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Keynote Speakers

Forecasting the Future of Ecological Forecasting
Mark rban
University of Connecticut, Storrs, USA

Forecasting ecological dynamics and patterns is becoming increasingly valued and needed, but
substantial challenges remain. To advance ecological forecasting, | argue that the field needs to
make progress in determining when and how to incorporate process, understanding how to
scale across space and time, adopting and improving validation procedures, and, ultimately,
changing the culture of ecology to support efforts to create, revise, interpret, and act on
forecasts. Facilitating this transition to a more predictive science will require better collaboration,
organization, and support. Early demonstrations of successful predictions, in particular, will be
needed to change opinions and garner financial backing. Overall, successful forecasting
represents the pinnacle of any mature science, and | am optimistic that ecological forecasting
can make rapid progress in the coming years.

Building accessible pathways to environmental data science

Antoinette Abeyta
University of New Mexico Gallup, Gallup, USA.

The field of earth science is fundamentally changing due to rapid advancements of
remote sensing technology and computational methods. Unprecedented access to
environmental data and computer models is redefining how we evaluate earth systems
and address complex issues such as global climate change. There is an increased need
for practitioners who can utilize various data types and analytical methods. Despite
these shifts, environmental data science (EDS) education is largely offered at primarily
white intuitions (PWI) at the graduate level. Unequal access to EDS effectively limits the
input of the values and perspectives of many individuals, particularly historically



excluded and underrepresented groups. Without addressing this inequity, the impact of
EDS will be limited if the accessibly of knowledge and products do not extend beyond
these intuitions. While EDS education have been brought into places such as minority
serving institutions (MSIs), 2-year community colleges, and/or tribal colleges, the extent
and impact is limited due to strained resources. Through collaborative partnerships
between MSIs and PWIs, MSls can leverage the resources afforded to PWIs to create
more impactful EDS opportunities. Presented here are the outcomes of these
partnerships, where EDS educational modules were developed for a MSI, 2-year
community college. The modules created focus on pre-coding skills, basic data
exploration, and EDS analyses. Modules are designed to be culturally relevant and
accessible to students with limited access to technology and high-speed internet.
Partnered with undergraduate research opportunities, we believe these efforts will
promote the matriculation of underrepresented groups into the field of earth science.

NEON: Using continental-scale observatories to empower the field of ecological
forecasting

Kate Thibault
National Ecological Observatory Network (NEON), Battelle, Boulder, USA

The U.S. National Science Foundation’s National Ecological Observatory Network (NEON) was
built to provide trusted, freely available, high quality, national-scale, critical data and samples
that are easily accessed and made rapidly available for use by researchers to enable an
informed and predictive understanding of ecological responses to environmental changes. Fully
operational since 2019, NEON delivers an unparalleled diversity of data and samples collected
from 81 different ecosystems across the country, using standardized and collocated sampling
methods. Through international partnerships with other ecosystem infrastructures such as
Australia’s TERN, NEON has initiated harmonized data sets for global environmental
forecasting. As the use of NEON products and services has grown, so has the breadth and
depth of NEON'’s partnerships and the scope of its impact beyond ecosystem sciences. NSF
investments such as the HDR Imageomics Institute and the Department of Energy’s Joint
Genome Institute are increasing the accessibility of NEON data and use of samples to generate
derived data products that expand the basis for ecosystem forecasting. NEON is paving the way
for new approaches to accessing and analyzing its data including leveraging Google Earth
Engine to find and work with NEON’s remote sensing data products, alongside the satellite data
also available in the system. NEON’s Research Support Services provide additional use for the
community, from staff consultants to field sampling and sensor deployment. The convergence of
NEON’s large high quality data, samples, and infrastructure, alongside its partnerships and the
potential of Al-powered methods, will fuel the growth and impact of forecasting.



Oral Presentations Session 1: Decision-making and Ecological
Forecasting

Evaluating Ecological Forecasting Systems: An Adequacy-for-Purpose Perspective

Wendy Parker

Virginia Tech, Blacksburg, USA

Datasets and models are often considered "better" the more closely they mirror the world. | will
identify some significant limitations of this way of thinking and will present and defend an
alternative “adequacy-for-purpose” perspective, recently developed in philosophy of science.
The adequacy-for-purpose perspective shifts attention away from the general or overall
representational quality of a model or dataset and instead focuses on its suitability for a specific
purpose in a particular research or decision context. Whether a model, dataset, forecast system,
or other resource is adequate-for-purpose can depend on how it fits with users, the
methodology in which it will be employed, and the background circumstances of use. | discuss
how this perspective can be fruitfully employed in the domain of ecological forecasting.

A shared analytics facility for predicting cumulative impacts in aquatic
ecosystems

Matthew Hipsey'?, Brendan Busch?3, Chris Gentle®?, Luke Twomey?, Peisheng Huang'

Centre for Water and Spatial Science, UWA School of Agriculture and Environment, The
University of Western Australia, Perth, Australia. °The Western Australian Marine Science
Institute, Perth, Australia. *The Western Australian Biodiversity Science Institute, Perth, Australia

Predictive ecosystem models for guiding assessment of aquatic environments have become a
cornerstone for adaptative management, however, in complex settings with diverse users and
stressors, it nonetheless remains challenging to compute the cumulative impacts that they face,
and to build a shared vision for day-to-day mitigation actions that can be adopted to build
resilience. In this study, we have sought to develop a modelling facility seeking to integrate the
diverse data and modelling associated a complex coastal ecosystem (Cockburn Sound,
Western Australia), with the purpose to support the multi-scale prediction needs of both
development proponents and environmental regulators seeking to optimise ecosystem use. The
core of the platform is a 3D hydrodynamic-ecological model which is nested within regional



met-ocean predictions and integrated with other environmental models. To build trust in the
predictions it has been validated against a hierarchy of ecosystem metrics by utilising a 50-year
compilation of curated public and private data associated with water and sediment quality, and
benthic habitats. To coordinate diverse simulation use-cases of the model (e.g., design
scenarios, impact assessment, forecasting etc.), a novel cloud-based platform that supports
secure “landing zones” for private or shared analytics using the common toolset has been
developed. In building the platform, capability has been included in the model to be able to
accommodate the full portfolio of activities undertaken within the ecosystem (aquaculture,
dredging, shipping, discharges, etc.). These modifiers can be configured within simulations to
explore ecosystem response to individual actions, or "stacked" to quantify regional scale
cumulative impacts.

Supporting rational invasive species removal decision-making through
community engagement

Abby Keller', Perry de Valpine', Tim Counihan?, Carl Boettiger’

'University of California, Berkeley, Berkeley, USA. 2U.S. Geological Survey, Western Fisheries
Research Center, Cook, USA

The recent range expansion of invasive European green crab in the Northeast Pacific threatens
the region’s culture, economy, and ecosystems. The rate of ecosystem change has strained the
region’s decision-making processes, presenting new uncertainties and conflicting objectives. We
undertook a Structured Decision-Making process and engaged a diverse group of stakeholders
and co-managers to decompose this complex issue, develop a shared understanding of the
problem, and support rational decision-making. This collaborative process clarified the decision
context and identified key uncertainties, and we coalesced around two primary questions: 1)
When should a manager stop resisting change and accept a new invasion trajectory? This
resilient marine invader has no documented examples of eradication due to its dispersive larval
phase that facilitates recolonization of suppressed populations. 2) How do removal actions
change population abundance and dynamics? Disentangling harvest and natural mortality with
biased observational data is challenging, especially for a species with complex, size-structured
demography. We answer the first question by developing a quantitative framework for navigating
the decision boundary between “resistance” and “acceptance” using stochastic dynamic
programming. These results identify situations when species density become decoupled from a
decision-maker’s actions, and we highlight the value of anticipatory actions by accounting for
non-stationary dynamics. We answer the second question by developing a state-space
integrated population model to estimate size-selective harvest rates, and we use this model to
forecast population dynamics under different removal actions. We conclude by sharing
successes and challenges with developing decision-relevant forecasts through community
engagement.



A rule-inspired forecast of seasonal right whale movement using subsurface
oceanography

Nicholas Record’, Daniel Pendleton’, Camille Ross?

'Bigelow Laboratory for Ocean Sciences, East Boothbay, USA. 2New England Aquarium, Boston,
USA

Forecasts of critically endangered North Atlantic right whales (Eubalaena glacialis) have been
used to inform management on times scales ranging from days to decades. Mid-range
forecasts, with a lead time of months to a year, can be challenging due to model and uncertainty
tradeoffs, but this time scale also has a particular value in giving sufficient advance notice for
making proactive decisions. One strategy for prediction at the mid-range time scale is to use
rule-based forecasting, which appears in both traditional ecological knowledge and newer
machine learning approaches. For E. glacialis, because of domain knowledge of underlying
ecological and oceanographic mechanisms, there are certain cases where a chain of causation
can be simplified to a rule-based mid-range forecast. Here we tested an example of a
rule-based forecast for use of a critical foraging habitat. The rule allowed for a 3-4 month
advance notice of whale habitat use. The simplicity and specificity of the rule can be limiting in
terms of transferability, but they also make the forecast inexpensive, accessible, and more likely
to be maintained over multiple years. A broader application of this strategy could help inform
survey efforts and advance mobilization of resources while avoiding some of the pitfalls that
often sink forecasting programs.

The Future of Ecological Forecasting Data and Decision Support Systems

Melissa A. Kenney

University of Minnesota, Institute on the Environment, St. Paul, USA

One of the ways that forecast information is incorporated into decision making processes is
through accessing relevant information through data and decision support systems (DDSS).
Decision support systems are differentiated from data systems because they include a different
layer of translation to contextualize the data for a specific decision context. Such DDSS have
been noted as ways of democratizing data and information access; however, the true
accessibility of such products depends on how design connects with technical capabilities.

There is a continuum of DDSS from highly user friendly (e.g., apps) to user-controlled interactive
systems (e.g., ESRI GIS interfaces) to highly technical (e.g., API) that are currently used by
forecast systems. In this presentation, | will discuss the future of DDSS for forecasts and how



the continuum of DDSS will evolve given Al-based tools. Given the preliminary results of an
EFI-funded social science grant, we will share a prototype Al interface and discuss opportunities
and pitfalls with various design choices and discuss ways in which they do or do not advance
design justice principles. In doing so, we hope to prompt robust conversations around forecast
design and its use to support environmental management decisions.

Oral Presentations Session 2: Ecological Forecasts in Freshwater
Ecosystems

Adventures in freshwater forecasting with the near-term, iterative Forecasting
Lake And Reservoir Ecosystems (FLARE) system

Cayelan C. Carey', R. Quinn Thomas', Renato J. Figueiredo? Adrienne Breef-Pilz', Vahid
Daneshmand? Austin D. Delany’, Matthew R. Hipsey?, Kathryn K. Hoffman', Ryan P. McClure'*#,
Freya Olsson’', Ricardo Paiz®, Heather L. Wander', Whitney M. Woelmer®

Virginia Tech, Blacksburg, USA. ?Oregon State University, Corvallis, USA. *University of Western
Australia, Perth, Australia. “National Ecological Observatory Network, Boulder, USA. *Dundalk
Institute of Technology, Dundalk, Ireland. éUniversity of Waikato, Hamilton, New Zealand

Freshwater ecosystems are facing escalating pressures due to altered climate, land-use
change, and other anthropogenic activities. Consequently, there is a growing need among water
resource managers for predictive tools that can anticipate future changes in water quality and
facilitate adaptive management. The efficacy of these tools hinges on our ability to forecast
future water quality conditions with quantified uncertainty. The Forecasting Lake And Reservoir
Ecosystems (FLARE) system has been at the forefront of predicting and understanding the
dynamics of lake and reservoir ecosystems. The FLARE system combines in-situ
measurements, process-based modeling, data assimilation, and cloud-based
cyberinfrastructure to generate and deliver real-time water quality forecasts for 1 to 35 days into
the future. To date, the FLARE system has been successfully deployed in over 15 lakes and
reservoirs worldwide, with applications spanning forecasts of hydrodynamics, oxygen, algae,
methane, and fish migration. This presentation provides an overview of the FLARE system and
highlights insights from its diverse applications. Key lessons learned include the pivotal role of
engagement with water managers, data-model integration, forecast uncertainty quantification
and partitioning, baseline model evaluation, and interdisciplinary collaboration. As the number of
ecological forecasting applications increases in the face of global change, our adventures in
water quality forecasting with FLARE provide useful lessons for shaping future research
directions and management strategies for the broader environmental forecasting research
community.



Spatial Forecast Validation and Calibration: Predicting Harmful Algal Blooms in
Lake Erie

roline Owens'?, Alex Hounshell?, Andrew Meredith'?, Yizhen Li'?, Rick Stumpf’

"NOAA NCCOS HAB-Forecasting, Silver Spring, USA. 2CSS, Inc., Fairfax, USA. *°NOAA NCCOS
HAB-Forecasting, Beaufort, USA

Recurring summer cyanobacterial harmful algal blooms (cyanoHABSs) in western Lake Erie have
severe negative impacts on human, animal, and ecological health. Since 2009, NOAA has been
delivering cyanoHAB monitoring products and ecological forecasts for western Lake Erie which
provide water resource managers and public health officials with near-real time information on
bloom location and short-term (3-5 days) forecasts of likely bloom movement. The short-term
forecast (i.e., cyanoHAB tracker) was originally developed as an early warning system by
NOAA's GLERL, and used a combination of satellite data and a hydrodynamic model to produce
a spatial field of likely bloom occurrence and movement across the western basin. This forecast
has been tuned and updated over the past 15 years as part of its transition to an operational
forecasting system under NOAA's NCCOS HAB-Forecasting Branch. We are continually
seeking to address model limitations, ensure results are useful to managers, and improve
confidence in forecast products. In this presentation, we will discuss current efforts including
evaluating model performance under varying climate and weather conditions, ingesting field
data into the model and using in situ observations to validate predictions, and improving
forecast accuracy by statistical and data assimilative methods.

Predicting Seasonal Reservoir Release Temperatures to Inform Ecological Flows:
A Retrospective Forecasting Exercise to Characterize Uncertainty and Data
Limitations; pending travel approval

Bryce Mihalevich', Bridget Deemer? Charles Yackulic®

'US Bureau of Reclamation, Upper Colorado Basin, Salt Lake City, UT, USA. 2US Geological
Survey, Southwest Biological Science Center, Grand Canyon Monitoring and Research Center,
Flagstaff, AZ, USA. 3US Geological Survey, Southwest Biological Science Center, Flagstaff, AZ,
USA

Temperature is a key water quality parameter that drives the phenology, physiology, and
population dynamics of many aquatic organisms. Large reservoirs have dramatically changed
downstream thermal regimes globally. In the Colorado River basin, a combination of ongoing
aridification and consumptive water use has led to declining reservoir water levels and warmer
water releases from fixed water withdrawal structures. The ability to forecast changes in water
quality due to changes in basin hydrology and management is needed to ensure protection of



threatened aquatic ecosystems. While mid-term water quality forecasting has been carried out
in specific reservoirs and reaches of the Colorado River for many years, there have been limited
efforts to characterize uncertainty and assess reasonable periods of these forecasts. Here,
using a two-dimensional hydrodynamic water quality model for Lake Powell (CE-QUAL-W2), we
compared historical water quality forecasts to reanalysis simulations using observed boundary
condition information. Forecast and reanalysis model outputs were compared against observed
water temperatures within Lake Powell and below Glen Canyon Dam over two years that
represent high and low reservoir storage conditions. Our results focus on metrics including the
timing of temperature targets and the magnitude of release temperatures as these predictions
are of greatest interest to stakeholders. We anticipate this work shaping future forecasting
frameworks in the Colorado River basin. Overall, this analysis has advanced our ability to
conduct aquatic resource planning while highlighting key drivers and data limitations for
reservoir water quality forecasting.

Forecasting lake hydrodynamics to predict impending algal blooms in a large
oligotrophic lake

Jonathan Borrelli, Vincent Moriarty, Guillaume Auger, Brian Mattes, Kevin Rose
Rensselaer Polytechnic Institute, Troy, USA

Harmful algal blooms (HABs) may be increasing in frequency and intensity in inland
freshwaters. Our knowledge of the mechanisms driving the development of HABs remains
limited due to their often-ephemeral nature. The conditions for HABs likely occur well before a
HAB is observed at the surface. Yet without foreknowledge, attempting to collect water samples
leading up to a HAB is difficult. Lake George, New York, USA is an oligotrophic lake but has
experienced several HABs in recent years. We deployed and analyzed high-frequency profiling
buoy data and high-resolution weather model output to identify potential warning signals that
occurred prior to observed HABs and identified specific trends in Schmidt stability as precursors
to bloom development. We developed near-term iterative forecasts to identify this signal using
an ensemble of 1D lake models driven by NOAA weather forecasts. Using our approach we
successfully predicted conditions that resulted in 2 confirmed blooms. We have begun a pilot
program to use our forecast to guide adaptive sampling to assess in-lake conditions
immediately prior to surface HAB formation. By integrating near-term forecasts with real-time
high-frequency data collection and adaptive physical sampling we hope to better identify the
ultimate drivers of HAB formation.



Integrating Physics-Informed Variables and Explainable Al for Predicting Gravel
Streambed Embeddedness

Emma Oare, Sarah Leach, Feras Batarseh, Jonathan Czuba
Virginia Tech, Blacksburg, USA

Embeddedness, also known as colmation or streambed clogging, refers to the extent to which
coarse particles are surrounded by fine sediments (<2mm). High levels of embeddedness can
reduce hyporheic flow and oxygen exchange in streambeds, negatively affecting aquatic
habitats. Since direct field measurements are labor-intensive, efficient predictive tools are
essential.

This study applies machine learning models to predict embeddedness at state and national
levels by incorporating physics-informed variables and explainable Al (XAl) methods. The initial
model, trained on data from the Virginia Department of Environmental Quality, achieved a
cross-validation (CV) mean absolute error (MAE) = 11% and an R? = 0.63. At the national scale,
a model using data from the U.S. Environmental Protection Agency yielded a CV MAE = 10.3%
and an R? = 0.66. Both models incorporated geographic-specific features to ensure model
robustness across various topographies and ecosystems. Prior model findings and sediment
transport mechanisms were used to develop the final model for Virginia sites within the
Chesapeake Bay. This model incorporates physics-informed concepts derived from channel
geometry, such as bankfull shear velocity, to improve prediction accuracy and generalizability.

Key advancements include the integration of XAl techniques, such as Shapley Additive
Explanations values, to improve future predictions by linking watershed characteristics to model
predictions. This method enhances the model's transparency and trustworthiness while offering
practical insights for environmental management. Quickly forecasting embeddedness
measurements in Virginia and across the United States will play a crucial role in safeguarding
aquatic habitats and enhancing stream restoration initiatives in the future.

Oral Presentations Session 3: Biodiversity and Ecological
Forecasts

Enhancing Invasive Species Forecasting through Collaborative Data Synthesis: A
Case Study on Spotted Lanternfly

Matthew Helmus
Temple University, Philadelphia, USA

Effective management of invasive species relies on robust ecological forecasting, which
depends on the availability of open-access, standardized, high-quality data. However, data
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relevant to invasive species spread is often fragmented across diverse stakeholders, hindering
comprehensive analyses. Here, | highlight the critical role of the human component of
cyberinfrastructure in facilitating data sharing and synthesis for improved invasive species
forecasting.

Using the spotted lanternfly (Lycorma delicatula) as a case study, | describe efforts to actively
engage stakeholders, including government agencies, who possess valuable data on the
spread of this invasive pest across the U.S. | introduce the lydemapr R data package,
developed in collaboration with stakeholders to integrate internal, private data from multiple
sources. The workflow includes cleaning, harmonizing, anonymizing, and merging diverse
datasets into a single, comprehensive resource. The resulting integrated dataset, gridded at 1
km? resolution with annual information on occurrence, establishment status, and population
density, spans over 1 million observations and continues to grow.

This workflow addresses a critical gap in how quantitative ecologists generate readily
accessible, fine-scale data on invasive species spread. The lydemapr package equips
researchers with a standardized dataset on which various ecological forecasting models can be
built and compared. Cyberinfrastructure frameworks that incorporate stakeholders are essential
for enabling effective data sharing and synthesis, directly enhancing ecological forecasting.

Meteorology meets biology via microclimates: a case study pairing long-term
observations and mechanistic biophysics for near-term forecasting of frog
phenology

David Klinges, David Skelly
Yale University, New Haven, USA

Ecology is a function of meteorological, geographical, and biological processes. Disentangling
the roles of such processes can help understand the magnitude by which organisms, through
their biology, can adapt or respond to global change, or if organisms are at the whim of their
geographic and climatic context. Here, we will unpack how microclimates — at the intersection of
meteorology, geography, and organism physiology — shape ecological responses to global
change. To illustrate this, we will focus on the phenology of the temperate wood frog (Rana
sylvatica), including the timing of adult emergence post-hibernation and breeding in ponds. We
explored how frog phenology changed over 25 years, and interpreted these changes with
mechanistic simulations of microclimate and frog physiology. Observations from 63 ponds
across 25 years indicate increasing variability in frog phenology over time. Sensitivity analyses
of the mechanistic models demonstrated the importance of vegetation structure and
meteorology, and their interactions to shape microclimate, for driving variation in frog
emergence dates. Frog behavioral and physiological traits, conversely, played smaller roles in
shaping phenological variation. We will also present near-term forecasts of frog winter
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emergence in 2025, evaluating the performance of mechanistic, machine learning, and hybrid
approaches. We will discuss how pairing observations with mechanistic models can help
disentangle the roles of extrinsic factors (the environment) from intrinsic factors (species’ traits)
in driving ecology, and how forecasts can help us update knowledge on such processes.

Forecasting stored product insect pests throughout the Great Plains

Alison Gerken
USDA-ARS, Manhattan, USA

Stored product insect pests, although often found buffered from harsh conditions in
human-made structures, have seasonal patterns based both on temperature changes and
harvesting schedules. Many managers often treat their storage areas on a calendar schedule,
often during the warmest months, when insect populations are at their highest. Monitoring for
these insects both inside and outside of bulk grain and storage facilities can provide long-term
seasonal data for making better predictions of when to increase monitoring, treat the area, or
even sell the grain. Here, we present a forecasting analysis for five locations on a north-south
gradient of the Great Plains, USA from North Dakota to Oklahoma. Count data of genus or
species for stored product insect pests were analyzed and compared through a variety of
machine learning models, including ARIMA, SVM, random forest, and other regression models.
We also analyze the data for each location and all locations combined for similarities and
develop a potential generalized model to use across locations. Preliminary results suggest
significant variation among locations in species emergence and forecasted patterns. With
further analysis and model refinement these forecasts can be used by managers as guidelines
for expected infestations and treatment dates for better management options.

Inclusion of prey species in forecasts of a specialized predator: a case study of
the Iberian lynx and European rabbits.

Sanne Evers, Eloy Revilla, Zulima Tablado, Alejandro Rodriguez, Maria Paniw
Estacién Bioldgica de Dofiana - Spanish National Research Council, Sevilla, Spain

The Iberian lynx (Lynx pardinus) is a territorial predator endemic to the Iberian Peninsula. The
Iberian lynx is a specialist. Its main prey is the European rabbit (Oryctolagus cuniculus). Studies
have shown that prey density is one of the main determinants in the reproductive probability of
the Iberian Lynx. Although climate does not appear to have an effect on the Iberian lynx,
European rabbits are sensitive to climate. Precipitation and temperature determine breeding
conditions.
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The Iberian lynx is currently under active management, and the population has been steadily
increasing thanks to reintroduction efforts. These efforts have focused on both bolstering
existing subpopulations and recreation of extinct sub-population. Because of these ongoing
efforts, and to support future decisions in the conservation efforts, an updated and accurate
population model is required.

Therefore, to forecast the population of Iberian lynx in Southern Spain, we created spatially
explicit individual based models of the European rabbits and Iberian lynx. Here we will present
initial results on our population analysis, forecasts, and our analysis on how the inclusion of
spatially explicit individual based model of the main prey species influences our forecasts of the
Iberian lynx.

Oral Presentations Session 4: Ecological Forecasts in Terrestrial
Ecosystems

The challenges and opportunities of scale in ecological forecasting
Ethan P. White, S.K. Morgan Ernest
University of Florida, Gainesville, USA

Forecasting the future state of ecosystems is essential to the conservation, management, and
understanding of nature, but the crucial influence of scale is rarely considered in time-series
based ecological forecasting. Understanding how forecasts generalize and transfer across
spatial and temporal scales has been identified as essential for forecasting to advance
ecological theory and initial hypotheses for how spatial scale could influence ecological
forecasts have been developed. However, the scale of the drivers and responses is rarely
addressed in the model development, interpretation, or use of ecological forecasts. As a result,
it is unknown how forecastability varies with scale in ecological systems, whether forecasts
generated at one scale can be effectively applied at other scales, and what the best approaches
are for developing integrated cross-scale forecasting models. We discuss the challenges that
this presents for ecological forecasting as well as the opportunities to improve forecasts and our
understanding of ecosystems. Specifically we discuss hypotheses for how forecast accuracy
and uncertainty may vary across spatiotemporal scales, how models may transfer across
scales, empirical approaches to evaluating these hypotheses, and the potential for developing
cross-scale forecasts to yield more accurate predictions for natural systems. Our goal is to
provide an initial framework for integrating scale into ecological forecasts, with a specific focus
on the Everglades ecosystem in Florida, USA.
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Forecasting tree growth in mixed-species stands fusing complementary
measurement techniques

Krishna Anujan'?, Albert Y Kim?, Kelly A Heilman*, Sarayudh Bunyavejchewin®, Nantachai
Pongpattananurak®, Pieter Zuidema’, Mart Vlam?, Kristina J Anderson-Teixeira"®

'Smithsonian National Zoo and Conservation Biology Institute, Front Royal, USA. 2Smithsonian
Environmental Research Center, Edgewater, USA. 3Smith College, Northampton, USA. “USDA
Forest Service Northern Research Station FIA, Tucson, USA. National Parks Wildlife and Plant
Conservation Department, Bangkok, Thailand. ®Kasetsart University, Bangkok, Thailand.
"Wageningen University, Wageningen, Netherlands. 8Van Hall Larenstein University of Applied
Sciences, Leeuwarden, Netherlands. °Smithsonian Tropical Research Institute, Panama City,
Panama

Forecasting inter-annual variation in tree growth and its climatic drivers is essential to predict
forest productivity and carbon storage in the face of ongoing climate change. Individual tree
growth is currently measured through diverse techniques that have complementary strengths in
relation to accuracy, species representation across global forests and measurement frequency —
tree rings, tape measures during plot censuses and dendrometer band measurements. Here,
we construct a Bayesian state space model to fuse these three measurement types of individual
tree growth, model interannual variation in response to tree size and climate in multi-species
stands, and quantify measurement and process uncertainties. We analyze data from 3470 trees
across 54 species in a temperate and a tropical ForestGEO site, for a 70-year timeframe.
Temperature reduced growth of both temperate and tropical trees. Precipitation had a positive
effect on the growth of tropical trees, with no significant effect on temperate trees. We also show
species-specific differences in the effect of DBH on tree growth, highlighting the need to use
data sources representative of stand-level species diversity. Dendrometer bands had a
measurement uncertainty smaller in magnitude than the median growth rate of many species
(although greater than tree rings), illustrating their potential in expanding the scope of inferences
across species, especially in tropical sites. Previous application of Bayesian models to tree
growth mostly fuse only two datasources; ours is the first to fuse all three. Leveraging multiple
complementary data sources, our method presents a more complete understanding of
interannual tree growth variation across species.

Towards Forecasting Recovery After Disturbance: A Case Study and Potential
Directions for Forest Management

Charlotte Malmborg', Michael Dietze', Audrey Barker-Plotkin?

'Boston University, Boston, Massachusetts, USA. Harvard Forest, Petersham, Massachusetts,
USA
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Disturbance events are ubiquitous in all ecosystems, playing key roles in nutrient cycling,
maintaining biodiversity, and driving community composition over long timescales. As a result,
disturbance events receive ample attention from ecologists across sectors, from research to
management and policy. While many efforts focus on how disturbance events arise and
predicting impacts disturbances will have, there is decidedly less attention on forecasting the
recovery process following disturbance, including predicting how ecosystems reorganize,
whether an ecosystem’s state will reset or change, and which recovery trajectory will be
established. In forests, where trees are the dominant community members, the reorganization
phase just after disturbance can influence composition and function for centuries and thus has
an outsized impact on recovery outcomes. Being able to forecast which recovery trajectory a
system will experience, and which factors determine recovery rates, is vital for understanding
how ecosystems will respond to more frequent and more severe disturbance events occurring
under more variable climate regimes. In this presentation | will discuss how disparate recovery
trajectories arise following an invasive pest outbreak, focusing on the differences between sites
experiencing tree mortality and sites where trees re-leaf following defoliation. | will show results
from a proof-of-concept model that predicts recovery rates as a response to disturbance
magnitudes, environmental conditions, and mortality, and introduce the concept of “assisted
recovery”, a way that forecasting recovery trajectories can intersect with forest management.

Balancing Model Performance, Complexity, and Accessibility: Insights from
Modeling Biotic Disturbances in Forest Ecosystems

Kalyn Dorheim', Lisa Haber?, Ben Bond-Lamberty', David Chan?, Jaclyn Hatala Matthes?,
Christopher Gough?

'Pacific Northwest National Laboratory, Washington, USA. 2Virginia Commonwealth University,
Richmond, USA. *Harvard University, Petersham, USA

Ecosystem disturbances caused by insects and pathogens (biotic disturbances) differ from
abiotic disturbances (e.g., storms or fires) in their duration, severity, and effects on carbon pools
and fluxes. These factors and their interactions with climate make predicting ecosystem
responses to biotic disturbances particularly challenging, and the degree of computational
complexity needed is not always clear for researchers . As part of the Forest Resilience
Threshold Experiment (FORTE), a dual modeling and field experiment, we implemented
moderate intensity biotic-like forest disturbance treatments in two different models: one simple
and one highly complex. We encountered significant challenges in balancing complexity,
accessibility, and realism. Here, we reflect on these experiences, discuss the trade-offs
associated with model complexity versus predictive capability, and provide general
recommendations for improving future research and model development.
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Mapping the North American Terrestrial Carbon Cycle: a Process-based
Reanalysis Using State Data Assimilation (SDA)

Dongchen Zhang', Michael Dietze', Qianyu Li?, Shawn Serbin®

'Boston University, Boston, USA. 2University of Maryland, Maryland, USA. *NASA Garddard Flight
Center, Maryland, USA

Accurately assessing C pools and fluxes is essential for tracking climate change and C MRV
purposes. Terrestrial biosphere modeling (TBM) has been widely used to estimate C cycling at
large spatial and continuous temporal scales. However, terrestrial C cycling involves
complicated interactions among C budgets, fluxes, organisms, nutrients, water cycling, climate,
and human activities, which makes C cycling challenging to predict. By contrast, individual
field-measured or remotely sensed data products capture what actually happened in an
ecosystem, not just what was predicted, but each only tells a partial story about the dynamics of
the entire C cycle. In this study, we used a state data assimilation framework to harmonize
multiple field and remotely-sensed data streams (MODIS, Landsat, SMAP, SoilGrids, GEDI,
Ameriflux, FIA) with associated spatiotemporal uncertainty inside a hierarchical Bayesian
structure. Harmonizing observations with process-based models inside an SDA framework
substantially reduced predictive and residual errors at continuous spatial and temporal domains
across North America. Furthermore, running the SDA on an irregular spatial network, using a
spatial clustering algorithm based on eco-climatic distances, improves our ability to capture
spatiotemporal variability in the carbon cycle compared to running on a raster grid. In general,
not only did we constrain the terrestrial C cycle modeling at a finer continental scale, but our
SDA algorithm helped to reveal places/observations/variables that contribute the most to C
uncertainty, further facilitating accurate C research across different spatial-temporal scales.

Model transferability under novel biotic conditions

Patricia Kaye Dumandan'?, Juniper Simonis?®, Glenda Yenni?, Morgan Ernest?, Ethan White?

'Swedish University of Agricultural Sciences, Uppsala, Sweden. 2University of Florida,
Gainesville, USA. °*DAPPER Stats, Portland, USA

Ecological forecasting models play an increasingly crucial role for managing natural resources
and assessing our fundamental knowledge of ecological patterns and processes. With
ecosystems changing beyond their historical conditions in response to climate change, the utility
of these models may depend on their transferability to novel conditions. Changes in biotic
conditions (i.e., species interactions), which can arise from community reorganization events,
have the potential to impact model transferability. The extent of the impacts of biotic factors on
model transferability, however, is poorly understood. Using data from a long-term experiment on
desert rodents in the southwestern USA, we assessed model transferability under novel biotic
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conditions to better understand the limitations of ecological forecasting. We show that ecological
forecasts can be less accurate when the models generating them are transferred to novel biotic
conditions, and that the extent of model transferability can depend on the species being
forecast. We also found that transferred models generate less accurate and more uncertain
forecasts, demonstrating the importance of incorporating uncertainty in forecast evaluation.
These results suggest that how a species perceives its competitive landscape can influence
model transferability, and that when uncertainties are properly accounted for, transferred models
may still be appropriate for decision making.

Oral Presentations Session 5: General Ecological Forecasting

Exploring Data Science, Phenology, and Indigenous Knowledge: Lessons from
Undergraduate Researchers

Rachel Torres', Nievita Bueno Watts', Antoinette Abeyta?, Chad Smith?
Cal Poly Humboldt, Arcata, USA. 2University of New Mexico Gallup, Gallup, USA

Through a partnership with the Ecological Forecasting Initiative, undergraduate STEM Students
at Cal Poly Humboldt have had the opportunity to conduct original research and explore themes
in data science and ecological forecasting. Students in the past year have worked on topics
including exploring Upper Klamath Lake water quality, comparing climate projections between
northern and southern California coastal towns, and analyzing forest cover trends in Humboldt
County. In Spring 2025 we are working with undergraduate students from Cal Poly Humboldt
(CPH) and University of New Mexico Gallup (UNMG), two Minority Serving Institutions in
geographically distant locations. The goal is for students to do a NEON phenology forecasting
challenge, and to apply the same workflow to a location closer to their home campus, while
connecting phenological data with local traditional ecological knowledge (TEK). Students will
spend time exploring phenology from the lens of both Western science and TEK. Students will
become familiar with NEON data sets, and will additionally explore data from the PhenoCam
network and Google Earth Engine. While today there is a growing monitoring network to
improve data and forecasts, recurring phenological events have long been observed and
recorded by Indigenous peoples for harvesting, agricultural, cultural significance, and other
ecosystem services. This presentation is twofold: (1) We will highlight results from student
research from both CPH and UNMG, and (2) We will discuss the learning process for
introducing new students to data science, as well as any challenges or roadblocks they faced
and how we overcame them.

Learn and teach ecological forecasting with Macrosystems EDDIE modules
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Mary E. Lofton', Tadhg N. Moore?, Whitney M. Woelmer?, Rosa L. Cooke*, R. Quinn Thomas',
Cayelan C. Carey’

'Virginia Tech Center for Ecosystem Forecasting, Blacksburg, USA. Limnotrack, Hamilton, New
Zealand. 3University of Waikato, Hamilton, New Zealand. *Mountain Empire Community College,
Big Stone Gap, USA

Ecological forecasting is an emerging approach in ecology to provide estimates of future
ecological conditions with uncertainty. Generating ecological forecasts also builds key data
science skills, which are increasingly needed in disciplines within and beyond ecology. However,
most existing educational resources on ecological forecasting have been developed for ecology
graduate students. Moreover, lack of instructor familiarity with data science has been identified
as a barrier to incorporating these skills into undergraduate curricula. To lower the barrier of
entry to data science for both undergraduate students and instructors and introduce students to
an emerging subdiscipline, we have developed the first formalized, open-source curriculum that
teaches ecological forecasting to undergraduate and graduate students as part of the
Macrosystems EDDIE (Environmental Data-Driven Inquiry & Exploration;
MacrosystemsEDDIE.org) program. Our foundational curriculum comprises four, three-hour
teaching modules that use National Ecological Observatory Network (NEON) datasets
embedded in R Shiny applications or RMarkdown files to teach fundamental ecological
forecasting concepts. After three years of module testing, we found that student confidence and
knowledge of ecological forecasting increased post-module completion. In addition, instructors
found modules effective in teaching ecological forecasting and easy to use. Currently, we are
developing and testing additional Macrosystems EDDIE ecological forecasting modules for
community college students studying drinking water treatment, as well as a new module that
allows students to import and analyze their own ecological time series data to assess
ecosystem predictability. We encourage instructors and students to explore Macrosystems
EDDIE ecological forecasting modules to build data science and ecological forecasting skills.

Warming has non-linear effects on the predictability of methane fluxes in a
brackish wetland

Abigail Lewis, James Holmquist, Alia Al-Haj, Roy Rich, Genevieve Noyce
Smithsonian Environmental Research Center, Edgewater, MD, USA

Ecological predictability is likely to differ across space and time as a result of changing
environmental conditions. However, without controlled experimental manipulation, it is often
challenging to parse the specific drivers of predictability. Here, we experimentally assessed
whether soil temperature affects the predictability of methane fluxes in a brackish wetland
(Edgewater, MD). We forecasted daily median methane fluxes from 12 automated flux
chambers along a soil heating gradient from 0 to 6 °C above ambient soil temperatures.
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Forecasts were generated separately for each chamber using 11 different models, including
empirical time series models and machine learning models with meteorological drivers.
Forecasts were generated daily throughout 2024, using data from the start of experimental
treatments (2022) through the forecast date. Across all models, forecast performance was
consistently and non-linearly related to soil warming: forecast performance improved from 0 to 3
°C of soil warming, then worsened with additional warming from 3 to 6 °C. Previous research in
this wetland has shown nonlinear plant responses to soil warming, with peak belowground
biomass allocation occurring at +1.7 °C. Our research suggests that these changes in plant
traits may alter the variability of methane fluxes, increasing forecast skill at intermediate levels of
warming. Amidst ongoing climatic change, our findings highlight the potential for increased
temperature to not only alter ecological states but also the capacity to predict future values of
those states over time.

EFI Community Meeting

Forecast co-production in the Ecological Forecasting community

Kira Sullivan-Wiley', Jody Peters?, Alexis O'Callahan® Alison Gerken*, Ayanna St. Rose®

"The Pew Charitable Trusts, Washington, USA. ?University of Notre Dame, South Bend, USA.
3University of Arkansas, Fayetteville, USA. “USDA-ARS, Manhattan, USA. *Oregon State University,
Corvallis, USA

Understanding how to engage with rightsholders and other interested parties*, and how to
practice co-production, was one of the key needs identified through EFI community interviews
by the Translation and Actionable Science Working Group in 2023. Based on these discussions,
the Working Group prioritized collecting, curating, and creating resources related to these
themes.

The group decided to create short (5-10 minute) YouTube videos, to be hosted on the EFI
YouTube channel and posted on the EF| website. These videos provide an overview of things to
consider about the 5W+1H of co-production and engaged research: why, what, who, when,
where, and how to engage with interested parties, stakeholders, and end users of forecasts,
and to complement those short videos with interviews of six EFI community members and
teams that exemplify a range of ways such collaborations have taken place.

This presentation will introduce the EFI community to the video library resulting from this effort,
including the videos and links to additional information about the featured projects. We invite
anyone who is interested in learning about the process of connecting, collaborating, and
co-producing in transdisciplinary forecast-focused partnerships to participate in this session.

*Note: This type of engagement has in many places been called “stakeholder engagement” and
the Working Group acknowledges that this term has a complicated history with implications for
Indigenous peoples; this history varies in different contexts around the world. We will discuss
this in some additional detail in the presentation.
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The JEDI Database: tracking EFI’s progress towards inclusivity of a diverse
membership

David Klinges', Jody Peters? DEI Working Group DEI Working Group?®

'Yale University, New Haven, USA. 2University of Notre Dame, South Bend, USA. *Various, various,
USA

Beyond the important effort of developing DEI initiatives, lies the additional challenge of tracking
the success of such initiatives for creating and maintaining diverse communities. What numbers
are important to measure? What biases and lenses shape data collection? What metrics should
define progress? Addressing these important questions serve as the backbone of pluralized,
data-driven evaluation. Here, we will present the inception, development, and use of EFI's JEDI
(Justice, Equity, Diversity, and Inclusivity) Database, building on five years of anonymized
surveys of EFI membership and participants in EFI-sponsored events. The composition of EFI’s
membership will then be contextualized relative to demographics of ecological and STEM
workforces in the USA, serving as benchmarks that inform milestones and goals for progressive
yet realistic rates of progress. We will provide some lessons learned on how grassroots STEM
communities can develop DEI tracking systems, using this presentation as a launchpad for
continued discussions on data-driven progress. This will serve as one window into the ongoing
discussion by EFI's DEI Working Group.

Creative Approaches to Broadening Participation in Science, Technology,
Engineering and Mathematics

Diana Dalbotten
St. Anthony Falls Laboratory, Univ. of Minnesota, Minneapolis, USA

Broadening participation in Science Technology, Engineering, and Mathematics is hard but
necessary work. According to the report "Broadening Participation in STEM--A Call to Action",
prepared by the American Institute for Research
(https://www.air.org/sites/default/files/2021-06/Broadening_Participation_in_ STEM_Feb 14 201
3_0.pdf), minorities and women continue to be underrepresented in STEM after decades of

programming designed to close gaps in undergraduate and graduate STEM programs. Diana
has actively been working on activities and programs with EFI members and elsewhere to
develop creative, innovative programs that successfully address some of the hurdles we face as
we look to make sure that all talented young people interested in STEM have the opportunity to
develop their talents and participate in STEM enterprises.


https://www.air.org/sites/default/files/2021-06/Broadening_Participation_in_STEM_Feb_14_2013_0.pdf
https://www.air.org/sites/default/files/2021-06/Broadening_Participation_in_STEM_Feb_14_2013_0.pdf
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Ecological Forecasting in Africa
r Slin

University of Cape Town, Department of Biological Sciences and Centre for Statistics in Ecology,
the Environment and Conservation (SEEC), Cape Town, South Africa. South African
Environmental Observation Network, Cape Town, South Africa

I'll provide an update on efforts to promote ecological forecasting in Africa, including starting an
African chapter of the ecological forecasting initiative, and an overview of some African
ecological forecasting activities and opportunities. My goals are to raise awareness, encourage
engagement, and invite you to come and share your skills on this fantastic continent.

The Canadian EFI Chapter
Korryn Bodner

University of Guelph

Oral Presentations Session 6: NEON and Ecological Forecasts

Creating Frameworks for Community Engagement in a Soil Flux Forecasting
Challenge

John Zobitz', Michael Dietze?
'Augsburg University, Minneapolis, USA. 2Boston University, Boston, USA

Real-time forecasting of terrestrial carbon cycle components, such as gross primary productivity
and net ecosystem carbon exchange, is essential for advancing nature-based climate solutions.
However, the prediction of soil carbon efflux—a critical component for climate
mitigation—remains underdeveloped compared to other terrestrial carbon forecasts. The
Terrestrial Ecosystems theme of the NEON Ecological Forecasting Challenge currently supports
forecasts for key carbon cycle components, providing an opportunity to expand its scope to
include soil carbon flux predictions.

This presentation leverages the NEON Ecological Forecasting Challenge to generate
day-ahead soil carbon flux forecasts for all 47 terrestrial NEON sites. We incorporated soil
moisture and temperature data from NOAA’s Global Ensemble Forecast System, alongside a
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soil carbon flux target derived from the open-source R package neonSoilFlux. We developed
forecasts during June—August of 2022—-2024 using a variety of models (seasonal, empirical, and
process-based approaches) parameterized and calibrated with PEcAn (the Predictive
Ecosystem Analyzer, www.pecanproject.org).

Forecast uncertainty was primarily attributed to two factors: (1) input uncertainties related to
forecast targets, even after post-hoc cross-validation with observed soil temperature and
moisture data, and (2) intra-site spatial variability where soil measurements were made. Our
findings underscore the need for improved measurement integration and model calibration.

The workflows presented serve as a use-case scenario to enhance the Terrestrial Ecosystems
theme of the Ecological Forecasting Challenge by including soil carbon flux forecasts. This effort
aims to engage the ecological forecasting community in advancing standardized, scalable, and
defensible predictions of soil carbon dynamics.

What can we learn from 100,000 forecasts? A synthesis of submissions to the
aquatics theme of the NEON Forecasting Challenge

Freya Olsson', Cayelan Carey’, Carl Boettiger? Gregory Harrison', Robert Ladwig®, Marcus
Lapeyrolerie?, Abigail Lewis', Mary Lofton', Felipe Montealegre-Mora? Joseph Rabaey*, Caleb
Robbins®, Xiao Yang®, Quinn Thomas'

'Virginia Tech, Blacksburg, USA. 2University of California Berkeley, Berkeley, USA. *Aarhus
University, Aarhus, Denmark. “University of Minnesota, Duluth, USA. ®University of Alaska
Fairbanks, College, USA. ®Southern Methodist University, Dallas, USA

Forecasters use many different modelling approaches to forecast freshwater variables,
motivating the need for a comprehensive analysis of the performance of forecast models across
multiple sites. The NEON Forecasting Challenge (hereafter Challenge), hosted by EFI’s
Research Coordination Network, provides an open platform for participants to engage in
forecasting, including in the prediction of water quality in aquatic ecosystems. Here, we present
results of a synthesis of submissions to the Challenge’s aquatics theme, in which participants
generated 1-30-day ahead probabilistic forecasts of surface water temperature and dissolved
oxygen in seven NEON-monitored lakes. Aggregated across all lakes and variables, 29
process, machine learning, and statistical models were used to submit >100,000 forecasts.
Models included a variety of weather covariates and represented different sources of
uncertainty. Summarised across the forecast period, a similar proportion of models
outperformed a baseline model for water temperature (ten models out of 29) and dissolved
oxygen (six models out of 15). For water temperature, process models and models that included
air temperature as a covariate generally performed best, and the most skillful models often
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accounted for more sources of uncertainty than the lower-performing models, which were
frequently overconfident. Finally, gains in performance relative to a baseline occurred at sites
where observations during the forecast period were most divergent from historical conditions
(thereby resulting in poor baseline model performance). Altogether, our synthesis highlights the
value of large-scale model inter-comparison to learn about the relative strengths of forecasting
models and advance our understanding of freshwater ecosystem predictability.

Iterative ecological forecasts for black-legged ticks, the vector of Lyme disease
John Foster'?, Shannon LaDeau?, Michael Dietze'

'Boston University, Boston, USA. 2United States Department of Agriculture, Fort Collins, USA.
3Cary Institute of Ecosystem Studies, Millbrook, USA

Climate change impacts vector-borne diseases by changing the abundance and phenology of
vectors. Vector abundance, such as the black-legged tick (/xodes scapularis) that is responsible
for Lyme disease, can be an indicator of the risk of human incidence. Forecasts for their
abundance, both within and across seasons, could be used to inform adaptive management
plans or adjust behavior to reduce the risk of coming into contact with a tick. We evaluate an
iterative forecasting framework for black-legged tick population dynamics, with an emphasis on
nymphal forecasts due to their significant role in Lyme disease ecology. We use the forecasting
framework to evaluate the predictability in nymph abundance with respect to the relationship
between tick survival and climate, and host population cycles regulating tick abundance. We
demonstrate that peak nymph abundance can be skillfully predicted one year in advance.
Weather data improved forecast skill compared to a null forecast during nymph active seasons
but not during dormant periods. The effect of weather on tick survival was allowed to adapt, and
over the course of the study daily maximum temperature became the most important driver of
nymph survival. This adaptation coincided with forecasts becoming more skillful over time. The
value of larval observations was limited when forecasting nymph populations, suggesting field
sampling should be shifted to better observe nymphs. We tested this model against data outside
the calibration period and recovered within and across season dynamics for nymphal ticks and
showed how iterative forecasting can be used to further understand ecological systems.

How do habitat and traits mediate small mammals’ responses to climate
change? insights from NEON and predictive modeling; pending travel

Tong Qiu
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Duke University, Durham, USA

Small mammals play crucial roles in ecosystem services and functions, including seed
dispersal, pollination, and nutrient cycling. Their activities facilitate forest regeneration, enhance
plant diversity, and contribute to soil fertility. Current efforts to anticipate changes in small
mammal populations incorporate various environmental variables but often overlook the
fundamental requirement of food supply. The food-consumer relationship becomes even more
complex when we consider the roles of ecosystem structure, which not only shapes the habitat,
affecting the abundance, activity, and cover available to many consumers but also acts as a
buffer, mediating the impacts of climate change through climate-habitat interactions (CHI).
Additionally, different traits could determine species' response to CHI. This study aims to answer
two questions to fill these knowledge gaps: 1) How does habitat modulate the effects of climate
change on small mammals? 2) How do traits mitigate impacts from CHI? We synthesized
airborne remote sensing with biodiversity sampling across NEON within a generalized joint
attribute model. We found that habitat characteristics, including understory density and canopy
calcium, are significant sources of variation in both species’ abundance and
community-weighted mean traits. Grassland herbivores respond negatively to canopy calcium,
particularly in cold climates. Shrubland frugivores benefit from open habitats in cold climates but
not in warmer ones. Furthermore, the widely distributed species Peromyscus maniculatus is
projected to decrease under future climate change scenarios, especially in open canopies with
low canopy calcium. Because ecosystem structure and canopy nutrients are under the control of
managers, these results have direct implications for biodiversity conservation.

Oral Presentations Session 7: Methods In Ecological Forecasting

Quantifying and partitioning uncertainty through space and time in ecological
forecasts using the Sobol method

Eli Horner, Ross Meentemeyer, Vaclav Petras, Anna Petrasova, Chris Jones

North Carolina State University, Raleigh, USA

Spatio-temporal models are a powerful tool for decision support and improving understanding of
ecological processes. Recent advances in ecological forecasting have increased the number of
models that fully quantify and partition sources (e.g. initial conditions, parameters, process, and
drivers) of uncertainty through time. However, there are still gaps in analyzing uncertainty in
forecasts across a landscape, as it varies both spatially and temporally. This knowledge would
give scientists and decision makers a geographical context for evaluating model performance,
and better guide iterative calibration and data collection at specific locations where uncertainty
is high. We used the Sobol global sensitivity analysis method to quantify and partition
uncertainty through both space and time in a process-based model of the spread of the
infectious disease sudden oak death. Our methodology examines the total impact of each
source of uncertainty on model output variability, not just the direct contribution. We found that
total uncertainty increased through time and the contribution of each source of uncertainty
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remained relatively constant. However, significant spatio-temporal variance in the dynamics of
uncertainty occurred across the landscape. For example, the area around the original
introduction site (the core outbreak) exhibited high process uncertainty, whereas important
sources of driver and initial condition uncertainties were located adjacent to the leading edge of
the infection wave front. Our approach to quantifying and partitioning uncertainty can be applied
to other spatially explicit models and provide information about not only when, but where
uncertainty arises in an ecological forecast.

Benchmarking forecasting methods with digital twins of metacommunity
dynamics

Michael D. Catchen
Université de Montréal, Montréal, Canada

Forecasting population dynamics is of central interest to ecological forecasting, but this is no
small task given the numerous factors that influence dynamics, including both intra and
inter-specific processes. This complexity is further compounded by both the intrinsic
stochasticity of ecological processes, and the effect of imperfect detection and measurement
error on the data we collect. How can we be confident that a given method for forecasting is
reliable? In this talk, we argue that using digital twins to produce synthetic data under an
assumed set of “ground-truth” processes can then be used to evaluate the efficacy of different
methods for forecasting dynamics under different “ground-truth” conditions, and with various
levels of measurement error. This enables us to have expectations of how robust a forecast is
based on the amount of data we have, or how confident we are about the true ecological
processes underlying population dynamics. We’ll present MetacommunityDynamilcs.jl, a
software toolkit for simulating (surprise) metacommunity dynamics under a wide variety of
species and community-level models of dynamics, while explicitly accounting for landscape
heterogeneity and connectivity, stochastic dynamics, and observation error. We’'ll conclude by
arguing this type of benchmarking on simulated data is essential for reliable uncertainty
quantification for forecasting population and community dynamics.

Methods for Scalable Bayesian Parameter Calibration for Expensive Ecosystem
Models

Andrew Roberts, Michael Dietze, Jonathan Huggins

Boston University, Boston, USA
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As land surface models grow increasingly complex, it has become essential to calibrate model
parameters to observational data. Learning parameters within a Bayesian framework has
emerged as a favored approach, owing to its ability to provide a probabilistic assessment of
uncertainties. However, the computational cost of mechanistic ecological models presents
challenges to traditional parameter estimation techniques, which are compounded when the
goal is to characterize an entire probability distribution. In this talk, we explore how a variety of
emerging tools can facilitate Bayesian parameter estimation for expensive ecosystem models.
In particular, we consider the following three approaches: (i.) Gaussian process emulation of the
log-likelihood function; (ii.) direct Gaussian process emulation of the land surface model
trajectories, using a basis representation of model outputs; and (iii.) the adaptation of Ensemble
Kalman methods to the problem of parameter estimation. We highlight the strengths and
weaknesses of these approaches, and discuss how they can be applied in conjunction to enable
improved uncertainty quantification for model parameters. In particular, we analyze the
implications of propagating the additional uncertainty introduced by the use of Gaussian process
emulators, a topic that has henceforth been treated in an ad hoc fashion. We demonstrate the
application of these methods to calibrate parameters of the SIPNET ecosystem model, and
highlight approaches for scaling Bayesian parameter estimation schemes to settings with higher
spatial and temporal resolutions.

Data Integration Improves Model Performance In A Changing Ocean

Nima Farchadi'? Camrin Braun? Martin Arostegui? Elliott Hazen®*, Barbara Muhling*®, Andrew
Allyn®, Kiva Oken’, Rebecca Lewison’

'San Diego State University, San Diego, USA. ?Woods Hole Oceanographic Institution, Woods
Hole, USA. 3NOAA Southwest Fisheries Science Center, Monteret, USA. “Institute of Marine
Sciences, University of California Santa Cruz, Monterey, USA. °NOAA Southwest Fisheries
Science Center, La Jolla, USA. 8Gulf of Main Research Institute, Portland, USA. 'NOAA Northwest
Fisheries Science Center, Seattle, USA

Accurate forecasts of species distributions in response to changing climate is essential for
proactive management and conservation decision-making. However, species distribution
models (SDMs) often have limited capacity to produce robust forecasts under novel
environmental conditions, partly due to limitations in model training data. Model-based
approaches that leverage diverse types of data have advanced over the last decade, yet their
forecasting skill, especially during episodic climatic events, remains uncertain. Here, we develop
a suite of SDMs for a commercially important fishery species, albacore tuna (Thunnus alalunga),
to evaluate forecast skill under marine heatwave conditions. We compare models that use
varying combinations of methods for integrating various data sources (data pooling vs. joint
likelihood) and for addressing spatial dependence (environmental-only vs. environmental and
spatial effects) to assess their relative performance in predicting species distributions under
extreme climatic conditions. Our results indicate model performance declined as environmental
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novelty increased. However, joint-likelihood approaches, which accounted for data-specific
biases and leveraged each dataset's strengths, yielded greater predictive skill and ecological
realism under episodic, extreme conditions. Our findings suggest that while combining multiple
data sources can be advantageous for predicting under novel conditions, identifying appropriate
methods to integrate various data sources within SDMs is important for achieving skillful
ecological forecasts. As access to diverse data sources continues to increase, maximizing their
utility will be key for delivering accurate forecasts of species distributions and advancing
proactive, climate-ready management and conservation strategies.

Posters

Leveraging data from defunct gillnet fisheries to understand the distributional
dynamics of a rare pelagic fish, the louvar (Luvarus imperialis)

Martin Arostequi, Camrin Braun

Woods Hole Oceanographic Institution, Biology Dept., Woods Hole, MA, USA

The louvar (Luvarus imperialis) is an exceedingly rare circumtropical fish species with a poorly
understood ecology. Catch data from defunct drift gilinet fisheries provide an unparalleled way to
quantify the distributional dynamics of this species that, as a gelativore, is almost never taken as
bycatch on fish- or squid-baited longlines that dominate modern open ocean fisheries. Here, we
present the largest observational dataset assembled for louvar, combining >30 years of
observer presence-absence records from two such fisheries spanning a vast expanse of the
pelagic North Pacific. We leverage these data to construct a species distribution model that
quantifies the species' environmental preferences, enabling us to confront the knowledge gaps
on its core distribution and investigate variability among seasons, years, and alternate phases of
climate oscillations. We show that this enigmatic species favors waters with positive sea surface
height and shallow mixed layer depth, consistent with high, but seasonally variable,
model-predicted suitable habitat in the North Pacific Transition Zone and California Current. In
addition, our results suggest that louvar have experienced slight loss of habitat from 1990-2023
in response to large-scale climate oscillations. This study highlights the value of using a species
distribution model framework to synthesize diverse datasets, characterize species-environment
relationships, and infer basic spatiotemporal dynamics for rare species that cannot be reliably
sampled.

Forecasting the impact of immunization campaigns

Deepit Bhatia, Matthew Ferrari
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Penn State University, University Park, USA

Background: Measles vaccination in low-resource settings is conducted through a combination
of routine immunization (RI) during childhood and supplemental immunization activities (SIAs).
SlAs are community-based campaigns that target a wide age-range and aim to reach
populations not previously reached by RI or to rapidly increase coverage in a region. Coverage
surveys conducted after SIAs indicate high variability, which is not currently accounted for in
projections of the impact of measles, and there is a paucity of evidence on factors that are
associated with coverage achieved by SlAs.

Data/Methods: We obtained post-campaign coverage of SIAs for measles vaccination from
2000 to 2024 from the World Health Organization. Predictors were obtained from the World
Bank, and included economic variables (e.g., GDP per capita), health system variables (e.g., Rl
coverage), and general development variables (e.g., access to clean drinking water). We then
built a beta regression model to forecast the coverage achieved by SIAs.

Results: Between 2000-2024, 124 post-SIA coverage surveys have been conducted, with the
vast majority (82%) occurring in 2012 or later, with mean coverage of 89%. SIA coverage was
positively correlated with national immunization coverage estimates for measles (Pearson’s rho
= 0.31), GDP per capita (rho = 0.21), and access to basic drinking water (rho = 0.19). Our
multivariate beta regression model performed better than any single covariate, even when
forecasting out-of-sample coverage estimates, with an average 10-fold cross-validation root
mean square error between reported and predicted coverage of 0.07, and a Pearson’s rho of
0.39.

Data Dredging in Ecology: Trends and Consequences for Inference and Prediction
Korryn Bodner, Chris Brimacombe

University of Guelph, Guelph, Canada

The rise of computational power has increased the ability to engage in data dredging—the
process of extensively searching and comparing different model configurations using the same
dataset. The release of the dredge function in the MuMIn package in R has made this practice
even more accessible. Here, we set out to assess whether data dredging is on the rise in
ecology and, if so, what its potential consequences are when used for inference and prediction.

First, we conducted a literature search to examine temporal trends in dredge usage. We found
that articles citing dredge have increased steadily over time, with over 600 articles in 2024
alone. Although the majority of articles were inference-driven, prediction-driven applications
have also increased substantially.

Next, using a case study of global meteorite landings, we compared the in- and out-of-sample
performance of dredge-selected models—those with the lowest Akaike Information Criterion
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(AIC) scores—with lower-ranked models. Meteorite mass was the response variable. Eight
WorldClim variables, including two pairwise interactions between them, were included as
potential fixed effects. All interaction combinations were tested through multiple dredge runs.
Dredge consistently favoured more complex models, with over 80% including 8-10 parameters.
Despite performing well in-sample, the marginal R? of dredge-selected models was only 2%
higher than that of lower-ranked five-parameter models (AAIC > 350). Dredge-selected models
also exhibited low predictive performance on withheld data and generally did not outperform
simpler, lower-ranked models. These findings demonstrate that, regardless of the modeling
goal, data dredging should be used with great caution.

Predicting the redistribution of marine top predators under climate change

Dr. Camrin Braun', Nima Farchadi? _Martin Arostegui', Michael Alexander®, James Scott3#,

Rebecca Lewison?

'"Woods Hole Oceanographic Institution, Woods Hole, USA. 2San Diego State University, San
Diego, USA. *NOAA Earth System Research Laboratory, Boulder, USA. “University of Colorado
Boulder, Boulder, USA

The Northwest Atlantic Ocean and Gulf of Mexico are among the fastest warming ocean
regions, a trend that is expected to continue through this century with far-reaching implications
for marine ecosystems. We examine the distribution of highly migratory top predator species
using predictive models and project expected habitat changes using downscaled climate
models. Under “business-as-usual” climate scenarios, our models predict widespread losses of
suitable habitat for most species, concurrent with substantial northward displacement of core
habitats >500 km. These changes include up to >70% loss of suitable habitat area for some
commercially and ecologically important species. We also identify predicted hot spots of
multi-species habitat loss that may provide opportunities for focused intervention. For several
species, predicted changes are already underway, which are likely to have substantial impacts
on the efficacy of static regulatory frameworks currently used to manage highly migratory
species. The ongoing and projected effects of climate change highlight the role of ecological
forecasting tools and the urgent need to adaptively and pro-actively manage dynamic marine
ecosystems.

An automated pipeline for processing and cleaning high-frequency
environmental data for near-term, iterative water quality forecasts

Adrienne Breef-Pilz', Austin Delany’, Vahid Daneshmand? Renato Figueiredo? Quinn Thomas’,
Cayelan Carey'
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'Virginia Tech, Blacksburg, USA. ?Oregon State University, Corvallis, USA

As the interest in ecological forecasts increases, there is a greater need for accessible,
accurate, and usable observations of the forecasted system to train models and validate
predictions. Many environmental monitoring companies are investing in services to make data
from in-situ sensors available in near-real time that can be leveraged within an iterative
forecasting workflow. Here, we demonstrate our open-source data- to-forecasting pipeline that
uses off-the-shelf environmental sensors and open-source software to transfer data from
sensors to the cloud, where it is cleaned and made accessible for water quality forecast
updating and evaluation. This pipeline is flexible and includes streaming high-frequency
sensors, manually-collected lake and reservoir depth profile data, and laboratory analysis
samples (e.g., water chemistry samples). Raw data are uploaded to GitHub, either manually or
from streaming sensors that wirelessly push data every four hours via cellular links. Then, using
a GitHub Action (an automated action based on a time or other trigger), the raw data files go
through a customized R script which flags or modifies observations if they exceed outlier
thresholds, maintenance was being performed, or there were other issues detected with the
data, based on established quality control methods. The cleaned data are then available on
GitHub and can be integrated with historical data in the forecasting workflow. This data pipeline
underpins the Virginia Ecoforecast Reservoir Analysis (VERA) Forecasting Challenge as part of
the Virginia Reservoirs LTREB monitoring program and provides observations in near-real time
for ~60 water quality variables.

EFI Theory: quantifying ecological predictability and advancing ecological theory
via forecasting

Cole Brookson', Abigail Lewis?, Shubhi Sharma’, Bilgecan Sen?, Caleb Robbins*

'Yale University, New Haven, USA. 2Smithsonian Environmental Research Center, Washington,
USA. 3University of Maryland, College Park, USA. “University of Alaska-Fairbanks, Wacko, USA

Forecasting ecological processes is crucial in the Anthropocene to proactively conserve
endangered species, prevent disease outbreaks, and manage important natural resources. In
addition to supporting data-driven decision-making, forecasting provides a uniquely effective
framework to ask questions about ecological predictability. The EFI Theory working group has
been working for years to better understand how forecasting can help uncover fundamental
patterns in ecological predictability. Using methods from Information Theory, Machine Learning,
and Time-series Analysis, the group has been advancing some of the principal goals of EFI,
analyzing what drives variation in ecological predictability across different variables, scales, and
ecological processes. We are combining theoretical approaches with data-driven work centered
on the NEON Forecasting Challenge Data to provide a strong research foundation and
community of practice focused on advancing our collective ability to forecast ecological
dynamics in a changing world. This presentation will summarize this work, highlighting recent
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progress on work relating components of intrinsic predictability to realized predictability in our
forecasting models.

Forecasting Species Range Shifts with Interpretable Machine Learning

Michael D. Catchen'?, Timothée Poisot'?

'Université de Montréal, Montréal, Canada. 2Quebec Centre for Biodiversity Science, Montréal,
Canada

A major challenge for ecological forecasting is predicting changes of species over the coming
decades due to climate and land-use change. Machine learning (ML) models have a
widespread utility for species distribution modeling (SDMs), but are “black-boxes”, meaning it is
difficult to understand why an ML model makes the predictions it makes. Practically,
environmental managers will not base actions on model predictions they don’t trust, so ML
models must be interpretable in order to reap their potential benefits for conservation. The
subfield of interpretable ML focuses on making the output of ML models understandable in
human terms, but these methods are not well adopted among ecologists and SDM practitioners.
This talk will provide an overview of methods for interpretable ML, and present a case study of
using interpretable ML to explain predicted range shifts. It will also offer an introduction to the
tools for interpretable ML provided in our Julia package for species distribution modeling,
SpeciesDistributionToolkit.jl, and focus on directions forward for making the use of ML for SDMs
more interpretable.

Using the concept of critical slowing down to understand the cone production
dynamics in longleaf pine

Xiongwen Chen

Alabama A & M University, Normal, USA

Longleaf pine forests were historically distributed throughout the southeastern United States
and played an important role in the local society, economy, and ecology. The longleaf pine
became an endangered ecosystem due to over-harvesting, broad land-use change, and fire
suppression. One maijor factor that has challenged restoration efforts is sporadic seed
production. Based on collected cone production data in the past six decades, the concept of
critical slowing down was tested in cone production at three longleaf pine locations. Our results
indicated decreased variance and increased autocorrelation in variance before a high cone
production. These results provide a new understanding of cone production from the perspective
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of a dynamic system. This method could be used to predict years of favorable cone production
for forest management.

Water Quality Forecasting in Lake Powell to Inform Long-Term Water
Management; pending travel approval

Bridget Deemer’, Drew Eppehimer’, Bryce Mihalevich?, Charles Yackulic'

'U.S. Geological Survey, Flagstaff, AZ, USA. 2U.S. Bureau of Reclamation, Salt Lake City, UT, USA

Lake Powell is the second largest reservoir in the United States and represents 70% of the
water storage for the Upper Colorado River Basin. Predicting water quality within Lake Powell
and its dam releases is of high importance to water resource managers. The temperature,
dissolved oxygen and salinity of dam releases is influenced by reservoir water level, which
reached an historic low in the spring of 2022. Water level management in Lake Powell and
Lake Mead is informed by a series of documents, several of which are scheduled to expire at
the end of 2026. An ongoing multi-year National Environmental Protection Act (NEPA) process
is identifying a range of alternative management paradigms and will ultimately determine
Colorado River Basin operations. To evaluate the effect of these different alternatives on
various resources, the Bureau of Reclamation generated thousands of 35-year hydrologic
traces to support decision making under deep uncertainty. While two-dimensional water quality
modeling is used to support shorter-term planning, model run time precludes its use for
evaluating the full suite of alternative traces. Here we discuss the use of simpler models for
evaluating how different water management alternatives will affect water quality in Lake Powell
and in Glen Canyon Dam releases.

Improving Forecast Discoverability with STAC

Austin Delany', Quinn Thomas', Carl Boettiger?
'Virginia Tech, Blacksburg, USA. 2UC Berkeley, Berkeley, USA

Forecasting Challenges can contain many models with a variety of variables over different
periods of time, and the organization and discoverability of forecast data and metadata are a
common problem. Cloud-based infrastructure and storage can further limit access to forecast
data, especially for data users. In an attempt to overcome these obstacles, we developed a
SpatioTemporal Asset Catalog (STAC) tool for the NEON Ecological Forecasting Challenge to
improve discoverability and access to model forecasts, scores, and other metadata across five
forecasting themes. STAC is an open-source tool that uses common language to structure and
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describe spatial and temporal data. This tool assists in data organization, access, and
discoverability through a user-friendly graphical interface. The STAC coding is built using basic
JSON, and is highly adaptable to a variety of complex datasets. With this tool, data users can
explore the forecasting challenge at different levels of categorization (themes, variables,
forecast durations, and models) with metadata and code for data access available at each level.
In an effort to further expand data discovery and access, we have also mapped our STAC tool
onto the schema.org GeoCODES search engine, which acts as a discovery tool for individual
models and forecasts within the challenge.

Using Diverse Datasets to Better Inform Species Distributions for the Valley and
Ridge Salamander

Joy Flowers', Lane Scher'?, Riley Mummah?, Evan Grant?, David Miller’

'The Pennsylvania State University, State College, USA. Eastern Ecological Science Center,
United States Geological Survey, Turners Falls, USA

Understanding species distributions is fundamental in the realm of ecology, yet modeling rare
species such as the Valley and Ridge Salamander (Plethodon hoffmani) remains challenging
due to limited data. Traditional species distribution models (SDMs) may rely on multiple
presence-only datasets due to data limitations but do not account for a differing observational
process between datasets. Here we explore whether incorporating information from multiple
data sources by modeling a separate observation process decreases our uncertainty
surrounding our estimates for the latent ecological relationships and relative abundances. We
developed a Bayesian hierarchical model that integrates various datasets to achieve this goal in
a flexible framework. Although previous studies have integrated multiple dataset components,
we’ve developed a generalizable framework which quantifies our uncertainty, making it
particularly useful for wildlife managers.

Investigating relationships between time series features and effective
parameters for state space model selection

Steven Hammond, John Smith

Montana State University, Bozeman, MT, USA

For the purpose of model assessment, various “Information Criteria” may be viewed as
approximations to unbiased estimates of out of sample prediction accuracy. In essence,
measures of information criterion make bias adjustments to predictive likelihood with the aim of
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circumventing the additional data and computational requirements necessary for cross
validation. These criterions are conveniently implemented in many statistical software and are
widely used for the purpose of model selection. However, in the domain of state space
modelling, current adjustments for bias are mis-aligned with state space model structure and
may over-penalize otherwise well performing models — namely, correlated latent parameters
aren't well accounted for in classical information criterion. Additionally, those information criteria
that do account for correlated latent parameters, such as WAIC, also require a full Markov Chain
Monte Carlo analysis. Our work aims to characterize how the readily observable qualities of a
time-series relate to a state space model’s “effective parameters” as measured through the
pWAIC adjustment. In this work, we investigate how pWAIC differs between models fit to varying
time series length, autocorrelation, sparsity, and variance.

Bayesian Fusion of Tree Ring Data and Forest Inventory Data to Improve
Forecasts of Tree Growth, C Sequestration Variability, and Climate Sensitivity

Kelly A. Heilman'?, Andria Dawson?®, Michael C. Dietze*, Margaret E. K. Evans®, Grant M. Domke?

'ORAU, Oak Ridge, USA. 2USDA Forest Service Northern Research Station Forest Inventory and
Analysis, St. Paul, USA. 3Mount Royal University, Calgary, Canada. “Boston University, Boston,
USA. *University of Arizona, Tucson, USA

The United States (US) Green House Gas (GHG) Inventory reports annual estimates of forest
carbon stocks and stock changes based on plot-level data collected in the Nationwide Forest
Inventory (NFI). In this inventory, each plot is remeasured on a cycle every ~5-10 years, such
that estimates of forest carbon may miss year-to-year variations in tree growth and carbon
sequestration between remeasurements. Here, we aim to improve estimates of interannual
variability of diameter growth by 1) fitting Bayesian state-space models of diameter growth using
annual tree ring records and diameter measurements for > 15,000 NFI trees from 17 common
species of the Northeastern US, 2). using tree-ring informed models to forecast and validate
diameter growth for NFI trees that lacking tree ring data, and 3) explore data assimilation
options improving forecasts and hindcasts with new diameter remeasurements of NFI trees.

Species-level state-space models that include competition indices, tree size, two
species-specific climate variables, and site-level factors as linear predictors capture 25-65% of
the interannual variability in held-out annual diameter increments. Compared to current NFI
methods (interpolation), state-space estimation enabled with tree-ring data captures annual
growth variability at the tree-level, which may indicate that current stock-difference approaches
could underestimate variability of forest carbon sequestration at the plot-scale. However, data
assimilation methods are needed to constrain hindcasts for tree and plot-level conditions not
captured by the state-space models. This approach lays the foundation to improve annual
estimates of the forest carbon component of the US GHG inventory.
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Co-designing water quality forecast visualizations with community members: a
case study from Lake Sunapee, New Hampshire, USA

Kathryn K. Hoffman', Austin D. Delany', Whitney M. Woelmer'? R. Quinn Thomas', Kathleen C.
Weathers?, Cayelan C. Carey’

'Virginia Tech, BLACKSBURG, USA. 2University of Waikato, Hamilton, New Zealand. *Cary
Institute of Ecosystem Studies, Millbrook, USA

There is substantial interest within the ecological forecasting research community in developing
forecasts used to guide natural resource decision-making. In particular, there is great need for
forecast model output to be translated into forecast visualizations that are usable and
interpretable by managers and community members. However, while forecasting best practices
frequently call for the involvement of end-users in forecast visualization development, few
forecast visualizations have actively involved end-users in their development. To bridge this gap,
we co-designed a water temperature forecast visualization with volunteers and members of the
Lake Sunapee Protective Association, an environmental organization in New Hampshire, USA.
Through an initial workshop and iterative meetings over a year, we co-designed a public-facing
visualization with community members and our research group. In this presentation, we present
a method for forecast visualization co-design and lessons learned through our collaborative
process. In our approach, we leveraged existing familiarities with weather forecasts to develop a
shared language for communicating water quality forecasts. We found that the use of icons and
combined text and pictorial methods were preferred for communicating forecast predictions and
uncertainty. Overall, our team developed a usable water quality forecast visualization that is
shared daily with the public and created a workflow that will be applied to additional water
quality visualization co-design efforts this year.

From the Sahara to the Americas: The Microbial Fingerprint of African Dust
Across the Atlantic’s Atmosphere

Ali Hossein Mardi', Regina Hanlon1, Cristina Gonzalez-Martin?, Ewan Crosbie®, Luke Ziemba*,
Edward Winstead®* Armin Sorooshian®, David Schmale’, Hosein Foroutan’

Wirginia Tech, Blacksburg, USA. %Instituto Universitario de Enfermedades Tropicales, Tenerife,
Spain. 3Science Systems and Applications, Hampton, USA. “NASA Langley, Hampton, USA.
*University of Arizona, Tucson, USA

Between May 20 and July 10, 2022, airborne dust samples were collected across the Atlantic
Ocean from plumes originating in arid regions of North Africa. This transatlantic sampling effort
was enabled through coordination between two NASA field campaigns: Microbes in
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Trans-Atlantic Dust (MITAD) and the Aerosol Cloud meTeorology Interactions oVer the western
ATlantic Experiment (ACTIVATE). Samples were collected at three geographically distinct sites
of Tenerife, Barbados, and Bermuda during conditions ranging from pristine to dust-laden. We
present microbial DNA analysis results to assess how long-range dust transport affects airborne
microbiomes at phylum level. High-throughput sequencing revealed Firmicutes, Actinobacteria,
and Proteobacteria as dominant phyla, with regional variation in abundance and occurrence.
Correlation and principal component analyses linked Firmicutes abundance positively with dust
levels, while Actinobacteria showed consistent negative associations, particularly under
long-range transport. Regression models incorporating dust concentration (OMPS Al and
trajectory-based indices) and transport variables (e.g., travel duration, geographic source
exposure) showed Firmicutes abundance was best predicted by dust concentration, whereas
Actinobacteria was more sensitive to transport dynamics. Barbados exhibited the strongest
microbial shifts, reflecting higher dust influence relative to background conditions. These
findings highlight the dual role of dust intensity and transport conditions in shaping microbial
community structure. By identifying microbial signatures associated with dust exposure, this
work supports the development of ecological forecasting frameworks that integrate atmospheric
transport models with microbiome dynamics. Such forecasts may improve predictions of
microbial community shifts and potential ecological impacts across the Atlantic Ocean during
future dust events.

Near-term forecasts of dissolved organic matter reveal consistent patterns of
forecast performance across multiple freshwater reservoirs

Dexter Howard, Mary Lofton, Quinn Thomas, Austin Delany, Adrienne Breef-Pilz, Cayelan Carey

Virginia Tech, Blacksburg, USA

Dissolved organic matter (DOM) plays an important role in aquatic carbon cycling and is a
valuable metric of ecosystem functioning and water quality in freshwater systems. Despite its
importance for biogeochemical cycling and ecosystem functions, we are unaware of any
forecasts that have been previously developed for freshwater DOM dynamics. To improve our
understanding of DOM cycling, we developed 1-16 day-ahead forecasts of epilimnetic
fluorescent DOM (fDOM) in three drinking water reservoirs near Roanoke, Virginia, USA. We
developed six different forecasting models in each reservoir to predict fDOM. Three models
were time series models based on forecasted environmental drivers (water temperature and
meteorology) that were updated daily from high-frequency fDOM sensors. The other forecast
models included a neural network machine learning model and two baseline reference models
(climatology and persistence). Forecasts were able to capture observed dynamics over a year in
all three reservoirs, with at least one time series model outperforming the null models during the
first 3 days in the forecast horizon, depending on the time of year. Aggregated over a year,
forecast RMSE increased from 1.1 to 3.5 QSU (quinine sulfate units) over the 1-16 day forecast
horizon. Forecast skill varied substantially across seasons, with a higher RMSE in the summer
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stratified period (3.1 QSU) compared to mixed periods (2.1 QSU). These forecasts can help
improve our understanding of the predictability of DOM in freshwater ecosystems as carbon
dynamics become more variable due to global change.

Evaluating Machine Learning Models for Daily Summer Stream Temperature

Tao Huang

Boise State University, Boise, USA

Rising stream temperatures degrade water quality and reduce the availability of thermal refuges
essential for cold-water species. Stream temperature models are valuable tools for enhancing
analysis and informing effective management strategies. This study employed a machine
learning approach to reconstruct daily summer stream temperature for 23 USGS gages in
Idaho. We developed random forest models using daily air temperature and streamflow data to
model the stream temperature time series. The models showed strong agreement between
observed and predicted temperatures, with Nash-Sutcliffe efficiency values ranging from 0.66 to
0.95 and RMSE values between 0.43°C and 1.21°C. These more-than-satisfactory results
enabled the successful reconstruction of stream temperatures during summer periods. Using
Random Forest models for stream temperature prediction, combined with interpretation based
on watershed characteristics, flow regulation, and temperature signals, offers a promising tool
for watershed management and operational decision-making.

Effects of Characteristics of Dust Plumes on the Associated Bacterial
Assemblages

Xinyue Huang', Regina Hanlon1, Cristina Gonzalez-Martin?, David Schmale?, Hosein Foroutan®
Wirginia Tech, Blacksburg, USA. *University of La Laguna, Tenerife, Spain

Microbes can be co-transported with dust aerosols over long distances and affect ecosystems at
the destinations. Elevated microbial concentrations are often associated with dust events;
however, the impacts of environmental conditions accompanying dust plumes on atmospheric
microbial assemblages remains poorly understood. This study addresses this gap by integrating
results of 16S rRNA gene analysis on air samples with detailed investigations of associated dust
plumes. Atmospheric samples were collected on the island of Tenerife, Spain, from 2009 to
2013. Nucleic acids in these samples were extracted and preserved using QlAcard FTA Elute
cards (Qiagen). A subset of 31 samples was extracted, purified, and subjected to 16S rRNA
gene amplification and sequencing. Background reads were subtracted from sample results.
Wind events concurrent with atmospheric sampling underwent trajectory analysis using the
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Hybrid Single-Particle Lagrangian Integrated Trajectory (HYSPLIT) model. Environmental
conditions along these trajectories, including ambient temperature, relative humidity,
precipitation, and solar radiation flux, were also retrieved. Associated aerosol information—
specifically dust concentration, size distribution, and deposition rates—was obtained from the
Multiscale Online Nonhydrostatic Atmosphere CHemistry (MONARCH) dust reanalysis.
Potential correlations between environmental conditions during transport and bacterial
assemblage composition were explored through explanatory analysis, and cluster analysis
based on the rRNA and trajectory analyses. Findings from this work can offer new insights into
the dynamic interplay between dust storms and microbial diversity, and support forecasting
changes in bioaerosols over space and time.

Improving ecosystem carbon flux prediction with a geospatial Al foundation
model

Yanghui Kang*, Srija Chakraborty? Sujit Roy**, Rahul Ramachandran’®*

Virginia Tech, Blacksburg, USA. *Universities Space Research Association, Washington DC, USA.
*NASA Marshall Space Flight Center, Huntsville, USA. “The University of Alabama in Huntsville,
Huntsville, USA

Accurate prediction of ecosystem carbon uptake, or Gross Primary Productivity (GPP), is critical
for understanding ecosystem responses to environmental changes and constraining terrestrial
carbon cycles. Recent advances in geospatial Al foundation models, large models trained on
vast amounts of satellite data, show promising capabilities for diverse environmental and
ecological tasks. In this study, we applied Prithvi EO 2.0, a state-of-the-art geospatial foundation
model, to estimate daily GPP at 35 eddy covariance flux sites. Prithvi EO 2.0 was pre-trained on
over 4.2 million time series samples from global Harmonized Landsat Sentinel-2 (HLS) images
at 30-meter resolutions. We fine-tuned Prithvi to predict GPP with HLS images centered on the
flux towers and meteorological variables from MERRA-2. Preliminary results show that Prithvi
EO 2.0 outperforms conventional machine learning models, including Random Forest and
XGBoost, with up to 15% increase in explained variation (R?). These findings demonstrate
Prithvi’s ability to effectively leverage spatial context, highlighting the potential of geospatial
foundation models to improve carbon flux prediction and support the global upscaling of eddy
covariance observations.

Sustainable Land and Water Resources Research Experience for Undergraduates
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Antony Berthelote', Melissa A. Kenney” Diana Dalbotten?, Cody Sifford’, Cathleen
Torres-Parisian*

'Salish Kootenai College, Pablo, USA. 2University of Minnesota, Institute on the Environment, St.
Paul, USA. *University of Minnesota, St. Anthony Falls Laboratory, Minneapolis, USA.*University
of Minnesota, Polar Geospatial Center, St. Paul, USA

Sustainable Land and Water Resources Research Experience for Undergraduates (SLAWR
REU) is a community-centered and tribally focused summer program, which explores the
interactions between physical, natural, and social processes through the weaving of Indigenous
knowledge with Western knowledge to advance scientific understanding and support tribal
management decisions. SLAWR REU is designed to inspire underrepresented students to find
joy in STEM and pursue STEM careers through rigorous, place-based research projects in close
collaboration with Native American reservations. Students complete their research over 10
weeks in the summer and are placed on teams at three geographically dispersed sites —
including two reservations — and form one research community.

Using a 21-year series of satellite images and deep learning to monitor invasion
and improve predictive distribution models

Thomas Lake', Ryan Briscoe Runquist?, David Moeller?
"North Carolina State University, Raleigh, USA. 2University of Minnesota, St. Paul, USA

Land managers need cost-effective strategies to locate and predict the spread of invasive
species. Researchers use species distribution models (SDMs) to predict invasive spread,
however, one of the barriers to building accurate SDMs is the inherent bias in occurrence
records used during model development. Occurrence datasets represent an important
investment by land managers and community scientists. Yet, the data are often collected in an
unstructured and opportunistic manner leading to significant spatial, temporal, and taxonomic
biases. Remote sensing is an active area of research where scientists are developing tools that
can capture information about plant populations across broad spatial scales. In this study, we
used archival Landsat satellite imagery from 21 years (2000-2020) to train a temporal
convolutional neural network model to document the time course and geography of invasion of
leafy spurge (Euphorbia virgata) across Minnesota, U.S.A. Using our model predictions, we
identified regions with new occurrences, recent extirpations, and inferred population level
growth or decline by tracking changes in predictions over time. We further built SDMs using
community science or remotely-sensed occurrence records. We found the geography of
invasion risk differed based on SDMs built with remotely-sensed occurrences and community
science occurrence datasets, and that models using remotely-sensed occurrence records were
more accurate and predicted higher risk of invasion. We also found that including population
growth data in our SDMs provided additional information about recent invasion success. Our
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study demonstrates that using archival satellite imagery is a promising avenue to accurately
detect, monitor, and predict invasive species spread.

Predicting redistribution mismatches of marine top predators and forage fish in
the Northwest Atlantic Ocean

Hunter Milles’, Jack McDermott', Nima Farchadi'?, Laura McDonell?, Camrin Braun?, Rebecca
Lewison'

'San Diego State University, San Diego, USA. ?Woods Hole Oceanographic Institution, Woods
Hole, USA

As climate change intensifies, there are increasing widespread impacts on ocean species.
Concurrently, the timeframe in which we can achieve climate resilience is rapidly narrowing.
Several marine top predators have begun to redistribute northwards in the Northwest Atlantic
Ocean, among the fastest warming oceanic regions of the world. However, the spatial alignment
of redistributed populations of marine top predators and associated prey remain unknown. To
this end, we leveraged species distribution models to predict and forecast the distributions of 13
highly migratory predators and 4 forage fish prey. Using downscaled climate models developed
for phase 5 of the Coupled Model Intercomparison Project under RCP 8.5, we compared
distributions of species between present (1993-2023) and future (2070-2099) conditions.
Preliminary results suggest that suitable habitat for forage fish decreased along the Northeast
United States within the Mid-Atlantic Bight, Gulf of Maine, Georges Bank, and Scotian Shelf. In
contrast, suitable habitat for highly migratory predators, including marine mammals, large
pelagic fish, sharks, and billfish increased in these regions. These potential mismatches in
future distributions of forage fish prey and highly migratory predators underscore broad potential
ecosystem impacts as the effects of climate change continue to grow.

GitHub Actions for iterative forecasting of acoustically-telemetered fish

Michael O'Brien, David Secor

University of Maryland Center for Environmental Science, Chesapeake Biological Laboratory,
Solomons, MD, USA

Migrations of marine and coastal fauna are often monitored by archival receivers, which record
animal presence, placed along migration pathways. Due to the expense of recovery and
difficulty in transmitting data across the water-air boundary, data are not retrieved from the
receivers for months; receivers thus represent nodes in a network with month-long latency.



40

While cabled receivers allow data to traverse the water-air interface, data transmission and
cataloguing are left to ecologists with little training in cyberinfrastructure, curtailing
near-real-time migration forecasting. In an attempt to lower this barrier, we leveraged GitHub
Actions’ HTTP-based REST API to create a basic, free, open-source back-end infrastructure
which can be extended to near-real-time iterative modelling. We present a pilot study utilizing
this system, a cellular-connected Raspberry Pi, and acoustic biotelemetry to create
near-real-time nowcasts of federally-endangered Atlantic sturgeon.

Harmful Algal Bloom Forecasting at NOAA’s National Centers for Coastal Ocean
Science: Research to Operations (R20)

Alexandria Hounshell', Michelle Tomlinson? Andrew Meredith?®, Yizhen Li* Kathrine Collins* Xin
Yu?*, Kristin Anderson?, Caroline Owens*, Wayne Litaker®, Timothy Wynne?, Steve Kibler", Chris
Holland', Rance Hardison', Sachi Mishra*, Travis Briggs*, David Berthold®, Mark Vandersea’,
Bryan Eder?, Tyler Harman®, Lynn Wilking®, Kaytee Pokrzywinski', Richard Stumpf?, Kari St.
Laurent?

"National Centers for Coastal Ocean Science, NOAA, Beaufort, USA. 2National Centers for
Coastal Ocean Science, NOAA, Silver Spring, USA. *CSS Inc., Charleston, USA. “CSS Inc., Silver
Spring, USA. °CSS Inc., Beaufort, USA. °ORISE, Fort Lauderdale, USA

Harmful algal blooms (HABs) cause significant economic, social, and ecological impacts to
coastal and Great Lakes communities around the United States. As such, resource managers,
public health officials, and community members need robust HAB early-warning and forecasting
capabilities to anticipate and prepare for potential bloom events, and in the event of a bloom,
tools to track the location, trajectory, and magnitude of HABs. The National Centers for Coastal
Ocean Science (NCCOS) within the National Oceanic and Atmospheric Administration (NOAA)
is a leader in conducting applied coastal science that provides information to better understand
and respond to complex coastal issues, including HABs. The NCCOS Harmful Algal Bloom
Forecasting Branch (HAB-F) in particular uses approaches in remote sensing, numerical and
ecological modeling, and in situ data assimilation to develop and deliver HAB early-warning and
forecasting products. This work is combined with diverse forecast dissemination and
communication methods to provide stakeholders with advanced warning of bloom impacts. To
date, HAB-F produces routine HAB forecasts for western Lake Erie, the Gulf of Mexico, and the
Gulf of Maine, and is collaboratively conducting innovative research to expand the geospatial
footprint of regional forecasts (e.g., Chesapeake Bay, Gulf of Alaska, Lake Okeechobee).
Ongoing research includes assessing new technologies and forecasting methods to incorporate
into operational HAB forecast systems; and to implement new forecasting capabilities such as
the probability of HAB toxin exceedance. This presentation will provide an overview of NCCOS
HAB-F and partners efforts to establish a robust operational HAB forecasting system within
NOAA.
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Future hotspots of emerald ash borer impact in eastern US forests: a machine
learning-based prediction

Karun Pandit", Frank H. Koch?

"North Carolina State University, Raleigh, USA. 2USDA Forest Service, Research Triangle Park,
USA

Frequent and severe impacts from forest insects, both native and non-native, have been
recorded in the United States in recent times. With changing climate, ecological, and
socioeconomic dimensions, future forest health scenarios involving these biotic agents look
uncertain and vulnerable. We quantified activity of the emerald ash borer (EAB, Agrilus
planipennis), a non-native bark beetle, in recent years and forecasted future hotspots of this
highly invasive insect in the Eastern United States. We used Forest Inventory and Analysis (FIA)
data from 89,955 plots measured between 2015 to 2023 to characterize the distribution of ash
trees (Fraxinus spp.), Insect and Disease Survey (IDS) data to characterize incidence and
severity of EAB, tree canopy cover data derived from satellite images, and Multivariate Adaptive
Constructed Analogs (MACA) downscaled climate data corresponding to the recent reference
period and for future years. We quantified current severity of EAB using a hotspot statistic
(Getis-Ord Gi*) at the county level and applied machine learning to establish relationships
between the hotspots and predictors: host species density, forest edge index, precipitation,
minimum temperature, maximum temperature, vapor pressure deficit, evapotranspiration, and
relative humidity. We applied ensemble machine learning based on Random Forest, Artificial
Neural Network, Support Vector Machine, and Gradient Boosting Machine to develop models
and predict future scenarios. IDS data revealed severe EAB impacts in southern Indiana and
western Wisconsin during the reference period. Preliminary results showed forest edges and
precipitation as important variables and a northward shift in EAB hotspots under a moderate
climate change scenario (RCP 4.5).

Gaussian Process Forecasting of Tick Population Dynamics

Parul Vijay Patil, Leah R. Johnson, Robert B. Gramacy

Virginia Tech, Blacksburg, USA

The Ecological Forecasting Initiative Research Coordination Network (EFI-RCN) is currently
hosting a NEON Forecasting Challenge in which the aim is to forecast ecological patterns
across five themes. Here we focus on forecasting within the Tick Population theme. The goal of
this theme is to be able to forecast the abundance of Amblyomma americanum, more commonly
known as the lone-star tick. This tick is native to eastern parts of the United States and is a
vector of several diseases. Since incidence of tick-borne diseases is assumed to be correlated
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to tick populations, it is important to predict tick abundance to develop strategies to control and
prevent the spread of these diseases. We sought to build a forecasting model that is able to
predict abundance and that can handle the often sparse, and irregularly sampled observations.
Although tick populations are known to vary with temperature and relative humidity, it is
challenging to predict weather accurately, which would be necessary to build weather-driven
abundance models. Instead, we use a flexible, nonparametric Gaussian Process (GP) model
which attempts to learn seasonal patterns of tick abundance across different sites over the past
decade. We are able to use the fitted GP to make forecasts into the future with uncertainty
quantification. We benchmark our GP forecasts out-of-sample against simple linear time series
models that include temperature and other seasonal covariates and observe that the GP
outperforms the linear models overcoming issues such as sparse training data which are
unequally spaced in time.

Assessing the Performance of Past Predictions in Ecology: Comparing Population
Viabilty Analysis (PVA) Forecasts Over the Last 40 years to Current Trends

Pamela Rueda-Cediel, Jake M. Ferguson

University of Kentucky, Lexington, USA

Forecasting population dynamics is crucial to develop management plans for populations at risk
of extinction. PVA consists of the use of demographic population models to determine
probabilities of population extinction or establishment. While these PVA's have been produced
for four decades, there has been little effort to systematically characterize the accuracy of past
predictions. We aim to test the accuracy of historical PVA by comparing past PVA predictions
with updated monitoring data, to assess the relative strengths and weakness of different model
structures and practices across different monitoring approaches, life histories, and ecological
traits.

We are collecting published PVA, their subsequent monitoring data and recording data on the
model components, taxonomy and ecologic traits. To evaluate predictive accuracy of PVAs we
are comparing the statistical consistency of PVA forecasts with subsequent trajectories using
descriptive measures of consistency and statistical coverage. Additionally, we compare the
intrinsic predictability of each time series to predictive accuracy.

Our preliminary survey includes models of the grizzly bear, the Atlantic salmon, and the piping
plover. Our preliminary results indicate that the predictions made for the piping plover match the
current status of the population. In the case of the Atlantic salmon, we obtained a similar finding
in which the predictions match the available data, while in the case of the grizzly bear there was
no evidence to consider a match between the population viability analysis predictions and the
available data. Our approach provides roadmap for developing well-calibrated forecasts in
disciplines that have historically used ecological forecasting.
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Space does not stand for time in near-term population predictions

Bilgecan Sen’, Christian Che-Castaldo? Jacqueline Grebmeier®, Lee Cooper’, Vyacheslav
Lyubchich?®, Matt Fitzpatrick®

'University of Maryland Center for Environmental Science, Frostburg, USA. U.S. Geological
Survey Wisconsin Cooperative Wildlife Research Unit, Madison, USA. *University of Maryland
Center for Environmental Science, Solomons, USA

Data on species populations tend to be unbalanced, such that either the spatial or the temporal
dimension contain more data than the other. This unbalance has resulted in the widespread use
of space-for-time substitution (SFTS), using spatial models to predict temporal change.
However, while SFTS is one of the most common forms of model transfers, whether spatial
processes can stand for temporal processes is a rarely validated assumption. Here, we
demonstrate that this assumption does not hold true for two hundred bird species using
population counts from the Breeding Bird Survey. In order to explicitly validate SFTS of
population dynamics, we first modeled population counts between 1982 and 2010 using random
forests with spatial, temporal, and residual components of decomposed climatic and weather
variables. Among species with acceptable model fit (R*2 > 0.25, 204 species in total), spatial
components dominate permutation importance scores, indicating more predictive power across
space than across time. Then, we explicitly performed SFTS by predicting population counts
between 2011 and 2020 using random forests built with only the spatial components of the
predictive variables. Even though there were reasonable predictive performance for 104 species
when counts from their respective populations were pooled (Pearson's correlation coefficient >
0.5), predictive performance for each individual population was much lower, with median
correlation coefficient across populations for each species ranging between 0.2 and -0.2,
indicating poor SFTS ability. We discuss why poor SFTS performance can be widespread in
ecology with a particular focus to the transferability of different ecological variables.

Harnessing Machine Learning and Explainable Al to Predict Phytoplankton
Blooms and Identify Key Drivers in Freshwater Reservoirs

Rohit Shukla, Adrienne Breef-Pilz, Mary E. Lofton, Cayelan C. Carey, R. Quinn Thomas

Virginia Tech, Blacksburg, USA

Climate change and eutrophication have exacerbated the frequency of phytoplankton blooms
worldwide, necessitating advanced tools for proactive water quality monitoring and prediction to
mitigate risks to public health and aquatic ecosystems. Machine learning (ML) models are
increasingly being used to predict water quantity and quality variables; however, the black-box
nature of ML models limits their utility for effective water management. To address this limitation,
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this study utilizes four machine learning algorithms—Extreme Gradient Boosting (XGBoost),
Random Forest (RF), Gradient Boosting Machine (GBM), and Categorical Boosting
(CatBoost)—to predict phytoplankton (as chlorophyll a) concentrations in Falling Creek
Reservoir (FCR) and Beaverdam Reservoir (BVR), Virginia, USA. These two water sources
provide drinking water to communities and have historically exhibited phytoplankton blooms. To
enhance the interpretability of these ML models, we integrated explainable artificial intelligence
(XAl techniques, including Shapley Additive Explanations (SHAP) and partial dependence
analyses (PDPs), into our framework. XGBoost exhibited high predictive accuracy, achieving R?
= 0.83 for BVR and 0.77 for FCR. SHAP analysis further identified seasonality as the primary
driver of chlorophyll in BVR, while deep-saturated oxygen concentrations were found to be the
key factor in FCR. These findings highlight the value of comparative modeling efforts at the
individual reservoir scale, as even closely co-located water bodies may exhibit very different
patterns and drivers in chlorophyll. As a result, this study advances the integration of ML and
XAl into adaptive environmental strategies, demonstrating their potential for real-time
chlorophyll forecasting systems.

Your Best Forecast is a Probabilistic Forecast, Probably

Leonard Smith
VT, Blacksburg, USA

Following Admiral Fitzroy, it is argued that probabilistic prediction is the most natural form of
scientific forecasting both in support of decision making and for the advance of understanding.
Challenges arise in practice when (i) observations are imprecise, (ii) models are structurally
inadequate, and/or (iii) the forecast-outcome archive is and will remain limited. There are no
real-world exceptions to these conditions in macroscopic systems. Questions of the measures of
skill, of information content and of relevance suggest co-production with decision makers to
ensure that forecast targets are specific, skillful and deployable. Inasmuch as only | J Good’s log
score is local, proper and consistent with basic relations in probability (via Cauchy’s
multiplicative functional equation), it provides the most relevant metric of forecast skill; common
objections are shown either to be misguided or to arise from the nature of the task, not the skill
metric employed. Once it is accepted that there is no Perfect Model to be found outside of
model-land, more informative options for forecasting than endless claims on model improvement
are on the table. The properties of physical simulation are contrasted with those of statistical
estimation (say, Machine Learning) focusing on their use in decision support. It is argued that
expecting accountable probability forecasts is maladaptive. The most attractive digital twins are
fraternal. Given identical twins, the digital twin is always the evil one.

Smith, L.A. (2016) 'Integrating information, misinformation and desire: improved weather-risk
management for the energy sector', in UK Success Stories in Industrial Mathematics. Springer.
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Forecasting ground beetle abundances across the National Ecological
Observatory Network

Eric Sokol*, Vicky Louangaphay?, Alison Gerken®

'National Ecological Observatory Network (NEON), Battelle, Boulder, CO, USA. *National
Ecological Observatory Network (NEON), Battelle, Oak Ridge, TN, USA. *USDA NRS, Manhattan,
KS, USA

The NEON Ecological Forecasting Challenge provides resources for forecasting ecological data
collected by the National Ecological Observatory Network. Here we focus on the "Beetle
Communities" theme, where we forecast site-level carabid beetle abundances at NEON sites
based on the "Ground beetles sampled from pitfall traps" data product (DP1.10022.001). We
aimed to create simple climate-driven forecast models, evaluate their performance against
recent NEON data, and provide guidance for future challenge participants. Our methodology
utilized challenge infrastructure to access pre-formatted beetle abundance data alongside
CMIPG6 projections of daily precipitation and temperature from 2012-2024 for each NEON site.
Using the R fable package, we developed five forecast models: historical mean (null), random
walk, and linear regression models using temperature, precipitation, or both as predictors.
Models were trained on 2012-2021 data to generate forecasts for 2022-2024, with 2022
predictions evaluated against observed data using continuous ranked probability scores
(CRPS). Results showed forecasts generally fell within observed abundance ranges, although
the random walk model tended to overestimate abundances. Climate-driven models typically
performed similarly to the null model, with temperature-based models outperforming the null at
select sites. We observed decreased forecast accuracy at higher latitudes, suggesting the need
for better approaches to seasonal trends. This work demonstrates basic forecasting approaches
for beetle communities that future participants can build upon to test hypotheses about
population and community responses to environmental drivers at NEON sites. More
sophisticated models may improve predictive capability across the network's diverse ecological
contexts.

Predicting organismal response to marine heatwaves using thermal tolerance
landscape models

Andrew Villeneuve, Easton White
University of New Hampshire, Durham, USA

Marine heatwaves (MHWSs) can cause thermal stress in marine organisms, experienced as
extreme ‘pulses’ against the gradual trend of anthropogenic warming. When thermal stress
exceeds organismal capacity to maintain homeostasis, survival becomes time-limited and can
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result in mass mortality events in critical foundation species such as oysters and corals. Current
methods of detecting and categorizing MHWs rely on statistical analysis of historic climatology
and do not consider biological effects as a basis of MHW severity. Ectotherm thermal tolerance
landscape models provide a physiological framework for assessing the lethal effects of MHWs
by accounting for both the magnitude and duration of extreme heat events. Here, we used a
simulation approach to understand the effects of a suite of MHW profiles on organism survival
probability across (1) three thermal tolerance adaptive strategies, (2) interannual temperature
variation and (3) seasonal timing of MHWSs. We then compared end survival with MHW
classifications using a standard climatology approach. We identified survival isoclines across
MHW magnitude and duration where acute (short duration-high magnitude) and chronic (long
duration-low magnitude) events had equivalent lethal effects. While most research attention has
focused on chronic MHW events, we show similar lethality can be experienced by more
common but neglected acute marine heat spikes. Critically, a statistical threshold definition of
MHWs does not accurately categorize biological mortality. Organism responses can then be
transferred across scales of ecological organization and better predict marine ecosystem shifts
to MHWs.

Assessing opportunities and inequities in undergraduate ecological forecasting
education

Alyssa Willson', Hayden Gallo', Jody Peters’, Antoinette Abeyta? Nievita Bueno Watts®, Cayelan
Carey*, Tadhg Moore®, Georgia Smies®, R. Quinn Thomas*, Whitney Woelmer’, Mary Lofton?,
Jason McLachlan'

"University of Notre Dame, Notre Dame, USA. 2University of New Mexico Gallup, Gallup, USA.
3California Polytechnic State University, Humboldt, Arcata, USA. *Virginia Tech, Blacksburg, USA.
Limnotrack, Hamilton, New Zealand. ®Salish Kootenai College, Pablo, USA. #Virginia Tech,
Blacksburg, USA. “University of Waikato, Hamilton, New Zealand. #Virginia Tech, Blacksburg,
USA. "University of Notre Dame, Notre Dame, USA.

Understanding the current undergraduate curriculum landscape in ecological forecasting allows
for targeted interventions to increase educational opportunities for all students equitably.
Previous EFI-RCN meetings on ecological forecasting education and inclusive pedagogy laid
the foundation for developing interventions to increase equitable undergraduate education.
Following those meetings, we described initial efforts to characterize the current state of
undergraduate ecological forecasting education and increase accessibility and equity of
educational opportunities in this discipline. In this poster, we will revisit our findings from our
paper, namely the persistent patterns (1) in what topics are taught to US undergraduate
students at each of the curriculum levels; and (2) in the accessibility of resources, in terms of
course availability at higher education institutions in the United States. Then, we will describe
the development and implementation of programs to increase the accessibility and
comprehensiveness of ecological forecasting undergraduate education. For instance, our
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initiatives to engage Native American undergraduates used natural resources stories and
emphasized data sovereignty. Additionally, we developed open-access online resources for
learning quantitative concepts at the undergraduate level. Finally, we will discuss updates on the
actions undertaken by members of the EFI community to increase opportunities for and
accessibility of undergraduate education in ecological forecasting subsequent to the publication
of our paper.

Predicting taxa-specific benthic cyanobacteria occurrence and anatoxin
concentrations in a recreational river

Jordan Zabrecky', Taryn Elliott’, Meaghan Hickey?, Rosalina Stancheva?®, Greg Boyer*, Keith
Bouma-Gregson®, Laurel Genzoli', Rich Fadness®, Michael Thomas®, Ramesh Goel’, Robert
Shriver', Joanna Blaszczak’

'University of Nevada, Reno, Reno, USA. ?Vermont Department of Environmental Conservation,
Montpelier, USA. 3George Mason University, Fairfax, USA. “State University of New York College
of Environmental Science and Forestry, Syracuse, USA. °U.S. Geological Survey, Sacramento,
USA. ®California State Water Resources Control Board, Santa Rosa, USA. “University of Utah, Salt
Lake City, USA

Benthic cyanobacterial mats have increasingly become a worldwide public health concern due
to their potential to produce potent neurotoxins known as anatoxin(s). Despite this, our ability to
predict when benthic cyanobacterial mats proliferate and when mat anatoxin concentrations are
highest is limited. We evaluated predictive models fit to weekly data from June to September
2023 at five 150-m reaches in the South Fork Eel River in northwestern California. Within each
reach, we estimated benthic percent cover, collected benthic mat samples for toxin analyses,
measured water quality parameters, and maintained high-frequency dissolved oxygen and
temperature sensors to estimate daily river gross primary productivity (GPP). We fit
autoregressive Bayesian models to predict both benthic cyanobacteria cover and toxin
concentrations separately for anatoxin-producing taxa Microcoleus and Anabaena. Benthic
surveys revealed that the timing of peak benthic cyanobacteria cover was taxa-specific.
Microcoleus accrued throughout the summer (up to 24.1% cover in late September) while
Anabaena cover peaked early August (up to 22.3%). However, anatoxin concentrations from
both Microcoleus and Anabaena mat samples peaked in late August to early September (up to
99.09 ug anatoxins per g mat). Preliminary predictive models found that covariates such as
discharge, GPP, and conductivity improved predictions of Microcoleus cover, but did not improve
predictions for Anabaena cover. Improving our capacity to predict the timing and magnitude of
benthic cyanobacteria mat proliferations and anatoxin concentrations is critical to future
forecasting efforts that could inform the public of anatoxin risk in recreational rivers.
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