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Abstract 

The profitability of irrigated cotton is linked to the cost of water which in turn is connected to weather 

variability, particularly rainfall and storage in the dams. The present study integrates multivariate 

distributions of risk posed by weather and price variations over time to define business risk profiles that 

show the probabilities of losses and gains in the Murrumbidgee catchment of Southern NSW. The study 

takes into account the non-linear dependence between the six key input variables, including price and yield 

of cotton, and the application and price of low security water and their impacts on profitability. These 

results highlight the risk profiles of a typical irrigated cotton farm's gross margin overtime on a per 

megalitre basis. 
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Introduction 

Australia has 1,500 cotton farms, of which 66% are in NSW and 33% in Qld. In 2018-19 the gross value of 

cotton crop produced by these farms over an area of 343,000 hectares was 1.3 billion dollars; down by 35% 

and 53% compared with the previous year, which highlights the variable nature of Australian cotton 

production (ABARES 2020; Cotton Australia 2020). In the recent past, there has been a considerable rise in 

water usage by irrigated cotton in the Murrumbidgee catchment of NSW (Figure 1). An earlier study by 

Powell and Scott (2011) described whole-farm risk profiles for a representative mixed farm with 100 ha of 

irrigated cotton in the lower Namoi Valley, NSW. Luo et al. (2017) carried out an economic analysis of 

different management strategies based on climate change in three locations, including two rainfed sites. 

Godfrey et al. (2019) compared the whole farm economics of two rainfed farms in Gunnedah, NSW and 

Dalby, Qld to show the impact of debt. The present study focuses on irrigated cotton in Southern NSW and 

shows business risk profiles (Figure 2) based on one-hectare (ha) land area given the variation in the price, 

yield, and variable input costs including water over the 2006-2018 period. The research applies a copula 

model capturing non-linear dependence of key inputs used to produce irrigated cotton and highlights their 

impact on farm gross margins. 

Figure 1. Southern NSW Murrumbidgee catchment 2006 to 2018 volumes of irrigation water applied to 

the different crops.     

Source: compiled by S. Godfrey from ABARES data (Gupta et al. 2020) 
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Methods 

Risk profile distributions for irrigated cotton were generated using the profit and loss budgets provided by 

Boyce Chartered Accountants (H. Cullenward, personal communication, September 3, 2020) for Southern, 

NSW, from 2015 to 2019 based on the methods presented in Malcolm et al. (2005) where gross margin 

(GM) was calculated as "enterprise" income (i.e. cotton crop sales) less variable costs. All prices and costs 

were deflated to the base year of 2018-19. Price (A$/bale) and yield (bales/ha)* estimates in the profit and 

loss budget were replaced with those provided in the ABARES (2019) and O'Keeffe (2020), whereas water 

allocation in megalitres per hectare (ML/ha) and price in dollars per megalitre ($/ML) were changed to those 

estimated by Gupta et al. (2020).  

The univariate distributions of all input variables were fitted using the maximum likelihood method, and the 

type of distributions were chosen using the Akaike Information Criterion (Akaike 1974).  

The multivariate distributions of cotton price, yield, rainfall percentiles, general or low security water 

allocation percentage and its price plus application to cotton were all correlated using Gaussian elliptical 

copula (Nelsen 2006), which is a flexible tool for capturing the dependency structures among variables. 

Table 1 shows the rank correlation matrix as parameters of the fitted copula. These input distributions and 

historical relationships drove the gross margin budget. The model then ran over 10,000 iterations of the 

Monte Carlo simulation to derive the cumulative distribution functions of the profit and loss budget. 

Sensitivity analysis was carried out using stepwise linear regression: 

𝑌 = 𝛽0 +∑ 𝛽𝑖𝑥𝑖
𝑚

𝑖=1

where 𝑌 is the output variable while 𝑥1, … , 𝑥𝑚 are a subset of the input variables selected to optimise the

model's goodness-of-fit. The coefficients (𝛽𝑠) were then standardised and can be used to assess the amount 

of change in the output per unit based on one standard deviation change in the input. The results were 

presented as a tornado graph. All the above computation steps were carried out using the @Risk 8.2 software 

(Palisade 2020).  

Table 1. Rank correlation matrix for Gaussian copula for the cotton price, yield, rainfall percentiles, general 

or low security water allocation percentages and water application input variables  

1 2 3 4 5 6 

1. Real price Australian gin-gate return (A$/bale) 1.00 

2. Average yield (bales/ha) -0.01 1.00 

3. Rainfall percentile 0.44 -0.25 1.00 

4. Allocation percentage (Low security) 0.09 -0.37 0.75 1.00 

5. Water price ($/ML) -0.23 0.28 -0.74 -0.93 1.00 

6. Water applied (ML/ha) -0.45 0.41 -0.42 -0.26 0.43 1.00 

Results 

Farm gross margin on a dollar per megalitre ($/ML) basis was positive 51 percent of the time in the 

Murrumbidgee catchment of the Southern valley for irrigated cotton production (Figure 2). Sensitivity 

analysis showed that the price of water, yield in bales, price of bales and water applied were the four key 

variables having the largest impact on gross margins (Figure 3). Since the income is mainly driven by the 

yield and price of bales, it is not surprising to see they have a huge impact on gross margin. Yet, Figure 3 

shows an even greater negative impact by the price of water. 

Discussion 

Our analysis calculates business KPI in terms of $/ML of water used for one hectare of cotton, assuming 

that cotton is grown every year regardless of water prices or availability. In practice, however, growers 

are able to adjust cropping areas over time depending on water availability and price, as well as crop prices. 

Especially flexible in water use is rice. In years of low water allocations and high water prices, growers 

reduce or forgo planting any rice; instead selling their small but valuable allocations to others who need it for 

high-value tree and vine crops or cotton. Rice production offers flexibility in the ability to take advantage of 

low cost water when it is most abundant by expanding areas planted (Figure 1). Cotton production has 

gradually expanded on former rice areas over time.  Our model does not track such crop area adjustments, 

but reflects the effect of growing a fixed area of cotton every year over the 2006 – 2018 span of time 

*
* Lint was converted to bales per hectare (ha). We assumed that the cotton farm has ‘gin for seed’ contract hence no dollar value was allocated to cotton seeds. Ginning 

and cartage costs were not considered as these are almost the same as the proceeds from the sale of cotton seed and so are offset. We also assumed that lint quality was 

uniform and that no dockages (discounts) were made for quality.
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regardless of water prices or availability. The millennial drought years dragged down the median gross 

margin for cotton over the whole span of seasons to nearly zero dollars per megalitre ($/ML).  

Figure 2. Murrumbidgee catchment of Southern NSW irrigated cotton cumulative distribution frequency 

showing gross margin on a dollar per megalitre ($/ML) basis  

Figure 3. Murrumbidgee catchment of Southern NSW irrigated cotton input variables ranked by regression–

mapped value contributing to farms' gross margins 

Conclusion 

Risk based on variability in yield of irrigated cotton and prices of cotton and water was overstated in this 

analysis. The method summarises the long-term portfolios of gross margins (Figure 2 and 3) based on the 

historical data and assumes that cotton was grown every year regardless of low water availability and high 

prices. In recent years conditions have favoured cotton expansion in the Murrumbidgee. Farmers commit to 
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irrigated cotton land preparation in May, and carefully monitor upstream water storage reports. Water 

allocations are announced in July, and planting completed in October. On a broader scale (Wheeler et al. 

2020), cotton may be considered an opportunity crop, but rice is far more deserving of that title, being 

adjustable in areas sown according to abundance and cost of water. 

A further extension of this study may examine the strategic annual decisions cotton farmers face on whether 

and how much to plant. This should be a realistic comparison of all annual summer crops (rice, cotton, maise 

and soybeans) and winter crop rotations looking at the long term profitability of each cropping system.  

There is competition for land and water among the various crops, allowing the water market to adjust as its 

availability and crop prices change through time.  
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