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1 Executive Summary 
Milk production is one of the main irrigation activities in the Goulburn Murray Irrigation District 
(GMID). The GMID is made up of six communities, which includes Kyabram-Tatura, Shepparton, 
Rochester, Pyramid Hill-Boort, and Kerang-Cohuna. Milk production in the Goulburn Murray 
Irrigation District (GMID) increased significantly across the 1990s reaching maximum output in 
2001/02. Since that time the volume of milk production has fallen. There are various reasons 
attributed to this decline. These include drought, mechanisation, pre-2007 water sales out of the 
GMID, farm consolidation, milk pricing factors and the Basin Plan (BP) water recovery (through the 
purchase of water entitlements and investment in irrigation infrastructure).  

 

Figure 1 Map of Goulburn-Murray Irrigation District and six communities making up the GMID 
 

Modelling approach: Purpose of the modelling was to describe the effect of the BP water recovery 
on milk production in GMID and six communities in the region. Milk production systems in the GMID 
are in a continuum of change. A research approach using a long-term perspective was required to 
isolate the effects of the BP water recovery. The modelling relied on using multi-factor linear 
regression modelling to describe the Basin Plan contribution to the observed changes in milk 
production for the GMID as a whole and for the six communities making up the GMID.  
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Stage-wise building of regression model: MDBA consultations with the GMID community and dairy 
farmers suggested a range of variables should be considered as relevant inputs to the modelling. 
These included the demands for non-grass feed inputs, changes to dairy production systems around 
grazing and hand feeding, how production in one year influences milk production in the subsequent 
years, temporary and permanent water trading, allocations against entitlements, moving from the 
predominance of a single-calving to split-calving and all-year calving, total water use, ground water 
use, carry over, milk output per cow, price of stock feed, area under irrigated pasture, price of 
temporary water, profitability, milk prices and local rainfall.  

The variables tested for statistical significance in the milk production modelling were milk production 
the previous year (milk production ‘lag’ variable), high reliability and low reliability entitlements, total 
water available, milk prices, local rainfall, pasture hay prices and productivity gains. For each of these 
parameters, there were challenges accessing longitudinal data at the GMID and community scales. 
Regression models for annual milk production were developed using the variables milk production in 
the previous year, local rainfall, dummy variable for milk production in 2001/02 and water allocations 
against the volume of entitlements held at the start of November each year. 

The general approach to building the GMID and community models was to estimate the regression 
coefficients for the period 1999/00 to 2007/08 (9 years), prior to the Basin Plan water recovery. 
These models were used to estimate the volume of milk supply for the period 2008/09 to 2015/16 (8 
years) with the modelled estimates compared to the actual milk supply estimates. These models 
were then used to develop two estimates of milk supply — one estimate is based on there being no 
Basin Plan water recovery for the whole period and the second estimate estimates the volume of 
milk supply as if the October 2016 Basin Plan water recovery had applied to the whole period from 
1999/00 to 2015/16. Variations to this general modelling approach were required for the Shepparton 
and Pyramid Hill-Boort communities. 

The Basin Plan effects were identified as the percentage differences in these two curves across the 
2002/03 to 2005/06 and 2011/12 to 2014/15 periods. Drought years of 2006/07 to 2010/11 are not 
included in this consideration of effects. Drought years are expected by industry and the associated 
communities as a normal part of their business. What is of most relevance to them is the potential 
production levels in the post-drought periods after taking into account the effects of the Basin Plan 
water recovery and other causes of change. 

From the regression modelling, milk supply in the GMID region fell by approximately 24% (Table 1). 
Around half of this decrease was attributed to the Basin Plan water recovery. At the community 
scale, there is some variation in the overall decline in milk production and the BP water recovery 
contribution to those decreases in supply. 
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Table 1: Estimated decline in community-level milk production and Basin Plan contribution to that fall in milk supply 

Regions  Estimated total 
decrease in milk supply 

Basin Plan contribution 
to fall in milk supply 

Kyabram-Tatura 26% 11-12 % 

Shepparton 26% 11-14 % 

Rochester 26% 14-16 % 

Pyramid Hill-Boort 26% 11-14 % 

Kerang-Cohuna 22% 8-9 % 

Cobram 13% 8 % 

Total  24% 11-12 % 

 

The regression models developed for the six communities of the GMID appear capable of explaining 
changes in the milk supply with reasonable confidence and in a form that will support the broader 
community-level analysis to separate out the effects of the Basin Plan water recovery. Should further 
work be undertaken to refine the MDBA modelling of milk production in the GMID, a number of 
options have been identified as being important considerations. These options might include an 
investigation of the means for capturing the effects of temporary trade on milk supply, modelling all 
the communities together as a panel data set and examining the capacity for using first differences in 
the dependent and independent variables employed in this analysis instead of relying on direct use 
of the observed data. 
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2 Goulburn-Murray Irrigation District 
The Goulburn-Murray Irrigation District (GMID) covers an area of around 9,950 square kilometres 
(GBCMA, 2017). It comprise six irrigation communities defined for this analysis as Kyabram-Tatura, 
Cobram, Kerang-Cohuna, Pyramid Hill –Boort and Rochester. The intensity of milk production varies 
across these six communities. Beyond milk production, horticultural production is mostly in the 
Shepparton, Cobram and Kyabram-Tatura communities whereas vegetable growing is prominent in 
the Rochester community. 

 

Figure 2 Map of Goulburn-Murray Irrigation District and six communities making up the GMID 

2.1 The approach to modelling 
The dairy industry in the GMID has undergone considerable structural change over a long period of 
time. Reliance on sales water up until the early 2000s, unbundling of land and water, the millennium 
drought and the Basin Plan water recovery are among the factors contributing to these changes. 
Farmers exiting the industry, changes in the milk production farming systems, changes in farm sizes, 
and permanent and temporary water trade are some of the visible drivers of long-term change and 
adaptation in the industry. Growth of dairy exports in the 1990s and drought in the year 2002/03 
also significantly influenced the changes to dairy farming. 
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The primary aim of this modelling approach was to define the role of water within the dynamic milk 
production systems of the GMID as a whole and then for each of the six communities making up the 
GMID. The first step was to model the role of water in observed milk supply. From the modelled equation 
of milk production, two estimates of annual milk supply could be derived. One estimate of annual milk 
supply indicated the likely milk supply as if the October 2016 Basin Plan water recovery had been in place 
for the whole period. The second estimate provided the likely annual milk supply on the basis of there 
having been no Basin Plan water recovery during this period. The difference between these two estimates 
during periods of high milk production indicates the impacts of the Basin Plan water recovery. 

To develop these models, multi-factor linear regression techniques were employed. Key variables 
(independent variables) were identified through community consultations and assessed for their 
capacity to explain the changes in the dependent variable (milk production) over time. Each variable 
identified was tested for its statistical significance in explaining the changes in the dependent 
variable. One of the major challenges in seeking to assess the relevance of the independent variables 
suggested by the consultations was the availability of suitable data. These challenges related to 
having access to data at the relevant temporal and spatial scales to support the model development. 

The outputs of the community-level milk production modelling would be used to inform the broader 
community-level assessment of change associated with the Basin Plan water recovery. This report is 
one of the technical products for informing 2017 evaluation of MDBA Basin Plan.  

2.2 Community consultations on the 
modelling approach 

Community consultations in the GMID region over the past seven years have helped the MDBA 
become aware of the complexities and interconnectedness between years of the milk production 
farming systems. From these discussions, it was clear that trying to define production in particular 
climate (dry, wet or average) years and which did not relate to milk supply in previous years would 
limit the capacity for identifying the changing role of water in milk production and the subsequent 
effects of the Basin Plan water recovery. 

Consultations with the dairy communities and industry helped identify and test potential variables 
which could be used for modelling milk supply at the GMID and community scales. On-going 
consultation with dairy farmers, feed merchants, industry and local community organisations have 
helped inform the further refinement of these models. 

2.3 Research methodology for consultations 
The methods used for engaging with industry relied largely on informal interviews and small group 
discussions. Informal interviews enabled a free and open conversation with the stakeholders. 
Contact details of people identified for interviews were provided by community representative such 
as councillors, members of MDBA committees, MDBA regional engagement officers, dairy farmers, 
dairy industry representatives, and dairy suppliers. These sessions were not audio-recorded and any 
information used to assist the model development from these sessions was de-personalised. 
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2.4 Consultation insights 
The potential independent variables identified for inclusion in the milk supply modelling are 
described in Table 2. Information is also provided on the testing of variables for inclusion in the 
whole GMID and community-level milk production models. 

Table 2 Insights on modelling variables from the community consultations 

Potential variables Feedback from the 
community 

How have we used the 
feedback on variables 

Allocation percentages at the 
start of November 

Very important Selected to estimate the 
availability of water to 
support feed production and 
milk supply decisions across 
the remainder of the water 
year 

High reliability (HR) and Low 
Reliability (LR) entitlements 
held by irrigators 

Very important Not statistically significant to 
merit consideration in the 
model (see section 2.5.3) 

Total water available at the 
start of November 
(allocations multiplied by 
high reliability entitlement 
volumes) 

Very important Statistical tests (see section 
2.5.4) warrant consideration 
of this variable 

Milk production in the 
previous year 

Very important Statistical tests warrant 
consideration of this variable 
along with other variables 

Price of temporary water Very important Potential serial correlation 
with water allocation 
percentages. Further work to 
be undertaken by MDBA 
before this variable might be 
included in the model 

Milk price Very important variable Variable with limited data 
available 

Carry over  Important variable. Received 
negative opinions as well 

Carry over and its relationship 
with milk production may 
need to be considered 
separately. Carry over became 
important post 2008 



Basin Plan Evaluation 
 

 
 

 
Murray–Darling Basin Authority  Economic modelling of dairy production in the Goulburn-Murray Irrigation District            7 
 

Potential variables Feedback from the 
community 

How have we used the 
feedback on variables 

Milk production previous two 
or three years 

Previous two or three years 
not as important as the past 
year 

Variables not statistically 
significant to merit inclusion 
in the model 

Number of cows Important Need data on cow numbers 
and milk per cow. This 
information is contained 
within the ‘milk production’ 
variable 

Productivity per cow Mixed feedback received on 
this variable. Some dairy 
farmers said this variable is 
important and talked about 
associated factors such as 
improvements in the genetics 
of the cows 

Productivity per cow (and 
number of cows) would be 
represented within the milk 
production volumes over time 

Feed stock Important variable Variable with limited data 
available 

Local rainfall Important variable. Farmers 
suggested March to October 
as the key months for local 
rainfall 
 

Incorporated ‘rainfall’ as a 
variable in the model. As 
suggested by the community, 
the time period selected is 
from MAR-OCT (see section 
2.5.6). The positive effects of 
rainfall on production and 
negative effects of too much 
local rainfall included in the 
modelling approach 

Price of stock feed Moderately important Little data available to support 
an assessment of suitability 

Land use (pasture area) Important Land area varied across time 
as the milk production 
systems changed 

Ground water Important for some parts of 
the GMID 

Likely inverse correlation with 
rainfall and water available 
(see section 2.5.10) 
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Potential variables Feedback from the 
community 

How have we used the 
feedback on variables 

Profitability Many dairy farmers suggested 
that profits generated over 2 to 
3 years may lead to a 
significant changes in the farm 
production systems rather than 
profits generated within a year. 
Might also need to consider 
dairy farmer debt levels 

Lack of data available for the 
six communities studied 

2.5 Variables considered for modelling 
The consultations helped the MDBA identify key variables to be considered for the milk production 
modelling. However, limited data on critical aspects of the dairy operations precluded variables 
identified as important to be tested for inclusion in the model. The variables identified as suitable for 
potential inclusion in the model were milk production the previous year (milk t-1), high reliability water 
shares, total water available to support production at the start of November, milk prices (May–June 
announcements for the following financial year), local rainfall, a dummy variable to account for the 
very large volume of milk production in 2001/02, pasture hay prices, and productivity gains across time. 

2.5.1 Milk production (dependent variable in the model) 
Milk production data for the GMID region and the six communities making up the GMID were 
sourced from Dairy Australia. After the GMID milk supply increased through the 19990s and into the 
early 2000s, production declined from 2002/03 (figure 3) for multiple reasons. This fall in milk supply 
arises from a range of factors including a decrease in the availability of ‘sales water’ to irrigators after 
2002, droughts, the Basin Plan water recovery, and people leaving the dairy industry since 2001.  

 

Figure 3 Milk production in the GMID (1999/00-2015/16) 
Source: Dairy Australia 

Note: Data for the year 1999/00 is an estimate of milk production 
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Estimation of community-level milk supply: Post code level data on milk production from 2004/05 
to 2015/16 was sourced from Dairy Australia. This postcode-level data was used to estimate the 
proportion of total GMID milk production supplied from each of the six communities across that 
period. The proportion of the total milk supplied from each of the communities during 2004/05 to 
2015/16 was then used to provide estimates of annual milk supply from each of the six communities 
between 1999/00 and 2003/04. 

2.5.2 Milk production previous year (t-1) 
Production decision-making of dairy farmers continue to become increasingly complex. As such the 
milk production decision-making can represent only an incremental change in production from one 
year to the next. This research has sought to capture the interconnectedness of dairy production 
between years, and the limitations with respect to the marginal changes in production. 

This variable (milk production in the previous year) was found to provide a statistically significant 
correlation to help explain milk production in the subsequent year. Investigations of whether milk 
production in the current year was influenced by milk production in the 2nd and 3rd years prior to the 
current year found no significant correlation between these parameters (data not shown). With 
regards to the inclusion of milk production the previous year as an explanatory variable, the 
independent reviewer for the social and economic analysis requested statistical tests be undertaken 
for stationarity (as a basis for considering whether ordinary least squares analysis was appropriate 
for modelling the proposed data sets) and to examine whether or not milk production followed a 
random walk pathway. The results of the statistical analysis are provided in Chapter 4 of this report. 

2.5.3 High Reliability (HR) water shares  
Annual permanent trade of water share volumes out of the communities of GMID were used to 
calculate the total HR entitlements held by irrigators each year on 1 July across the period from 
1999/00 until 2015/16 (figure 4)1. The GMID and community-level data includes private diverter 
entitlement volumes held in each community. The data for private diverter entitlement volumes 
held in each community prior to the Basin Plan water recovery were sourced internally by the 
MDBA from the hydrology planning models. Where those entitlements have been transferred to a 
non-water use account, it is assumed the water is still being used in the same community as where 
it was originally held. 

                                                           

1 Permanent trade data at 2006/07 was not available in the water trade reports of Victorian water register. So 
the change in the high reliability water entitlement volumes for that year was imputed. 
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Figure 4: High reliability entitlement volumes for the GMID region 
Source: Victorian Water register, MDBA community water recovery estimates and private diverter entitlement volumes 
 

2.5.4 Total water available at the start of November 
When setting expectations on milk production for the year ahead, dairy farmers are considering 
(amongst many factors) the size of the herd, the water likely to be available to support on-farm feed 
production (based on expectations of future water availability) and access to off-farm feed sources 
(and prices). Allocations at the start of November against the entitlements held by irrigators, 
together with local climatic conditions, will influence their summer cropping and grazing programs, 
as well as for the following autumn and winter. The total water available at the start of November 
will also be influencing decisions in relation to temporary water trade and the volume of possible 
water carryover into the following year. 

Total water available at the start of November each year was calculated by multiplying the allocation 
percentages in the first week of November against the volume of high reliability entitlements held on 
1 July of the same water year for the GMID as a whole (figure 5) and for each of the communities. For 
the period from 1999/00 to 2007/08, the total water available estimates relied on using the end of 
year allocation percentages as the early November allocation data was not available for those years.  
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Figure 5: Total water availability at July 1 and milk production in the GMID (1999/00-2015/16) 

The total water available at the start of November takes into account the share of the water savings 
retained by irrigators through the on-farm irrigation infrastructure efficiency investment by the 
Commonwealth. Based on information provided by the managers of the on-farm irrigation efficiency 
programs, proponents proposed to retain an average of 30% of the water savings generated through 
that investment.  

2.5.5 Milk prices 
It was evident from the MDBA consultations that the May–June announcements by processors of 
expected milk prices in the following year were very important to the dairy farmer decision-making 
procedures. While the May-June forward milk price announcements were considered for inclusion in 
the milk production modelling, this analysis was not possible due to the limited availability of data. 
While there are a small number of milk buyers in the region, MDBA could only access data for the May-
June milk price announcements by Murray–Goulburn for the period 2009/10-2015/16 (Figure 6). 

 

Figure 6: May-June milk prices announcements ($/kg, Murray Goulburn) and milk production (2009/10 to 2015/16) 
Source: Annual reports, Murray Goulburn. Milk price for 2011/12 is an estimate 
Notes: the milk prices are presented in real terms after adjusting for an average annual inflation rate of 2.5%  
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2.5.6 Local Rainfall 
Rainfall data was extracted from the Bureau of Meteorology daily rainfall grid for Australia, extracted 
using a shape file representing the community boundaries, then summed to provide monthly rainfall 
for the six community areas. Monthly rainfall data for the Rochester community was selected for 
modelling milk production across the whole GMID, as Rochester lies in the middle of the region and 
its rainfall is fairly close to the GMID rainfall average. Monthly rainfall for the March to October 
period each varied between approximately 135mm and 450mm (Figure 7). 

 
Figure 7: Total rainfall for March to October in Rochester and annual milk production for the GMID (1999/00-2015/16) 
Source: Rainfall data - Bureau of Meteorology 

The selection of the March to October time period was on the basis of feedback received during the 
consultations. Rainfall during these times helps farmers to grow winter pastures as well as support 
spring pasture production. As many farmers are shifting from growing perennial to annual pastures, 
winter pasture has become an important irrigated activity for the dairy farmers in the region. Spring 
rainfall helps farmers to set up their summer crops (maize, sorghum, millets) and pastures.  

The relationship between rainfall and milk production is positive up to a certain point. Additional 
rainfall beyond this point leads to rain having a negative effect on milk supply. Heavy rainfall during 
the winter and spring of 2016 provided an example of the negative influence of too much rain on 
milk production. Inundation affected the grazing of the pastures and the quality of the cereal hay cut 
at the end of that period. The cattle also used a lot of energy wading through the mud. 

The rainfall data used in the milk production modelling was transformed to accommodate these 
positive and negative influences. Milk production was anticipated to increase along with rainfall up 
to 265mm, and to fall in response to any additional rainfall over 265 mm in the March to October 
period. This asymptote was adjusted for particular communities. For instance, Cobram and Pyramid 
Hill-Boort the milk production responded adversely to rainfall beyond 350mm and 300 mm, 
respectively.  
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2.5.7 Dummy variable for extra-ordinary milk 
production in 2001/02 

 A dummy variable is included in the model to account for the extra-ordinary milk production (2.8 
billion litres) in 2001/02. This level of production was the culmination of a long period of industry 
expansion through the 1990s, which included deregulation and investment into new milking 
technology. It was followed by the very challenging climatic conditions of 2002/03 and the loss of 
access to ‘sales water’. These exceptional circumstances are represented in the model using a 
dummy variable. That is, allocating a value of ‘1’ for 2001/02 and ‘0’ for the rest of the years.  

2.5.8 Pasture hay and other sources of feed 
Pasture hay is the main type of hay produced in the GMID region along with smaller volumes of 
cereal and lucerne hay (Grain Research and Development Corporation, 2016). Across Victoria, the 
production of hay including pasture and cereal hays have generally been on the rise. 2006/07 saw a 
large decline in the supply of both pasture and Lucerne hay due to drought, resulting in a significant 
rise in prices. As alternative feed sources, farmers resorted to almond hulls and fruit industry waste 
to cover the roughage requirements when hay prices had been really high (personal communication 
2016/17). However, no data is collected to support an estimation of the volume or value of non-grass 
feed sources using in the GMID milk production. 

The MDBA sought to use the average (May to November) pasture hay price for the years 2005/06 to 
2013/14 to compare with milk production at the GMID scale (Figure 8). Information at the 
community scale was not available to support the model development. 

 
Figure 8 : Pasture hay price (average) in the GMID region and milk production (2005/06-2013/14) 
Notes: the hay price is provided in nominal terms 
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2.5.9 Productivity gains  
Productivity gains represent the incremental efficiency gains accruing through many different 
components of the dairy production systems. Improving genetics, changes in the feed options, 
improvement to the on-farm and off-farm irrigation infrastructure, technology development (for 
instance, evolution of traditional dairy operations into rotary dairy operations), and changes in 
calving patterns are some of the production system changes which have contributed to significant 
production growth in dairy farming. Three scenarios of productivity gains (1%, 2%, or 3% per annum 
over the study period) were examined for inclusion in the milk production modelling.  

2.5.10 Ground water use 

Ground water is used for irrigation in some parts of the GMID and can represent an important source 
of irrigation water during low rainfall periods. To develop some understanding of the GW use over 
time in the GMID, data at the Sustainable Diversion Limit (SDL) resource unit level was compiled 
(Figure 9). Data was drawn together for the Goulburn-Murray Shepparton irrigation region, Goulburn 
Murray Highlands and Goulburn Murray Sedimentary plains. Ground water use data at the 
community scale, as required for the model development, was not available. 

 
Figure 9: Ground water use in the Goulburn-Murray water resource plan area and milk production in the GMID (2003/04 -
2015/16) 
Source: MDBA data on ground water extraction in northern Victoria 

Ground water use and local rainfall were found to be negatively correlated (data not shown). Further 
work would be required to prepare a long-term data set of groundwater extraction which could be 
together with rainfall and surface water availability to provide estimates of total water available for 
production as an explanatory variable.  
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2.5.11 Total surface water use  
It is possible milk production correlates with total surface water use within each year (Figure 10). 
However, total water used is an ex-post outcome which follows from the farm production decisions 
arising earlier in the current and previous year (or even years). From the community consultations, it 
was evident milk production in each water year is set up largely around the farming decisions at the 
start of November. Out of that decision, total surface water use within a year is a function of many 
other choices through the year, such as: 

• What volume of water to carry over into the next year 
• Whether to utilise temporary water trade (and whether to buy or sell allocations) 
• Whether to buy or grow feed.  

Other influences on total surface water use might arise from changing milk price expectations, 
how the seasonal climate unfolds after the on-farm production decisions have been made, the 
changing volume of water entitlements held by irrigators and perceptions of total water use by 
other sectors or in areas outside of the GMID. 

 
Figure 10: Total surface water use and milk production in GMID (2001/02 - 2015/16) 
Source: Dairy Australia, Goulburn-Broken Catchment Management Authority (2017) 
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2.5.12 Carryover between water years 
The use of carryover is an important risk management tool for irrigators. Steady increase in the 
amount of carry over water between 2011/12 to 2013/14 was a function of high water availability 
after the drought and the carryover rules at that time (figure 11). The decrease in carryover after 
2013-14 is associated with further carryover rule changes and the drier climate through those years.  

 
Figure 11: Total carry over in GMID from 2007/08 to 2014/15, as the volume of carryover into the next year 
Source: GMW annual reports 

‘Carry over’ is not included as an input variable in the current dairy models. While the time-scale of 
the modelling is over 17 years, carryover has been recognised as a significant influence in irrigated 
production only in the recent five to six years. Further work would be required to determine the 
influence of carry over on annual milk production. 

2.5.13 Temporary and permanent water trade 
Water trade is important to many milk producers in the GMID. For instance, farm survey from 
ABARES indicates that up to 55% to 60% of the dairy farms surveyed relied on using the temporary 
water trade to support their on-farm production decisions each year. Further work would be 
required to incorporate temporary water trade into the dairy production modelling. However, it 
should be noted that trade is likely to correlate with other potential modelling inputs such as local 
rainfall, allocations, carry over, groundwater use, and feed and milk prices. In addition, the 
temporary trade data was not available to inform the community-level modelling after 2007-08.  

Permanent water trade (into and out of the GMID, as well as between the communities of the GMID) 
has been incorporated into the modelling data set of high reliability water entitlements held at the 
community level on 1 July each year.  
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2.5.14 Utilising the data sets compiled 
Following the consultation with farmers and other stakeholders on the factors to consider when 
seeking to separate out the effects of the Basin Plan from all the other factors driving change, the 
individual data sets were compiled from a wide range of sources. The next step was to introduce 
multiple configurations of these datasets into a multi-variate regression analysis. Many combinations 
of these parameters were examined. The results of that analysis will not be provided in the following 
chapters as in most cases, individual variables were found not to be statistically significant 
determinants of milk production or the models themselves were not statistically robust to be used.  

In the model development, a regression model structure was developed for the whole GMID. An 
attempt was made to apply that model structure to each of the communities. The following chapters 
indicate where the general form of the multi-variate regression model could be applied. However, in 
two communities, further refinements to the general model form required in order to overcome 
some modelling limitations. The individual models, and refinements of those models, will be 
presented. 
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3 Dairy production modelling—
Stage-wise building of the 
multiple regression model for 
milk supply 

The primary aim of this modelling is to identify the role of water in the milk production decision of 
farmers for the GMID and the six communities of the GMID. This modelling will help to understand 
the impact of changes in water availability, and in particular arising from the Basin plan water 
recovery, on milk production. A multi-variate regression modelling approach has been used for this 
purpose. Models were first developed for the GMID as a whole, based on the variables identified in 
Chapter 2, and then for the individual communities.  

3.1 Stage–wise building of the model 
The general approach to developing a multi-variate regression model used for estimating the impact 
of the Basin Plan water recovery on milk production relied on developing the capability in stages. In 
the first instance, the models sought to relate milk production to particular variables for the period 
1999/00 to 2007/08. That is, for the period prior to the Basin Plan water recovery. The models were 
then tested for their ability to estimate milk production for the period from 2008/09 to 2015/16. 
These modelling estimates of milk production were compared to the observed milk production 
volumes for the same period.  

Where the models were statistically robust and provided a reasonable representation of milk 
production across time, they were then utilised to produce two data sets from the observed milk 
production data over the period 1999/00 to 2015/16. That is, one estimate of annual milk production 
for the whole time period as if there had been no Basin Plan water recovery and a second estimate of 
annual milk production as if the October 2016 level of water recovery had applied to the whole 
period from 1999/00 to 2015/16. The difference between these curves in the periods 2002/03 to 
2005/06 and 2011/12 to 2014/15 indicates the effects of the Basin Plan water recovery. 

For all the regression models, the units for milk production and water availability are megalitres (ML). 
For rainfall, the units are millimetres (mm). 
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3.2 The regression model on dairy 
production 

From different combinations of the variables described in chapter 2, the preferred model to describe 
milk production in the GMID is based on milk production the previous year, local rainfall between 
March to October, a dummy variable to account for exceptional milk production in 2001/02 and total 
surface water available at the start of November: 

 

The F-test (1341.5) shows that the model is robust and capable of explaining changes in milk 
production as a function of multiple inputs, including changes in water available for production as a 
consequence of the Basin Plan water recovery. The β values for the coefficients in the model are 
significant at the 95% and 90% confidence levels (Table 3). The variables, total water availability and 
local rainfall were tested for correlation and found the correlation insignificant (r=0.31) for the 
period between 1999/00-2007/08. 

Table 3: Linear regression statistical results from the modelled equation of milk production for 1999/00 to 2007/08  

 Regression 
parameters 

Total 
water 
available 
(ML) 

Local 
rainfall 
(mm) 

Milk 
Production 
(t-1) (ML) 

Dummy Variable for 
milk production 
(2001/02) (‘0’ value 
for all years except 
2001/02, which is 
given the value ‘1’) 

Co-efficient 0.00035 1.73 0.60 200.85 

Standard error 
of the variables 

0.0000806 0.66 0.064 107.33 

p-values 0.0066 0.046 0.00024 0.12 

test 4.45 2.62 9.26 1.87 

R-Squared 0.99 

Standard error 
of the model 

95.6 

 F-test 1341.50 (p = 0.0000016) 

df 4 
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The regression coefficients in the GMID milk production function were used to estimate the milk 
production for the region between 1999/00 and 2007/08 for comparison to the actual volume of milk 
produced (figure 12).  

 
Figure 12: Milk production actual and milk production estimate for the GMID region (1999/00-2007/08) 

This version of the model provided a reasonable representation of actual milk production for the first 
9 years of the period under consideration (Figure 12) and for the subsequent 8 years where it is 
forecasting the annual estimates of milk production for comparison to the observed data (figure 13). 

 
Figure 13: Observed and modelled milk production for the GMID region (1999/00-2015/16) 

This regression model appears capable of estimating milk production for the period from 1999/00 to 
2015/16. A second version of the four parameter model was examined for comparative purposes 
(Appendix A). This alternative regression function was developed using data inputs from the whole 
period to be analysed. Given there was no additional benefits from seeking to incorporate a model of 
milk production for the whole period, relative to the model derived from the period 1999/00 to 
2007/08, it was proposed to use the form of the model provided in Table 3 to develop each of the 
community-level milk production functions. This approach appeared capable of estimating milk 
production after the Basin Plan water recovery (and other changes to the dairy farming systems) had 
occurred. Note: the regional model will not be used further in the social and economic analysis. Its’ 
purpose was to provide a structure for modelling milk production which could be applied to the 
community scale. 
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3.3 Isolating BP effects 
The regression model presented in section 3.2 was used to estimate annual milk production for two 
scenarios of water availability. That is, with and without the Basin Plan water recovery being applied 
to the whole period from 1999/00 to 2015/16 (Figure 14). Both scenarios take account of the 
permanent private water trade out of the GMID region, which includes the net trade out of 109 GL 
before the Basin Plan water recovery commenced and 38 GL since 2007/08.  

The Basin Plan water recovery scenario took into account the water purchased by the 
Commonwealth and the savings retained by land holders arising from the government programs 
supporting on-farm infrastructure investment. The net effect of the water recovery programs is a 
decrease in water available for production of around 16%. That is, around 290 GL out of a total of 
1,756 GL (in long-term average available yield equivalents). 

 
Figure 14: Estimates of milk production for the GMID region with and without the Basin Plan 

The impact of Basin Plan water recovery (using the periods from 2002/03 to 2005/06 and 2011/12 to 
2014/15) represents around half (11-12 %) of the overall 24% reduction in the milk production during 
the non-drought years. It is notable that during the peak drought years (2006/07 to 2010/11) the 
effect of the Basin Plan is smaller than the effect in the higher water availability years.  

3.4 Alternative modelling approach 
One of the alternative models developed using the data from 1999/00 to 2007/08, sought to use 
three of the variables from the model described in section 3.2. Local rainfall was not included in this 
alternative model: 
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Table 4: Linear regression results for modelling milk production for the period 1999/00 to 2007/08 

 Regression 
parameters 

Total 
water 
available 
(ML) 

Milk 
Production 
(t-1) (ML) 

Dummy Variable for milk 
production in 2001/02 (‘0’ value 
for all years except 2001/02, which 
is given the value ‘1’) 

Coefficients 0.000407 0.715 266.6 

Standard error 
of the variables 

0.00011 0.067 146.93 

test 3.68 10.61 1.81 

R-squared 0.99 

Std. error of the 
model 

134.68 

 F-test 901.36 

 

This model and the model presented in section 3.2 could be used to estimate milk production over 
the time period being examined. However, dairy farmers told the MDBA that local rainfall was an 
important consideration in their farm-level decision making. Given the model with 3 explanatory 
variables did not provide any significant improvement in robustness, the model with four variables 
was selected for estimating the impacts of the Basin Plan water recovery on milk production. 

3.5 Sensitivity to changes in the 1998/99 
milk supply estimate with the Basin 
Plan 

One of the concerns raised with the MDBA was the potential sensitivity of the modelling results to 
the initial estimate of milk production in 1998/99 for the ‘with Basin Plan’ scenario. For the modelling 
in the previous sections, the initial estimate of milk supply was assumed to be 2,150 million litres, 
down from 2,300 million litres in the ‘without Basin Plan’ scenario. Sensitivity testing of this value 
was examined in the ‘with Basin Plan’ scenario for 1998/99 milk supply estimates of 2,000 and 1,900 
million litres (Figure 15). 
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Figure 15: Effect of changing the 1998/99 milk supply volume on estimates of Basin Plan impact across the period 1999/00 
to 2015/16 

The initial assumption of the 1998/99 milk supply being 2,150 million litres without the Basin Plan, 
estimated the Basin Plan effect as approximately 12.5% in 2002/03. Increasing the 1998/99 milk 
supply volume reduced the impact to a decrease in milk supply (difference between the ‘with’ and 
‘without’ Basin Plan scenarios in 2002/03) of around 12%. A further decrease in the 1998/99 milk 
supply volume to 1,900 ML reduced the difference between the two scenarios to around 11%. 
Significant changes in the 1998/99 milk supply estimate was found to have only a marginal effect on 
the modelled effects from the Basin Plan water recovery. This is particularly relevant when the 
period for considering the Basin Plan effects takes into account the changes in milk supply during 
across 8 years – 2002/03 to 2005/06 and from 2011/12 to 2014/15. 
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4 Findings from the regional 
modelling 

The regional milk production modelling approach indicates the: 

• Variables selected and tested are capable of estimating regional milk supply with and 
without the Basin Plan; 

• Variables are statistically significant using data for the period1999/00-2007/08; 
• It establishes the influence of milk production supply from the previous year on milk 

production in the current year. That is, the model emphasises the interconnectedness of 
milk production across years leading to largely incremental changes in milk supply at the 
regional scale; 

• Other factors, including total surface water available at the start of November each year and 
rainfall in the period from March to October are essential inputs to the estimation of annual 
milk production. 

The step-wise regression approach to developing this model involved testing most of the variables 
identified as being important during the community consultations. While not shown in this report, 
the MDBA modelled various combinations of 7 additional variables. These included the effects on 
current milk production from the previous 2 or 3 years, the volume of high reliability water 
entitlements, allocations at the end of the water year, May-June milk price announcements, local 
rainfall in shorter or longer periods than March to October, pasture hay prices and productivity gains 
before finalising on the key independent variables to run the model. No of the alternative 
combinations of data inputs provided a regression model based on the data from 1999/00 to 
2007/08 which provided a reasonable estimate of milk production in the years from 2008/09 to 
2015/16.  

The preferred regional modelling approach was subjected to additional statistical testing. Using the 
unit root test, it was found the data did not follow a random walk pathway. A further test for 
stationarity of the data (using the LM test) found the milk production data to be stationary. While 
these tests provide confidence for using the current modelling approach, the independent reviewer 
for the social and economic modelling has recommended any future modelling of milk production at 
the regional (and community) scale should investigate the potential for using the data inputs as a 
panel data set. In pursuing an alternative modelling approach, consideration should be given to 
employing first differences in the data. 
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5 Community-level milk production 
modelling in the GMID region 

The community milk production modelling approach followed the methodology adopted for milk 
supply at the whole GMID scale. Community-level regression models were developed using milk 
production data for the period 1999/00 to 2007/08. These models were then used to compare the 
estimates of milk production with actual milk production between 2008/09 and 2015/16. For 
Kyabram-Tatura, Pyramid-Hill Boort and Shepparton communities, different refinements were 
needed to this general approach. 

Variables of milk production the previous year (milk t-1), local rainfall, dummy variable for 2001/02 
milk production, and total surface water allocations available at the start of November were used 
initially to develop the community models. The geographic extent of each community essentially 
aligns with the irrigation district footprints. This made it possible to use water entitlements held and 
permanent trade in water to estimate the volume of surface water available at the start of 
November.  
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6 Kyabram-Tatura community milk 
production model 

The Kyabram-Tatura community has the largest number of dairy farms in the GMID and provides 
around one-third of the total milk supplied by the region.  

Initial attempts were made to apply the four variables of the regional milk production model to the 
Kyabram-Tatura community. However, the coefficient for the 2001/02 milk production dummy 
variable was not statistically significant. The regression model for the Kyabram–Tatura community 
was based on three variables – total surface water allocated water on 1 November (in ML), local 
rainfall from March to October (mm) and milk production the previous year (million litres). The 
regression model (with standard error terms below the co-efficient) is: 

 

The tcritic = 1.85 at 90% level of significance and the F-test result (1,984) indicates the significance of 
the model. Potential correlation between rainfall and total water available is ruled out by the 
correlation analysis between these variables (r2=0.47). The milk production estimate relative to 
actual milk production for the period 1999/00 to 2007/08 is provided in figure 16. 

 
Figure 16: Actual and estimated annual milk production for the Kyabram-Tatura community (1999/00-2007/08) 

The Kyabram-Tatura model developed using the data from 1999/00 to 2007/08 was then used to 
estimate milk production for the period 2008/09 to 2015/16. A comparison with actual (observed) milk 
production is provided in figure 17. 
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Figure 17: Actual and estimated milk production for the Kyabram-Tatura community (1999/00-2015/16) 

The regression model was used to estimate the effects of the Basin Plan water recovery under the 
‘with’ and ‘without’ Basin Plan water recovery scenarios. The net reduction in water available arising 
from the Basin Plan water recovery is around 72 GL (around 18% of the 400 GL entitlement volume 
held prior to the water recovery). It is estimated the Basin Plan water recovery has led to a reduction 
in milk supply of 11 to 12 per cent (figure 18) out of the total decrease of around 26%. 

 

Figure 18: Estimates of annual milk production for the Kyabram-Tatura community with and without the Basin Plan 
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7 Shepparton irrigation community 
milk production model 

The Shepparton irrigation community relies on milk production as well as perennial horticulture and 
mixed irrigation farming. 

An initial attempt to model the community-level milk production using the four variables specified in 
section 3.2 resulted in a function which was able to estimate the milk production volumes with 
reasonable accuracy for the period 1999/00 to 2007/08. However, that model over-estimated milk 
production volumes for the period between 2008/09 and 2015/16 (Figure 19). 

 

Figure 19: Estimated and actual milk production with four-variable model for the Shepparton community, 1999/00-
2007/08) 

Alternative modelling approaches were investigated using the variables identified in Chapter 2 of this 
report. An alternative model relied on using three independent variables – total surface water 
available at the start of November, a dummy variable for the 2001/02 milk production and milk 
production in the previous year. The local rainfall variable was not included. The regression model 
developed using data for the period 1999/00 to 2007/08:  

 

Figures in parentheses are the standard error terms of individual regression coefficients. The model 
coefficients are significant at 95% level of significance and the F-test result (1,894) indicate the 
statistical significance of the model.  
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The milk production estimates and actual observations for the period 1999/00 to 2007/08 are 
presented in Figure 20. This 3-parameter model for the Shepparton irrigation community was used to 
estimate milk production for the period from 2008/09 to 2015/16. A comparison with the actual 
observations of annual milk production are provided in Figure 21. 

 

Figure 20: Annual and estimated milk production for the Shepparton irrigation community, 1999/00 to 2007/08 

 

Figure 21: Actual and estimated milk production for the Shepparton irrigation community, 1999/00 to 2015/16 

This model was used to estimate the effects of the Basin Plan water recovery by comparing the ‘with’ 
and ‘without’ Basin Plan scenarios. The net reduction in water available for production arising from 
the Basin Plan water recovery is around 26 GL (around 12.5% of the 212 GL of entitlements held prior 
to the water recovery). It is estimated the Basin Plan water recovery has led to a reduction in milk 
supply of around 11 to 14 per cent (figure 22) out of a total decrease of approximately 26%. 
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Figure 22: Estimates of annual milk production for the Shepparton irrigation community with and without the Basin Plan 
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8 Rochester community milk 
production model 

The four-parameter multi-variate regression model for milk production in the Rochester community 
is defined as: 

 

Figures in parentheses are standard error terms for the individual regression coefficients. Each of the 
coefficients are significant at the 95% confidence interval. The F-test result (1,980) indicates the 
overall significance of the model. The annual milk production estimates relative to actual milk 
production for the period 1999/00 to 2007/08 are provided in figure 23. 

 

Figure 23: Actual and estimated annual milk production for the Rochester community, 1999/00 to 2007/08 

The Rochester model developed using the data from 1999/00 to 2007/08 was then used to estimate 
milk production for the period 2008/09 to 2015/16. A comparison with actual (observed) milk 
production is provided in figure 24. 
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Figure 24: Actual and estimated annual milk production for the Rochester community, 1999/00 to 2015/16 

The regression model was used to estimate the effects of the Basin Plan water recovery under the 
‘with’ and ‘without’ Basin Plan water recovery scenarios. The net reduction in water available arising 
from the Basin Plan water recovery is around 41 GL (around 19% of the 219 GL of entitlements held 
prior to the water recovery). It is estimated the Basin Plan water recovery has led to a reduction in 
milk supply of between 14% and 16% out of the total decrease in annual milk production of 
approximately 26% (figure 25).  

 

Figure 25: Estimate of annual milk production for the Rochester community with and without the Basin Plan 
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9 Pyramid Hill-Boort community 
milk production model 

The four-parameter version of the model applied to the whole GMID region was initially used to try 
modelling annual milk production in the Pyramid Hill-Boort community: 

 

Figures in parentheses are standard error terms for individual regression coefficients. The model 
coefficients are significant at the 95% level of significance and the F-test result (2,238) indicates the 
overall significance of the model. Annual milk production estimates relative to actual milk production 
for the period 1999/00 to 2007/08 are provided in Figure 26. 

 

Figure 26: Actual and estimated milk production for the Pyramid Hill-Boort community, 1999/00 to 2007/08 

The initial Pyramid Hill-Boort community model was then used to estimate milk production for the 
period 2008/09 to 2015/16. A comparison with actual (observed) milk production is provided in 
Figure 27. 
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Figure 27: Actual and estimated annual milk production for the Pyramid Hill-Boort community, 1999/00 to 2015/16 

The regression model was used to estimate the effects of the Basin Plan water recovery using the 
‘with’ and ‘without’ Basin Plan water recovery scenarios. The net reduction in water available arising 
from the Basin Plan water recovery was around 35 GL (approximately 15% of the 230 GL of 
entitlements held prior to the water recovery). From this model, it was estimated the Basin Plan 
water recovery has led to a reduction in milk supply of 7% to 8% out of a total of decrease of 
approximately 26% (Figure 28). Given the water recovery volume and the overall change in milk 
production in this community, it was considered that the regression model was leading to an under-
estimation of effects from the Basin Plan water recovery. 

 

Figure 28: Estimates of annual milk production for the Pyramid Hill-Boort community with and without the Basin Plan 

Alternative multivariate regression models were examined for their capacity to represent the annual 
variations in milk production and to provide a more reasonable estimation of the Basin Plan effects. 
Alternative approaches using data from the 1999/00 to 2007/08 period did not provide statistically 
significant models. For this community, a modelling option was developed which used the data for 
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the whole period (1999/00 to 2015/16) for estimating milk production but without the dummy 
variable to account for the large increase in milk production during 2001/02: 

 

Figures in parentheses are standard error terms for individual regression coefficients. The model 
coefficients are significant at the 95% level of confidence and the F-test result (2,1478) indicates the 
overall significance of the model. There is a weak correlation between rainfall and total water 
available (r=0.49). The milk production estimate relative to actual annual milk production for the 
period 1999/00 to 2015/16 is provided in Figure 29. 

 

Figure 29: Actual and estimated milk production for the Pyramid Hill-Boort community, 1999/00 to 2015/16 

This model was then used to estimate the effects of the Basin Plan water recovery under the ‘with’ 
and ‘without’ Basin Plan water recovery scenarios (Figure 30). This form of the regression model 
indicates the Basin Plan contribution to the reduced community milk supply is around 11% to 14% 
out of the total decrease of 26%. The results from this version of the model were used as inputs to 
the community-level modelling of social and economic impacts arising from the recovery of water for 
the environment. 
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Figure 30: Estimates of annual milk production for the Pyramid Hill-Boort community with and without the Basin Plan 
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10 Kerang-Cohuna community milk 
production model 

The four-parameter regression model for estimating milk production volumes in the Kerang-Cohuna 
community is: 

 

Figures in parentheses are standard error terms for individual regression coefficients. The 
coefficients are significant at the 95% confidence level and the F-test result (2434.69) indicates the 
overall significance of the model. There is no correlation between rainfall and total surface water 
available at 1 November each year (r=0.24). A comparison of milk production estimated using this 
equation and observed annual milk production for the period 1999/00 to 2007/08 is provided in 
figure 31.  

 

Figure 31: Actual and estimated milk production for the Kerang-Cohuna community, 1999/00 to 2007/08 

The Kerang-Cohuna milk production model developed using the data from 1999/00 to 2007/08 was 
used to estimate annual milk production volumes for the period between 2008/09 and 2015/16. A 
comparison of estimated and actual (observed milk) production for the period 1999/00 to 2015/16 is 
provided in Figure 32. 
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Actual and estimated milk production volume for the Kerang-Cohuna community, 1999/00 to 2015/16 

 

Figure 32: Actual and estimated milk production volume for the Kerang-Cohuna community, 1999/00 to 2015/16 

The regression model was used to estimate the effects of the Basin Plan water recovery under the 
‘with’ and ‘without’ Basin Plan water recovery scenarios. The net reduction in water available for 
production from the Basin Plan water recovery is around 58 GL (approximately 17% of the 351 GL of 
water entitlements held prior to the start of the Basin Plan water recovery). It is estimated the Basin 
Plan water recovery has led to a reduction in milk supply of around 8% to 9% out of the total 
decrease of approximately 22% (figure 33). 

 

Figure 33: Estimate of milk production for the Kerang-Cohuna community with and without the Basin Plan 
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11 Cobram community milk 
production model 

The regression model to estimate the annual milk production volume for the Cobram community 
(with standard error terms below the coefficients) is: 

 

The model coefficients are significant at the 95% level of confidence and the F-test result (1,302) 
indicates the significance of the model. Initial model development for the Cobram community sought 
to use the local rainfall from March to October. However, the rainfall coefficient was not significant. 
Including local rainfall data from March to December rainfall data provided a coefficient which was 
statistically significant. The milk production estimate relative to actual milk production for the years 
since 1999/00 and 2007/08 is provided in figure 34.  

 

Figure 34: Actual and estimated milk production for the Cobram community, 1999/00 to 2007/08 

The Cobram model derived using data from the period 1999/00 to 2007/08 was then used to 
estimate annual milk production volumes for the period 2008/09 to 2015/16. A comparison of the 
milk production estimate with actual annual milk production actual is provided in figure 35.  
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Figure 35: Actual and estimated milk production for the Cobram community, 1999/00 to 2015/16 

The regression model was used to estimate the effects of the Basin Plan water recovery under the 
‘with’ and ‘without’ Basin Plan scenarios. The net reduction in water available for production arising 
from the Basin Plan water recovery in the Cobram community is 58 GL (around 21% of the 285 GL of 
entitlement volumes held by the community in 2008/09). It is estimated the Basin Plan water 
recovery has led to a reduction in milk supply of 8% (Figure 36) out of a total decrease of 13%. 

  

Figure 36: Estimate of annual milk production for the Cobram community with and without the Basin Plan 
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12 Conclusions 
The community-level modelling of milk production in the GMID utilised a common structure but 
identified geographical differences which could be observed as differences in the model coefficients. 
Statistical analysis on the data inputs used indicated the ordinary least squares approach to the 
modelling was reasonable. However, further development of the model would be appropriate should 
the MDBA seek to develop a more detailed understanding of challenges and change in the dairy 
section of the GMID.  

In the first instance, the data for the six communities could be combined and used as a panel data set 
to see if it could draw out more distinctive relationships within each community. The modelling 
might also be enhanced by having the capacity to include the observations on temporary trade and 
how the patterns of temporary trading might affect milk production. Relevant temporary water trade 
data sets would be required to support that modelling capability. 

At this time, the models of community-level milk production are adequately suited to separating out 
the effects of the Basin Plan water recovery from all the other sources of change in the community-
level milk production. However, reflecting on the challenges and limitations in modelling milk 
production for the Pyramid Hill-Boort and Shepparton communities, the dairy production models 
need to be used with care and to draw on additional sources of information when seeking to define 
the contribution of the Basin Plan to the observed industry and community changes. 
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14 Appendix 
 Regression model using four variables for the whole period (1999/00-2015/16) 

Regression 
parameters 

Milk 
Production 
(t-1) (ML) 

Total 
water 
available 
(ML) 

Dummy Variable for milk production 
(2001/02) (‘0’ value for all years 
except 2001/02, which is given the 
value ‘1’) 

Local rainfall 
(mm) 

Coefficients 0.69 0.00028 251.91 1.12 

Std error of 
the variables 

0.049 0.000063 111.87 0.41 

t-est 14.00 4.47 2.25 2.67 

R-Squared 0.99 

Standard 
error of the 
model 

105.85 

 F-test 1580.55 

 

The milk production model (for the whole period) with four variables in the equation is relevant to 
predict current year’s milk production with reasonable accuracy. The test of the coefficients indicate 
they are significant at the 90 per cent or 95 per cent confidence level. 
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