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Collins, Susie   
Good morning, everyone.

Welcome everyone to today's webinar. My name is Susie Collins. I'm the acting Australian Chief Environmental Biosecurity Officer at the Department of Agriculture, Fisheries and Forestry. 

I'd like to start by acknowledging that here in Canberra, this is Ngunnawal country. I want to acknowledge the Ngunnawal people, the traditional owners of this land on which I work and live. I acknowledge and pay respects to their continuing culture and connections to land, water and community. I also want to pay my respects to elders past and present, and I extend that acknowledgement to the various lands you all come from today and you are joining this webinar from today, and to pay respect to Aboriginal and Torres Strait Islander people attending today's event.

Let us know where you're from by popping it in the Q&A function.

I'd like to welcome you to the second Environmental Biosecurity webinar for 2026, in which we will learn more from the Australian Plague Locust Commission. This year marks 50 years of the Australian Plague Locust Commission, which I'll just refer to as APLC.

The APLC commenced operations in 1976, so this is a good opportunity for us to look back at why it was established, how locust management has changed over the 50 years and where we're heading next. 

At the basic level, the problem hasn't changed much. Locusts don't respect state borders, and they can build up over very large areas of inland Australia and then migrate long distances.

The major outbreak of 1973 to 1974 spread across a lot of inland Australia and spread across what are the four APLC member states. 

This really brought home the need for a coordinated national approach to how we work together across state and territory governments and with the Australian Government as part of our APLC. The APLC was really established to bring together the Australian Government, governments of New South Wales, Queensland, Victoria and South Australia.

Locust management is a shared responsibility involving landholders, regional and state authorities and the APLC. The APLC's role is to monitor locust populations and respond to significant outbreaks that pose a threat to agriculture across state borders. Over the 50 years, the way we do that job has changed enormously.

We've seen major advances in surveillance, in aerial control and biological control, in the way we monitor the environment, in the use of satellites and satellite observations, in computing and in forecasting.

But there's one foundational principle that has remained since the beginning, and that is to intervene early. If we intervene early, if we can understand where populations are building, if we can forecast where and when populations and problems are likely to develop, if we can find those populations early and treat them before they become large, highly mobile swarms of locusts, we have a much better chance of reducing their impact. And that's really the thread that's running through today's webinar. 

We'll look at some of the innovations that have changed locust management over the last 50 years, but we'll also look forward at how field observations, climate and environmental data, satellites, drones, and new modelling approaches are being brought together to improve early warning and operational decision making. And this is particularly relevant as we prepare for the 2026 spring season. 

Our speakers today are Dr Allan Spessa and Professor Michael Kearney. Allan is the acting Director of the Australian Plague Locust Commission and an environmental scientist with more than 20 years of experience in ecological modelling, climate science and forecasting.

He joined the APLC in 2017 and has played a key role in developing its modelling, forecasting, and decision support capability.

Mike is an ARC Australian Laureate Fellow and Professor at the University of Melbourne. He's a physiological ecologist whose research focuses on understanding and predicting how organisms respond to their environments. Mike has been working with the APLC on the next generation of mechanistic locust forecasting. 

We'll start with Allan, who will take us through some of the operational, scientific and technological innovations that have shaped Australian locust management over the last 50 years. And then Mike and Allan will look specifically at the upcoming spring season, including the new work that they've been doing using seasonal climate forecasts and modelling to estimate when the Australian plague locust eggs are likely to hatch and how quickly the nymphs will develop, which, as I said is critical for us to be able to intervene early.

We'll be moving from 50 years of experience to a very current question about what can we expect this spring? Where do we expect activity to happen and when? 

But before I hand over to Allan, I'd just like to run through some of the housekeeping for today's event. 

There is a Q&A function available and some of you have already tried that out. You're welcome to submit your questions throughout the webinar and we'll get to them after the presentation has finished. 

We've got about 10 minutes for questions at the end, and we'll try and get through as many questions as we can. The webinar will be recorded and will be made available after the session. If you need to leave early or want to share it later with your peers or colleagues, then the recording will be available and we'll put the link in the chat for that.

So with that, I'll hand over to Allan. Thank you, Allan.
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Spessa, Allan   8:52
Good morning, everyone and thanks for joining us. This year marks 50 years of the Australian Plague Locust Commission and I'm going to use that anniversary to look at some of the innovations that have shaped Australian locust management and where we're heading next.  

I took those photos in the title slide in April 2018 while surveying about 50 kilometres south of Corinda in western New South Wales. It's classic inland locust country, open eucalypt woodland with chenopod and tussock grass understory and an approaching storm. 

In my talk today, I'll take you along some of the road we've travelled over those 50 years and some of the key innovations in locust management, and where that innovation is taking us now. After my talk, Michael Kearney will then present on how we're applying some of that new forecasting capability to the upcoming spring 2026 locust season.

So just briefly for those who aren't familiar with the APLC, we were established in 1976 and are jointly funded by the Australian Government and four member states, New South Wales, Queensland, Victoria and South Australia. 

Our mandate is to monitor and manage three major pest species where populations pose a threat across state borders. We're a small specialised national team headquartered in Canberra with field operations from Longreach, Narromine and Broken Hill. 

The important point about this is the scale at which we operate. Our operational area covers more than 2 million square kilometres of eastern Australia. So, as Susie mentioned before, locusts obviously don't recognise state borders, so the value of the Commission is being able to monitor populations across that whole landscape and intervene early, before large infestations move across borders and threaten agricultural areas in other states. 

We simply can't be everywhere. So that enormous area is one of the main reasons why surveillance technology, environmental monitoring and forecasting are so important in the way we operate.

I'll focus today's talk on the Australian plague locust, Chortoicetes terminifera, or just CT for short. It's a major agricultural pest across eastern Australia. Under favourable conditions, populations can increase rapidly over successive generations, forming dense nymph bands and eventually large migratory swarms.

Large bands and swarms can consume substantial amounts of vegetation, damaging both crops and grazing pasture, as you can see in these images. During major outbreaks, the agricultural losses can run into 10s of millions of dollars.
And that's really the problem we're trying to manage, stopping these population increases before they develop into major outbreaks.

Why innovation in locust control matters? Locust populations can threaten agriculture across millions of hectares, as I mentioned, so while surveillance and control have to operate across vast and often very remote areas, so early detection and prediction are therefore critical. 

Knowing where to look and intervene, before populations become much larger and more expensive to control. So over time, innovation has been also about making control more efficient, more targeted, and more sustainable, particularly as the use of some conventional chemical pesticides become increasingly constrained. Those challenges have driven much of the innovation I'll show you today.

Some of the foundations for forecasting were established quite early in the Commission's history. Fieldwork identified the importance of different breeding landscapes. For example, clay plains retain moisture longer after rainfall and can support more persistent vegetation growth, while stony plains tend to respond more rapidly and briefly after rain. Both can provide important breeding habitat under the right conditions.

That understanding of how soil, rainfall and vegetation interact was an early step towards predicting where favourable locust habitat would occur. Landsat imagery then allowed habitat suitability to be mapped across much larger areas, and around 20 years of insect monitoring radar helped reveal a recurrent migration circuit. The foundations were already there, habitat, environmental conditions and movement.

Building on that early habitat work, another important development was understanding how populations move through the landscape. By combining long-term survey records with insect monitoring radar, wind trajectory modelling and satellite vegetation imagery, the APLC was able to identify a recurrent migration circuit.

The broad sort of pattern is moving between the inland breeding areas of Queensland, New South Wales and South Australia and the agricultural regions further east and south.

The insect monitoring radar network was particularly important because it allowed us to observe high altitude nocturnal migration, which simply isn't visible from ground surveys. That was another important piece of the forecasting problem, not just where favourable habitat occurs, but where locusts may move.

So for the APLC, early intervention essentially comes down to 2 capabilities, knowing when and where to look and then being able to act quickly when we find locusts. 

First is accurate forecasting, that allows us to prioritise surveillance and to prepare control resources in advance. Second is rapid, targeted treatment, controlling infestations early while they're still relatively localised; this means less pesticides, smaller areas treated and so forth, and increasingly the pesticides we use aim to be applied in a way that reduces environmental impacts and that applies to both chemical and biological control options. The basic strategy is very simple, forecast, detect and treat early.

Aerial surveillance has been an operational innovation since the 1970s. It's a good example of this photo I'm showing at the moment.

Here are nymph bands seen from an aircraft. You can actually see the advancing band fronts and behind them areas where the vegetation has already been consumed. From the ground, finding and mapping all of these bands across a large infestation would be extremely difficult and time consuming. From the air, we can rapidly cover a very large area and map the major bands and then use that information to target control operations. So aerial surveillance became a key part of the early intervention approach. Find the infestations quickly, map their extent and treat them before they develop further.

The other side of early intervention is being able to treat the infestations quickly and efficiently. Two important operational innovations were developed around this in the late 70s and early 80s. The first was crosswind spraying. By using the wind to carry the spray downward, a much wider swathe could be achieved, allowing large areas to be treated more efficiently. This was done initially for fenitrothion and was later used for Metarhizium, our fungus locust control, biological control agent. An important part of that evolution has been reducing the amount of pesticide while maintaining effective control, and we see that in our programme today.

The second approach that was really innovative was barrier treatment with fipronil. Rather than treating the whole infestation, only about 25% of the area was sprayed in relatively narrow strips, while the moving hopper bands subsequently encountered. 

Both approaches improved operational efficiency, as you can see, the crosswind spraying and the interwind aerial spraying. But barrier treatment took that a step further, substantially reducing the area treated fuel use and non-target impacts. And importantly, these treatments sit within a broader prevention system, forecasting, surveillance and early intervention against hopper bands before populations disperse more widely.

Another major intervention was the development of Metarhizium, a fungal biological control agent. These results are from aerial treatment of Australian plague locust bands on the very hot summer conditions with maximum temperatures 35 to 42 degrees. Unlike conventional pesticides, mortality isn’t immediate but by about six to seven days, the decline is very clear. By day 10, numbers had fallen by around 80% and up to two weeks by more than 90%.

So importantly, Metarhizium was highly effective under these very hot field conditions, and that was shown in the late 90s, early 2000s in Australia. And this wasn't just experimental. We took it operational in 2000, around 20,000 hectares were treated in the first large scale operational use of Metarhizium- which in Australia is Green Guard, produced by BASF.

From 2005 to 2026 represents a major transition towards more integrated and predictive locust management. The key for the APLC has been bringing together long-term locust observations.

We now have over 40 years of high-quality locust observations, climate and weather data, earth observation data, and biological and statistical modelling. The aim of all this is to extend our warning time, not just knowing where the locusts are now, but increasingly anticipating where and when locust populations are likely to develop. So, the next few slides show how different capabilities have progressively come together.

So, this is where we're heading, towards a much more integrated forecasting and early warning system, and I'll build this up progressively.

At the core is our APLC and state survey data, which already feed into our Web Mapper, which we're developing with CEBRA to support surveillance and operational planning.

The idea now is to build different prediction capabilities around that operational core, working at different time scales and increasingly feeding information into one another.

The first is Plant Growth Index, developed with Cambridge University. It describes vegetation growth conditions historically now and potentially months ahead using seasonal climate forecasts. It represents something that's complementary to NDVI, but unlike NDVI, we can forecast Plant Growth Index. PGI can obviously feed into other models, including the machine learning and migration models, which I'll talk about later.

The next is our machine learning forecasting with CEBRA. This predicts nymph presence stage and density one to two weeks ahead, helping target surveillance. And because we can't observe locusts everywhere, these predictions can potentially help fill spatial gaps and provide starting conditions for other models.

The next is the Niche Mapper. That's Mike Kearney's mechanistic modelling framework, which we'll be talking about later. We're working with Mike to apply it to plague locusts, contributing biological insights, climate data and important benchmarking locust data.

The Niche Mapper model is gridded across the landscape, and we can use seasonal climate forecasts to predict things like egg hatch and subsequent nymph development. And as I mentioned, Michael will show you an example of exactly this for spring 2026 after my presentation.

The next is the Ct Life System Simulator. This work has really just started. It's in collaboration with CEBRA. The aim here is to bring development and reproduction together at the population level and ultimately produce alternative forecasts for seasonal population dynamics for CT and other locust species, but mainly CT at the moment. 

Migration modelling.

This is a collaboration with Cambridge University, but it's still really in the planning phase. The idea is to combine locust physiology, weather and vegetation conditions through PGI to project flight trajectories and potential landing areas, potentially at hourly time scales. The modelling framework has already been developed for the desert locust in Africa and elsewhere around there, the Arabian Peninsula.   Cambridge University have published that work, and they're hoping to adapt it to Australian conditions.

In terms of the full system, these capabilities are at different stages of development, but the vision is to connect them. So PGI characterises vegetation conditions, machine learning provides short-term risk and helps fill observational gaps, and the mechanistic models project development and population dynamics and ultimately, migration modelling tells us where the adults might go next.

The goal is to bring, eventually, to bring these predictions back into the Web Mapper for operational decision support, helping answer where we should look, when we should look and where might we need to act.

So, yes, some further information there about how the models draw on different combinations of data to deliver the insights.

So now I'm going to talk about the Web Mapper. What does it look like operationally? This is our web mapper being developed with CEBRA, showing our locust surveillance data across eastern states. You can see that it's divided into different species and life stages on the left side.

You can pull up different environmental layers to help you interpret the data. The surveillance data has different symbology’s representing adults and nymphs and the different density categories, and also the different species are colour coded. And you can also toggle the time bar down below to hone in on particular periods of interest.
This is a collaboration with CEBRA, as I mentioned, and it is in a prototype phase, and we hope to roll it out for the upcoming season.

This is what we had in the past. We've still got them in our Fyshwick offices. Historically, much of our situational awareness was built using maps like this on the wall.

Going back to the web map itself, we have environmental layer menus so we can interrogate the observations of locusts against a whole range of environmental data sets, climate, vegetation, soils and land use.

So, this is honing in on May 2026, when we had a lot of rain across a lot of CT's habitats. The red records are adult Australian plague locusts overlaid on rainfall.
We had substantial adult populations, as you can see, across parts of inland Australia with favourable conditions, but for autumn breeding and subsequent egg laying.

Then we look at the NDVI underlay there. And here the same adult records against the vegetation condition in May. You can see that the extensive green vegetation across much of the areas occupied by those locusts. So together the rainfall, vegetation and adult observations make for a compelling picture, all pointing to very favourable breeding conditions and substantial autumn egg laying.

And Michael will come back to that later with the seasonal forecast for spring 2026.

So, the next slide, one of the components of our system is the Plant Growth Index, or PGI, which we're, like I mentioned, developing with Cambridge Uni, vegetation growth is critical for locust survival and reproduction. Unlike satellite greenness, PGI estimates the potential for green vegetation growth from three basic constraints:
light, soil moisture and temperature. This gives us daily Australian wide index as these contrasting examples show. 

Because it's climate driven, we can potentially extend it into seasonal forecasting. So just showing 2 examples there, one during a very dry period in 2002 and one during quite a wet period during our last outbreak actually in March 2011 - or just after it.

So, that work is hopefully going to be appearing in the system science data.
Here's where we can see the 2009-10 outbreak, the last major outbreak. 

In spring 2009, soil moisture on the far left and PGI were relatively patchy with the main nymph populations constrained in southern Queensland and northern New South Wales.

In February 2010, conditions had changed substantially, soil moisture increased across a much larger area, obviously owing to a lot more rain and PGI responded, while adult populations became more widespread through inland New South Wales.

And by April 2010, things were beginning to really kick off. Favourable growth conditions remained extensive, with large adult populations spread across southern and central New South Wales and into Victoria. And the APLC was doing control during most of 2010, and it didn't end until about November, I believe.

So going back to PGI, the value is that it allows us to follow and ultimately forecast the changing vegetation growth environment in which the populations develop.

So this is how we can start to extend some of these models into seasonal forecasting. We're using the Bureau's ACCESS-S2 system with the 99 ensemble members rather than a single forecast. This isn’t entirely new territory for me as PI of a NERC-funded project in Indonesia. We use ECMWF seasonal forecasts for peak fire forecasting. I've seen both how useful these forecasts can be and the importance of treating them probabilistically. 

We're also leveraging the downscaling and bias correction developed by CSIRO through DAFF’s Australian Agricultural Drought Indicators Project, and I'd like to reach out and thank Andrew Shepin at CSIRO and Pete Taylor at CSIRO for helping me get access to these climate forecast data.

These climate ensembles can then drive several biological models. I've given 3 examples there, PGI, Niche Mapper and ultimately Ct-LSS. These different models translate the same seasonal climate information into complementary biological forecasts.

Here's an example of the short-term machine learning forecast I mentioned earlier, the collaboration with CEBRA. It uses our long-term locus observations together with environmental variables to predict nymph presence at about 5 kilometres resolution, one to two weeks ahead, I'm going to now play for you a retrospective forecast through the 2010-11 outbreak. And before I do that, I just want to mention that the long-term locust observation data set is getting well over 40 years now, the project ended in 23-24. So, it's quite a quite a long series of data.

The colours show the predicted probability of nymph presence and the red crosses are actual observations from the previous seven days. As you can see, the model does a fairly good job of capturing the broad spatial patterns of where the nymph populations were subsequently observed, although it's not predicting that locusts will occur everywhere conditions are suitable. 

Operationally, that's an important point. We can't survey everywhere, so this helps us where to look. Aerial surveillance has been central to locust management to Australia since the 1970s. We're now looking at how we can extend that capability using high resolution satellite imagery and drones for detecting and mapping infestations and ultimately linking those observations back into our forecasting and web mapper.

We've now tested these advances in aerial locusts’ detection and target marking across three field assessments between September 2024 and April this year.

Conventional aircraft surveillance with drones and very high-resolution satellite imagery was used for this work. The results have been very promising, particularly for detecting dense nymph bands, although we're still working through the best operational parameters and use cases for each platform.

You can see these on the left photo showing the migratory locust infestation that occurred there in Central West Queensland, and the right photo showing the bands like fronts.

That's an image from a drone.

More recently, in Central West Queensland around Alpha, we were able to compare all three approaches over 4th and 5th in-star migratory locust bands, conventional aircraft surveillance, drones, and 30 centimetres Pleiades satellite imagery. The satellite imagery covered about 140 square kilometres, giving us really useful comparison of detection capability across very different spatial scales. 

I do believe this is one of the first uses of high-resolution satellites to detect locusts. 
The APLC is also working with Igor Klein at the German Aerospace Centre to take this work further. We're comparing satellite imagery at different resolutions from 30-centimetre Pleiades NEO to 3 metre PlanetScope and 10 metre Sentinel 2 -
an ESA product - and more importantly, we're not looking not only at detecting locust infestations, but also tracking the progression of vegetation damage over time. 

Given that we're quite likely getting into a very busy locust season, with lots of locusts around, there'll be ample opportunity for this work to progress in the upcoming season.

So, this is getting up to my second last slide. You've seen a lot of collaborators through the talk. I've mentioned them. But the important point I want to make here is that these aren't separate research projects. 

We're deliberately linking different areas of expertise, field operations, climate forecasting, earth observation, physiology, vegetation modelling, machine learning, etc., around the problems we need to solve operationally. Increasingly the outputs from one part of that research become inputs to others. I've mentioned examples before, but another one I'll just reiterate now, and that is seasonal climate forecasts can drive vegetation and development models, for example.

The APLC doesn't need to have all the expertise in-house. Our role is to bring the right expertise together and turn it into an integrated operational system. And so that's really the point I want to get across here is the value of our partnerships, how we leverage complementary innovation and expertise to move from an operational problem through research and collaboration to capability we can actually use.

Our collaboration extends well beyond Australia. Earlier this year, we were at the International Congress of Orthopterology in Argentina, meeting with researchers and operational agencies working on locusts around the world. It was a nice moment for the APLC, the Argentina's National Plant and Animal Health Agency, SENASA, recognised our 50th anniversary and our contribution to international cooperation and locust management.

And those international links are continuing, particularly through the Global Locust Initiative, including new working groups being set up on modelling, surveillance technologies and bio pesticides.

But of course, collaboration starts much closer to home. These images are from Central West Queensland earlier this year, working along QDPI on their malathion and on our malathion and Green Guard trials. We also use that field work
to continue some of the drone and satellite surveillance work I showed a couple of slides ago. 

Overall, the collaboration with QDPI is a good example of how we can leverage different expertise, operational research and technology around a real locust problem.

So, I'll finish my talk there. After 50 years, the tools have changed enormously, but the basic objective hasn't - better information, early warning and more targeted intervention. And so, I think that brings us neatly back to forecasting. 

Michael Kearney is now going to show you how we're applying ACCESS -S2 to seasonal forecasts through the Niche Mapper model to a very real and immediate question. Given the substantial autumn rainfall, successful breeding and relatively mild conditions through autumn and winter, what might we expect from Australian plague locusts this coming spring?
Thank you.
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Thank you, Allan.

Good morning, everybody. My name is Michael Kearney. I'm coming to you from Wurundjeri Country, University of Melbourne School of Biosciences. I was just reflecting as Allan was giving his talk that I was personally established at about the same time as the Australian Plague Locust Commission.

I'm going to tell you a little bit today about the approach we're taking in general to forecasting the impacts of climate on organisms and specifically applying it to the plague locust. This work that I'm doing in collaboration with the APLC is supported by the Australian Research Council, through an Australian Laureate Fellowship, which started last year. We've only been going for a year and a half - the title of it is “Predicting How Australia's Pests Will Respond to Climate Change” and the general approach we're taking is an applying physics to biology approach. 

As you've seen from Allan's talk, you can, with a lot of data, use machine learning and statistical models to generate really powerful models of how organisms are going to respond to the environment. But if you don't, if you're going into novel conditions, and this is what we're seeing a lot with climate change, then we don't have that background information to learn from, but we can constrain the problem with physical principles. 

So that's the power of bringing in these physical processes into biological models. And so, the laureate overall is aiming to build on what we've already done in terms of bringing physical principles into forecasting. And it's all about the constraints imposed by a heat and mass exchange, energy and mass exchange, basically as the currency of these models. 

We've got the first law of thermodynamics to constrain this, that energy and matter are conserved. So, we can apply this kind of modelling principle to the organisms' environments and to the organisms themselves. What we're trying to do is build on what we've got already to improve our understanding of the interactions that this produces between organisms and their environments. 

Rainfall affects soil moisture, soil moisture affects soil temperature, and it also affects the water uptake of the organisms themselves and that affects plant responses, which then feeds back to the soil moisture. 

There's a lot of complicated interactions going on - if we can put them all together using physical principles, then we can make sophisticated predictions under novel conditions. And the laureate aims to apply these kinds of models to insect pests, and that includes the plague locust, to predict outbreaks and to some mammal pests, predators like cats and foxes and also rabbits and others. 

So, the idea is to build very general approaches to modelling climate responses that we can apply to all sorts of different pests, not just the plague locust.

As Allan mentioned, the modelling approach that we've been using for a while now and is pretty well established is the Niche Mapper package. That's an R package, but we're moving it through the laureate into the Julia software ecosystem. And I won't go into too much detail about why, but it will improve the speed of our calculations and the extensibility, the generality, and these models are computationally intensive, so this allows us to do things more efficiently.

So here we've got a picture of some eggs in the soil. This is an APLC picture of some locust eggs in the soil, and we do know a lot about the physiology of locust eggs. They've been studied for a long time. 

You can see a thermal response curve for development in this slide, and there's three different PhDs worth of data, I think, in generating this curve. So, if we know the temperature of the egg, we can predict the rate of development, but to know the temperature of the egg, we must be able to predict the temperature in soil at between 5 and 10 centimetres. And for that, we really need a microclimate model. 

Obviously, the soil temperature is not the same as the air temperature so part of the problem is if we want to use the detailed physiological information we have about this animal, we need to link that to, we need to be able to predict the environmental conditions they actually experience. You can see locust eggs will develop above about 15 degrees and they develop fastest in the high 30s and then they start to decline in development rate. So, they have this general thermal response. But not only that, they have a whole series of fascinating responses of rest and quiescence that happen in response to temperature and rainfall. 

When they're in southern parts of Australia at certain times of the year, they will lay eggs that will not progress until they've had enough chilling, and that prevents the eggs from hatching into winter. And then they have periods where they'll go into a quiescence if there's not enough water in the soil, not enough moisture, and that basically results in them hatching into green. So, they'll pause at say 50%-45% development if there's no water, and that once it rains and triggers them to develop, that last 65% happens so that they hatch out right into a green landscape. So, an amazing adaptation of the eggs in these animals.

Then try to understand the nymphs and how they respond. The temperature they experience near the ground is not the same as the air temperature you would measure with a weather station. So again, if we want to connect what we know about the physiology of development rates of the nymphs, we have to calculate the body temperatures of these animals near the surface. So that's what the biophysical modelling is all about, making more accurate calculations of the actual environment's experience so we can plug in the physiology. As Allan mentioned, we can then force the microclimatic calculations with historical data, the silo data is what we're using here, but we've also got the seasonal forecast ACCESS S2. 

So, we feed that into our microclimate model and then that produces trajectories of soil temperature and moisture in the past and in the future, and also conditions above ground that the nymphs are exposed to. That gives us our trajectories that we can feed into the detailed physiological knowledge that we have of the locusts, and we can then produce developmental trajectories.

So, at the top here, you can see an example of temperature trajectories, air temperature trajectories from both silo and the ACCESS S2 forecast for Mildura, starting on the 25th of April, which is when locusts were laying their eggs. 

You can see on the left hand side the silo data, which continues up until now, and then we have the seasonal forecast, which starts on the 1st of August, so there's a short overlap period, and then you can see where the ACCESS-S2 is predicting the air temperature to go over the next six months. This is the same plot for rainfall.
So we can then feed that into the microclimate model and calculate the temperature in the soil and the soil moisture to compute egg development and nymph development, and that's what you see down the bottom.

So the very bottom slide shows the temperatures of air and of the soil or the nymphs through time. So, for instance, on the right-hand side here, the air temperature is that background colour, and then the different colours show the temperature of the animal itself. 

So, these are the nymphs and the egg before, and this second last plot shows the actual developmental trajectory predicted by all that complex physiology interacting with the soil temperature and soil moisture for the egg. 

So, this is the egg developing through to completion, and then we have the first instar, second instar, third, fourth, and then this is the final instar, locust grow wings, and they fly around.

This is an example of a calculation at one site with one of those ensemble members of the ACCESS S2 forecast, but there's 99 of them. So, we can use all 99 ensemble members and predict the variation we might expect and make a probabilistic statement about when we expect the animals to hatch and then that we can turn into a histogram here for Mildura, showing that we expect the median hatch date to be about the 20th of September. But we've got the spread and we've also got here the time when they would be third instar, which is when you can see them forming bands from the air. So that's important operational stage to know about and find and so that would be on the 9th of October and then early November in Mildura we'd expect them to be fledged and flying around.

This is a map here of the areas of interest for locusts this season. And then we've got predictions of those same histograms. Here's Mildura down the bottom left, but we've also got them for places further north on the west side. And you can see at Naryilco, the hatch states are shifted quite a bit earlier, but the Broken Hill and Mildura hatch dates are quite similar. And then further in the eastern part of their range, similar pattern with Roma hatching a lot earlier than Narromine, near Dubbo, and Griffith.

But then we can do that over space, basically exactly that calculation over and over across the whole landscape and make a map, clipped to the operational extent of the APLC study zone and the colour coding here, you can see most of the locusts will be predicted to hatch around the first week of September, but it's a bit later in the south and a little bit earlier in the north. And that's the median hatch date that we have through the probabilistic modelling of the ACCESS S2 ensemble, we can say that, for example, the 25th percentile and the 75th, and get a sense of how certain we can be of when they would hatch.

Then we have the dates of which they would reach their third instar. So, across the majority of this range here, we'd expect it to be in the third instar by the last week of September and a little bit later down south, but you can see the range and then when we'd expect them to fledge.

And you can see that we're not expecting any hatching in the north at all, and that's because we're assuming in this simulation that they're in diapause and the diapause never gets broken up here, so the eggs all desiccate. So that's just a little example. This is all sort of relatively new. These forecasts were only made in the past week, but we can now test them out under the current season, and we can also see how well we can predict into the past. 

As I mentioned, this project is aiming at general methods for making these kinds of forecasts so we can apply the same methodology to other species as well.
[image: ]
Spessa, Allan   50:55
Thank you, Mike.
[image: ]
Collins, Susie   50:58
So thanks, Allan and Mike, for the presentation. Please put your questions into the Q&A. We've probably got 5 or so minutes for a couple of questions. But from my point of view, it's always interesting to take the time to look back on how things have evolved and technologies and the innovations and how it has really helped change how we approach, in this case, the management of locusts across the different states and territories. 

So, thank you for sharing that, Allan. Also, from my point of view, it's really fascinating to see the integration of biology and physiology about a particular species and having that combined with sort of environmental conditions and factors and then, most importantly, for where we're sitting, how does that actually change what we do in the field or when we do things in the field or where? So that real support for operational decision making.

We’ve got time for a couple of questions. So, there's a question in the chat around the new forecasting tools. How will these tools improve the way APLC manages locust outbreaks?
[image: ]
Spessa, Allan   52:24
Yeah, I can answer that question. So, before I do, I just want to put out an announcement about keeping people's eye out for locusts this spring. I'm not sure where people are in our audience today, but if you're in locust habitat, here is some information for you to call the APLC locust hotline if you see any of these suspects on the left-hand side, there's a 1-800 number there. You can also send an email. 

All that information, early reporting helps us target surveillance and respond quickly. And, if you're not sure what you found, you can use the QR code there on the screen to help you. That'll link to a set of ID information for the different species that we look after, not just CT, the Australian plague locust, but also migratory locust and spur-throated locust.

[image: ]
Spessa, Allan   53:34
So the question was regarding how this information will help us, how this modelling forecasting can help us manage locusts more effectively. 

Well, being able to have more time to prepare is always a good thing. If we can sort of look at being able to prepare for potential emergency situations, then we can mobilise resources more effectively.

So that's the main purpose of the models applied in an operational sense. 

The other thing, that's where the seasonal forecasting, for example, comes into it. Being able to keep our finger on the pulse, so to speak, is also important, and integrating that information visually is equally important, so that's where the Web Mapper comes into play, and the short-term forecasting using machine learning techniques is really important because it helps us to indicate areas of potentially high nymph numbers or emerging situations, so that can then help the operations people target their surveys. 

We've got limited resources and we've got a vast area to cover.
[image: ]
So, that's where that modelling comes into play, and the other thing about that modelling is that it can also be used to seed or initialise some of the mechanistic modelling sort of approaches that we've discussed today. For example, Mike's work.

Michael Kearney   55:36
And Allan, I could just add in there, the simulations I showed were just with one soil type and quite coarse. What we can also do with these models, with the microclimate models, is be more specific about soil types and how that varies across space. So, we can zoom into areas of interest and then ask a more refined question.

[image: ]
Michael Kearney   55:56
and by having sort of two different approaches as well, we can see to what extent they agree. And so, because all models are some kind of abstraction, some kind of falseness when we see two different approaches giving us the same answer, we can be even more confident.
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Spessa, Allan   56:12
That's right. So eventually we will develop Ct-LSS, that's our project with CEBRA, and that's taking a phenomenological approach to modelling. It's not nearly as detailed as what Mike's team is doing, but the aims will be basically the same as the Niche Mapper Programme.
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Collins, Susie   56:33
Thanks. Thanks, Allan. We are running out of time. There are a couple of questions from Holly around sort of confidence and modelling and the like, but I think what you just touched on then, Mike, around extra bits that we can add into models to make them even better.
[image: ]
Spessa, Allan   57:11
The use of ACCESS-S2 to seasonal forecast ensembles is a game changer, I believe, because for the first time, we've now got a better handle on uncertainty, and that gives us confidence in being not so confident. You know that we can actually quantify the bounds of our confidence and it gives the operations people something to use that's practical as well.
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Collins, Susie   57:42
Excellent. Thanks, Allan. As I said, we are going to have to leave it there. Tony's put a comment in the chat around DAFF’s SPI security intelligence function. This is a good example of analytics and data and making sure they are used for operational decision making, as well as making sure that we're getting that sort of intelligence from the field and making sure we've got a really strong evidence base for what we do. 

I'd just like to thank you all for joining us today, and a big thanks to Allan and Mike for running us through innovation and how APLC is really pushing the modelling and the forecast to help us manage locusts better. 

So, you saw the QR code up before. We've put in the Q&A there the locust hotline number and the email and website address. So please, if you do see anything, as Allan said, let us know. And also let us know if you've got any suggestions for our future webinars, if there's particular topics you'd like to hear about or learn more about, or if you've got an idea for a speaker, let us know. We're always keen to make sure we've got some interesting things to talk about.

And just as a reminder, the recording of the webinar will be available on our website. Our previous webinars are also there if you've missed those and we'll put the link to that in the chat as well. And just once again, thanks everyone for attending today and have a good rest of your Friday. Thanks all.
[image: ]
Spessa, Allan   59:31
Thank you. Bye everybody.
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