
Iterative Forecasting and Near Real-time Detection for 
Decision Support
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Good Morning Y’all. I am Chris Jones, me and our team and collaborators work on understanding when, where, and why pests and pathogens arrive and establish. We do this using near real time detection and mapping coupled with iterative forecasting to support management decisions



Invasive Pests and Pathogens are increasing globally
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*Each box represents ~500 new introduced species Based on data from Seebens, Hanno, et al. Nature communications 8 (2017): 14435. 
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This research is important because invasive pests and pathogens are increasing globally as shown in this chart. Each box in this chart represents 500 newly introduced pests and pathogens during the 20-year period and the images highlight some of the prominent ones in the USA. These pests and pathogens cause billions of dollars in lost resources and costs to prevent them from spreading and are a threat to food security.

This is data from Hano Seebens paper in Nature Communications in 2017. 


20 year bins each box represents ~ 500 new introduced species in that 20 year period final year period is estimated based on trends since data is incomplete.
1940 – oak wilt (1944), Hemlock Woolly Adelgid (1951 eastern USA but 1920s western USA)
1960 – Pine wilt (1979), Dogwood anthracnose (1978), butternut canker (1967), 
1980 – Asian long horned beetle (1996), Sudden Oak Death (1995), brown marmorated stink bug (1998), False Codling Moth (1984), 
2000 – Spotted Lanternfly (2014), Soy bean rust (2004), Emerald Ash Borer (2002), citrus greening (huanglongbing, 2005), European grapevine moth (2009), red bay ambrosia beetle/laurel wilt (2002), light brown apple moth (2002)



• Need for increased surveillance
• Population Genomics
• Sensors for early detection
• Spread and Risk Modeling
• Digital Delivery to stakeholders

Presenter Notes
Presentation Notes
A recent paper highlights the global threat that emerging diseases are to global food security. Despite this threat the paper highlights areas where more research and funding would greatly benefit in the ability to manage these pathogens for safeguarding food security. These research areas apply to pests as well. The first is a need for increased surveillance to detect new pests and pathogens earlier in the invasion process. The second is a better understanding of population genomics to know how populations are evolving. The third is sensors for early detection and coupling this with spread and risk modeling and being able to provide these data and modeled predictions and forecasts digitally in a way that is easy for stakeholders to understand.



Plant Aid Platform

Presenter Notes
Presentation Notes
In order to address many of these research areas we are building the PlantAid Platform. I will start by focusing on this early detection data section and will talk about some new sensors that are being able to developed by our collaborators and how they tie into the overall platform.



Smartphone-Based Plant VOC Sensor – Early Detection 
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 Differentiate plant pathogens with similar symptoms 
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 Early detection after 2 days of inoculation
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Our collaborators in the Wei and Ristaino labs have developed a smart-phone based plant VOC that works similar to a PH strip in that these circles change colors based on amounts of specific Volatile organic compounds released by the plant from certain stressors. This works because based on the type of damage a plant receives it changes the ratios of VOCs that it releases. This technology was able to provide pre-symptomatic early detection and differentiate between pathogens with similar symptoms. 



Integrated Microneedle-Smartphone Diagnostic Platform
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They have also developed Smart-phone based microneedle patch LAMP assay that is able to detect between different diseases using multiple assays in these cell chambers.



Connecting Sensors with Real-time mapping

• Plant aid database
• ML disease predictions
• Near-real-time mapping
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Our group has built an application that allows users to upload the photos from the LAMP and VOC sensor platform. These are uploaded directly to our PlantAid database. We are currently working on testing ML algorithms with field trials that are currently on going. This data are used in a real-time mapping application to show where the targeted disease has been detected.



Plant Aid Platform
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These sensor data feed back into the overall platform to create these up to real time maps. We then couple this data with other data sources including global trade and other environmental data to build advanced forecasting systems coupled with decision support.



Spotted 
Lanternfly

(Jones et al, 
2021, Jones 
et al, 2022)

Citrus 
Greening

Sudden 
Oak Death
(Jones et. 
al. 2021, 

Gaydos et 
al, in 

press)

Porcine 
Epidemic 

Diarrhea Virus 
(Galvis et. Al. , 

2021)

Late Blight

PoPS Forecasting Platform

Wheat Stripe 
Rust (Contina et 

al, in review)

Glassy Winged 
Sharpshooter

Open-Source Model
• Modular 
• Spatially explicit 
• Dynamic
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Our open-source modeling platform is modular (meaning that parts of the model can be easily turned on or off based on the pest or pathogen of interest), spatially explicit (meaning that what happens in one location affects other locations) and dynamic (meaning that . This allows it to be flexible enough to handle a wide variety of pests and pathogens (here I am showing some of the ones we are working on in our group) and allows other researchers to submit new ideas and contribute code to the platform.
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Database and Storage
• Forecasts
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• Weather coefficient
• Host data

Spotted 
Lanternfly

(Jones et al, 
2021, Jones 

et)

Sudden 
Oak Death
(Jones et. 
al. 2021, 

Gaydos et 
al, in 

press)

Porcine 
Epidemic 

Diarrhea Virus 
(Galvis et. Al. , 

2021)

Wheat Stripe 
Rust (Contina et 

al, in review)

Presenter Notes
Presentation Notes
We believe the database of pests that we are building is a key piece to providing better models early in the invasion process. Our database stores all relevant information for quickly running the model based on an existing pest and all data that we have collected on that pest. In the future, we can use the parameters and biological tolerances from the database as a Bayesian prior for modeling a newly introduced species where we have little to no information but know either the family, movement type, or feeding habits of the pest or pathogen. I am going to be focusing on the spotted lanternfly forecasts for the rest of the talk. One of the new areas we are working on is adding as many pests and pathogens as possible into the calibration and validation aspects of our platform to further build out the parameter database that we plan to use as a Bayesian prior for modeling the spread of a new pest with similar characteristics to one we have already modeled.





PoPS Forecasting Platform Spatial Decision Support
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Our research is also highly focused on building spatial decision support systems around our forecasts. 
Here I am showing a video of the web-based dashboard that we have developed to allow users to interact with the model and data. We aggregate detections to the spatial grain 1 km in this case for field and simulated data. The user can also select from a number of additional data layers for display that can provide context for management such as hosts, railroads, etc. The user can also 
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