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ABSTRACT 

The Murray–Darling Basin (MDB) has experienced a wide range of changes in climate, land 

use, water use, water market, and policy over time. Water management agencies, who 

provide water to irrigators across the MDB, have thus faced the challenge of making water 

delivery decisions within this highly dynamic system while having limited knowledge of 

upcoming water demand. Forecasts of future water demand can be used to support these 

agencies as they consider the many moving parts of the system. For this work, we partner 

with several water management agencies to incorporate their management requirements into 

the development of a water demand forecasting modeling framework that can operate on the 

monthly scale for the southern MDB (sMDB). Through meetings that took place over 2020, 

water management agencies located across the MDB identified the multiple objectives they 

must balance when managing water resources. These include the timely release of water from 

storages, preventing storage spills, meeting environmental watering needs, and managing the 

degradation of the river channels and other environmental impacts during water delivery – 

all while considering the influence of ever-changing commodity pricing, water trade and 

associated restrictions. The modeling framework under development takes into consideration 

these objectives and is designed to forecast monthly water demand for the major subregions 

of the sMDB based an understanding of water use behavior across the system. The modeling 

framework begins by forecasting water use, land use, and water allocation price on an 

annual scale. The annual outputs are then used in conjunction with in-season climate, 

updated water availability information, crop growth information, and local-knowledge of key 

irrigation decision dates to forecast monthly water use. In this paper, we present the scope of 

this work, interesting relationships gleaned from the data, and an overview of the modeling 

framework currently under development. 

  



 

 

1. INTRODUCTION 

 

The Murray–Darling Basin (MDB) is a large drainage basin located in south-eastern Australia, which 

encompasses a system of interconnected rivers and lakes. The MDB is a significant environmental, 

cultural, and agricultural region, where three quarters of Australia’s irrigated crops and pastures are 

grown. Approximately half of the total amount of water available in the system is used for irrigation 

or other consumption (Kirby et al., 2013). Over time, this region has experienced a wide range of 

climate, land use, water use, and water market and policy changes (Connell, 2015, 2011; Whetton and 

Chiew, 2021), which have affected water demand over time. Water management agencies, who 

provide water to irrigators across the MDB, have thus faced the challenge of making bulk water 

delivery decisions within this highly dynamic system while having limited knowledge of upcoming 

water demand. 

 

Forecasts of irrigation water demand can be used to support water management agencies and 

irrigators, as they consider the many moving parts of the system. Irrigation water demand is a 

complex variable that it is a function of strategic (long-term ~ multiyear), tactical (medium-term ~ 

year to year), and operational (short-term ~ day to season) changes to a water system (Rendell et al., 

2020a; Zaman et al., 2006). Efforts to model water demand for the MDB, ranging from the long-term 

to short-term, have utilized a variety of modeling methods. This includes the use of conceptual water 

balance models (Kirby et al., 2013), crop soil water balance models within a hydrological network/ 

river routing modeling framework that can replicate irrigation diversion behavior (e.g. PRIDE within 

REALM, Irrigator within SMM) (Bethune et al., 2012; Murray Darling Basin Authority, 2018), 

economic estimation of water demand using historical market price data (Bjornlund and Rossini, 

2005; Brennan, 2006; Wheeler et al., 2008), and integrated economic-biophysical models (Hughes et 

al., 2021; Qureshi et al., 2013; Zaman et al., 2009). The different modeling methods are suited to the 

modeling complexity needed to answer the intended research question(s). The choice of modeling 

method is narrowed down by the data available, as well the associated timeframe of the intended 

forecast or projection (Zaman et al., 2007).  

 

For this work, to gauge the complexity of modeling needed and the lead time of the desired forecasts, 

we partnered with several water management agencies across the MDB (described in Section 2.1). 

Through meetings that took place over 2020, representatives from the various agencies identified the 

multiple objectives they must balance when managing water resources. These include allocating water 

to users, managing the timely release of water from storages, preventing storage spills, meeting 

environmental watering needs, and managing the degradation of the river channels and other 

environmental impacts during water delivery – all while considering the influence of ever-changing 

commodity pricing, water trade and associated restrictions. To manage the demand for water, limits 

are set on the amount of water that can be used in any one place at a given time. From these 

conversations and through data analysis (see Section 3), it became clear that the water management 

authorities would benefit from water demand forecast information resolved down to the monthly 

scale. The water management authorities also expressed that the modeling method should remain 

flexible so that it may adapt to new data that becomes available as well as ever-changing basin 

management policies and climate change. 

 

Based on the conversations with water management authorities, a research objective was decided 

upon: to develop a flexible water demand forecasting modeling framework for the southern MDB 

(sMDB) that can operate on the monthly scale. Not all of the needs of the water management 

authorities are currently met by any model available.  Therefore, we see the advantage of developing a 

modeling framework based on existing annual models as well as local knowledge of the system (see 

Section 4). Subsequently, this modelling framework involves the disaggregation of annual water 

demand into each month. Here we present the scope of this work, interesting relationships gleaned 

from the data, and an overview of the modeling framework currently under development. 

 



 

 

1. SCOPE OF WORK 

 

1.1  Project description 

This water demand forecasting work is part of the Australian Research Council Linkage Project titled 

‘Water availability and demand: better forecasts, better management’. The Linkage Project includes 

the following project partners: the University of Melbourne (UoM), the Commonwealth Scientific and 

Industrial Research Organization (CSIRO), the Bureau of Meteorology (BoM), the European Centre 

for Medium-Range Weather Forecasts (ECMWF), as well as several water management authorities 

that include the Murray Darling Basin Authority (MDBA), New South Wales Department of Planning 

Industry and Environment (NSW DPIE), Goulburn Murray Water (GMW), and Lower Murray Water 

(LMW). 

 

The Linkage Project encompasses four main modeling steps, shown in Figure 1. The four steps can be 

thought of as a modeling chain, where the output from one step is used as the input to another, 

following the order shown in Figure 1. The water demand forecasting work is located at the end of the 

modeling chain (step 4) and is thus heavily reliant upon the output of previous steps. The subsequent 

sections of this paper will focus primarily on the water demand forecasting work (step 4). 

Although the end goal of this current work is to generate water demand forecasts, steps 1-3 are 

independently useful for other applications. For instance, water availability forecasts developed from 

this Linkage Project (step 3) have been shown to improve water allocation outlooks for Goulburn 

Murray Water’s Goulburn River System (Tang et al., 2020). Additionally, improved methods for 

generating climate forecasts (step 1) have been developed and validated over the Australian continent 

for precipitation (Yang et al., 2021a) and evapotranspiration (Yang et al., 2021b). 

 

Figure 1: The main steps of the larger Linkage Project are shown, which represent a forecasting 

modeling chain, where water demand forecasts (step 4) are reliant upon the output of the 

previous steps. 

 

1.2  Study area 

The water use and hydrology of the MDB is described in detail within Stewardson et al., (2021). The 

MDB is often separated into two parts- the northern (nMDB) and southern Basins (sMDB), due to 

their geographical separation and distinctive hydrological characteristics. The sMDB covers three 

states: New South Wales (NSW) to the north, Victoria (VIC) to the south, and South Australia (SA) to 

the east. The sMDB can be further subdivided into the following major subregions: (1) NSW 

Murrumbidgee, (2) VIC Murray Above, (3) NSW Murray Above, (4) VIC Goulburn Broken, (5) VIC 

Loddon Campaspe, (6) NSW Murray Below, (7) VIC Murray Below, (8) NSW Lower Darling, and 

(9) SA. This work focuses solely on the sMDB and its subregions (shown in Figure 2). 



 

 

Figure 2: A schematic of the southern Murray Darling Basin, which encompasses nine 

subregions. 

 

1.3  Data 

Given the complexities of the sMDB, data collection is an ongoing process and the model under 

development will continually be updated with new system knowledge and data. For the purposes of 

the current version of the model, data requirements are summarized along with their source within 

Table 1. As described in Section 2.1, this work is dependent upon the outputs from previous modeling 

steps, as well as data that is explicitly used for this step (step 4) of the Linkage Project as shown in 

Table 1. 

 

Table 1: Dataset used for modeling development. 

 

Variable (Unit) Step Source 

Precipitation (mm) 1 Yang et al., 2021b, BoM 

Potential 

evapotranspiration (mm) 

1 Yang et al., 2021a, BoM 

Allocation volume (ML) 2, 3 Hughes et al., 2021; Rendell et al., 2020a; Tang et al., 2020 

Allocation (%) of 

entitlement 

2, 3 Hughes et al., 2021; Rendell et al., 2020a; Tang et al., 2020 

(historical data derived from water management agencies)  

Water used for irrigation 

(Ha) 

4 MDBA (monthly data); Hughes et al., 2021 (annual data) 

Land area irrigated (Ha) 4 Hughes et al., 2021; ABS 

Price of water allocations 

($/ML) 

4 Murray Irrigation Limited Exchange 

Price of irrigated 

commodity ($) 

4 Hughes et al., 2021 

Key decision dates of 

irrigators (month) 

4 Murray Darling Basin Authority, 2018; Rendell et al., 2020a 

 

 

1.4 Background to modeling needs 

To ensure that that the water demand modeling framework that we develop is suitable for the 

purposes of the water management authorities, it is vital to understand the modeling approach 

currently in use. In 2008, the Council of Australian Governments (COAG) endorsed a National 

Hydrological Modeling Strategy (NHMS), where it was decided that all Australian government water 



 

 

management agencies should use the same modeling platform. eWater Limited, a government owned 

partnership enterprise, was chosen as the custodians of the modelling platform. Together, the MDBA, 

state governments, and the eWater Cooperative Research Centre developed a hydrological model 

called Source, which is now managed by eWater Limited. Going further, the MDBA and the state 

governments have since created a model of the Murray system, including the Lower Darling using 

Source, called the Source Murray Model (SMM). 

 

The SMM can be used to test the reaction of the system to different conditions and scenarios, which is 

a means to develop management strategies and ultimately ensures that the system is being managed 

appropriately. In addition, there is an operational version of the SMM that is used in real time to 

support river operations. Within the SMM, irrigation diversions are modeled using a crop water 

demand model called Irrigator (Murray Darling Basin Authority, 2018). To account for the shifting 

water demands in the system and the allocation trade occurring to satisfy those demands, the SMM 

utilizes the Temporary Trade Plugin. A limitation of the Temporary Trade Plugin is that it only builds 

in decision making out to 10 days into the future. In practice, irrigators make decisions at the 

beginning of the irrigation season and at key points within the irrigation season regarding the volumes 

of water they are utilizing, purchasing, and selling. The temporary trade model doesn’t differentiate 

between different crops and doesn’t consider strategic decision making at key points during the 

irrigation season. The MDBA has explicitly expressed the need for these limitations to be addressed. 

 

2. CONCEPTS THAT UNDERPIN MODELING DESIGN 

 

2.1  Annual time scale: static versus dynamic behavior  

Upon exploring data that is currently available (Section 2.2), the annual water use patterns of the 

major subregions of the sMDB were identified. Primarily, the water use behavior for each subregion 

can be described as having either a distinctive static versus dynamic behavior.  The key determinate of 

this is the dominant land use present in the subregion. This concept is shown within Figure 3, where 

water use versus allocation water price is plotted for two representative subregions of the sMDB.  

 

Figure 3: Patterns of annual water use versus allocation water price are shown for two 

representative subregions of the southern Murray Darling Basin: (a) Victoria Murray Below 

and (b) New South Wales Murray Above. 

 

Figure 3a shows the VIC Murray Below subregion, which is dominated by the horticulture industry. 

Horticulture is comprised of permanent plantings that require significant investment and thus there is 

the tendency for farmers to prioritize these crops even when water allocation price increases in 

accordance with climate and water availability conditions. As Figure 3a shows, within such regions 

the water use remains relatively constant or ‘static’ year to year (colored circles correspond to a given 

year and distinct climate condition). There are however years when water use does not follow the 

expected static pattern (see dashed line), as shown by the 2016/17 irrigation season (blue dot), which 

was a year with relatively large amounts of rainfall that offset water ordering and therefore reduced 

water use. 

 



 

 

Conversely, Figure 3b shows the NSW Murray Above subregion, which is dominated by rice and 

other annual plantings. The water use behavior within this subregion is highly reactive to climate and 

water availability conditions and subsequently allocation water price. Annual crops can expand and 

contract relatively easily given the annual life cycle of these crops and because infrastructure for 

various levels of production already exist (Rendell et al., 2020b). Rice is less economically attractive 

compared to horticulture, dairy, or cotton, and thus when water prices increase dramatically, farmers 

can adjust their water use by diverting or selling their water to an outcompeting crop or storing the 

water as carryover. These options result in the highly reactive or ‘dynamic’ water use behavior shown 

in Figure 3b. Years prior to 2015 are shown in grey, and patterns are not fit to this data, given that 

over time some basin management rules have become obsolete, land use patterns have shifted, and 

climate change has altered the behavior of farmer behavior, etc. 

 

2.2  Monthly-seasonal time scale: understanding biophysical processes 

Building upon the annual relationships shown in Figure 3 above, Figure 4 shows a seasonal 

breakdown of the same two representative subregions of the sMDB, where Figures 4a & b focus on 

the spring season (September, October, November) and Figures 4c & d focus on the summer season 

(December, January, February).  

 

Figure 4: Patterns of seasonal water use versus allocation water price are shown for two 

representative subregions of the southern Murray Darling Basin: (a & c) Victoria Murray 

Below and (b &d) New South Wales Murray Above. Two seasons are compared: spring (a & b) 

and summer (c & d). 

 

When analyzing water use and allocation water price data on the annual scale, certain relationships 

can be gleaned (e.g. static and dynamic behavior), however exploring the sub-annual scale offers 

additional insights into system behavior. As an example, upon first inspecting the annual data shown 

in Figure 3, it could be gleaned that the subregion VIC Murray Below experienced a high rainfall year 

in 2016/17, which reduced the expected water use within the subregion. However, it is not until 

delving into an individual season, that the higher than average rainfall can be almost exclusively seen 

to occur in the spring season, as water use is heavily deviated away from the expected dashed line 

(Figure 4a), and otherwise tracks along the expected dashed line in summer (Figure 4c). As water 

management authorities consider the water needs of each subregion of the sMDB over a given year, 

and consider how to shift water appropriately, it is important to understand the biophysical processes 

that can cause water use behavior to deviate from its expected pattern. Given the complexities of the 

system and the goals of the project, it is necessary to carry this research forward at the sub-annual 



 

 

scale, where monthly to seasonal processes will be further incorporated into the modeling framework 

as data allows. 

 

3. MODELING FRAMEWORK DEVELOPMENT 

The modeling framework is initialized by forecasting annual water use, land use, and allocation water 

price. The annual portion of the modeling has already been achieved, which follows the water trade 

modeling design laid out by Hughes et al., (2021). At this stage, the equilibrium framework shown in 

Hughes et al., (2021) is replaced with the allocation-price curve presented in Rendell et al., (2020a). 

This substitution reduces model complexity and allows for ease of testing. However, at later stages of 

the project, the annual modeling portion of the framework could be reverted back to the more 

complex annual model shown in Hughes et al., (2021). Following this, the annual outputs of the 

model are essentially disaggregated to the monthly scale. This disaggregation is performed using 

updated information on in-season climate, water availability, crop growth, and local knowledge of key 

irrigation decisions/ dates, which allows the modeling framework to achieve a forecast of monthly 

water use. Given that the modeling framework is based upon relationships found in existing data (see 

Section 3), it must be acknowledged that these foundational relationships are subject to strategic 

changes in the system (e.g. basin management policies and climate change) (Rendell et al., 2020a; 

Zaman et al., 2006). Thus, the modeling framework must remain flexible enough to easily ingest 

updated data over time. Next steps include refining the disaggregation techniques to achieve monthly 

water demand forecasts.  
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