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Abstract
The study provides comparative risk analyses of Australia’s three Victorian dairy regions. Historical data
were used to identify business risk and financial viability. Multivariate distributions were fitted to the
historical price, production, and input costs using copula models, capturing non-linear dependence among
the variables. Monte Carlo simulation methods were then used to generate cash flows for a decade. Factors
that influenced profitability the most were identified using sensitivity analysis. The dairies in the Northern
region have faced water reductions, whereas those of Gippsland and South West have more positive indi-
cators. Our analysis summarizes long-term risks and net farm profits by utilizing survey data in a proba-
bilistic manner.
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1. Introduction
Risk is inherent to agriculture and can broadly be classified into business risk and financial risk,
where the former arises from production and price risk and the latter from the proportion of
capital raised from other business sources (Hardaker et al., 2015; Komarek, De Pinto, and
Smith, 2020). According to reports published by the Organisation for Economic Co-operation
and Development (OECD), farm enterprises in Australia face high production and price risks
(Kimura, Antón, and Lethi, 2010; Kimura and Antón, 2011). To make informed decisions, farmers
must be able to assess their financial viability and potential business risks.

Australia’s dairy industry was the country’s third largest rural industry with a farmgate value of
A$4.3 billion in the financial year 2017–2018. Australia’s 5,699 dairy farms produce a total of 9.3
billion liters of milk annually (Dairy Australia, 2018). The state of Victoria alone hosts 3,520 dairy
farms, which produced 5.57 billion liters of milk in 2018–2019 (Agriculture Victoria and Dairy
Australia, 2018), or approximately 67% of national milk production (Dairy Australia, 2020a).
However, dairy farmers are facing a continuous cost price squeeze amid a challenging global envi-
ronment that suppresses milk prices and raises feed costs with drier and hotter weather conditions
(Dairy Australia, 2019; Mallawaarachchi et al., 2017).

While it is impossible to know what will happen in the future, simulations allow one to create
risk profiles by generating a large number of scenarios, including extreme cases, offering a way to
study the effects of factors such as weather and price variations. Thus, results from simulation
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studies can approach questions such as “What is the chance of making a profit in ten years?” given
known variabilities. In other words, our simulations allow stakeholders to assess risks and finan-
cial viability in a probabilistic way, which in turn aids informed decision-making (Albright and
Winston, 2019; Lehman and Groenendaal, 2020).

Among the earlier simulation-based Australian dairy industry risk studies, Sinnett, Ho, and
Malcolm (2017) analyzed a case study dairy farm in northern Victoria to highlight the need
to assess financial risk before deciding on expanding the business. Ho, Malcolm, and Doyle
(2015) tested the impact of changing water availability on two dairy farms in northern
Victoria and the associated profit risk. That study concluded that in order to maintain profit, case
study farms needed to make changes to their farming systems such as additional supplementary
feeding and/or using a partial mixed ration system. Henty et al. (2020) analyzed the impact that
changing the feeding regime on a farm in south-west Victoria had on profit. The system of grazed
pasture, with grain-fed in the dairy and forage fed in the paddock, was changed to a partial mixed
ration (PMR) or a formulated grain mix (FGM) feeding system, with the later found to be more
profitable. All three of the above studies used Palisade’s @RISK for the analysis.

Browne et al. (2013) compared 14 representative farm enterprises in south-eastern Australia
under low, average, and high rainfall scenarios. The production systems included Merino fine
wool, prime lamb, beef cattle, milk, wheat, and canola. The researchers concluded that profitability
of these enterprises had been affected more by changes in rainfall than by commodity prices. Dairy
enterprises were the most profitable on a dollars per hectare basis than the other farming options.

With the exception of Browne et al. (2013), the above studies simulated the input variables from
their individual univariate distributions without considering the dependencies between the input var-
iables. However, when a dairy farm is considered, variables that impact the profitability are likely to be
dependent on each other. For example, when herd cost increases, shed cost and cash overhead costs
are likely to increase as well. As these variables naturally move together, it is important to estimate and
include the dependency structure between the variables in any simulation study. To this end, copula-
based models, which will be adopted in this work, are flexible tools for revealing multivariate distri-
butions that capture the statistical relationships, such as non-linear dependence, among the input var-
iables (Manner and Reznikova, 2012), while allowing the univariate distributions to be estimated
separately (Zhu, Ghosh, and Goodwin, 2008). While Browne et al. (2013) included the rank corre-
lations between the variables in their simulations, the method of copula was not used.

Originating in financial studies, copula-based methods have recently been adopted in agricul-
tural studies. For example, Ribeiro et al. (2019) and Vergni, Todisco, and Mannocchi (2015) stud-
ied the risk of drought using copulae on various crops. Copula-based approaches have also been
widely used in the area of crop insurance. To list a few, Ahmed and Serra (2015) studied revenue
crop insurance for orange and apple sectors; Marin et al. (2014) studied livestock gross margin
insurance for dairy cattle (LGM-Dairy) premiums; Goodwin and Hungerford (2015) evaluated the
impacts of multiple sources of risk on crop insurance premiums, while Ramsey, Ghosh, and
Goodwin (2020) studied the flexibility of various type of copulae in modeling novel price cover-
ages in crop revenue insurance.

Despite the versatility of the copula-based methods, to the best knowledge of the authors, these
have not been applied to studying the risk profiles of dairy farms, under whole-farm scenarios, in
the Australian context. The present research applies the method of copula to compare regions in
the nation’s highest milk-producing state of Victoria, assessing farm stability and profitability.
Specifically, we simulate the risk profiles for representative farms in each of the three dairy regions:
North (N), Gippsland (G), and South West (SW), and compare their business and financial risks.
The Gippsland and South West dairies are in the higher rainfall parts of Victoria (Figure 1), south
of the Murray Darling Basin (MDB), while the Northern dairy region is within the MDB, which
has suffered water and feed shortages.

In 2012, Australia’s largest processor of dairy products, Murray Goulburn, announced it would
be stopping powdered milk production at its factory at Rochester, northern Victoria, with the loss
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of 64 jobs. This was due to lower milk production in northern Victoria and the southern Riverina
regions. Cheese and whey processing would continue on the site, however (Price, 2012). In north-
ern Victoria, total water available for irrigation has been reduced due to the Murray Darling Basin
Plan and a period of below average inflows to the major storages. Participating in the water market
is now just part of doing business for most dairy farms in the Murray Dairy Region (Dairy
Australia, 2015). Dairies in Northern Victoria have faced challenges of drought with higher cost
irrigation water and feed. Water entitlements were surrendered by dairies in government buy-
back programs to support environmental goals. The Victorian Environmental Water Holder
(2020), a statutory body, trades water to improve the health of Victoria’s rivers and wetlands.

In 2018–2019, the average dairy farm purchased 41% of the water they used on the temporary
market, while temporary water purchases by horticultural farm’s were only 39% of their use that
year, a significant increase on previous years (Australian Competition and Consumer
Commission, 2021, p. 113). Another estimate is that “approximately 60% of water used by dairy
is sourced from the temporary trade market annually” (Dairy Australia, 2020b).

Due to the heterogeneity in conditions, farms in different regions are subject to different prob-
ability distributions of the variables underlying the copulae. Therefore, a different risk profile was
estimated for each region. This study’s risk profiles were constructed using simulation methods
based on the copula modeling functions available in @RISK 8.2 (Palisade Corporation, 2021). A
whole-farm approach was taken to integrate the three financial statements, that is, balance sheets,
profit and loss budgets, and cash flows to capture wealth generation, efficiency, and liquidity of the
representative farms, which are pivotal to the success of any business.

2. Methods
Business and financial risks for three representative farms, one in each of the three dairy regions,
were analyzed. Figure 2 illustrates the locations of the three regions. The economic, financial, and

Figure 1. Annual rainfall (mm) in the Victorian state and its North (N), Gippsland (G), and South West (SW) regions from July
2006 to June 2019. Source: Agriculture Victoria and Dairy Australia (2019) and the earlier published reports.
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biophysical aspects of the three representative farms were based on thirteen years of historical time
series data from 2006–2007 to 2018–2019, published by Agriculture Victoria and Dairy Australia
(2019) which reported averages based on 25 farms, whose identities are protected, in each region.

Our analysis was carried out in two steps. In the first step, key performance indicators (KPIs)
were defined based on the simulated financial statements using well-established farm financial
management and economic approaches (Barry and Ellinger, 2012; Kay, Edwards, and Duffy,
2016; Malcolm, Makeham, and Wright, 2005; Nuthall, 2011). The data used for this analysis
assigned all prices and costs over time in “real” dollar values based on 2018–2019 dollar equiv-
alents by the consumer price index (CPI) to adjust for inflation. In the second step, joint multi-
variate distributions of historical production, price, and cost data were estimated through copula
functions, which account for the dependency among these variables over the historical period
(2006–2007 to 2018–2019). Randomly drawn decadal samples from multivariate simulations were
used to calculate budget details and decadal cash margins from which KPIs were summarized for
each setting in 10,000 simulated iterations.

An opening balance sheet (Table 1) captured the net worth of opening values for 2018–
2019 of three farms. The future growth/decline of business wealth was then based on risk cap-
tured in financial statements for each year of a 10-year (decadal) iteration. The risk profiles
described as cumulative distribution functions (CDFs) of decadal ending net cash balances
were generated to represent the probabilistic nature of risk in growth or decline of equity.
The following KPIs were used in our analysis, where details can be found in Godfrey et al.
(2021): debt to assets (D:A or solvency ratio), changing debt to equity (D:E or gearing ratio),
return on capital (ROC) and return on equity (ROE), and net profit (NP) obtained from the
financial statements for the decadal analysis. Cash flows were used to determine the net pres-
ent value (NPV) with a real 4% discount rate and modified internal rate of return (MIRR)
converting a nominal 6.5% interest rate as indicated by the Australian Bankers’
Association (2016). To compute MIRR, the capital was borrowed at 4%, and the rate at which
the funds could be reinvested was 2%. Each representative farm’s liability was assumed to be
debt financed by a bank overdraft facility at a real interest rate of 4% to meet payment obli-
gations. In years when net farm income was negative, debt accumulated and compounded over
time, whereas positive net farm income contributed to the retirement of debt. The positive
cash balance was used to offset the interest payments. Farmland was assumed to be appreci-
ating at 3.3% per annum in real terms (Rabobank, 2020) while the value of plant and equip-
ment depreciated at 5% per annum using the declining balance method. The data on inflation
to calculate the real rate of returns were obtained from the ABARES (2020).

Figure 2. Map of Victoria, Australia, showing the approximate locations of the farms in the three dairy regions: North (N),
Gippsland (G), and South West (SW) based on documentation by Agriculture Victoria and Dairy Australia (2019).
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Table 1. Financial statements for regional means (n=25) of three Victorian dairy regions: North (N), Gippsland (G) and
South West (SW). The table shows opening balance sheets and equity for each representative farm and the profit
and loss (P&L) budget model to calculate probabilistic earnings before interest and tax (EBIT) and net farm profits
(NP) based on the method used by Agriculture Victoria and Dairy Australia (2019). Table also shows the cash flow
estimation method

Balance sheet

(N) 2018–19 (G) 2018–19 (SW) 2018–19

Total land in hectares (ha) 242 189 320

Number of milking cows 336 289 378

Assets

Current Assets $/ha $/farm $/ha $/farm $/ha $/farm

Inventory

- Hay & grain $390 $94,380 $169 $31,941 $213 $68,160

- Other assets $384 $92,928 $378 $71,442 $148 $47,360

Non-Current Assets

Land $9,408 $2,276,736 $15,448 $2,919,672 $11,096 $3,550,720

Permanent water value $7,913 $1,914,946 $5,213 $985,257 $1,884 $602,880

Plant and equipment $1,151 $278,542 $1,099 $207,711 $1,081 $345,920

Livestock $3,539 $856,438 $4,094 $773,766 $2,745 $878,400

Total assets $22,785 $5,513,970 $26,401 $4,989,789 $17,176 $5,493,440

Liabilities $7,530 $1,822,260 $8,145 $1,539,405 $5,832 $1,866,240

Total liabilities $7,530 $1,822,260 $8,145 $1,539,405 $5,832 $1,866,240

Equity $15,255 $3,691,710 $18,256 $3,450,384 $11,344 $3,630,080

Opening equity to assets ratio 67.0% 69.1% 66.0%

Profit and loss budget

Gross farm income (Milk Sold × Number of milking cows × Milk price � Other income)
- Variable costs (Herd costs � Shed costs � Feed costs)
= Gross margins (GM))
- Overhead costs (Cash � Non-cash)
= Earnings before interest and tax (EBIT)
- Interest and lease charges
= Net farm income OR profit (NP)

Statement of cash flows

Net profit � Depreciation � Interest Expense (Net)

Source: Agriculture Victoria and Dairy Australia (2019). Opening balance sheet average estimates for N, G, and SW Victorian dairy regions have
been taken from Table B8 on p. 78, Table C8 on p. 86 and Table D8 on p. 94. Profit and loss budget 13 years historical data taken from Table B9
on p. 79, Table C9 on p. 87 and Table D9 on p. 95. Other income for all 13 years was calculated as a percentage of total gross income. The
annual average depreciation percentage for each year as a non-cash overhead cost was taken from the previous reports. The livestock trading
account, that is, cost of replacements for each year of analysis, are based on the Agriculture Victoria and Dairy Australia (2019) and past
thirteen years of reports.
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In each simulated year from 1 to year 10, net farm income was calculated based on simulated
prices (P), quantities (Q) and costs. Each variable was a random variable, and all were governed by
a joint distribution. In this sense, the net farm income can be considered as a non-linear combi-
nation of all the variables involved. The multivariate distribution of all variables had to be esti-
mated from historical data in order to simulate the net farm income. To this end, the method of
copula was used as detailed in the procedures below.

First, individual univariate distributions were chosen and estimated using the maximum like-
lihood method in @RISK8.2 (Palisade Corporation, 2021), with the option “Bounded, But
Unknown” selected for both the “Lower Limit” and “Upper Limit”, to avoid illogical bounds being
fitted. The best-fitted distributions were selected based on the Akaike information criterion (AIC)
and were visually checked based on the histograms overlayed with the fitted density curves.
Second, these univariate distributions were combined through a copula function. The method
of copula is based on Sklar’s theorem (1959), which states that the joint distribution of two var-
iables can be represented as a function called copula of individual univariate distributions.
Mathematically speaking, we have

FXY x; y
� � � Cθ FX x� �; FY y

� �� �
(1)

where FXY is the joint distribution, FX and FY are the individual univariate cumulative distribution
functions of X and Y , respectively, and θ represents the parameter(s). Equation (1) can also be
expressed as

Cuv u; v� � � FXY F�1
X u� �; F�1

Y v� �� �
; (2)

where F�1 denotes the inverse of the cumulative distribution function F. While most copula func-
tions are bivariate, higher dimensional copulae are becoming more popular (Shemyakin and Knia-
zev, 2017). Commonly used high-dimensional copulae include elliptical copulae such as
multivariate Gaussian or t and Archimedean copulae (Nelsen, 2006) such as Clayton, Frank,
and Gumbel (Aas et al., 2009). For example, for a random vector X1;X2; . . . ; Xd� �0, the multivar-
iate Gaussian copula admits the form

FX1; X2;...; Xd
x1; x2; . . . ; xd� � � Φd;R FX1

x1� �; FX2
x2� �; . . . ; FXd

xd� �� �
; (3)

where Φd;R represents the d-dimensional mean-zero normal distribution with correlation matrix
R. More examples can be found in Shemyakin and Kniazev (2017). While both Gaussian and t
copulae belong to the class of elliptical copulae, the tail dependencies behave differently. In par-
ticular, t copula possesses positive tail dependence while Gaussian copula has no tail dependence
(Demarta and McNeil, 2005). The copula function was estimated using the maximum likelihood
estimation method in @RISK8.2 (Palisade Corporation, 2021). Various goodness-of-fit measures
including AIC, Bayesian Information Criterion (BIC), and average log-likelihood values were con-
sidered in choosing the final copula type.

These input distributions were then used to generate decadal (10-year) samples for probabi-
listic output distributions of profit and loss budgets and cash flows by performing 10,000 iterations
of Monte Carlo simulation.

In our application, eleven input variables including price, quantity, and variable costs were
considered. A full list of these variables can be found in Appendix A. Denoted by
X1;X2; . . . ; X11 the eleven variables. The whole procedure can be summarized as follows:

1. For each variable i, a univariate distribution FXi
xi� � was fitted.

2. A copula function C which combines FX1
x1� �; FX2

x2� �; . . . ; FX11
x11� � was fitted.

3. Based on the fitted copula C, an eleven-variate vector u1; u2; . . . ; u11� �0 was simulated
where each ui is between 0 and 1.
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4. Through probability integral transform (Salvadori et al., 2007), each ui was transformed
back to its original scale through xi � F�1

Xi
ui� �.

5. Revenue and costs, and thus profit and loss, were then determined based on the simulated
x1; x2; . . . ; x11. From year 1 onwards, the annual closing balances and various indices were
then calculated.

6. Steps 3–5 were repeated 10,000 times through Monte Carlo simulations. Risk profiles were
created based on the empirical cumulative distributions of these simulated values.

7. The above steps were done for each of the three regions considered.

The impacts of input variables on the output variables were studied using sensitivity analysis, with
an aim of determining the most influential factors affecting the financial outcomes of farms
(Pianosi et al., 2016). In @Risk, the simulated values of an input variable are first sorted in ascend-
ing order. These ordered values are then divided into ten equal bins. In our case, each bin would
contain 1,000 values. The means of the output values in the “lowest bin” and the “highest bin” are
computed and are reported in the form of a tornado graph, allowing one to tell which inputs have
the most positive or negative impacts on the output variable.

3. Results
3.1 Fitted Distributions

The fitted univariate distributions for the input variables (and the corresponding theoretical sum-
mary statistics) for each of the three regions are reported in Appendix A. Uniform, triangle and
Pert distributions were found to provide the best fits to the data, according to AIC.

For the multivariate distributions, Gaussian copulae were fitted for the North and Gippsland
regions, whereas the t copula was fitted for the South West region. Figures 3–5 illustrate the three
regions, respectively, in terms of their rank correlation matrices used as parameters in fitting the
copulae as well as scatter plot matrices based on the simulated data. Table 2 shows various good-
ness-of-fit measures for different types of copula for the three regions. Both elliptical copula types
provided similar measures while Archimedean copulae were found to be less plausible. Since
Gaussian and t copulae were found to be better, it does not seem to be much evidence of asym-
metric dependence among the variables.

As outlined in Section 2, random variables were generated using the fitted copulae and were
converted back to their original scales according to the fitted univariate distributions. These sim-
ulated values were then used to drive the profit and loss budgets as well as various performance
indices as shown in the sections below.

3.2 Net Farm Income (NP), Sensitivity Analysis, Net Present Value (NPV), and Modified Internal
Rate of Return (MIRR)

The representative farms in the North (N), Gippsland (G), and South West (SW) regions of
Victoria had opening debts of $1.8m, $1.5m and $1.9m, which at the close of the decade (year
10) had become median debts of $2.6m, $1m and $1.2m, respectively (Table 3). That is, the
Northern region median dairy farm debts increased by $0.8m, while Gippsland and South
West region dairy farm median debts decreased by $0.5m and $0.7m, respectively.

Business solvency measures of equity to assets ratio per farm at the start of the sample decade in
N, G, and SW were 67%, 69%, and 66% and closed at 58%, 84% and 82%, respectively, in year 10.
Conversely, median debt to equity ratios per farm at the start of the sample decade in N, G, and
SW were 49%, 45%, and 51% and closed at 65%, 25%, and 27%, respectively, in year 10. This is
another measure of how much worse the North region has fared than the G and SW.

The median return on capital (ROC) per farm at the start of the sample decade in N, G, and SW
were 1.6%, 3.2%, and 3.5% and closed at 1.4%, 2.7%, and 2.9%, respectively, in year 10. Similarly,
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the median return on equity (ROE) per farm at the start of the decade in N, G, and SW were 0.5%,
2.8%, and 3.1% and closed at 0.1%, 2.4%, and 2.6%, respectively, in year 10.

Net farm income was positive 48%, 77%, and 81% of the time for the sample decades for farms
in the N, G, and SW regions, respectively (Figure 6). Sensitivity analysis using a tornado graph of
mean net farm incomes under the lowest and highest values of input variables (Figures 7–9)
showed that the price of milk followed by number of milking cows, feed costs, and non-cash over-
head costs, were the key input variables responsible for the largest changes in net farm profits in all
three Victorian dairy regions.

Net present values (NPVs) for the three representative farms were positive 19%, 48%, and 52%
for each of the N, G, and SW regions, respectively (Figure 10). Table 3 shows the median modified
internal rate of return (MIRR) that was higher than the 4% real hurdle rate of return 15%, 42%,
and 45% of the times, respectively, for the three representative Victorian dairy farms.

Figure 3. Copula-generated scatter plots (lower triangular cells) and estimated rank correlation matrix (upper triangular
cells) used as parameters in the Gaussian copula for the North (N) Dairy Region. MS: milk sold, NMC: number of milking
cows, MP: milk price, OI: other income, HC: herd costs, SC: shed costs, FC: feed costs, COC: cash overhead costs, NOC: non-
cash overhead costs, ILC: interests and lease charges, DP: depreciation percentage.
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4. Discussion
Our whole-farm dairy business analysis used @RISK8.2 (Palisade Corporation, 2021) and
Victorian dairy farm data (Agriculture Victoria and Dairy Australia, 2019) to project a 10-year
probabilistic model to understand the business and financial viability of average representative
farms in three regions of Victoria. Thirteen-year annual average deterministic inputs of price,
production, and cost variables were used in the probabilistic model where the output varied from
instance to instance. A major difference between our approach and most, if not all, of the previous
Australian dairy farm risk studies is the incorporation of the dependency structure between the
input variables through copulae.

Debt, accumulated over time, for the Northern farm is as quantified in Table 3. The Gippsland
and South West farms, however, were able to retire debt and ended with a healthier balance sheet
than they began with. Our simulation demonstrated that an increase in fixed assets such as land

Figure 4. Copula-generated scatter plots (lower triangular cells) and estimated rank correlation matrix (upper triangular
cells) used as parameters in the Gaussian copula for the Gippsland (G) Dairy Region. MS: milk sold, NMC: number of milking
cows, MP: milk price, OI: other income, HC: herd costs, SC: shed costs, FC: feed costs, COC: cash overhead costs, NOC: non-
cash overhead costs, ILC: interests and lease charges, DP: depreciation percentage.
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does not help the business if the regular positive stream of income is not there. The farms in all
three regions started with different opening debts, but the N region representative farm failed to
retire the debt or maintain and increase equity, for reasons discussed earlier.

Farm solvency KPI ratios of equity to assets and debt to equity (Table 3) generated from the
financial statement showed the adverse outcome for the N region on both accounts and
highlighted that an average representative farm in that region has not fared very well. The N
farm’s equity to asset ratio went from being healthy to worsening over the decade as the debt
rose. In a real-life situation, the representative farm in the North would have been bankrupt much
earlier1, as the increase in farmland value as an asset did not match the compounding impact of
debt, that is, the farmer’s liability. Both Gippsland and South West farms ended up with healthier

Figure 5. Copula-generated scatter plots (lower triangular cells) and estimated rank correlation matrix (upper triangular
cells) used as parameters in the t (df=3) copula for the Southwest (SW) Dairy Region. MS: milk sold, NMC: number of milking
cows, MP: milk price, OI: other income, HC: herd costs, SC: shed costs, FC: feed costs, COC: cash overhead costs, NOC: non-
cash overhead costs, ILC: interests and lease charges, DP: depreciation percentage.

1The model can limit these ratios to an acceptable level.
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Table 2. Goodness-of-fit measures for various copula types for the representative dairy region farms of North (N),
Gippsland (G), and South West (SW) Victoria

Copula type AIC BIC Average Loglikelihood

North (N)

Gaussian −203.81 −29.48 6.56

t (df=19) −201.41 −24.68 6.47

Clayton −2.75 −2.55 0.20

Gumbel −0.83 −0.63 0.12

Gippsland (G)

Gaussian −215.47 −41.14 7.01

t (df=21) −212.77 −36.05 6.91

Clayton 2.19 2.40 0.01

Gumbel 2.36 2.56 0.01

Southwest (SW)

Gaussian −218.13 −43.81 7.11

t (df=3) −232.12 −55.40 7.66

Clayton 2.11 2.31 0.01

Gumbel 2.32 2.53 0.00

Table 3. Financial ratios as median values for key performance indicators (KPIs) for the representative Victorian dairy
region farm of North (N), Gippsland (G), and South West (SW). All dollar values are in units of thousands

KPIs

North (N) Gippsland (G) Southwest (SW)

Year 0 Year 10 Year 0 Year 10 Year 0 Year 10

Assets $5,513 $6,275 $4,989 $6,026 $5,493 $6,716

Debt $1,822 $2,636 $1,539 $979 $1,866 $1,227

Equity $3,691 $3,639 $3,450 $5,046 $3,627 $5,489

E:A 67% 58% 69% 84% 66% 82%

D:E 49% 65% 45% 25% 51% 27%

Year 1 Year 10 Year 1 Year 10 Year 1 Year 10

ROC 1.6% 1.4% 3.2% 2.7% 3.5% 2.9%

ROE 0.5% 0.1% 2.8% 2.4% 3.1% 2.6%

NP $16 -$11 $100 $119 $118 $140

Year 0 Year 0 Year 0

NPV −$2,038 −$116 $97

MIRR -0.8% 3.2% 3.6%

Note: The first five rows of net dollar values compare year zero and year ten. The next three rows compare KPI ratios for year 1 and year 10.
The @Risk8.2 model, Monte Carlo simulation, started in year 1 of a randomly drawn decade. The ratios were calculated from @RISK
probabilistic output for assets, debt and equity, Earnings before interest and taxation (EBIT) and Net profit (NP). E:A, Equity to Assets
ratio; D:A, Debt to Equity ratio; ROC, Return on Capital; ROE, Return on Equity; NP: Net Profit; NPV: Net Present Value; MIRR: Modified
Internal Rate of Return.
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financial statements with an overall increase in the equity to assets ratio. The smaller debt to equity
ratio again highlights that there was an increase in equity versus debt for these two regions.

The financial efficiency KPI measure of return on capital (ROC) invested (Table 3) was cap-
tured by the smaller ratio in year 10 for all three regions, reflecting the land value appreciation
over the decade. In a non-simulation based study, Heard et al. (2017) reported a ROC of 6.7%
across the state of Victoria. However, with potentially non-linear dependency between the input
variables taken into account, our results have shown a much lower return, exemplifying the risk of
ignoring the dependency structure among input variables. The return on equity (ROE) repre-
sented a larger closing ratio for the N region due to a decrease in equity over time. The situation
was much healthier for the G and SW regions, their smaller ratios indicating increased owner’s
equity.

The probabilistic net farm income or profitability profiles (Figure 6) generated from the his-
torical data showed the North region to be worst off, followed by Gippsland and then South West,
which is in better shape. The profitability impacted the balance sheet and NPVs. In all three
regions, the largest factor impacting the profitability was the price of milk (Figures 7–9). The dif-
ference in average net farm income at year 10 was more than $400,000 between the lowest and the
highest 10% of milk price. Other influential factors include number of milking cows, feed costs as
well as non-cash overhead costs (Figures 7–9). A recent development, that is, the introduction of a
mandatory code of conduct (ABC Landline, 2020) in the way farmers and processors do business,
may provide much needed security and some stability to the dairy farmers. Until recently, there
has been a mass farmer exodus (Dalhsen, 2020) following the deregulation of the Australian dairy
industry in 2000. The Department of Agriculture Victoria and Dairy Australia (2019) cost data are
detailed and can be dissected further to understand the impact of a range of variable inputs,
including different costs impacting net farm incomes. In Victoria’s North region, the rising cost

Figure 6. Cumulative frequency distributions of net farm income (NP): risk profiles for dairy farms in the N (red), G (blue),
and SW (green) regions of Victoria (year 10 of sampled decades), where the y-axis shows the probability of obtaining a value
less than or equal to the corresponding x-axis value.
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of water is another significant factor adding further burdens to many farmers, particularly during
the recent droughts.

The net present value (NPV) at the real discount or hurdle rate of 4% for these three scenarios
presented a similar story (Figure 10). The North representative farm was worse off, due to reduced
water supplies amid drought and redirection of priority water allocations to environmental use,
which explains the mass industry exodus. The modified internal rate of return (MIRR) (Table 3)
portrays a similar picture for these farms, particularly in the North, suggesting these farmers con-
sider investing their money elsewhere.

The parameters in the Gaussian or t copula fitted rank correlation matrices demonstrate high
degrees of differences in the dependency structures among the variables across the three regions
studied (Figures 3–5). For example, milk sold was found to be moderately to strongly correlated
with other income, non-cash overhead costs, and interest and lease charges in the North region.
However, none of these relationships can be found in the other two regions. Across the three
regions, the only common relationships are cash overhead costs and herd costs, and cash overhead
costs and shed costs, where moderate to strong positive correlations were found. Naturally, these
differences were also reflected when data were simulated from the fitted copulae (Figures 3–5).
The differences in the dependency structures may be attributed to some factors which were not
considered in the present study. Our work could potentially be extended by incorporating cova-
riates (Alidoost, Stein, and Su, 2018). As demonstrated in Ramsey, Goodwin, and Ghosh (2019), it
may be useful to consider the spatially varying dependence between the input variables in the
selection and estimation of the copulae. The recent results in the area of spatial copula models
(Krupskii, Huser, and Genton, 2018; Sang and Gelfand, 2010) may be useful in further improving
our model.

A limitation of this study is the short length of the time series data used. This may have affected
the accuracy of the individual univariate distributions, which may have in turn caused biases in the
copula parameters (Fantazzini, 2009). It is expected that more accurate results can be achieved
when longer time series become available. While truncated distributions are often more sensible
for agricultural data (e.g., the price of milk cannot be negative), the functionalities in handling
truncated distributions are limited in the software used, especially when copulae are involved.
Such analyses can be accomplished using other software (Emura and Pan, 2020) but at a higher
level of computational complexity.

Disaggregated analyses of individual farms could have revealed the full range of conditions and
responses among the district populations. A limitation of this study, owing to our lack of direct
access to individual farm records, was due to the requirement of guarding the privacy of the par-
ticipating businesses. Thus, it is likely that the averaged data used may not truly reflect actual
dependency structures amongst input variables. If more detailed data become available, future
work could be conducted by applying the same methodology to individual farm data.

Among the copula types considered, it is clear that various measures suggested the use of an ellip-
tical copula for all the three regions (Table 3). One drawback of elliptical copulae is the implicit
assumption of symmetric dependence between all variables, which may not always be realistic. It
would be interesting to see if the use of some “modern” copula models such as vine copulae (Aas
et al., 2009; Dißmann et al., 2013), kernel-vine copulae (Zhang and Goodwin, 2020), time series copula
models (Patton, 2012) may further enhance the results—a direction for future research.

Another limitation of this model-based study, however, is the assumption that conditions from
the past will continue in future, which often may not be the case. Also, many factors can impact
the industry, such as floods, fires, the COVID-19 outbreak or the trade terms for dairy exports,
although the model can handle these later scenarios with some added assumptions.

84 Sosheel Solomon Godfrey et al.

https://doi.org/10.1017/aae.2021.23 Published online by Cambridge University Press

https://doi.org/10.1017/aae.2021.23


Figure 8. Mean net farm incomes at year 10 at the highest 10% (blue) and lowest 10% (red) of simulated values of input
variables in the G region of Victoria. The number at the edge of each bar is the mean net farm income. The “baseline” value
is the overall mean net farm income calculated using all simulated values.

Figure 7. Mean net farm incomes at year 10 at the highest 10% (blue) and lowest 10% (red) of simulated values of input
variables in the N region of Victoria. The number at the edge of each bar is the mean net farm income. The “baseline” value
is the overall mean net farm income calculated using all simulated values.
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Figure 10. Cumulative frequency distributions of the net present value (NPV): risk profile for dairy farms in the N (red), G
(blue), and SW (green) regions of Victoria (year 0 or opening year), where the y-axis shows the probability of obtaining a
value less than or equal to the corresponding x-axis value.

Figure 9. Mean net farm incomes at year 10 at the highest 10% (blue) and lowest 10% (red) of simulated values of input
variables in the SW region of Victoria. The number at the edge of each bar is the mean net farm income. The “baseline”
value is the overall mean net farm income calculated using all simulated values.
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5. Conclusion
The business and financial risks for three dairying regions in Victoria based on variability in pro-
duction, prices, and costs were captured in this analysis using historical data with @RISK8.2. The
method used allows realistic summaries of long-term portfolios of net farm profits, which extends
the usefulness of past data by illuminating the business and financial risk profiles with the farmer’s
management information.

We have compared representative dairy farms over the 2006–2007 to 2018–2019 period in each of
the three dairy regions of Victoria. It is clear that dairy farms in the North have sufferedmost from low
milk prices, increased feed costs, water shortages, and dependencies on the troubled Murray Darling
Basin, leaving these businesses, on average, in precarious financial positions. Dairy farms in the
Gippsland and South West have fared better, on average, throughout our study, remaining financially
viable and able to make adjustments; they received higher rainfalls and suffered fewer feed shortages,
in addition to ending at lower levels of outstanding debt for the study period.

Our probabilistic simulation model has dealt with the “flaw of averages” used in a deterministic
model that “best-guesses” the input levels for each iteration by incorporating uncertainty explicitly
using a simulation model (Albright and Winston, 2019, p. 179) based on the distributions of these
input variables (as in Appendix A and Figures 3–5). Our analysis has focused on defining and
comparing the differences in the financial performance of representative dairy farms characterized
for each of the three main Victorian dairy regions through the turbulent period of 2006–2007 to
2018–2019. These years brought the Global Financial Crisis, drought periods, and the two major
food retailers reducing their milk prices to $1 per liter as loss-leaders to entice customers into their
stores. This study simply quantifies the changing fortunes of dairy farmers in contrasting physical,
economic and financial conditions.

For farmers, our key messages include finding conditions different among regions in terms of phys-
ical production potentials, changing rules limiting access to water in one region, resulting in high feed
costs. The results of these factors combined with rainfall variations were captured in terms of financial
outcomes over time, showing dairies in one district to be on strong business footings and those in
another district to be failing businesses. For analysts, the results in this paper have shown that, when
simulating financial outcomes, it is vital to consider dependence among variables.

Acknowledgements. We are indebted to the Graham Centre for Agricultural Innovation for supporting this work. An earlier
version of the present paper was presented at the AARES conference in Perth in February 2020 (Godfrey et al., 2020). We note that
Dairy Australia and Agriculture Victoria used methods adapted from The Farming Game (Malcolm, Makeham, andWright, 2005)
in developing their detailed Dairy Farm Monitor Project, which was the key data source for this paper. The authors alone are
responsible for any errors in this study. The authors thank the reviewers for their constructive comments.

Author contributions. Conceptualization, S.S.G., T.L.N., R.H.L.I. ; Methodology, S.S.G., R.H.L.I. and T.L.N.; Formal Analysis,
S.S.G and R.H.L.I.; Data Curation, S.S.G. ; Writing—Original Draft, S.S.G., T.L.N. and R.H.L.I., Writing—Review and Editing,
S.S.G., R.H.L.I. and T.L.N.

Financial support. This research received no specific grant from any funding agency, commercial or not-for-profit sectors.

Conflict of interest. Authors Sosheel Solomon Godfrey, Ryan H. L. Ip and Thomas Lee Nordblom declare none.

Data availability statement. The Dairy Farm Monitor Project (DFMP) data analyzed in this project is open access and
available using the links below:
https://www.dairyaustralia.com.au/murray-dairy/industry-statistics/dairy-farm-monitor-project#.X8RKj6YUmUk
https://agriculture.vic.gov.au/about/agriculture-in-victoria/dairy-farm-monitor-project

References
Aas, K., Czado, C., Frigessi, A., and Bakken, H. “Pair-Copula Constructions of Multiple Dependence.” Insurance,

Mathematics & Economics 44,2(2009):182–198.
ABARES. Agricultural Commodity Statistics 2020. 2020. Internet site: https://www.agriculture.gov.au/abares/research-topics/

agricultural-outlook/data#2020. (Accessed December 15, 2020).

Journal of Agricultural and Applied Economics 87

https://doi.org/10.1017/aae.2021.23 Published online by Cambridge University Press

https://www.dairyaustralia.com.au/murray-dairy/industry-statistics/dairy-farm-monitor-project#.X8RKj6YUmUk
https://agriculture.vic.gov.au/about/agriculture-in-victoria/dairy-farm-monitor-project
https://www.agriculture.gov.au/abares/research-topics/agricultural-outlook/data#2020
https://www.agriculture.gov.au/abares/research-topics/agricultural-outlook/data#2020
https://doi.org/10.1017/aae.2021.23


ABC Landline. Dairy’s New Dawn: New Code Changing the Way Farmers and Processors Do Business, 2020. ABC. https://
www.abc.net.au/landline/dairys-new-dawn:-new-code-changing-the-way-farmers/12400450.

Agriculture Victoria and Dairy Australia. Dairy Farm Monitor Project Victoria Annual Report 2017–18 edited by Jobs The
State of Victoria Department of Economic Development, Transport and Resources.Dairy Australia, Melbourne, 2018.

Agriculture Victoria and Dairy Australia. Dairy Farm Monitor Project Victoria Annual Report 2018–19. edited by Jobs The
State of Victoria Department of Economic Development, Transport and Resources.Dairy Australia, Melbourne, 2019.

Ahmed, O., and Serra, T. “Economic Analysis of the Introduction of Agricultural Revenue Insurance Contracts in Spain
Using Statistical Copulas.” Agricultural Economics 46,1(2015):69–79.

Albright, S.C., and Winston, W.L. Business Analytics: Data Analysis and Decision Making. 7th ed. Boston, MA: Cengage,
2019.

Alidoost, F., Stein, A., and Su, Z. “Copula-Based Interpolation Methods for Air Temperature Data Using Collocated
Covariates.” Spatial Statistics 28(2018):128–140.

Australian Bankers’ Association. Agriculture in Australia: Activity and Financing, 2016. (Sydney, Australia: Australian
Banking Association). Internet site: https://www.ausbanking.org.au/images/uploads/ArticleDocuments/134/Economic_
Report__Agriculture_in_Australia_-_activity_and_financing%20Sep%202016.pdf (Accessed January 7, 2019).

Australian Competition and Consumer Commission. Murray–Darling Basin Water Markets Inquiry – Final Report, 2021.
Australian Competition and Consumer Commission (ACCC) (Canberra, Australia: Commonwealth of Australia). Internet
site: https://apo.org.au/sites/default/files/resource-files/2021-03/apo-nid311575.pdf (Accessed April 24, 2021).

Barry, P.J., and Ellinger, P.N. Financial Management in Agriculture. 7th ed. Boston: Prentice Hall, 2012.
Browne, N., Kingwell, R., Behrendt, R., and Eckard, R. “The Relative Profitability of Dairy, Sheep, Beef and Grain Farm

Enterprises in Southeast Australia under Selected Rainfall and Price Scenarios.” Agricultural Systems 117(2013). 35–44.
Dairy Australia. Australian Dairy Industry in Focus, 2018. Dairy Australia Limited (Southbank VIC). Internet site: https://

www.dairyaustralia.com.au/resource-repository/2020/07/09/australian-dairy-industry-in-focus-2018#.YT6emJ0zaUk
(Accessed January 10, 2020).

Dairy Australia. Dairy Situation and Outlook, 2019. Dairy Australia Limited. (Southbank VIC). Internet site: https://www.
dairyaustralia.com.au/industry/dairy-situation-and-outlook/situation-and-outlook-february-2019 (Accessed January 11, 2020).

Dairy Australia. Latest Production and Sales Statistics, 2020a. Internet site: https://www.dairyaustralia.com.au/industry/
production-and-sales/latest-production-and-sales-statistics (Accessed July 24, 2020).

Dairy Australia. Murray Dairy Water Trading Tool Kit, 2015. Dairy Australia (Melbourne, Victoira). Internet site: https://
www.dairyaustralia.com.au/murray-dairy/resources-repository/2020/07/09/murray-dairy-water-trading-tool-kit-july-2015#.
YId7fLUzaUl (Accessed April 24, 2021).

Dairy Australia. Murray Darling Basin, 2020b. Dairy Australia (Melbourne, Victoira). Internet site: https://www.gbcma.vic.
gov.au/publications/published_documents/catchment_community_and_economy (Accessed April 23, 2021).

Dalhsen, J. The Dairy Industry Crisis: The Case of Government Intervention, 2020. Internet site: https://www.scribd.com/
document/463283666/DahlsenThe-Dairy-Industry-Crisis-Ed-3-May-2020#fullscreen&from_embed (Accessed February 5,
2020).

Demarta, S., and McNeil, A.J. “The T Copula and Related Copulas.” International Statistical Review 73,1(2005):111–129.
Dißmann, J., Brechmann, E.C., Czado, C., and Kurowicka, D. “Selecting and Estimating Regular Vine Copulae and

Application to Financial Returns.” Computational Statistics & Data Analysis 59(2013):52–69.
Emura, T., and Pan, C.-H. “Parametric Likelihood Inference and Goodness-of-Fit for Dependently Left-Truncated Data, a

Copula-Based Approach.” Statistical Papers (Berlin, Germany) 61,1(2020):479–501.
Fantazzini, D. “The Effects of Misspecified Marginals and Copulas on Computing the Value at Risk: A Monte Carlo Study.”

Computational Statistics & Data Analysis 53,6(2009):2168–2188.
Godfrey, S.S., Nordblom, T., Ip, R.H.L., Robertson, S., Hutchings, T., and Behrendt, K. “Drought Shocks and Gearing

Impacts on the Profitability of Sheep Farming.” Agriculture 11,4(2021):366.
Godfrey, S.S., Nordblom, T.L., Ip, R.H.L., and Hutchings, T.R. (2020). “Dairying Regions in Victoria: Risk Profiles Using

Historical Data and @Risk®.” Australasian Agricultural and Resource Economics Society (AARES) 2020, Perth. https://
ageconsearch.umn.edu/record/305250?ln=en.

Goodwin, B.K., and Hungerford, A. “Copula-Based Models of Systemic Risk in U.S. Agriculture: Implications for Crop
Insurance and Reinsurance Contracts.” American Journal of Agricultural Economics 97,3(2015):879–896.

Hardaker, J.B., Lien, G., Anderson, J.R., and Huirne, R.B.M. Coping with Risk in Agriculture. 3rd ed. Wallingford, UK:
CABI, 2015.

Heard, J.W., Lawrence, K.R., Ho, C.K.M., and Malcolm, B. “Comparing the Profitability of a Dairy Business with
Alternative Investments.” Animal Production Science 57,7(2017):1330–1335.

Henty, S., Ho, C.K.M., Auldist, M.J., Wales, W.J., and Malcolm, B. “AWhole-Farm Investment Analysis of a Partial Mixed
Ration Feeding System for Dairy Cows.” Animal Production Science 60,3(2020):444–453.

Ho, C.K.M., Malcolm, B., and Doyle, P.T. “Supplementary Feeding Options to Alleviate the Impacts of Decreased Water
Availability on Dairy-Farm Economic Performance in Northern Victoria.” Animal Production Science 55,2(2015):194–200.

Kay, R.D., Edwards, W.M., and Duffy, P.A. Farm Management. 8th ed. New York: McGraw-Hill, 2016.

88 Sosheel Solomon Godfrey et al.

https://doi.org/10.1017/aae.2021.23 Published online by Cambridge University Press

https://www.abc.net.au/landline/dairys-new-dawn:-new-code-changing-the-way-farmers/12400450
https://www.abc.net.au/landline/dairys-new-dawn:-new-code-changing-the-way-farmers/12400450
https://www.ausbanking.org.au/images/uploads/ArticleDocuments/134/Economic_Report__Agriculture_in_Australia_-_activity_and_financing%20Sep%202016.pdf
https://www.ausbanking.org.au/images/uploads/ArticleDocuments/134/Economic_Report__Agriculture_in_Australia_-_activity_and_financing%20Sep%202016.pdf
https://apo.org.au/sites/default/files/resource-files/2021-03/apo-nid311575.pdf
https://www.dairyaustralia.com.au/resource-repository/2020/07/09/australian-dairy-industry-in-focus-2018#.YT6emJ0zaUk
https://www.dairyaustralia.com.au/resource-repository/2020/07/09/australian-dairy-industry-in-focus-2018#.YT6emJ0zaUk
https://www.dairyaustralia.com.au/industry/dairy-situation-and-outlook/situation-and-outlook-february-2019
https://www.dairyaustralia.com.au/industry/dairy-situation-and-outlook/situation-and-outlook-february-2019
https://www.dairyaustralia.com.au/industry/production-and-sales/latest-production-and-sales-statistics
https://www.dairyaustralia.com.au/industry/production-and-sales/latest-production-and-sales-statistics
https://www.dairyaustralia.com.au/murray-dairy/resources-repository/2020/07/09/murray-dairy-water-trading-tool-kit-july-2015#.YId7fLUzaUl
https://www.dairyaustralia.com.au/murray-dairy/resources-repository/2020/07/09/murray-dairy-water-trading-tool-kit-july-2015#.YId7fLUzaUl
https://www.dairyaustralia.com.au/murray-dairy/resources-repository/2020/07/09/murray-dairy-water-trading-tool-kit-july-2015#.YId7fLUzaUl
https://www.gbcma.vic.gov.au/publications/published_documents/catchment_community_and_economy
https://www.gbcma.vic.gov.au/publications/published_documents/catchment_community_and_economy
https://www.scribd.com/document/463283666/DahlsenThe-Dairy-Industry-Crisis-Ed-3-May-2020#fullscreen&from_embed
https://www.scribd.com/document/463283666/DahlsenThe-Dairy-Industry-Crisis-Ed-3-May-2020#fullscreen&from_embed
https://ageconsearch.umn.edu/record/305250?ln=en
https://ageconsearch.umn.edu/record/305250?ln=en
https://ageconsearch.umn.edu/record/305250?ln=en
https://doi.org/10.1017/aae.2021.23


Kimura, S., and Antón, J. RiskManagement in Agriculture in Australia, 2011. (OECD Food, Agriculture and Fisheries Papers, No.
39, OECD Publishing, Paris). Internet site: http://dx.doi.org/10.1787/5kgj0d8bj3d1-en (Accessed October 15, 2019).

Kimura, S., Antón, J., and Lethi, C. Farm Level Analysis of Risk and Risk Management Strategies and Policies: Cross Country
Analysis, 2010. (OECD Food, Agriculture and Fisheries Papers, No. 26, OECD Publishing, Paris). Internet site: https://
www.oecd-ilibrary.org/agriculture-and-food/farm-level-analysis-of-risk-and-risk-management-strategies-and-policies_
5kmd6b5rl5kd-en (Accessed October 15, 2019).

Komarek, A.M., De Pinto, A., and Smith, V.H. “A Review of Types of Risks in Agriculture: What We Know and What We
Need to Know.” Agricultural Systems 178(2020):102738.

Krupskii, P., Huser, R., and Genton, M.G. “Factor Copula Models for Replicated Spatial Data.” Journal of the American
Statistical Association 113,521(2018):467–479.

Lehman, D.E., and Groenendaal, H. Practical Spreadsheet Modeling Using @Risk. Boca Raton, FL, USA: CRC Press, 2020.
Malcolm, B., Makeham, J., and Wright, V. The Farming Game: Agricultural Management and Marketing. 2nd ed.

Melbourne, Australia: Cambridge University Press, 2005.
Mallawaarachchi, T., Nauges, C., Sanders, O., and Quiggin, J. “State-Contingent Analysis of Farmers’ Response to Weather

Variability: Irrigated Dairy Farming in the Murray Valley, Australia.” Australian Journal of Agricultural and Resource
Economics 61,1(2017):36–55.

Manner, H., and Reznikova, O. “A Survey on Time-Varying Copulas: Specification, Simulations, and Application.”
Econometric Reviews 31,6(2012):654–687.

Marin, B., John, N., Cameron, S.T., and Brian, W.G. “Tails Curtailed: Accounting for Nonlinear Dependence in Pricing
Margin Insurance for Dairy Farmers.” American Journal of Agricultural Economics 96,4(2014):1117–1135.

Nelsen, R.B. An Introduction to Copulas. 2nd ed. New York, USA: Springer, 2006.
Nuthall, P.L. 2011. Farm Business Management Analysis of Farming Systems. Wallingford, UK: CABI. http://www.cabi.org/

cabebooks/ebook/20113297684.
Palisade Corporation. @Risk, Decision Tools Suite 8.2. Palisade Decision Tools, Ithaca, NY, 2021.
Patton, A.J. “A Review of Copula Models for Economic Time Series.” Journal of Multivariate Analysis 110(2012):4–18.
Pianosi, F., Beven, K., Freer, J., Hall, J.W., Rougier, J., Stephenson, D.B., and Wagener, T. “Sensitivity Analysis of

Environmental Models: A Systematic Review with Practical Workflow.” Environmental Modelling & Software
79(2016):214–232.

Price, L. 2012. Murray Goulburn Stops Northern Victorian Milk Powder Production. ABC Rural, 7 March, 2012. Internet site:
https://www.abc.net.au/news/rural/2012-03-07/murray-goulburn-stops-northern-victorian-milk/6102294 (Accessed April
24, 2021).

Rabobank. No ‘Summit in Sight’ for Climbing Australian Agricultural Land Prices, 2020. Internet site: https://www.rabobank.
com.au/media-releases/2018/180823-no-summit-in-sight-for-climbing-australian-agricultural-land-prices/ (Accessed 20/
6/2020).

Ramsey, A.F., Ghosh, S.K., and Goodwin, B.K. “Rating Exotic Price Coverage in Crop Revenue Insurance.” Agricultural
Finance Review 80,5(2020):609–631.

Ramsey, A.F., Goodwin, B.K., and Ghosh, S.K. “How High the Hedge: Relationships between Prices and Yields in the
Federal Crop Insurance Program.” Journal of Agricultural and Resource Economics 44,2(2019):227–245.

Ribeiro, A.F.S., Russo, A., Gouveia, C.M., and Páscoa, P. “Copula-Based Agricultural Drought Risk of Rainfed Cropping
Systems.” Agricultural Water Management 223,19(2019):2795–2809.

Salvadori, G., Michele, C.D., Kottegoda, N.T., and Rosso, R. Extremes in Nature: An Approach Using Copulas. Dordrecht,
Netherlands: Springer, 2007.

Sang, H., and Gelfand, A.E. “Continuous Spatial Process Models for Spatial Extreme Values.” Journal of Agricultural,
Biological, and Environmental Statistics 15,1(2010):49–65.

Shemyakin, A., and Kniazev, A. Introduction to Bayesian Estimation and Copula Models of Dependence. Edited by Alexander
Kniazev. Online Access with Dda: Askews (Maths). Hoboken, New Jersey: John Wiley & Sons, Inc., 2017.

Sinnett, A., Ho, C.K.M., and Malcolm, B. “Expanding a Dairy Business Affects Business and Financial Risk.” Animal
Production Science 57,10(2017):2167–2174.

Sklar, A. “Fonctions De Répartition À N Dimensions Et Leurs Marges.” Publications de l’Institut de Statistique de l’Université
de Paris 8,8(1959):229–231.

Vergni, L., Todisco, F., and Mannocchi, F. “Analysis of Agricultural Drought Characteristics through a Two-Dimensional
Copula.” Water Resources Management 29,8(2015):2819–2835.

Victorian Environmental Water Holder. What Is Water Trading?, 2020. Internet site: https://www.vewh.vic.gov.au/
watering-program/trading (Accessed April 24, 2021).

Zhang, Y., and Goodwin, B.K. “Implications of U.S. Crop Insurance: A Perspective from Copulas.” 2020 Agricultural &
Applied Economics Association Annual Meeting, Kansas City, Missouri, July 26–28, 2020.

Zhu, Y., Ghosh, S.K., and Goodwin, B.K. “Modeling Dependence in the Design of Whole Farm: A Copula-Based Model
Approach.” Selected Paper prepared for presentation at the American Agricultural Economics Association Annual
Meeting, Orlando, Florida, July 27–29, 2008.

Journal of Agricultural and Applied Economics 89

https://doi.org/10.1017/aae.2021.23 Published online by Cambridge University Press

http://dx.doi.org/10.1787/5kgj0d8bj3d1-en
https://www.oecd-ilibrary.org/agriculture-and-food/farm-level-analysis-of-risk-and-risk-management-strategies-and-policies_5kmd6b5rl5kd-en
https://www.oecd-ilibrary.org/agriculture-and-food/farm-level-analysis-of-risk-and-risk-management-strategies-and-policies_5kmd6b5rl5kd-en
https://www.oecd-ilibrary.org/agriculture-and-food/farm-level-analysis-of-risk-and-risk-management-strategies-and-policies_5kmd6b5rl5kd-en
http://www.cabi.org/cabebooks/ebook/20113297684
http://www.cabi.org/cabebooks/ebook/20113297684
https://www.abc.net.au/news/rural/2012-03-07/murray-goulburn-stops-northern-victorian-milk/6102294
https://www.rabobank.com.au/media-releases/2018/180823-no-summit-in-sight-for-climbing-australian-agricultural-land-prices/
https://www.rabobank.com.au/media-releases/2018/180823-no-summit-in-sight-for-climbing-australian-agricultural-land-prices/
https://www.vewh.vic.gov.au/watering-program/trading
https://www.vewh.vic.gov.au/watering-program/trading
https://doi.org/10.1017/aae.2021.23


Appendix A: Fitted Univariate Distributions

Table A1. Fitted univariate distributions for the input variables (and the theoretical summary statistics) for North (N) dairy
region

Input Min Max Mean Mode Median SD Distribution Parameters* 95% CI**

Milk Sold (KG
MS/COW)

419.510 537.000 497.837 537.000 502.588 27.693 Triangle 419.510 (403.882,469.722)

537.000 (442.512,536.909)

537.000 (522.650,559.520)

Number of
milking cows

249.500 410.500 330.000 249.500 330.000 46.477 Uniform 249.500 (237.040,277.184)

410.500 (379.706,423.024)

Milk price (Real
$/KG MS)

5.320 8.568 6.403 5.320 6.271 0.766 Triangle 5.320 (4.728,5.704)

5.320 (5.325,7.871)

8.568 (7.149,8.998)

Other income
(%age of milk
income)

0.061 0.177 0.119 0.061 0.119 0.033 Uniform 0.061 (0.052,0.081)

0.177 (0.155,0.186)

Herd costs (Real
$/KG MS)

0.252 0.368 0.310 0.252 0.310 0.034 Uniform 0.252 (0.243,0.272)

0.368 (0.346,0.377)

Shed costs (Real
$/KG MS)

0.150 0.272 0.207 0.200 0.206 0.025 Triangle 0.150 (0.137,0.187)

0.200 (0.157,0.259)

0.272 (0.228,0.287)

Feed costs (Real
$/KG MS)

2.880 5.809 3.856 2.880 3.738 0.690 Triangle 2.880 (2.346,3.226)

2.880 (2.884,5.180)

5.809 (4.529,6.197)

Cash overhead
costs (Real $/KG
MS)

0.894 1.256 1.075 0.894 1.075 0.104 Uniform 0.894 (0.866,0.956)

1.256 (1.187,1.284)

Non-cash
overhead costs
(Real $/KG MS)

0.870 1.521 1.087 0.870 1.061 0.154 Triangle 0.870 (0.751,0.947)

0.870 (0.871,1.382)

1.521 (1.237,1.607)

Interest and
lease charges
(Real $/KG MS)

0.468 0.772 0.620 0.468 0.620 0.088 Uniform 0.468 (0.445,0.520)

0.772 (0.714,0.795)

Depreciation
percentage

0.030 0.058 0.039 0.030 0.038 0.007 Triangle 0.030 (0.025,0.033)

0.030 (0.030,0.052)

0.058 (0.046,0.062)

*The parameters refer to (min,max), (min,mode, max), and (min,mode,max) for uniform, triangle and Pert distributions, respectively.
**The 95% confidence intervals are based on the 2.5% and 97.5% quantiles of 1,000 resamples using parametric bootstrap
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Table A2. Fitted univariate distributions for the input variables (and the theoretical summary statistics) for Gippsland (G)
dairy region

Input Min Max Mean Mode Median SD Dist. Parameters* 95% CI**

Milk Sold (KG MS/
COW)

329.159 501.000 472.360 501.000 478.755 24.205 Pert 329.160 (276.174,442.834)

501.000 (456.396,500.939)

501.000 (491.924,552.079)

Number of milking
cows

264.750 310.250 287.500 264.750 287.500 13.135 Uniform 264.750 (261.229,272.574)

310.250 (301.547,313.789)

Milk price (Real $/KG
MS)

5.020 8.720 6.253 5.020 6.104 0.872 Triangle 5.020 (4.345,5.457)

5.020 (5.025,7.926)

8.720 (7.103,9.209)

Other income (%age
of milk income)

0.035 0.137 0.103 0.137 0.107 0.024 Triangle 0.035 (0.022,0.078)

0.137 (0.055,0.136)

0.137 (0.124,0.156)

Herd costs (Real $/
KG MS)

0.247 0.350 0.316 0.350 0.320 0.024 Triangle 0.247 (0.233,0.291)

0.350 (0.267,0.350)

0.350 (0.337,0.370)

Shed costs (Real $/
KG MS)

0.161 0.259 0.210 0.210 0.210 0.020 Triangle 0.161 (0.150,0.193)

0.210 (0.168,0.251)

0.259 (0.226,0.271)

Feed costs (Real $/
KG MS)

2.290 3.742 2.774 2.290 2.715 0.342 Triangle 2.290 (2.025,2.462)

2.290 (2.292,3.430)

3.742 (3.108,3.934)

Cash overhead costs
(Real $/KG MS)

0.885 1.235 1.060 0.885 1.060 0.101 Uniform 0.885 (0.858,0.945)

1.235 (1.168,1.262)

Non-cash overhead
costs (Real $/KG MS)

1.010 2.367 1.236 1.010 1.186 0.191 Pert 1.010 (0.808,1.088)

1.010 (1.011,1.294)

2.368 (1.472,2.793)

Interest and lease
charges (Real $/KG
MS)

0.613 0.858 0.735 0.613 0.735 0.071 Uniform 0.613 (0.594,0.655)

0.858 (0.811,0.877)

Depreciation
percentage

0.026 0.057 0.042 0.026 0.042 0.009 Uniform 0.026 (0.023,0.031)

0.057 (0.051,0.060)

*The parameters refer to (min,max), (min,mode, max), and (min,mode,max) for uniform, triangle and Pert distributions, respectively.
**The 95% confidence intervals are based on the 2.5% and 97.5% quantiles of 1,000 resamples using parametric bootstrap.
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Table A3. Fitted univariate distributions for the input variables (and the theoretical summary statistics) for Southwest (SW)
dairy region

Input Min Max Mean Mode Median SD Dist. Parameters* 95% CI**

Milk Sold (KG MS/
COW)

486.000 528.000 507.000 486.000 507.000 12.124 Uniform 486.000 (482.750,493.222)

528.000 (519.967,531.267)

Number of milking
cows

361.833 392.167 377.000 361.833 377.000 8.756 Uniform 361.833 (359.486,367.049)

392.167 (386.365,394.526)

Milk price (Real $/KG
MS)

5.450 8.564 6.488 5.450 6.362 0.734 Triangle 5.450 (4.882,5.818)

5.450 (5.455,7.896)

8.564 (7.203,8.976)

Other income (%age
of milk income)

0.065 0.188 0.106 0.065 0.101 0.029 Triangle 0.065 (0.042,0.080)

0.065 (0.065,0.162)

0.188 (0.134,0.205)

Herd costs (Real $/
KG MS)

0.240 0.330 0.270 0.240 0.266 0.021 Triangle 0.240 (0.224,0.251)

0.240 (0.240,0.310)

0.330 (0.291,0.342)

Shed costs (Real $/
KG MS)

0.156 0.240 0.212 0.240 0.215 0.020 Triangle 0.156 (0.145,0.192)

0.240 (0.173,0.240)

0.240 (0.230,0.256)

Feed costs (Real $/
KG MS)

2.097 3.823 2.960 2.097 2.960 0.498 Uniform 2.097 (1.963,2.394)

3.823 (3.493,3.958)

Cash overhead costs
(Real $/KG MS)

1.017 1.343 1.180 1.017 1.180 0.094 Uniform 1.017 (0.991,1.073)

1.343 (1.281,1.369)

Non-cash overhead
costs (Real $/KG MS)

0.949 1.521 1.235 0.949 1.235 0.165 Uniform 0.949 (0.905,1.047)

1.521 (1.411,1.565)

Interest and lease
charges (Real $/KG
MS)

0.570 1.130 0.850 0.570 0.850 0.162 Uniform 0.570 (0.527,0.666)

1.130 (1.023,1.174)

Depreciation
percentage

0.034 0.064 0.049 0.034 0.049 0.009 Uniform 0.034 (0.031,0.039)

0.064 (0.058,0.067)

*The parameters refer to (min,max), (min,mode, max), and (min,mode,max) for uniform, triangle and Pert distributions, respectively.
**The 95% confidence intervals are based on the 2.5% and 97.5% quantiles of 1,000 resamples using parametric bootstrap.
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