,986,674 

RBC Receipts Share tcs 0.65% 0.060 0.057 0.056  0.031 0.037 

RBC Real Receipts Tcr 0.24% $5,824,688 $5,831,490 $5,909,440  $7,249,679 $8,777,668 

RBC Expenditure Gc 0.96% $5,824,688 $5,873,476 $5,994,843  $14,749,413 $17,986,674 

RBC Real Expenditure Gcr 0.24% $5,824,688 $5,831,490 $5,909,440  $7,249,679 $8,777,668 

RBC Surplus/Deficit Bc na $0 $0 $0  $0 $0 

Government Accounts (FSG)         

FSG Receipts Tg 1.60% $29,898,679 $31,885,442 $32,561,177  $141,427,961 $143,376,247 

FSG Receipts Share tgs 0.02% 0.308 0.308 0.306  0.294 0.294 

FSG Real Receipts Tgr 0.88% $29,898,679 $31,657,508 $32,097,312  $69,515,122 $69,968,973 

FSG Current Expenditure Ggc 1.72% $8,570,293 $11,216,708 $12,307,957  $74,597,975 $76,611,939 

FSG Capital Expenditure Ggk 0.68% $12,442,644 $15,628,428 $15,827,030  $29,034,926 $29,079,380 

FSG Expenditure Gg 1.31% $21,012,937 $26,845,136 $28,134,987  $103,632,901 $105,691,319 

FSG Real Expenditure Ggr 0.58% $21,012,937 $26,653,233 $27,734,177  $50,937,973 $51,578,369 

FSG Surplus/Deficit Bg na $8,885,743 $5,040,306 $4,426,190  $37,795,060 $37,684,928 

Interregional & International Trade         

Exports X 1.68% $97,179,725 $99,725,837 $102,035,412  $476,986,333 $483,218,221 

Real Exports Xr 0.95% $97,179,725 $99,012,944 $100,581,820  $234,449,841 $235,815,090 

Imports M 1.56% $87,204,797 $92,650,924 $95,821,303  $415,447,530 $419,808,925 

Real Imports Mr 0.84% $87,204,797 $91,988,606 $94,456,236  $204,202,093 $204,870,750 

Balance of Trade Bxm na $9,974,928 $7,074,913 $6,214,110  $61,538,803 $63,409,296 

Gross Domestic Product (factor cost)        

GDP1=Output-Inputs Y1 1.62% $97,100,283 $103,598,434 $106,344,934  $480,630,415 $486,931,024 

GDP2=Wt+Rt+T* Y2 1.60% $101,027,040 $107,456,711 $110,382,583  $491,421,868 $501,264,674 

GDP3=C+I+G+(X-M) Y3 1.59% $100,271,020 $109,679,105 $112,650,321  $499,012,487 $508,666,888 

Real Gross Domestic Product Yr 0.90% $97,100,283 $102,857,857 $104,829,948  $236,240,992 $237,626,973 
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Appendix B: Key Relationships in the Generic River Basin Economy Model 

Some key relationships in the computer simulation model of the River Basin economy 

are set out below. Note that „pa‟ refers throughout to „per annum‟. All rice, wheat and 

meat produced is exported, with all items of capital equipment, inputs to production 

and commodities consumed by the basin‟s population being imported. The structural 

form of the model is a system of some 370 equations, parameters and identities. The 

interest rate plus all export and import prices in RoA/RoW being exogenous, these 

relationships mutually determine all quantities and values, together with realised rates 

of profit on capital ( % pa for rice, % pa for wheat and % pa for livestock). 

 

Farmers have static expectations, i.e. in Year t they expect to realise % pa on 

capital devoted to rice, % pa on wheat and % pa on livestock. One, two or 

all three types of farmers may not realise their profitability expectations at the sales 

that follow crop harvest (and livestock turnoff) in any given year, of course. Resetting 

of expectations for the coming Year t, in the light of realised profitability at the end of 

Year t-1, is what primarily drives this agricultural economy‟s dynamics. 

 

The river basin‟s area suitable for raising crops or livestock is fixed at  hectares. 

But this degrades annually at a rate that depends on runoff from rainfall and irrigation. 

It is this ever-decreasing „useable land endowment‟ (  hectares) that may constrain 

the combined land demands of farmers: 
Investment in Area Planted (hectares pa) 

 for rice 

 for wheat 

(Investment in grazing land under pasture  is determined by livestock herd size 

and stocking rate.) 

these competing land-uses are ranked by expectation of 

profitability  ( % pa) and the available hectares are allocated accordingly. The two 

% pa normal profit rates comprise the common interest rate plus a crop - or 

livestock-specific risk premium. The term inside square brackets is the „profitability 

gap‟ between expected return on capital and opportunity cost of capital. As this gap 

widens and narrows, so the river basin economy expands and contracts. 

The same type of profitability gap equation is employed for determining investments 

in the improvement of land and private assets like irrigation ditches and on-farm 

water storages: 

Investment in Land&Water (dollars pa) 

 for rice 

Investment in Land (dollars pa) 

 for wheat 

There is an ideal herd size (set by profit expectations) which may differ from the 

actual numbers of livestock (set by birth, death and turnoff rates). So another 

profitability gap equation is used to determine 

Investment in Ideal Herd (head) 

 for livestock 
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Livestock purchases  are a function of the difference between the ideal herd 

(above) and the actual herd size  head. The  variables are 

called „reaction coefficients‟ because they quantify the investment decision reactions 

of farmer/investors to the profitability gaps they expect to realise at the end of Year t. 

The reaction coefficients of rice, wheat and livestock farmers are determined by four 

constants and one variable: where is a reaction constant, 

is an investor confidence constant, is a constant debt-equity ratio that farmers 

consider „safe‟, is a debt risk constant, and is the actual debt-equity ratio in 

Year t. 

Both potential irrigation water (  gigalitres pa for rice) and trend rainfall water 

(  gigalitres pa for wheat) ultimately depend on actual rainfall in millimetres, 

reduced to useable rainfall by an evapotranspiration losses variable. Irrigated rice 

farmers face a second constraint in that RBC water allocations will be reduced below 

100% according to the severity of occasional extreme drought/bushfire events. 

Gigalitres of water applied to crops and pasture ( ) are determined by 

fixed water application rates times variable areas planted, but these figures are 

reduced whenever the potential and regulated irrigation water (rice) or actual rainfall 

(wheat, pasture) constraints are binding. 

The money wage rate earned alike by RBC/FSG employees, fieldhands, and farmers 

(who work, as well as receive dividends) is determined by the equation and inequality 

Wage Rate (dollars/worker pa) 

 and   

where  is the labour utilisation ratio, which may fall short of and even 

exceed full employment . Last year‟s domestic inflation rate  also 

appears in the wage equation, along with the growth rate of labour productivity in the 

rice industry . The inequality ensures that, unlike real wage rates, average money 

wage rates can never fall (as in real-world advanced economies). 

Annual production of meat by graziers is computed by applying a variable livestock 

turnoff rate  to the livestock adult herd . The rate at which livestock are 

turned off grazing properties increases whenever extreme drought/bushfire and 

flood/disease events occur. Pasture grass „crop yield‟ fluctuates with the ratio of 

actual to trend rainfall water, as explained for wheat below: 

Crop Produced (tonnes pa) 

 for both crops, where crop yield (tonnes/hectare) is 

 without water constraints, but otherwise will be lower. For 

rice,  is reduced when the RBC irrigation allocation is less than 100%. For wheat, 

 is fluctuates with the fraction  where the numerator is actual rainfall 

water and the denominator trend rainfall water. The variable  is last year‟s 

growth rate of crop yield, which rises at the same rate as real crop yield investments 

(in constant dollars pa). These yield-raising investments comprise land improvements 

by the farmers themselves, plus government expenditures on research and agricultural 

extension by the River Basin Commission (RBC). 


