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Abstract:  Annual environmental water planning requires a range of risks and opportunities to be considered.
We develop a framework for long-range forecasting of ecological outcomes and evaluate the components that can
be readily implemented for two RAMSAR-listed wetlands in the Murray-Darling Basin. We show that ensemble
forecasts of floodplain inundation can be skilful to lead times of many months and tend to be more skilful than
rainfall and runoff forecasts for the wetlands investigated. We also identify opportunities for translating forecasts
of wetland inundation to the likelihood of achieving ecological outcomes such as waterbird breeding events.
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1. INTRODUCTION

Environmental water in the Murray-Darling Basin is managed to supplement natural river flows and support
ecological outcomes, such as waterbird breeding and fish spawning. Planning of environmental water use occurs
at multiple time scales. Annual water management plans link environmental priorities with risks and benefits of
environmental water delivery. The risks facing environmental water managers are diverse and include the
influence of prevailing climate conditions on water availaiblity and environmental demands, constraints on water
delivery, and indirect risks such as that posed by a high pathogenicity avian influenza. Environmental water
managers would benefit from any available insights into these conditions over the coming seasons in developing
annual watering plans.

Existing seasonal forecast products can potentially assist with understanding water availability over the coming
season. Methods to produce skilful forecasts of catchment runoff to lead times of 12 months have been deployed
operationally by water managers in Australia (Matala et al., 2023). However, there has been limited investigation
into how seasonal forecasts can inform environmental water management. In this paper we investigate the
possibility of developing long-range (i.e., up to 12 months) forecasts of ecological outcomes that could be used to
inform annual environmental water planning.

2. METHODS

We develop a framework to produce long-range forecasts of ecological outcomes achievable from environmental
water management. The framework links modelling methods to produce forecasts of streamflow, inundation and
ecological outcomes, such as waterbird breeding. We implement and evaluate the first two parts of the forecasting
framework for two internationally significant wetlands — the Macquarie Marshes and the Barmah-Millewa Forest.

Ensemble forecasts of unregulated inflows in the Macquarie River and upper reaches of the Murray River
catchments are generated using the Forecast-Guided Stochastic Scenarios (FoGSS) approach (Bennett et al., 2016).
For this study, monthly streamflow forecasts were generated by an initialised GR2M hydrological model (Mouelhi
et al., 2006) forced by post-processed climate forecasts from the European Centre for Medium-range Weather
Forecasts (ECMWF) seasonal forecasting model (Copernicus Climate Change Service, 2018).

Monthly maps of inundation for the period 1988-2024 were derived from remote sensing observations using the
multi-index method (Ticehurst et al., 2022). These maps were used to estimate monthly maximum extent of
inundation and floodplain water volume. Statistical models were developed to predict the floodplain water volume
from the antecedent floodplain water volume and concurrent total unregulated inflow volumes. Ensemble forecasts
of floodplain inundation volume were generated recursively using forecast inflows and the preceding month’s
floodplain water volume. These floodplain water volume forecasts were then converted to maps of the probability
of inundation, firstly converting each ensemble member to a map of inundation extent using a simplified RQ7
model (Teng et al., 2025) and then summarising the ensemble of maps for each pixel and lead time.

The ensemble forecasts of rainfall, runoff and floodplain inundation volumes were evaluated using standard
methods assessing skill, bias and reliability.

3. RESULTS AND DISCUSSION

For the two wetlands forecasts of catchment rainfall typically show skill for the first month (indicated by the blue
hues in Figure 1), while runoff forecasts can be skilful to lead times of 5-6 months depending on when they are
issued (Figure 1). Forecasts of floodplain inundation volume can be as, or more skilful than, forecasts of runoff,
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particularly in the Macquarie Marshes, where regulation has a lesser impact on flows that in the Barmah-Millewa
Forest. However, the skill of floodplain inundation volume forecasts can be severely impacted by large events that
result in rapid changes in inundation and are difficult to predict at long lead times
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Figure 1 Heat maps of the continuous ranked probability score (CRPS) skill of rainfall, runoff and floodplain
inundation volume for the Macquarie Marshes (top row) and Barmah-Millewa Forest (bottom row) catchments

Inundation of riparian wetlands and floodplains is an important outcome of environmental water management. We
have shown that it is possible to forecast the likelihood of inundation to lead times that can support annual
environmental water planning. Inundation is one critical factor that influences important ecology processes
including waterbird breeding, fish spawning and vegetation outcomes. To explore how our inundation forecasting
could be extended to consider ecological outcomes, we developed a framework that shows how inundation
characteristics provide cues for waterbird breeding and that, with further research, could plausibly be used to
translate wetland inundation forecasts to forecasts of waterbird breeding initiation. Nonetheless, a more
sophisticated approach that considers factors beyond inundation, including local and remote cues influenced by
climate conditions and associated waterbird movements (McGinness et al., 2024), is needed to implement the
framework sensibly. Doing so is currently limited by the availability of data needed to establish and verify
predictive models and knowledge of the key processes influencing waterbird outcomes. On-going research projects
are currently seeking to address these limitations.
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