Understanding Uncertainty in Ecological Forecasts: 
Pre-class Handout
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[bookmark: X8ad181f213917543408b728c894ec8515745897]Macrosystems EDDIE: Understanding Uncertainty in Ecological Forecasts
[bookmark: learning-objectives]Learning Objectives:
By the end of the module, you will be able to:
· [bookmark: X855f804535d7e88e89afeb91f3920620d44a161]Define ecological forecast uncertainty
· Explore the contributions of different sources of uncertainty (e.g., model parameters, model driver data) to total forecast uncertainty
· Understand how multiple sources of uncertainty are quantified
· Identify ways in which uncertainty can be reduced within an ecological forecast
· Describe how forecast horizon affects forecast uncertainty
· Explain the importance of specifying uncertainty in ecological forecasts for forecast users and decision support
Why macrosystems ecology and ecological forecasting?
Macrosystems ecology is the study of ecological dynamics at multiple interacting spatial and temporal scales (e.g., Heffernan et al. 2014). For example, global climate change can interact with local land-use activities to control how an ecosystem changes over the next decades. Macrosystems ecology recently emerged as a new sub-discipline of ecology to study ecosystems and ecological communities around the globe that are changing at an unprecedented rate because of human activities (IPCC 2013). The responses of ecosystems and communities are complex, non-linear, and driven by feedbacks across local, regional, and global scales (Heffernan et al. 2014). These characteristics necessitate novel approaches for making predictions about how systems may change to improve both our understanding of ecological phenomena as well as inform resource management.
Forecasting is a tool that can be used for understanding and predicting macrosystems dynamics. To anticipate and prepare for increased variability in populations, communities, and ecosystems, there is a pressing need to know the future state of ecological systems across space and time (Dietze et al. 2018). Ecological forecasting is an emerging approach which provides an estimate of the future state of an ecological system with uncertainty, allowing society to prepare for changes in important ecosystem services. Ecological forecasts are a powerful test of the scientific method because ecologists make a hypothesis of how an ecological system works; embed their hypothesis in a model; use the model to make a forecast of future conditions; and then when observations become available, assess the accuracy of their forecast, which indicates if their hypothesis is supported or needs to be updated. Forecasts that are effectively communicated to the public and managers will be most useful for aiding decision-making. Consequently, macrosystems ecologists are increasingly using ecological forecasts to predict how ecosystems are changing over space and time (Dietze and Lynch 2019).

In this module, you will generate an ecological forecast for a National Ecological Observatory Network (NEON) site and quantify the different sources of uncertainty within your forecast. This module will introduce you to the concept of uncertainty within an ecological forecast; where uncertainty in a forecast comes from; how uncertainty can be quantified within a forecast; and how uncertainty can be managed.
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[bookmark: module-overview]Module overview:
· Introduction to materials: read this handout and attend to the PowerPoint lecture in class
· [bookmark: Xf510fe3dd9d6842b62eb8c765ba533b5927c288]Activity A: use an R Shiny app to build different models to simulate water temperature for your chosen NEON site.
· Activity B: use an R Shiny app to generate multiple forecasts of water temperature with different sources of uncertainty and examine how uncertainty propagation differs.
· Activity C: use an R Shiny app to quantify and partition the uncertainty for your forecasts with different models and compare uncertainty across lake sites.

Focal questions: 
What is ecological forecast uncertainty?
Uncertainty emerges from errors or imperfection in our knowledge and understanding of the ecological system being investigated.
Where does ecological forecast uncertainty come from?
Ecological forecast uncertainty comes from natural variability in the environment and imperfect knowledge of an ecological system. When generating a forecast, uncertainty can come from the structure of the model used, the conditions the model is initialized with, and the data used to drive the model, among other sources.
Why is uncertainty important to quantify for an ecological forecast?
Knowing the uncertainty in a forecast allows forecast users to make informed decisions based on the potential future scenarios and prepare accordingly.
To address these questions, we will build a model that forecasts aquatic ecosystem water temperature using past water temperatures and air temperature. We will also examine the uncertainty associated with our forecast predictions, which can originate from multiple sources. In this module, we will use our water temperature model to examine the forecast uncertainty due to driver data, model parameters, model processes, and initial conditions. We will then compare the magnitude of uncertainty resulting from each of these sources to determine where most of the uncertainty in our forecasts is coming from and develop recommendations about how to reduce forecast uncertainty.
We will be using ecological data collected by the National Ecological Observation Network (NEON) to tackle this question. NEON is a continental-scale observatory designed to collect publicly-available, long-term ecological data to monitor changing ecosystems across the U.S. 
[bookmark: optional-pre-class-readings-and-video]Water temperature in lakes is our focal forecast variable as it exerts a major influence on biological activity and growth, affects water chemistry, can influence water quantity measurements, and governs the kinds of organisms that live in water bodies.
Freshwater ecosystems are currently experiencing a multitude of stressors such as land use change and climate change.
Being able to predict how such systems can change in the short-term (up to 7 days into the future) will provide natural resource managers with critical information to take pro-active actions to prevent degradation of water quality.
Optional pre-class information on ecological forecasts and uncertainty:
· Read a short 1-page commentary: Dietze, M. and Lynch, H. 2019. Forecasting a bright future for ecology. Frontiers in Ecology and the Environment, 17(1), 3. https://doi.org/10.1002/fee.1994
· Watch a short video on Ecological Forecasting: The Science of Predicting Ecosystems

After reading through the information above, fill out the following questions in advance of Activity A. 
Module introduction questions:

1. What is meant by the term 'uncertainty' in the context of ecological forecasting?

Answer:

1. How do you think knowing the uncertainty in a forecast helps natural resource managers? For example, if a drinking water manager received a toxic algal bloom forecast with high vs. low uncertainty in a bloom prediction, how might that affect their decision-making?

Answer:




[bookmark: exploration]Exploration

1. Choose one of the example ecological forecasts below and use the website to answer the questions below. 

· USA-NPN Pheno Forecast: The USA National Phenological Network (NPN) Pheno Forecast delivers short-term (6 day) threshold-based forecasts of phenological events in plants and pest insects.
· Smart & Connected Water Systems: A project which is developing a smart water system that integrates novel high-frequency sensors, cyberinfrastructure, and ecosystem forecasting techniques to improve the management of drinking water supply lakes and reservoirs.
· EcoCast: EcoCast is a fisheries sustainability tool that helps fishers and managers evaluate how to allocate fishing effort to optimize the sustainable harvest of target fish while minimizing bycatch of protected or threatened animals.
· Grassland Production Forecast: Grass-Cast uses almost 40 years of historical data on weather and vegetation growth - combined with seasonal precipitation forecasts - to predict if rangelands are likely to produce above-normal, near-normal, or below-normal amounts of vegetation.
· Portal Project - Rodent Abundances: Forecasting a time series of rodent abundances from The Portal project, a long-term experimental monitoring project in desert ecology, 12 months into the future.
0. Which ecological forecast did you select?

Answer:  

0. What ecological variable(s) are being forecasted?

Answer:  

0. How can this forecast help the public and/or managers?

Answer:  

0. What do you think are some possible sources of uncertainty in this forecast? Try to name at least two possible sources of uncertainty.

Answer:  

[bookmark: activity-a-get-data-build-model]Next navigate to “Site Selection: Select a NEON site and visualize the data” in the Shiny app!
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