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Terrestrial  
Ecology
Terrestrial ecology research supported by the 

Environmental System Science program seeks to improve 

the representation of terrestrial ecosystem processes in 

Earth system models, thereby enhancing the robustness of 

model projections and providing the scientific foundation 

for solutions to the U.S. Department of Energy’s most 

pressing energy and environmental challenges.
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Rhizodeposition and the Fate of 
Mineral-Associated Soil Carbon
Zoe Cardon1* (zcardon@mbl.edu), Marco Keiluweit2, 
Carolyn Malmstrom3, William J. Riley4, Mariela Garcia 
Arredondo5, Sherlynette Pérez Castro1,6, Zelalem 
Mekonnen4, Suzanne Thomas1, Kota Nakasato3, 
Jacob Gantz3, Ella Lemley-Fry7

1Marine Biological Laboratory, Woods Hole, MA; 2University of Lausanne, 
Switzerland; 3Michigan State University, East Lansing, MI; 4Lawrence 
Berkeley National Laboratory, Berkeley, CA; 5University of Massachusetts–
Amherst, MA; 6University of Georgia, Athens, GA; 7Lawrence University, 
Appleton, WI

Mineral-associated organic matter (MAOM) is a dominant 
component of total soil carbon (C). Once bound to reactive 
soil minerals that organic matter can be protected for mil-
lennia. Individual compounds commonly released by roots 
can mobilize MAOM off minerals to different extents, via 
different mechanisms, making the OM vulnerable to micro-
bial attack. Carbon dioxide (CO2) can then be released, 
and nutrients can be moved back into rapidly cycling pools, 
potentially creating a feedback to plant root activity. But 
rhizodeposits from living roots are complex mixes of com-
pounds, and their quality and quantity vary with environ-
mental conditions., Beyond demonstrating that individual 
compounds commonly lost by roots have the potential to 
mobilize MAOM, taking the next step requires exploring 
how naturally complex and dynamic mixes of rhizodepos-
its from live roots affect MAOM pool dynamics in soil. 
Researchers conducted two greenhouse growth chamber 
experiments quantifying the capacity of live root systems to 
mobilize MAOM off minerals as a function of altered mor-
phology and physiology triggered by Barley Yellow Dwarf 
Virus (BYDV) infection, as a function of low soil nutrient 
and water availability. Among other results, respiration 

from soil under BYDV-infected plants had a higher percent 
13C-MAOM-derived CO2 (p = 0.001), and phosphorus and 
nitrogen limitation both could intensify MAOM mobiliza-
tion and mineralization by plants. Researchers also explored 
the interaction of mycorrhizal and BYDV infection and 
developed an assay for visualizing (via fluorescence) the 
root-induced release of complex organic molecules from 
established associations with ferrihydrite. Researchers are 
currently using the model ecosys to explore the ecosys-
tem-scale implications of altered kinetics of binding and 
release of OM to and from minerals, and altered capacity 
for OM binding, for C and nutrient cycling in grasslands 
and forests. Root-induced mobilization of MAOM has large 
potential to affect the productivity of ecosystems and the 
fate of large reserves of C stored in soil.

Measured and Modeled Responses of 
Tropical Plant Carbon Balance at the TRACE 
Site to Long-Term Experimental Warming 
and Hurricane Disturbance Recovery
Molly A. Cavaleri1* (macavale@mtu.edu), Rob Tunison1, 
Sasha C. Reed2, Tana Wood3, Mingjie Shi4, Anthony P. 
Walker5, Xiaojuan Yang5

1Michigan Technological University, Houghton, MI; 2U.S. Geological 
Survey, Southwest Biological Science Center, Moab, UT; 3USDA Forest 
Service International Institute of Tropical Forestry, Rio Piedras, PR; 
4Pacific Northwest National Laboratory, Richland, WA; 5Oak Ridge 
National Laboratory, Oak Ridge, TN

The team is using a unique understory warming experiment 
along with numerical modeling to determine how tropical 
forest plants respond to long-term warming and hurricane 
disturbance in Eastern Puerto Rico. The Tropical Responses 
to Altered Climate Experiment (TRACE), which uses 

University Projects
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infrared heaters to warm understory vegetation +4 °C above 
ambient temperatures, was hit by two major hurricanes in 
September 2017. Researchers measured plant structure and 
physiological responses to changing post-hurricane canopy 
dynamics and experimental warming. They also used the 
nutrient-enabled Functionally Assembled Terrestrial Eco-
system Simulator (FATES-CNP) to determine how these 
changes reflect overall carbon exchange and nutrient fluxes 
in the system. Six years post-hurricane, in situ measure-
ments showed warmed plots were half the height of control. 
Photosynthesis declined by ~60% in response to closing 
canopy conditions following the hurricanes and showed a 
~30% decline in response to experimental warming. Neither 
photo synthesis nor plant respiration acclimated significantly 
to warming or hurricane disturbance; however, root biomass 
was reduced in warmed plots leading to ~50% reduction in 
overall ecosystem-level root respiration for warmed plots. 
Using site-specific data to parameterize the ELM-FATES 
model, researchers found that +4 °C warming simulations 
had lower biomass, productivity, and respiration than ambi-
ent simulations when there was a hurricane disturbance 
every 10 years. These changes in biomass, productivity, 
and respiration, due to warming do not necessarily confer 
reduced net ecosystem productivity (NEP), which was 
not different between warmed and ambient simulations. 
Researchers found that NEP fell from ~2.5 g m-2d-1 in 
base-FATES model runs to near zero in nutrient-enabled 
model runs (FATES-CNP), driven largely by heterotrophic 
respiration. This suggests that including more advanced 
soil processes into the FATES model has large effects on 
ecosystem processes. Overall, the team found that plant 
carbon exchange processes acclimated quickly to changes in 
post-hurricane canopy dynamics, but that warming induced 
limited physiological acclimation responses.

Synthesizing Bryophyte Functional Response 
to Environmental Variation to Improve 
Terrestrial Carbon Cycle Modeling
Kirsten K. Coe1* (kcoe@middlebury.edu), Sasha C. Reed2, 
Casey Schine1, Verity G. Salmon3, Benjamin N. Sulman3, 
Peter E. Thornton3

1Middlebury College, Middlebury, VT; 2U.S. Geological Survey, Moab, UT; 
3Oak Ridge National Laboratory, Oak Ridge, TN

Scientific understanding of current and future drivers of 
carbon (C) cycling at ecosystem and global scales relies on 
the ability of Earth system models (ESMs) to accurately 
represent plant-environment interactions and feedbacks. 
Bryophytes (mosses and their relatives) significantly affect 
C cycling, storage, and biogeochemical responses to global 
change across terrestrial ecosystems, but have remained 

unrepresented in ESMs. The central aim for this project 
is to conduct a global synthesis of bryophyte-C cycling 
processes, their drivers, and their responses to change. The 
objectives are to (1) leverage existing datasets to generate a 
database of bryophyte processes that relate to C cycling; and 
(2) elucidate, analyze, and test key relationships between 
bryophyte functional processes and environmental variables 
suitable for inclusion into ESMs and development of a novel 
bryophyte plant functional type. The preliminary analysis 
of available literature revealed over 3000 bryophyte func-
tional trait records published since 1980 that are directly 
(e.g., NPP, biomass, Vcmax, decomposition; 1020 records) 
or indirectly (e.g., nitrogen content, water holding capacity; 
2072 records) related to the C cycling metrics the team 
intends to develop for bryophyte-specific ESM functions. 
Researchers located bryophyte-C cycling records present 
in all focal ecosystems (boreal forest, n=732; Northern 
latitude, n=630; peatland, n=1232; dryland, n=498) and 
across all of the bryophyte growth forms (acrocarp, i.e., 
upright-growing shoots; peat moss; feather moss; biocrust) 
on which the team will focus for this synthesis.

Preliminary findings suggest bryophytes play relevant roles 
in terrestrial C cycling and data are available in the literature 
that characterize key bryophyte processes important to the 
C cycle across major terrestrial biomes.

Predicting Hot Spots and Hot Moments 
of Biogenic Gas Accumulation and 
Release in a Subtropical Ecosystem Using 
Airborne Ground-Penetrating Radar
Xavier Comas1* (xcomas@fau.edu), Neil Terry2, 
Caiyun Zhang3, Rajeun Islam1

1Florida Atlantic University–Davie, FL; 2U.S. Geological Survey, New York 
Water Science Center, Troy, NY; 3Florida Atlantic University–Boca Raton, FL

Peatlands are major terrestrial carbon (C) stores and large 
natural producers of biogenic greenhouse gases (e.g., meth-
ane; CH4 and carbon dioxide; CO2), which accumulate in 
the soil matrix and subsequently release to the atmosphere. 
While several conceptual models have been developed over 
the last 2 decades, identifying hot spots and hot moments 
for the accumulation and release of biogenic gases are 
limited in peatlands, likely due to the lack of effective non-
invasive methods available to be deployed at reasonable 
temporal and spatial scales for such an identification. This 
project has been testing a small unoccupied aircraft system 
(sUAS)-based ground-penetrating radar (GPR) prototype 
for imaging hot spots of gas accumulation in the Ever-
glades, as representative peat soils in subtropical wetland 
ecosystems. After several delays related to changes in drone 
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legislation in Florida, field campaigns in 2023 provided (1) 
a seasonal GPR time-lapse dataset collected over a 140 m 
by 140 m grid in two project sites that show gas content dis-
tribution ranging between 2 to 18% during the dry season, 
shifting to 6 to 28% during the wet season; (2) CH4 fluxes 
directly inferred from gas traps ranging between 16 to 80 mg 
CH4 m-2 d-1 with values almost three times larger in identi-
fied hot spots characterized by higher GPR inferred soil gas 
content; and (3) coincident optical sUAS based multispec-
tral imagery products with five spectral channels (red, green, 
blue, near infrared, and red edge) and a resolution of 1 foot 
that will be combined with GPR and field measurements to 
identify the relationship between the remotely sensed sur-
face reflectance and gas fluxes.

This study also further tested airborne GPR measurements 
in monoliths under controlled laboratory conditions. Over-
all GPR gas content distribution in the soil was strikingly 
similar to field conditions and ranged between 12 to 34% gas 
content that resulted in gas flux releases up to 82 mg CH4 
m-2 d-1 (as directly inferred from gas traps), and higher fluxes 
once again coinciding with areas of higher GPR inferred 
gas content. Measurements will be expanded both in the 
field and laboratory to monitor gas content dynamics in the 
identified hot spots. Researchers will further analyze (1) gas 
samples for CH4 metabolic pathways; and (2) how soil 
matrix may influence gas distribution via X-ray computed 
tomography (via a limited scope proposal submitted to the 
Environmental Molecular Sciences Laboratory).

Virtual

A Research Agenda for Improving the 
Representation of Plant Hydrodynamics 
in Earth System Models
Jeffrey Dukes1* (jdukes@carnegiescience.edu), 
Chonggang Xu2, Elin Jacobs3, Richard Phillips4, 
Kimberly Novick4, Yilin Fang5, Chang Liao5, Daniel Beverly4, 
Indira Paudel1

1Carnegie Institution for Science, Stanford, CA; 2Los Alamos National 
Laboratory, Los Alamos, NM; 3Purdue University, West Lafayette, IN; 
4Indiana University–Bloomington, IN; 5Pacific Northwest National 
Laboratory, Richland, WA

Plant traits linked to drought tolerance vary widely among 
different species but also among and even within popula-
tions of a single species. This variation is driven partly by 
antecedent moisture conditions and partly by the pedocli-
matic conditions in which the plants grow. While research-
ers have recently implemented frameworks for simulating 
plant hydraulics in Earth system models, the frameworks 

depend on fixed trait values of variable quality, and the data 
needed to assess and validate these new models are largely 
lacking. Here, the team discusses how models simulate plant 
hydraulics, focusing on their strengths, weaknesses, and 
data needs, and identifies data gaps that limit confidence 
in their output. Researchers identify field and laboratory 
research needs related to these models and model evaluation 
workflows that can build confidence in models’ ability to 
represent plant responses to current and future environmen-
tal conditions. To enable more realistic simulation of plant 
hydraulic responses to water stress in models, the research 
community should provide model-compatible datasets of 
key plant hydraulic traits and status for model evaluation, 
parameterization, and validation. Researchers should use 
these data to pinpoint ecosystem responses to a changing 
hydroclimate by addressing both long-term climatic drying 
and episodic extreme droughts.

Plant-Mediated Hydraulic Redistribution: A 
Valve Controlling Watershed Solute Transport? 
Marc Dumont1* (marc.dumont@mines.edu), Xander 
Redlins2, Rahila Yilangai3, Kamini Singha1, Holly Barnard3, 
Emily Graham4, Pamela Sullivan1

1Colorado School of Mines, Golden, CO; 2Oregon State 
University, Corvallis, OR; 3University of Colorado–Boulder, CO; 
4Pacific Northwest National Laboratory, Richland, WA 

Plants passively move water in the subsurface from wet 
to dry soil via their roots in a process known as hydraulic 
redistribution (HR). This passive redistribution of soil 
water may have important implications for a soil’s carbon 
carrying capacity, nutrient exchange, and soil structure, 
particularly in seasonally water-limited environments such 
as the Mediterranean climate of the western United States. 
Soil moisture is an important regulator of microbial activity, 
organic matter decomposition, biogeochemical cycling, and 
soil properties. The objective of the project is to elucidate 
the relationship between HR, soil carbon and nutrient 
dynamics, and soil properties through a multi-year study 
with in situ data collected from two adjacent hillslopes 
at Watershed 10 of H.J. Andrews Experimental Forest in 
Oregon, USA. Here, recent work has revealed two types of 
ecohydrological functions associated with high and low HR 
among the hillslopes. Where trees have access to ground-
water, moisture in the upper soil profile vary by nearly 2% 
between night and day. In contrast, hillslopes where tree 
access to groundwater is inhibited experience a daily mois-
ture increase in the upper soil of <0.5%. To meet objectives, 
the team relies on the combination of multidisciplinary 
monitoring to quantify hydraulically redistributed water 
and its relationship to soil structure and biogeochemistry. 
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In summer 2023, the team began monitoring sap flow, soil 
moisture, CO2 soil concentration, matrix potential, and soil 
and tree self-potential. The team also assessed soil structure 
and chemistry through X-ray computed tomography and 
high-resolution carbon and nutrient pool characterizations. 
These measurements are being acquired in four sites, two 
on each slope with a first site close to the river and a sec-
ond uphill, where the vegetation have more limited access 
to groundwater. Last summer’s data provide first insights 
of interactions between trees, soil water, and geochemical 
dynamics. Additionally, the classification of soil physical 
and hydrologic properties via field and laboratory analysis 
has revealed distinct differences between rooting patterns 
and soil structural properties between high- and low-HR 
hillslopes. The team finds that high-HR sites tend to have 
more homogeneous rooting patterns, where low-HR sites 
have distinct trends in coarse- and fine-root patterns with 
depth. This result suggests that where water is more limited, 
roots may have more targeted rooting strategies. Further-
more, in low-HR sites, it appears that more root mass is 
dedicated to fine, non-woody absorption roots. High-HR 
sites also tend to have a higher soil clay fraction and smaller 
overall soil aggregate distribution than low-HR sites. Self- 
potential monitoring highlights water flows from the soil to 
the tree. Initial analyses show that upward water flows are 
greater at sites near the stream and a strong contrast between 
high- and low-HR slopes. Combined, these data will help 
us understand how surface vegetation influences subsurface 
water fluxes with the goal of identifying how these biolog-
ically mediated water fluxes may, in turn, alter soil-carbon 
dynamics and soil physical properties.

Methane Dynamics of Vegetation-Soil 
Interactions in Bald Cypress and Other 
Bottomland Hardwood Forests
Bassil El Masri1* (belmasri@murraystate.edu), Skylar 
Ross1, Marissa Miles1, Jarred Asselta2, Jessica Moon1, Gary 
Stinchcomb3, Kabiraj Khatiwada4, Benjamin Runkle4

1Murray State University, Murray, KY; 2University of Minnesota–
Twin Cities, Minneapolis/St. Paul, MN; 3University of Memphis, TN; 
4University of Arkansas, Fayetteville, AR

Methane (CH4) is one of the most important greenhouse 
gases and more than 30% of its total emissions originate 
from wetlands. There is high uncertainty in the contribu-
tion of mineral soil wetlands to global CH4 budgets. The 
project objectives are (1) to improve the understanding 
of the controls on CH4 fluxes in forested mineral soil wet-
lands; and (2) to better understand the effects of landscape 
position and forest composition on the CH4 fluxes between 
terrestrial ecosystems and the atmosphere. Using a coupled 

modeling-experimental approach, researchers are mea-
suring the spatial and temporal dynamics of CH4 fluxes in 
soils and woody structures (stems and knees) of temperate 
bald cypress (Taxodium distichum) and other bottomland 
hardwood stands and incorporating measurements into 
an ecosystem model to improve the model representation 
and predictions of CH4 fluxes. Soil collars and custom-built 
chambers were installed in the stems and knees of trees 
along four sites that span a hydrologic gradient from the 
terrace to the stream channel in western Kentucky’s Clarks 
River National Wildlife Refuge (CRNWR). The team found 
significant differences in soil CH4 fluxes (p-value < 0.02) 
between the bald cypress stand and the other species stands 
(p-value < 0.02), but no significant differences in stem CH4 
fluxes among species (p-value = 0.25) during the drought 
year. These results showed a higher average soil CH4 uptake 
rate in high knee density areas compared to no knee areas 
(p = 0.004) that can offset the observed knee CH4 emission. 
Researchers found no statistically significant difference 
between soil fluxes during drought and after historic flood-
ing events (except for the post oak site), but the flooding 
event can enhance stem and knee CH4 emissions. The team 
will use ongoing monitoring to improve understanding of 
soil-vegetation interaction in hardwood bottomland wet-
lands and incorporate these functions into ongoing process-
es-based modeling efforts.

Rhizosphere Carbon Fluxes Under Drought 
and Hydraulic Redistribution Conditions
Richard Marinos1 (rmarinos@buffalo.edu), 
Fiona Ellsworth1*, Scott Mackay1, Angela Possinger2, 
Mitchell Hitchcock1

1State University of New York–Buffalo, NY; 
2Virginia Polytechnic Institute and State University, Blacksburg, VA

Hydraulic redistribution (HR) is the passive movement of 
water from wet soil regions to dry soil regions (for example 
from deep soils at the water table to dry surface soils) using 
plant roots as conduits. It is well appreciated that HR plays 
an important role in plant growth and survival during peri-
ods of drought but less is known about how HR sustains 
microbial life in the soil. HR provides water to microbes in 
the rhizosphere, and it also may flush root exudates into the 
rhizosphere. The central hypotheses behind this research are 
(1) plants produce higher quantities of root exudates when 
undergoing HR; (2) the flow of water during HR carries 
these exudates farther than they would normally diffuse into 
the soil, expanding the rhizosphere, and; (3) HR-delivered 
exudates and water sustain microbial activity during drought 
with important implications for carbon cycling in soils.



       * Presenting Author6

Terrestrial Ecology        2024 Environmental System Science PI Meeting Abstracts

The experimental work on this project has focused on devel-
oping and refining analytical methods for the analysis of 
root exudates under both HR and non-HR conditions and 
preparing specimens in the greenhouse for performing these 
experiments. Working with collaborators at Environmental 
Molecular Sciences Laboratory (EMSL), researchers have 
developed novel exudate collection and FT-ICR-MSI analy-
sis methods that permit imaging of root exudation along the 
root network. Researchers have also developed an extensive 
LC-MS based metabolite library and analytical workflow for 
processing of exudate samples.

The modelling work on this project has coupled the Carbon, 
Organisms, Rhizosphere, and Protection in the Soil Envi-
ronment (CORPSE) soil biogeochemical model to a 1-D 
advection-dispersion model to model exudate transport and 
transformations in the rhizosphere. This has been coupled 
in turn to the TREES ecohydrological model. This model 
has been tested against data from several FluxNet sites and 
will be used to model root-rhizosphere processes under the 
greenhouse conditions of the experiment.

Virtual

Remote Sensing of Plant Functional Traits 
for Modeling Arctic Tundra Carbon Dynamics
Jennifer Fraterrigo1* (jmf@illinois.edu), Mark J. Lara1, 
Shawn Serbin2, Eugénie Susanne Euskirchen3

1University of Illinois–Urbana-Champaign, IL; 2Brookhaven National 
Laboratory, Upton, NY; 3University of Alaska–Fairbanks, AK

Rapid warming of high-latitude regions is increasing plant 
trait variation across local to regional scales. Due to the criti-
cal role plant traits (e.g., leaf nitrogen, specific leaf area) have 
in gross primary production and plant and soil respiration, 
understanding the spatial patterns of trait variability across 
changing tundra ecosystems is essential for improving the 
performance of Earth system models. This project aims to 
improve the representation of trait variation in models by 
characterizing directly observable plant traits from remotely 
sensed data and predicting unobservable (e.g., below-
ground) traits. This trait information will be integrated into 
the Terrestrial Ecosystem Model to quantify and predict 
regional carbon balance in the Alaskan tundra.

In 2021 and 2022, the team established eight sites represent-
ing dominant plant community types in northern Alaska. 
Five of the sites have been sampled; the remaining sites 
will be sampled in 2024. At each site, researchers measured 
species percent cover, canopy height, and soil microenvi-
ronmental parameters and collected leaf and root samples 
to characterize traits at the species, functional type, and 

community levels. Each site was also imaged using hyper-
spectral and light detection and ranging sensors onboard an 
uncrewed aerial system (UAS).

UAS-derived plant trait maps represent well ground-based 
observations of leaf traits and aboveground biomass (root 
traits are currently being measured), explaining 43 to 87% 
of the trait variability across sites. To upscale plant traits, 
the team merged site-specific trait maps and models with 
Airborne Visible Infrared Imaging Spectrometer-Next 
Generation (AVIRIS-NG) data.

Preliminary results suggest the accuracy of plant trait 
retrieval via remote sensing will be trait-specific and vary 
by ecoregion. This highlights the necessity of incorporat-
ing local-scale plant trait variability for accurately model-
ing regional-scale plant trait variation. This research will 
improve the ability to map plant trait variation across vast 
regions of the Arctic, furthering understanding of high- 
latitude carbon-climate feedbacks.

Improving Environmental System Science 
Approaches to Evapotranspiration 
Partitioning Through Data Fusion
Stephen Good1* (stephen.good@oregonstate.edu), 
Han Chen1, Kelly Caylor2, Lixin Wang3, Richard Fiorella4

1Oregon State University, Corvallis, OR; 2University of California–
Santa Barbara, CA; 3Indiana University–Purdue University, 
Indianapolis, IN; 4Los Alamos National Laboratory, Los Alamos, NM

This project aims to address the uncertainty in estimates of 
T/ET, which is the ratio of transpiration (T) to evapotrans-
piration (ET) flux in hydrologic models. Previous research 
has shown that models often exhibit compensating errors 
such that total ET estimates have relatively small biases in 
comparison to eddy covariance tower ET measurements, 
yet exhibit strongly divergent T/ET ratios. This uncertainty 
in T/ET ratios limits the utility of Earth System Models in 
applications that heavily rely on this partitioning, includ-
ing investigations of soil moisture dynamics, vegetation 
dynamics and productivity, food security, and watershed 
hydrologic response, among others. To provide new insight 
for mechanistic modeling of ET partitioning within Earth 
System Models and improve future predictions, this project 
will evaluate different T/ET partitioning methods through 
cross-site synthesis. Researchers use these to produce 
benchmark T/ET data products at long-term research sites 
and in an upscaled estimate, global T/ET estimates derived 
from calibrated E3SM Land Model (ELM) simulations 
under current and future conditions. In doing so, the project 
will provide fundamental advancements in the character-
ization of process-based model uncertainty, improvement 
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of modeling with T/ET fusion estimates, and estimation 
of future declines in T/ET under changing climates. The 
proposed research will leverage data from AmeriFlux net-
works and other networks and aligns with the DOE Model- 
Experiment (ModEx) paradigm. The project addresses ESS 
Science Research Area 3: “Synthesis Research for Trans-
ferable Insights” and will improve understanding broadly 
across the water, carbon, and energy cycles.

Are Trees Dormant During the Dormant 
Season? Determining the Importance of 
Plant Nutrient Uptake in Changing Cold 
Seasons in Cold-Region Catchments
Christine Goodale1* (clge33@cornell.edu), 
Stephanie Freund1, Peter Groffman2, Peter Hess1, Qing Zhu3

1Cornell University, Ithaca, NY; 2City University of New York–Brooklyn, NY; 
4Lawrence Berkeley National Laboratory, Berkeley, CA

Most Earth system models tie plant nutrient uptake to 
photosynthetic demand and predict that uptake ceases over 
winter. However, plants may be more active belowground 
during winter than previously recognized. Yet, the extent of 
plant nitrogen (N) uptake during the dormant season is not 
known, nor how it varies with plant traits or in response to 
warming winters. Researchers are conducting a set of exper-
iments and modeling activities to characterize cold-season 
plant N uptake, its controls, and its response to shrinking 
snowpacks in seasonally cold temperate forests. The team’s 
overarching hypothesis is that temperate trees take up bio-
geochemically important amounts of N over winter and that 
this uptake changes along with winter climate conditions. 
Researchers are testing this hypothesis with 15N tracer 
studies of cold-season N uptake, snowpack manipulation 
experiments, and the equilibrium chemical approximation 
(ECA) version of the E3SM land model. First (Objective I), 
researchers are both simulating (ELM-ECA) and measuring 
(15N tracers) winter plant N uptake by juvenile and adult 
trees spanning a range of plant functional traits. Next, at the 
ecosystem scale (Objective II), researchers are both simu-
lating (ELM-ECA) and measuring (15N tracers) competi-
tion for N among mature trees, microbes, and gaseous and 
hydrologic N losses in response to experimentally reduced 
winter snowpacks at Arnot Forest, NY, and Hubbard Brook, 
NH, two watersheds with contrasting stream nitrate sea-
sonality. Last (Objective III), the team will use ELM-ECA 
to assess how cold-season plant N uptake and changing 
winter snowpacks will alter terrestrial carbon and nitrogen 
dynamics under future scenarios of additional warming and 
rising atmospheric CO2. Together, the proposed activities 
will test and strengthen E3SM-ELM representation of plant 
N uptake, which is one of the largest annual N fluxes in 

terrestrial ecosystems and a central constraint on terrestrial- 
carbon sequestration.

Understanding the Geochemical Basis for Soil 
Organic Matter Storage at the Global Scale
Brooke Hunter* (brooke.hunter@yale.edu), Eric Slessarev

Yale University, New Haven, CT

Terrestrial ecosystems capture atmospheric CO2 and 
incorporate it into soil organic matter (SOM). SOM can 
be decomposed by microbes—returning carbon (C) to the 
atmosphere—or stabilized by minerals and retained in soil. 
Predicting the balance between decomposition and SOM 
retention in soil is critical to forecasting future atmospheric 
CO2 levels yet remains a major challenge for biogeochemi-
cal models. These models use climate and soil clay content 
to constrain rates of SOM cycling; however, it is the overall 
reactivity of soil minerals and not simply clay content that 
controls SOM retention. Incorporating the effects of mineral 
reactivity on SOM cycling at the global scale is not currently 
possible because of a lack of detailed global maps of the soil 
geochemical environment. To close this knowledge gap, 
researchers have synthesized seven geochemical datasets 
that cover five continents. With this combined database 
(n=21,000+ observations), researchers will test the extent 
to which geologic factors influence soil mineralogy and 
SOM storage. Specifically, the team will use this harmonized 
geochemical database to model and predict soil mineralogy 
and mineral reactivity globally. These modeling efforts will 
rely on a process-based geochemical model complemented 
by machine-learning derived predictions. The team will use 
the model outputs to evaluate how patterns and trends in 
mineral reactivity relate to SOM storage. Researchers will 
develop a publicly available version of the final harmonized 
database and derived model predictions to be hosted by 
the Environmental System Science Data Infrastructure for 
a Virtual Ecosystem (ESS-DIVE). The results will provide 
insight into the geologic and topographic controls on C 
dynamics important for climate predictions.

Furthermore, soil mineralogy data products will make mod-
els better equipped to include geochemical data and analysis 
of SOM stabilization.
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Linking Field Experiments and Modeling 
to Understand the Role of Hydraulic 
Redistribution in Temperate Forests
Elin Jacobs1* (ekarlsso@purdue.edu), Zoe Cardon2, 
Jeffrey Dukes3, Yilin Fang4, Theresa Hudson1, Indira Paudel3, 
Lisa Welp-Smith1

1Purdue University, West Lafayette, IN; 2Marine Biology Laboratory, 
Woods Hole, MA; 3Carnegie Institute for Science, Palo Alto, CA; 
4Pacific Northwest National Laboratory, Richland, WA

Plant-mediated hydraulic redistribution (HR) may play a 
significant role in maintaining photosynthesis and transpi-
ration rates during periods of drought. Climate projections 
suggest that warmer conditions will consistently increase 
water stress during the growing season, which may exacer-
bate droughts and increase the importance of HR in buff-
ering periods of water limitation. However, these processes 
are currently not well constrained in Earth system models 
which could be a source of the well-known uncertainty 
in simulations of soil moisture states and of water and 
carbon fluxes.

Researchers use field experiments to better understand 
the prevalence and magnitude of HR across tree species, 
tree sizes, and drought durations in three temperate forest 
species (Juglans nigra, Quercus rubra and Acer saccharum), 
representing contrasting hydraulic strategies, by measur-
ing soil and plant hydrologic and hydraulic properties and 
fluxes. Trees are instrumented with sap flow probes at three 
locations ranging from the roots to the lowest branch, psy-
chrometers and water content probes. To facilitate the soil 
moisture gradient that is necessary for HR to take place, 
50% of the trees are equipped with plastic skirts that prevent 
water from replenishing upper soil layers.

Simultaneously, researchers use model sensitivity experi-
ments to explore the hypothesized water resource compe-
tition between nighttime stomatal conductance, recharge 
of plant-water storage and hydraulic redistribution. Better 
understanding of this partitioning and its influence on fluxes 
is a key first step to improving model parameterizations of 
HR. Researchers use two models that couple with the E3SM 
land model (ELM); the parameter-rich FATES-HYDRO 
hydrodynamics model and ELM with a new, simpler, plant 
hydraulic stress (PHS) representation. Researchers provide 
an overview of the field and model experimental designs and 
of the results and lessons learned available at this early point 
in the project.

Investigating Cross-Scale Dynamics 
at Terrestrial-Aquatic Interfaces 
in Temperate Forests
Jaclyn Hatala Matthes1* (jmatthes@fas.harvard.edu), 
Noel Michele Holbrook1,2, Charles Harvey3, Naomi 
Hegwood1, Jonathan Gewirtzman4, Hannah Burrows1

1Harvard Forest, Harvard University, Cambridge, MA; 2Harvard University, 
Cambridge, MA; 3Massachusetts Institute of Technology, Cambridge, MA; 
4Yale University, New Haven, CT

Terrestrial-aquatic interfaces are critical sites of biogeo-
chemical processing, and the location of these interfaces is 
increasingly impacted by rising total annual precipitation and 
extreme rain events that rapidly move the water table. Small 
and ephemeral wetlands are particularly dynamic in space 
and time within temperate forests. In the saturated zone 
below the water table, conditions are anaerobic, and methane 
(CH4) is produced. Dissolved gas may diffuse or bubble up 
to the water table or escape to the atmosphere through plant 
roots and stems. In the unsaturated zone above the water 
table, conditions are oxic, carbon dioxide (CO2) is pro-
duced, and CH4 is oxidized. Additionally, CH4 transported 
by ebullition and tree stems have high variation across the 
landscape and through time, and the mechanisms driving 
plant-mediated methane transport are not well understood.

In this project, which began in September 2023, researchers 
are conducting cross-scale field measurements of methane 
dynamics at the Harvard Forest in Petersham, MA within 
uplands, ephemeral wetlands, and two small perennial wet-
lands: an approximately 14-thousand-year-old forested peat-
land and an approximately 20-year-old beaver-constructed 
wetland. Researchers are leveraging data and infrastructure 
from core AmeriFlux towers to add new ecosystem-scale 
measurements of CH4 and CO2 exchange and are measuring 
the lateral flow of carbon (C) in gaged streams and CH4 flux 
from tree stems. At the process-scale, researchers will char-
acterize rates of CH4 production, consumption, ebullition, 
and diffusion and will develop a novel reactive transport 
model to represent these processes.

Future work will synthesize new field measurements within 
a spatiotemporal modeling framework that brings together 
process-based measurements with net CH4 flux constraints 
from eddy flux towers and lateral flow data. The observa-
tional design will facilitate understanding of the dynamics 
of CH4 within this complex ecosystem that dynamically 
changes across space and through time with precipitation.
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Ectomycorrhizal Production Phenology 
Follows Roots but Varies by Host Tree Species
Nicholas Medina1* (nmedina@mortonarb.org), 
Kelsey Patrick2, Marvin Lo1, Newton Tran1, Colleen Iversen3, 
Peter Kennedy4, M. Luke McCormack1

1Morton Arboretum, Lisle, IL; 2University of Illinois, Chicago, IL; 
3Oak Ridge National Laboratory, Oak Ridge, TN; 4University of Minnesota, 
Minneapolis, MN;

Mycorrhizal symbioses account for 15 to 45% of forest 
productivity, but empirical estimates remain uncertain. 
Belowground phenology, which differs notably in timing 
from leaf production, constrains the temporal distribution of 
carbon allocation to roots and fungi. Mycorrhizal root and 
hyphal production can also differ by plant functional type, 
tree and fungal species, and environmental conditions. To 
improve the collective ability to model land carbon dynam-
ics, researchers are measuring mycorrhizal fungal phenology 
with monthly sampling of roots and soils across a diverse 
set of 10 monodominant stands of common temperate tree 
species at the Morton Arboretum in Chicago, IL. Annual 
sampling dates align with key tree phenophases and span a 
broad range of typical soil moisture and temperature values 
for temperate forests, including a drought period followed 
by a pulse rain event. The team estimates hyphal produc-
tion via minirhizotron image scans and qPCR and identify 
mycorrhizal fungal community shifts with high-throughput 
amplicon sequencing.

Overall, mycorrhizal root and hyphal production is seasonal, 
and appears to vary more strongly by tree species than by 
plant functional type. Net hyphal production peaks in mid-
fall, after soils begin to rewet following mid-summer dry 
down. Ectomycorrhizal hyphae and rhizomorphs peak in 
production either after or in synchrony with peak fine root 
production, depending on the specific host tree species. In 
some cases, a peak in rhizomorph production in spring with 
little hyphal growth was observed. Researchers expect peak 
hyphal diversity and production in fall, and for this to be 
dominated by a few ectomycorrhizal fungal genera, includ-
ing Lactarius, Suillus, or Amanita as in some previous studies. 
Future work will link below- and aboveground tree phenol-
ogy as well as identify drivers of intra- and inter-annual com-
positional shifts in mycorrhizal fungal communities.

Unraveling the Mechanisms of 
Below- and Aboveground Liana-Tree 
Competition in Tropical Forests
David Medvigy1* (dmedvigy@nd.edu), Zhuoran 
Yu1, Jennifer Powers2, Peter Tiffin2, Jérôme Chave3, 
Isabelle Maréchaux4, Alejandra Perez-Enriquez2, 
Ariadna Mondragon2, Laura Jessup2

1University of Notre Dame, Notre Dame, IN; 2University of Minnesota–
Twin Cities, Minneapolis/St. Paul, MN; 3Le Centre National de la Recherche 
Scientifique, Toulouse, France; 4Institut National de la Recherche 
Agronomique, Montpellier, France

Trees and lianas dominate the canopy of tropical forests and 
comprise the majority of tropical aboveground carbon (C) 
storage. These growth forms respond differently to variation 
in climate and resource availability. The overarching objec-
tives of this project are (1) to carry out an observational 
campaign to advance the understanding of liana traits and 
strategies; (2) develop a liana-enabled forest dynamics 
model that leverages the observations; and (3) to engage 
with the Earth System Modeling (ESM) community to 
plan for the eventual inclusion of lianas into ESMs. Here, 
researchers report on five activities which have brought the 
team closer to meeting these objectives: 

(1) The team measured and analyzed liana traits. Research-
ers found marked differences between lianas and trees 
in terms of their hydraulic traits and xylem anatomical 
traits. The team also identified significant variation in 
hydraulic traits across liana species. 

(2) Researchers incorporated these results into a reduced 
model, and subjected the model to different tropical 
hydroclimate scenarios. Due to differences in hydraulic 
conductivity, the model indicated that lianas are much 
more susceptible than trees to reaching a hydraulic 
threshold for viability by 2100.

(3) The team measured tree growth and liana colonization 
status of over 1,700 trees at a study site in Guanacaste, 
Costa Rica. It was found that the number of colonized 
trees is increasing and that heavily infested trees have 
lower relative growth rates that other trees. Liana col-
onization also impacted the relationship between tree 
growth and rainfall.

(4) Researchers incorporated lianas into the TROLL 
forest dynamics model. TROLL represents the three- 
dimensional canopies of trees and lianas. Researchers 
have carried out a sensitivity analysis and tested the 
model’s ability to simulate observed patterns. 

(5) The team simulated liana-enabled forest dynamics in 
TROLL. These dynamics included the ability of lianas 
to colonize multiple trees and the ability of trees to 
shed lianas.
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Improving Models of Stand and Watershed 
Carbon and Water Fluxes with More Accurate 
Representations of Soil-Plant-Water 
Dynamics in Southern Pine Ecosystems
Tom O’Halloran1,2,* (tohallo@clemson.edu), 
Jean-Christophe Domec3,4, Jamie Duberstein1, 
Cheng-Wei Huang5, A. Chris Oishi6, Brian Viner7, 
Tom Williams1

1Baruch Institute of Coastal Ecology and Forest Science, Georgetown, 
SC; 2Clemson University, Clemson, SC; 3Duke University, Durham, NC; 
4Bordeaux Sciences Agro, France; 5Portland State University, Portland, OR; 
6U.S. Forest Service, Coweeta Hydrologic Laboratory, Southern Research 
Station, Coweeta, NC; 7Savannah River National Laboratory, Aiken, SC

Despite strong fundamental knowledge about the key 
processes through which plant hydraulics affect water 
uptake and productivity, researchers currently lack several 
key components necessary for a predictive understand-
ing of ecosystem response to future climate conditions. 
These components include mechanistic understanding of 
plant-mediated hydraulic processes in under-studied sys-
tems and representations of biophysical factors affecting 
coupled water-carbon cycles in models. This project focuses 
on longleaf pine ecosystems, once a dominant forest type in 
the southeast U.S. that is undergoing large-scale efforts to 
be restored through much of its native range. During project 
year two, the team accomplished several goals with a focus 
on field measurements. Researchers installed an extensive 
array of tree root and trunk sap flow sensors, including 
some capable of detecting bidirectional root flow at night. 
The team also installed moisture probes in tree trunks and 
soil profiles to quantify tree and soil water storage. A soil 
respiration and evaporation experiment was initiated to 
collect pretreatment data; next year the roots will be severed 
to eliminate root flow in the treatment plot. These mea-
surements will determine whether hydraulic redistribution 
(HR) affects shallow soil moisture and subsequently respira-
tion or evaporation. Researchers also successfully quantified 
tree canopy leaf photosynthetic parameters by harvesting 
canopy branches and measured predawn and midday leaf 
water potentials, which are needed for modeling HR. Root 
mass and area profiles were measured in three replicates up 
to one meter. Soils were sent to the University of Indiana to 
measure hydraulic parameters. Data collection at AmeriFlux 
towers US-HB2 (mature longleaf) and US- HB3 (young 
longleaf) continued uninterrupted. The team installed a new 
understory eddy covariance system at US-HB2 with a new 
PhenoCam to track phenology of the longleaf understory.

Measurements resumed at AmeriFlux tower US-Akn at 
Savannah River National Laboratory, and a soil moisture 

profiler was installed. Advances in model development 
include an ecosystem respiration module accounting for 
both autotrophic and heterotrophic respiration, as well as 
a stochastic precipitation module described by the Marked 
Poisson process that will translate the precipitation results 
from Energy Exascale Earth System Model (E3SM) climate 
simulations to evaluate the impacts of future climate scenar-
ios on the ecosystem water and carbon fluxes.

Integrating Process-Based and Machine 
Learning Approaches for Estimating 
the Global Methane Soil Sink
Youmi Oh1,2* (youmi.oh@noaa.gov), Licheng Liu3, 
Qing Zhu4, Gavin McNicol5, Sparkle Malone6, Zhenong Jin3

1NOAA Global Monitoring Laboratory, Boulder, CO; 2University of Colorado, 
Boulder, CO; 3University of Minnesota–Twin Cities, Minneapolis/St. Paul, 
MN; 4Lawrence Berkeley National Laboratory, Berkeley, CA; 5University of 
Illinois–Chicago, IL; 6Yale University, New Haven, CT

Methane (CH4) voxidation by microbes is the second 
largest sink in the global CH4 budget, but the magnitude 
and variability in soil CH4 oxidation are uncertain. Recent 
studies identified an overlooked CH4 soil sink in diverse 
terrestrial ecosystems, attributed to high-affinity meth-
anotrophs growing on atmospheric CH4 in dry mineral 
soils. The current estimation of the global methane soil 
sink is ~30 Tg yr-1 but with considerable uncertainty 
(7 to >100 Tg yr-1) from previous studies. Accurately quan-
tifying the soil sink is vital to reduce the bias in current and 
future global CH4 budgets.

Process-based modeling and machine learning approaches 
have been widely used to quantify methane fluxes on 
regional and global scales, but both approaches show their 
limitations. Specifically, results show large uncertainties in 
process-based estimation due to parameter optimization 
and governing microbial processes. Results further show 
limitations of the machine learning approach due to out-of-
sample prediction failure and low interpretability with key 
responses that govern soil CH4 oxidation processes.

In this context, the emerging field of Knowledge-Guided 
Machine Learning (KGML) offers a promising hybrid model-
ing method, integrating the strengths of process-based mod-
els, machine learning techniques, and multisource datasets. In 
this presentation, researchers introduce novel KGML frame-
work, designed to incorporate biogeochemical knowledge 
into machine learning algorithms effectively. The framework 
integrates direct measurements from the FLUXNET-CH4 
and chamber datasets, along with indirect measurements of 
global soil temperature and moisture, to train and validate the 
model. Through this innovative approach, researchers aim to 
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enhance understanding of soil methane oxidation processes, 
reduce uncertainties in methane budgets, and foster more 
accurate projections of global CH4 dynamics.

Virtual

Context-Aware Deep Learning 
Framework for Earth System Model 
Data Compression and Downscaling
Nikhil M. Pawar*, Salah A. Faroughi 
(salah.faroughi@txstate.edu)

Geo-Intelligence Laboratory, Ingram School of Engineering,   
Texas State University–San Marcos, TX

To conduct risk assessments and design adaptation plans 
against changes in climate patterns and their impacts on 
society, future local and regional projections of climate 
change hold great importance. Earth system models (ESMs) 
that currently run on massive supercomputers are used to 
generate both global and regional projections at different 
horizontal and vertical resolutions. These models simulate 
Earth’s past climate and project future scenarios, considering 
changes and uncertainty in atmospheric greenhouse gas 
emissions. ESMs are computationally expensive and require 
significant data resources [e.g., 1 month of simulation data 
using DOE’s Energy Exascale Earth System Model (E3SM) 
equals 14 gigabyte storage space plus memory-intensive 
visualization] even when operating at lower horizontal 
resolution (LR). For these reasons, data compression and 
dynamical and statistical data downscaling have been exten-
sively practiced. In this work, the team proposes a novel 
two-stage framework based on deep learning to overcome 
this dual challenge. This framework combines an implicit 
neural representation (INR) and a super-resolution genera-
tive adversarial network (SRGAN). In stage 1, INR is used 
to compress the E3SM data by saving the weights derived 
from a neural network, which is trained to excessively con-
form to the data while maximizing overfitting. In the next 
stage, SRGAN is used to downscale the LR data (obtained 
by inferring INR) into a higher horizontal resolution (HR) 
to generate a more accurate representation of the ESM 
data for regional investigations. The primary objective of 
this work is to evaluate the performance of this two-stage 
framework in compressing and downscaling ESM data with 
a specific focus on surface temperature profiles derived 
from E3SM. Results show that the proposed framework can 
achieve compression gain up to four orders of magnitude 
with a considerable peak-to-signal ratio and generate HR 
profiles using the LR counterparts with significant accuracy 
measured based on the Learned Perceptual Image Patch 
Similarity metric.

Empirical Measurements and 
Model Representation of Hydraulic 
Redistribution as a Control on Function 
of Semiarid Woody Ecosystems
William Pockman1* (pockman@unm.edu), Marcy 
Litvak1, Yiqi Luo2, Aneesh Chandel2, Hang Duong1, 
Yu Zhou2

1University of New Mexico, Albuquerque, NM; 2Cornell University, 
Ithaca, NY

Earth System Model (ESM) projections of ecosystem 
responses to climate change require knowledge of biomes 
that vary in climate sensitivity. Drylands influence the trend 
and interannual variability in global sink strength but are dif-
ficult to represent in ESMs. Incorporation of plant-mediated 
hydraulic redistribution (HR; flow in plant roots from wet-
ter to drier soil) can improve ESM performance in drylands. 
Researchers combine measurements of sap flow, soil mois-
ture, and ecosystem-scale net ecosystem exchange (NEE), 
gross primary production (GPP), and ecosystem respiration 
Re, and use data assimilation to develop the Terrestrial Eco-
system (TECO) model to address three objectives:

(1) Understand the controls on HR in species and biomes 
across a range of semi-arid western woodlands/forests. 
At four AmeriFlux sites, supplemental depth profiles 
of volumetric soil moisture and soil water potential 
sensors, colocated with measurements of root sap flux 
capture patterns of HR, the physical factors driving it, 
and related ecosystem function as HR varies.

(2) Quantify seasonal patterns of HR across dryland spe-
cies and biomes to determine when HR affects soil 
moisture dynamics and ecosystem function. Research-
ers measure HR from lower elevation juniper savanna 
and pinon-juniper woodlands to higher elevation 
ponderosa pine and mixed conifer forests, leveraging 
data collection at tower sites and supplementing these 
efforts with additional soil and sap flux measurements.

(3) Scale plant-level patterns in HR to ecosystem-level 
NEE, GPP and Re in response to precipitation anom-
alies. Incorporating HR into TECO predicted upward 
HR with increased shallow soil moisture during dry 
periods and a corresponding reduction in deep soil 
moisture. After rainfall, the TECO+HR model pre-
dicted downward HR. Introducing HR also predicted 
noticeable effects on carbon fluxes alleviating the 
impact of drought, resulting in a predicted 8 to 21% 
increase in GPP and NPP, and a 5 to 12% rise in Re. 
These findings highlight the significant role of HR in 
influencing both soil moisture dynamics and carbon 
fluxes in an ecosystem.
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Impaired Water Relations in Carbon-
Limited Ponderosa Pines: Implications 
for Belowground Interactions
Anna Sala1* (anna.sala@umontana.edu), Alex Goke1, 
Jacob Kleimann1, Jazmine Raymond1, Ella Keefer1, 
Ylva Lekberg1,2, Roger Koide3, Gerard Sapés4

1University of Montana, Missoula, MT; 2MPH Ranch, Missoula, MT; 
3Brigham Young University, Provo, UT; 4University of Florida, Gainesville, FL

How drought kills trees is not fully understood. Drought 
reduces carbon (C) assimilation, but C demand for energy 
continues, and plants eventually use their stored non-
structural carbohydrate (NSC) reserves to meet demand. 
Whether depletion of stored NSC impairs turgor mainte-
nance in the field is not known, but it is critical for models to 
predict vegetation responses to drought. Researchers tested 
whether depletion of stored NSC impairs water relations in 
ponderosa pine in the field, and whether common mycor-
rhizal networks (CMN) could mediate these effects on 
surviving trees when connected trees die and cease to supply 
C below ground.

In the summer of 2022, researchers subjected trees under 
ambient precipitation and experimental drought to either 
full sun or to 8 weeks of shade. The team measured NSC 
content in needles, pre-dawn needle water potential, 
osmotic potential, and turgor pressure prior to shading and 
at weekly intervals for 8 weeks. In the summer of 2023, 
researchers girdled trees under ambient precipitation and 
under drought, and tested whether connected neighbor 
trees became NSC depleted and the consequences on 
drought tolerance.

In 2022, shade depleted stored NSC in ambient trees but 
not under drought. NSC depletion impaired osmoreg-
ulation capacity in shaded trees but not in nonshaded 
trees, suggesting that negative effects of NSC depletion on 
drought tolerance occur only when trees are C limited. In 
2023, girdling reduced C supply underground, and tentative 
results indicate that neighbor trees connected through CMN 
became NSC depleted, and their turgor maintenance was 
compromised. Researchers demonstrate that stored NSC 
depletion can impair water relations in ponderosa pine in 
the field, and tentatively suggest that when some trees die, 
CMN could mediate C limitation and impair drought toler-
ance in connected surviving neighbors.

Mycorrhizal Phenology Under 
Altered Snowmelt Timing
Hannah B. Shulman1* (hshulman@utk.edu), Patrick 
Sorensen2, Olivia Vought3, Peter Falb3, David W. Inouye4, 
Aimée T. Classen3, Stephanie N. Kivlin1

1University of Tennessee, Knoxville, TN; 2Lawrence Berkeley National 
Laboratory, Berkeley, CA; 3University of Michigan, Ann Arbor, MI; 
4University of Maryland, College Park, MD

The warmer and drier conditions created by climate change 
shift plant phenologies through altered environmental cues, 
potentially creating novel organismal interactions between 
plants and mycorrhizal fungal partners. The symbiosis 
between plants and arbuscular mycorrhizal (AM) fungi is 
fundamental for plant access to labile nutrients. During the 
early spring in alpine ecosystems, snowmelt creates a flush 
of soil resources (water, nitrogen, and phosphorus), which 
AM fungi provide to the plant host in exchange for photo-
synthate carbon (C). This snowmelt date is advancing as 
the climate warms, which researchers hypothesized would 
result in asynchrony of plant-mycorrhizal fungal nutrient 
cycling. The team advanced the snowmelt date by 10 days in 
a Colorado subalpine meadow using shade cloth. Through-
out the following growing period (May to September), the 
team tracked new root and hyphal growth with ingrowth 
cores and composition of the soil microbiome with ampl-
icon sequencing (loci: ITS - general fungi, SSU - AMF). 
Researchers coupled this to simultaneous measures of min-
eral and microbial biomass nitrogen. Shotgun metagenomic 
sequencing was also used to track the genetic inventory of 
microbial biogeochemical functions, revealing significant 
temporal variation of bacterial nitrogen cycling genes. The 
team found that the standing stock of AM hyphae was 
highest under snowpack in early May, steadily decreasing 
throughout the growing period. Snowmelt treatment did 
not impact this metric of AM growth but did decrease 
hyphal density of saprotrophic fungi during the senescence 
period in mid-September. The team will detail how altered 
snowmelt impacted the synchrony of root and fungal growth 
and the resulting impact on AM community composition, 
soil nitrogen availability, and microbial nitrogen cycling.
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Student 

Assessing Rangeland Function under 
Altered Precipitation Regimes: Can a 
Deluge Rescue Forage Production Following 
Catastrophic Loss of the Dominant Species?
J. Alexander Siggers* (alex.siggers@colostate.edu), 
Melinda D. Smith

Colorado State University, Fort Collins, CO

The frequency of co-occurring droughts and deluges (i.e., 
large rainfall events) are projected to increase due to atmo-
spheric warming. The potential ecosystem-scale impacts of 
these compound extremes are largely unquantified, yet they 
could be largely responsible for intra- and interannual vari-
ation in biogeochemical cycling. Ecosystem functionality 
is particularly vulnerable to altered precipitation regimes 
in water-limited systems such as the semi-arid shortgrass 
steppe of the western Great Plains. Key determinants of eco-
system stability are dominant species which, by definition, 
play a vital role in driving functionality (e.g., carbon storage 
via biomass production). Evidence has shown that climatic 
extremes can push dominant species to their physiological 
limits, leading to their loss from the system. This project 
seeks to understand how semi-arid grasslands will respond 
to compound drought-deluge in the presence and absence 
of the dominant species.

The proposed study will be initialized in the shortgrass 
steppe of northeastern Colorado by installing rainout 
shelters and simulating compound drought-deluge via 
water addition. Emphasis will be placed on the role of the 
dominant grass species, Bouteloua gracilis and Bouteloua 
dactyloides, in driving responses by superimposing a removal 
treatment that mimics the realistic loss of dominants. 
Researchers anticipate the addition of a late-growing season 
deluge to stimulate plant growth, microbial activity, and 
nutrient cycling, but they do not expect it to fully compen-
sate for the loss of dominants. Aboveground (e.g., produc-
tivity and plant community composition) and belowground 
(e.g., microbial community structure and soil moisture) 
variables will be measured throughout the study. Investi-
gating multiple trophic levels may lend insight to potential 
asynchronous responses to climate extremes.

Simulating Greenhouse Gas Fluxes from 
a Terrestrial-Aquatic Interface using 
Microsite Probability Density Functions 
and Redox-Reaction Networks
Debjani Sihi1* (debjani.sihi@emory.edu), Jianqiu Zheng2, 
Eric Davidson3, Michael Weintraub4, Roberta Bittencourt-
Peixoto4, Patrick Megonigal5

1Emory University, Atlanta, GA; 2Pacific Northwest National Laboratory, 
Richland, WA; 3University of Maryland–Frostburg, MD; 4University 
of Toledo, Toledo, OH; 5Smithsonian Environmental Research Center, 
Edgewater, MD

https://ess.science.energy.gov/summary-of-environmental-sys-
tem-science- projects-awarded-in-summer-2021/

Terrestrial-aquatic interfaces (TAIs) represent biogeochem-
ically active and diverse systems. Soil microsites regulate 
oxidation-reduction (redox)-driven biogeochemical trans-
formations and greenhouse gas (GHG) fluxes in TAIs by 
creating spatial heterogeneity and variations in reaction 
kinetics. Researchers demonstrate how microsite-scale 
processes manifest into ecosystem-scale functions and 
ultimately control GHG fluxes in these dynamic interfaces. 
The team quantified redox heterogeneity using intact soil 
cores collected from a TAI near Old Woman Creek, OH 
and O2 optodes. Flooding and draining events signifi-
cantly shifted O2 distribution, which allowed the team to 
develop O2 probability distribution functions (PDFs). 
By constraining microsite O2 PDFs in the Dual Arrhenius 
and Michaelis-Menten-Greenhouse Gas (DAMM-GHG) 
model, researchers are quantifying spatial (across sites) and 
temporal (hydrology treatment) heterogeneity of GHG pro-
duction and consumption processes, and evaluating model 
performance against observed GHG fluxes in the laboratory. 
Using microsite O2 PDFs, the team will explain hot spots 
and hot moments of GHG fluxes under fluctuating hydrol-
ogy. Further, researchers are constraining redox reaction 
network in AquaMEND using soil structural (or pore net-
work) heterogeneity (via X-ray Computed Tomography), 
and information on alternative terminal electron acceptors 
(via porewater measurements), and redox potential (via Eh 
probes). The team will further validate model performance 
against field measurements of GHG fluxes across the hydrol-
ogy gradient in Old Woman Creek. The Model-Experiment 
(ModEx) framework evaluates whether explicitly repre-
senting soil microsite PDFs and redox reaction networks 
improve predictions of GHG fluxes from TAIs.



       * Presenting Author14

Terrestrial Ecology        2024 Environmental System Science PI Meeting Abstracts

Modeling Temperature Sensitivity 
of Soil Respiration from Two Field-
Warming Experiments in Tropics
Debjani Sihi1* (debjani.sihi@emory.edu), Eric Davidson2, 
Andrew Nottingham3, Tana Wood4, Jianqiu Zheng5, 
Michael Weintraub6, Sasha C. Reed7, Jennifer Pett-Ridge8

1Emory University, Atlanta, GA; 2University of Maryland–Frostburg, 
MD; 3University of Leeds, Woodhouse, United Kingdom; 4International 
Institute of Tropical Forestry, U.S. Forest Service; 5Pacific Northwest 
National Laboratory, Richland, WA; 6University of Toledo, Toledo, OH; 
7Southwest Biological Science Center, U.S. Geological Survey, Moab, UT; 
8Lawrence Livermore National Laboratory, Livermore, CA

Soil respiration is the second largest terrestrial carbon (C) 
flux. Understanding responses of soil respiration to warming 
is crucial for evaluating carbon-climate feedback. Warm-
ing response of soil respiration is typically modeled using 
a Q10 function. Generally, observations of the apparent 
Q10 of soil respiration are higher for cool vs. warm-climate 
ecosystems, reflecting expected biophysical controls of 
Arrhenius kinetics. However, results from two tropical field 
warming experiments contradict this expectation, both 
observing extraordinarily high soil respiration responses to 
in situ warming. Researchers systematically represent the 
potentially confounding effects of temperature sensitivity 
of enzymatic reactions, changes in the microbial enzymatic 
capacity, and substrate supply as they affect microbial 
decomposition of soil C in tropical forests under warming. 
Researchers are optimizing the Dual Arrhenius Michaelis- 
Menten (DAMM) model using data generated from the 
Soil Warming Experiment in lowland tropical forests in 
Panama and Tropical Responses to Altered Climate Exper-
iment in Puerto Rico. By including simple representations 
of measured warming-induced changes in microbial bio-
mass, which affects enzymatic capacity, and soil moisture, 
which affects substrate diffusion, researchers show that the 
observed increased soil respiration with warming does not 
necessarily reflect a change in activation energy (Ea), but 
rather can primarily be the consequence of increased micro-
bial enzymatic capacity. In contrast, optimization of the 
model without representation of changing microbial bio-
mass would require a higher Ea in the warmed plots, which 
is unlikely. The parsimonious modular approach allows 
researchers to attribute agreement or disagreement of model 
outputs with observations and specific model functions, as 
well as identify model structures necessary for skillfully rep-
resenting temperature-sensitive processes from individual 
plots to Earth system scales.

Droughts and Deluges in Semiarid 
Grassland Ecosystems: Implications of 
Co-Occurring Extremes for Carbon Cycling
Melinda D. Smith1,* (melinda.smith@colostate.
edu), Anping Chen1, Daniela F. Cusack1, Alan K. Knapp1, 
Andrew J. Felton2, David L. Hoover3, Seth M. Munson4, 
Anthony P. Walker5

1Colorado State University, Fort Collins, CO; 2Montana State University, 
Bozeman, MT; 3U.S. Department of Agriculture–Agriculture Research 
Service, Fort Collins, CO; 4U.S. Geological Survey, Southwest Biological 
Science Center, Flagstaff, AZ; 5Oak Ridge National Laboratory, 
Oak Ridge, TN

The overall goal of the research project is to assess how 
co-occurring drought and deluge climate extremes will 
impact key carbon (C) cycling processes known to be 
important for C-climate feedbacks. The team will address 
this goal via research in the 280,000 km2 semiarid short-
grass steppe ecoregion located at the western edge of 
the U.S. Great Plains. Semiarid regions, such as this one, 
respond strongly to precipitation extremes and play a 
dominant role in interannual variability of the global land 
CO2 sink. The key hypothesis researchers are testing is 
that when a compound climate perturbation of an extreme 
deluge occurring within the backdrop of extreme drought, 
a combination of conditions converge (e.g., warm tempera-
tures, abundant soil moisture, and increased soil nitrogen 
availability) to strongly stimulate C cycle processes, poten-
tially resulting in hot moments or landscape-level hot 
spots (i.e., increases in biogeochemical processes in time 
or space that far exceed background levels). 

To test this hypothesis, researchers have established a 
field experiment designed to quantify the magnitude of 
C cycling responses to drought and deluge events (inde-
pendently and combined) and identify the underlying 
mechanisms resulting in positive drought-deluge inter-
actions that can lead to hot moments of C cycling. Both 
above- and belowground C cycle responses to climate 
extremes will be quantified during this 3 year experi-
ment. To scale up from the plot level experiment to the 
shortgrass steppe ecoregion, researchers are using his-
torical climate data to quantify the regional frequency of 
potential drought-deluge interactions and remote sensing 
products (NDVI and Solar Induced Fluorescence) to esti-
mate C cycling sensitivity to droughts, deluges and their 
combined effects and to identify hot spots in C cycling 
regionally. Concurrent with these research activities, 
researchers will simulate extreme drought, deluge and 
drought-deluge perturbations with DOE’s E3SM Land 
Model (ELM). Researchers will explicitly compare the 
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experimental results and remotely sensed observations of 
drought- deluge compound climate perturbations to ELM 
simulations, with the expectation that the process-level 
understanding gained from the field experiment and 
remote sensing analyses can be used to constrain process 
representation and parameterization in ELM, and to 
improve Earth system projections of ecosystem C-cycling 
responses to droughts and deluges at the ecoregion scale.

Student 

The Effect of Accelerated Snowmelt on 
Carbon Cycling Across a Growing Season
Olivia Vought1* (ovought@umich.edu), Patrick Sorensen2, 
Hannah B. Shulman3, Peter Falb1, David W. Inouye4, 
Aimée T. Classen1, 5, Stephanie N. Kivlin3

1University of Michigan, Ann Arbor, MI; 2Lawrence Berkeley National 
Laboratory, Berkeley, CA; 3University of Tennessee, Knoxville, TN; 
4University of Maryland, College Park, MD; 5University of Michigan 
Biological Station, Pellston, MI

Climate change impacts snowmelt timing, which has 
cascading effects on ecosystems. Earlier snowmelt can 
lengthen the growing season of plants or shift plant phe-
nology to earlier in the year but maintain the same season 
length. The team explored how an accelerated snowmelt 
date of approximately two weeks impacted the ecosystem 
respiration, production, and plant biomass in a montane 
meadow ecosystem over the growing season. Researchers 
measured NEE (net ecosystem exchange), GPP (gross 
primary productivity), ER (ecosystem respiration), shrub 
biomass, graminoid biomass, forb biomass, air tempera-
ture, and soil moisture biweekly in five early snowmelt and 
five control plots from early June to mid-August 2023. The 
team found that an earlier snowmelt date impacts the pro-
ductivity of plants by shifting the growing season earlier in 
the year. However, early snowmelt does not affect overall 
net ecosystem exchange, as ecosystem respiration remains 
unchanged. Using a Bayesian model, researchers found that 
with earlier snowmelt, gross primary productivity is limited 
by soil moisture more than in control plots, and the negative 
effect of drought increases as the growing season progresses. 
Surprisingly, it was found that an earlier snowmelt date did 
not significantly affect the plant biomass of any functional 
group (all long-lived perennials). However, the impact of 
an earlier snowmelt date on the relative abundance of each 
plant species could explain the shift in plant productivity. 
As winters become warmer and snowmelt advances, plant 
productivity will shift to earlier in the growing season and be 
limited by decreased soil moisture. Consequences of altered 
plant phenology on other ecosystem components, including 

associations with belowground mutualists and nutrient 
retention in soils, are the targets for the remainder of this 
grant. This data will allow the team to model the relative 
importance of abiotic conditions, aboveground, and below-
ground biota on carbon cycling throughout the growing 
season in response to accelerated snowmelt.

Virtual

Effects of Fire and Fire-Induced Changes in 
Soil Properties on Post-Burn Soil Respiration
Thea Whitman1* (twhitman@wisc.edu), 
Dana B. Johnson1*, Kara M. Yedinak2, Benjamin N. Sulman3, 
Timothy D. Berry1, Kelsey Kruger1

1University of Wisconsin–Madison, WI; 2Forest Products Laboratory, 
USDA Forest Service, Madison, WI; 3Oak Ridge National Laboratory, 
Oak Ridge, TN

https://whitmanlab.soils.wisc.edu/research

Boreal forests cover vast areas of the northern hemisphere 
and store large amounts of carbon (C). Wildfires affect soil C 
via combustion and transformation of organic matter during 
fire and via changes in plant growth and microbial activity 
postfire. Wildfire regimes in many boreal forests of North 
America are shifting towards more frequent and severe fires. 
As wildfire regimes shift, there is a need to link fire-induced 
changes in soil properties to changes in microbial functions 
such as respiration to better predict the impact of future fires 
on C cycling. 

The team used laboratory burn simulations characteristic 
of boreal crown fires on both organic-rich and sandy soil 
cores collected from Wood Buffalo National Park in Alberta, 
Canada, to measure the effects of burning on soil properties 
including pH, total C, and total nitrogen (N). Researchers 
used 70-day soil incubations and two-pool exponential decay 
models to characterize the impacts of burning on soil proper-
ties and respiration. Laboratory burns successfully captured a 
range of soil temperatures that were realistic for natural wild-
fire events. Burning increased pH and caused small decreases 
in the C to N ratio in organic soil. 

Overall, respiration per gram total (post-burn) C in burned 
soil cores was 16% lower than in corresponding unburned 
control cores, indicating that soil C lost during a burn may 
be partially offset by burn-induced decreases in respiration 
rates. Simultaneously, burning altered remaining C cycles, 
increasing the proportion of C represented in the modeled 
slow-cycling versus fast-cycling C pool as well as increasing 
fast-cycling C decomposition rates. Together, these findings 
imply that C storage in boreal forests following wildfires will 
be driven by the combination of C losses during the burn 
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itself as well as burn-induced changes to the soil C pool that 
modulate postfire respiration rates. The team will also discuss 
next directions for this project.

Monitor And Constrain Tropical 
Ecosystem Sensitivity to Moisture: 
Progress in Characterizing Ecohydrology 
of a Tropical Moist Forest Under 
Experimental Throughfall Exclusion
Xiangtao Xu1* (xx286@cornell.edu), Coral Del Mar 
Valle-Rodríguez1, Xavier Comas2, Xi Yang3, Tana Wood4, 
Charles Koven5, Maria Uriarte6, Vincent Humphrey7, 
Chris Smith-Martin8

1Cornell University, Ithaca, NY; 2Florida Atlantic University–Boca Raton, 
FL; 3University of Virginia, Charlottesville, VA; 4International Institute 
of Tropical Forestry, Luquillo, Puerto Rico; 5Lawrence Berkeley National 
Laboratory, Berkeley, CA; 6Columbia University, New York City, NY; 
7ETH Zurich, Zurich, Switzerland; 8University of Minnesota–Twin Cities, 
Minneapolis/St. Paul, MN

How tropical vegetation respond to moisture changes 
and how these responses in turn regulate ecosystem water 
dynamics constitutes a major uncertainty in ecohydrological 
predictions in Earth System Models (ESMs). In this project, 
the team aims to improve mechanistic understanding of 
plant-mediated ecohydrology by monitoring and modeling 
ecosystem dynamics at a new manipulative throughfall 
exclusion (TFE) experiment at Luquillo LTER station, 

Puerto Rico. Researchers focus on investigating (1) the 
coupling between soil moisture and vegetation water con-
tent; (2) the relatively unconstrained plant ecohydrological 
processes such as leaf angle responses to water stress and 
root hydraulic redistribution; and (3) the implications of 
site-level manipulative experiment results on modeling long-
term vegetation dynamics in the tropics.

Field campaigns in 2023 have installed in situ sensors and 
collected critical pre-treatment data. Researchers now have 
several months of continuous data from GNSS sensor pairs 
that can provide one of the first ground-based vegetation 
optical depth measurements for tropical forests. Research-
ers have also installed soil moisture and soil water potential 
sensors that can sample horizontal and vertical heterogeneity 
in soil water conditions. These point soil moisture mea-
surements agree qualitatively with soil moisture estimates 
with ground-penetration radar (GPR) from the campaigns, 
implying the potential of using GPR in monitoring 2D 
and 3D moisture patterns and dynamics in the system. 
Additionally, researchers have preliminary stem and root sap 
flow data from representative species to infer plant hydrody-
namics and root hydraulic redistribution, and preliminary 
terrestrial laser scanning (TLS) suggests it is possible to 
monitor canopy leaf angle changes under water stress (Yang 
et al. 2023). These field data and other tropical data such 
as tree rings provided by additional collaborators (Xu et al. 
2024) will be assimilated into ED2.2-hydro and E3SM Land 
Model-FATES to explore implications of tropical ecosystem 
sensitivity to moisture constrained by the TFE experiment.

Yang, X., et al. “Leaf Angle as a Leaf and Canopy Trait: Rejuvenat-
ing its Role in Ecology with New Technology,” Ecology Letters.
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Next-Generation Ecosystem 
Experiments Arctic

NGEE Arctic: Integrating Boots-on-the-
Ground Observations with the Virtual 
World of Models to Answer Big Science 
Questions Across the Arctic
Colleen Iversen1* (iversencm@ornl.gov), Charles Abolt3, 
Katrina Bennett3, Bob Bolton1, Amy Breen4, Ryan Crumley3, 
Baptiste Dafflon2, Eugénie Susanne Euskirchen4, David 
Graham1, Susan Heinz1, Forrest M. Hoffman1, Jennifer 
A. Holm2, Charles Koven2, Hannah Mevenkamp4, Scott 
Painter1, William J. Riley2, Alistair Rogers2, Vladimir E. 
Romanovsky4, Verity G. Salmon1, Fernanda Santos1, 
Benjamin N. Sulman1, Neslihan Taş2, Michele Thornton1, 
Peter E. Thornton1, Margaret S. Torn2, Terri Velliquette1, 
Daryl Yang1, Stan D. Wullschleger1, NGEE Arctic Team

1Oak Ridge National Laboratory, Oak Ridge, TN; 2Lawrence Berkeley 
National Laboratory, Berkeley, CA; 3Los Alamos National Laboratory, 
Los Alamos, NM; 4University of Alaska–Fairbanks, AK

https://ngee-arctic.ornl.gov

The Arctic is a historically understudied biome that holds 
at least twice as much carbon as the atmosphere. Cli-
mate change and Arctic amplification are warming the 
Arctic faster than the rest of the world, and increasingly 
frequent wildfires and widespread permafrost degrada-
tion are impacting ecosystem structure and function. The 
Next-Generation Ecosystem Experiments (NGEE) Arctic 
is a model-driven, multiscale research project with a goal 
of improving understanding and model representation of 

complex interactions among climate, landforms, hydrology, 
biogeochemistry, vegetation, snow, and permafrost in Arctic 
tundra. NGEE Arctic emphasizes iterative collaboration 
among interdisciplinary teams of empiricists and modelers 
to incorporate experiments into models—underscored by 
open science and a safe, inclusive project culture.

Observations made by the NGEE Arctic team across a gra-
dient of permafrost landscapes in Alaska have improved the 
representation of tundra processes in the Energy Exascale 
Earth System Model. The project’s modeling approach was 
initially driven by the recognition that the current genera-
tion of models failed to capture many processes controlling 
climate feedbacks in Arctic tundra. Model improvements 
have emphasized unique aspects of permafrost environ-
ments and explored reductions in model complexity while 
retaining predictive power. The team is now leveraging 
Arctic-informed models to make novel predictions. For 
example, researchers found that improved model representa-
tion of the unique characteristics of tundra plants improved 
model prediction of carbon-climate feedbacks and under-
scored the need for dynamic vegetation. In turn, improved 
model representation of ground subsidence predicted 
that a sinking tundra surface is unlikely to trigger runaway 
perma frost thaw. Furthermore, machine learning algorithms 
trained on thousands of observations improved model rep-
resentation of snow distribution across the landscape. The 
next phase of NGEE Arctic proposes to confront models 
trained on and evaluated against observations from Arctic 
Alaska with current observations and projected climate 
responses across the Arctic.

National Laboratory Projects
Terrestrial Ecology
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Improvements to Land Surface 
Modeling in Polygonal Tundra
Charles Abolt1* (cabolt@lanl.gov), Scott Painter2, Xiang 
Huang1, Ethan Coon2, Katrina Bennett1, Colleen Iversen2

1Los Alamos National Laboratory, Los Alamos, NM; 
2Oak Ridge National Laboratory, Oak Ridge, TN

https://ngee-arctic.ornl.gov

For over a decade, the Next-Generation Ecosystem Exper-
iments (NGEE) Arctic project has conducted research 
regarding the impact of climate change on hydrologic 
processes in ice wedge polygonal tundra. The long-term 
goal of this research is to develop process representation of 
changing polygonal microtopography and surface inunda-
tion dynamics within the land component of the Energy 
Exascale Earth System Model (E3SM), DOE’s flagship 
Earth system model. Among the most important research 
questions are whether the land surface will become wetter 
or drier and how changes to surface wetness will impact 
ground-atmosphere carbon exchange. Early work focused 
on developing and validating the Amanzi–Advanced Ter-
restrial Simulator (ATS), a physics-rich surface-subsurface 
hydrologic code, at the spatial scale of individual ice wedge 
polygons. More recently, observation-constrained, basin-
scale Amanzi-ATS simulations on the outer coastal plain 
of the Beaufort Sea have projected that ice wedge polygon 
landscapes are likely to become drier over the next century 
due to improved surface drainage in thermokarst terrain. 
Recent satellite remote sensing work is consistent with 
this finding but has also demonstrated that the response of 
inundation dynamics will be highly impacted by macroscale 
topographic setting. At present, the NGEE Arctic project is 
conducting a new ensemble of basin-scale simulations in five 
watersheds throughout the Alaskan North Slope, ranging 
from flat to very hilly (>100 m of relief in less than 1 square 
kilometer). The results are being analyzed to determine new 
empirical relationships between surface water storage, sur-
face inundation fraction, and runoff, which change as a func-
tion of active layer deepening to reflect the impact of ground 
subsidence and microtopographic deformation on surface 
hydrology. These new empirical equations will be embed-
ded within the land component of E3SM and switched on 
within columns representing polygonal ground. This new 
functionality will enable regional and pan-Arctic assess-
ments of the extent to which changing polygonal microto-
pography impacts Arctic carbon cycling as air temperatures 
continue to rise.

Improvements to Modeling and 
Predicting Snow Distribution Using 
Machine Learning, Physics-Based Models, 
and New Observational Methods
Ryan Crumley1* (rcrumley@lanl.gov), Claire Bachand1, 
Katrina Bennett1, Colleen Iversen2

1Los Alamos National Laboratory, Los Alamos, NM; 
2Oak Ridge National Laboratory, Oak Ridge, TN

https://ngee-arctic.ornl.gov

Snowpack distribution in Arctic and alpine landscapes is 
highly variable and often occurs in repeating, year-to-year 
patterns due to local topographic, weather, and vegetation 
characteristics. Developing methods for monitoring and 
modeling complex Arctic snow distributions is key to 
understanding snow-vegetation interactions and subsequent 
impacts on permafrost. Recent advances in snow hydrology 
and machine learning (ML) have increased the ability to 
predict snowpack distribution using in situ observations 
and simple landscape characteristics (e.g., vegetation type, 
topographic position index, wind indices, elevation) that can 
be easily obtained for most environments. Here, the team 
presents novel methods to characterize snow-vegetation-to-
pography interactions using ML, physics-based models, and 
new observational methods to determine snow depth and 
snow distribution in the subarctic Teller watershed on the 
Seward Peninsula in Alaska. First, researchers include results 
from a hybrid approach to couple a ML-based snow distri-
bution pattern map with the physics-based snow process 
model, SnowModel. The team trained the ML algorithm on 
tens of thousands of snow survey observations that were col-
lected over four winters during peak snow-water equivalent 
(Crumley et al. In review for Water Resources Research). The 
hybrid method more accurately depicted the spatial patterns 
seen in in situ observations and light detection and ranging 
datasets compared to SnowModel runs that did not incorpo-
rate the ML pattern map. Secondly, researchers developed a 
transferable ML model to predict snow depth from ground 
surface temperature (GST) measurements at daily temporal 
resolution (Bachand et al. In preparation). This model was 
trained on snow depth and GST data collected using distrib-
uted temperature profilers and performed well (R2>0.85) 
on the Seward Peninsula and elsewhere (e.g., Svalbard, Nor-
way). These results demonstrate that ML can improve upon 
physics-based model results and enhance the capacity to 
observe snowpack characteristics in a changing Arctic envi-
ronment going forward.
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Tussock Tundra Methane Fluxes Are 
Heterogeneous and Sensitive to Spring 
Conditions: An NGEE Arctic Study at Council, AK
Sigrid Dengel1* (sdengel@lbl.gov), Ori Chafe1,2, 
Misha Krassovski3, Jeff Riggs3, Margaret S. Torn1, 
Colleen Iversen3

1Lawrence Berkeley National Laboratory, Berkeley, CA; 2University of 
Oregon, Eugene, OR; 3Oak Ridge National Laboratory, Oak Ridge, TN

https://ngee-arctic.ornl.gov

Arctic tussock tundra is often treated as one plant commu-
nity for modeling and projecting greenhouse gas fluxes, 
but small-scale heterogeneity in thaw, and thus hydrol-
ogy, can have large impacts on greenhouse gas fluxes. The 
team measured methane (CH4), carbon dioxide (CO2), 
energy exchange, and above- and belowground properties 
between 2017 and 2023 at the Next-Generation Ecosystem 
Experiments Arctic site near Council, AK (AmeriFlux site 
US-NGC). The northern flux tower footprint was moder-
ately dry while the southern section contained inundated 
thermokarst features. Thaw depth, soil moisture, and tem-
perature were distinctively different between these sectors. 
While the soil thawed faster in the non-thermokarst areas in 
spring as thermokarst features were often covered with snow 
into June, by July thermokarst features reached a thaw depth 
of 1 m almost a month before those in the drier, upland 
areas. While there was little interannual variation in mete-
orological conditions in summer, variation in spring condi-
tions dictated CH4 fluxes at the site. The highest CH4 fluxes 
occurred in 2019, which had a mild, wet spring (snowmelt 
24 May; growing season CH4 fluxes were 23.5 nanomoles 
per m2 per second in the south, 12 nmol m-2 s-1 in the 
north). In contrast, the lowest fluxes were in 2022 when 
spring was cooler and drier (snowmelt 29 April; CH4 
fluxes were 7.8 and 4.2 nmol m-2 s-1 in wet and dry areas, 
respectively). In all years, the influence of thermokarst CH4 
hot spots was clear in footprint-averaged fluxes. The areas 
also had different timescales of response to environmental 
conditions, with faster response in wet areas. Thus, tussock 
tundra, which is currently modeled as a single vegetation 
community, has highly heterogeneous CO2 and CH4 fluxes 
in space, seasonally, and interannually. These differences are 
associated with thermokarst and weather impacts on sub-
surface moisture and temperature, pointing to the need for 
better representation of thermohydrology in land models.

Thermokarsting Alters Belowground 
Biogeochemistry and Greenhouse Gas Fluxes
Sean Fettrow* (fettrowsa@ornl.gov), Erin Berns-Herrboldt, 
Verity G. Salmon, Elizabeth Herndon, Benjamin N. Sulman, 
David Graham, Colleen Iversen

Oak Ridge National Laboratory, Oak Ridge, TN

https://ngee-arctic.ornl.gov

Climate change poses a significant risk to the function of 
Arctic ecosystems and the stability of frozen carbon (C) cur-
rently sequestered in Arctic permafrost. Substantial progress 
has been made in understanding and predicting how Arctic 
plant and soil C cycling will respond to warming. However, 
models remain uncertain, particularly with respect to the 
variable response of soil biogeochemistry and greenhouse 
gas (GHG) flux to warming within different plant functional 
types (PFTs) and landscape positions. The project’s over-
arching objective is to link soil GHG flux [carbon dioxide 
(CO2), methylene, nitrous oxide (N2O)] and soil biogeo-
chemical variables to different landscape positions and 
PFTs. These findings will help resolve spatial variability in 
Arctic ecosystem response to warming. Here, the team pres-
ents data from field campaigns in Council, AK, in 2021 and 
2023 and preliminary data from a laboratory mesocosm cur-
rently being conducted. Researchers found that a lowland 
thermokarst wetland containing aerenchymas graminoids 
acts as a net source of GHGs due to significant (p<0.05) 
emission of methane (CH4), while the upland tundra con-
taining shrub, lichen, and forb PFTs generally acts as a net 
sink of GHGs during the late thaw season. Upland PFTs 
correlate well with belowground chemistry (i.e., redox, pH, 
dissolved organic carbon) while belowground chemistry 
correlates well with soil GHG fluxes (CO2, CH4, N2O). The 
project therefore postulates that PFT alters belowground 
biogeochemistry, which in turn affects how C is cycled 
and emitted as GHGs. Graminoids present at the lowland 
thermokarst wetland location likely contribute the most to 
rapid and sustained changes in belowground biogeochemis-
try, likely due to aerenchyma conducting GHG from the soil 
to the atmosphere as well as introducing oxygen to the oth-
erwise anoxic rooting zone. The team additionally presents 
preliminary data on a rhizobox mesocosm experiment inves-
tigating interactions between this aerenchyma graminoid 
belowground biogeochemistry.
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Addressing Issues of Model Scale with 
New E3SM Land Model Parameterizations 
and a Novel Ecosystem Mapping 
and Modeling Approach
Eve Gasarch1* (egasarch@lanl.gov), Claire Bachand1* 
(cbachand@lanl.gov), Richard Fiorella1, Ryan Crumley1, 
Katrina Bennett1, Colleen Iversen2

1Los Alamos National Laboratory, Los Alamos, NM; 
2Oak Ridge National Laboratory, Oak Ridge, TN

https://ngee-arctic.ornl.gov

Scaling is a ubiquitous challenge in Earth system models 
(ESMs). In the Arctic, the spatial distribution of snow 
depends on fine-scale processes and has impacts on underly-
ing permafrost, regional hydrology, and ecology. Incorporat-
ing these fine-scale relationships into coarse-scale ESMs is 
difficult due to the challenges of accessing and observing the 
vast Arctic system. In this work, the project aims to improve 
representation of snow in the Arctic in the E3SM Land 
Model (ELM) through improved process representation 
and novel snow-scaling techniques. To improve ELM, the 
team leveraged and modified its existing subgrid structure 
and snow parameterizations. Results show that downscaling 
radiation and precipitation forcings based on topographic 
characteristics improves E3SM’s snow estimates. Research-
ers also find that modeled vegetation heights are too tall in 
the Arctic. Taken together, combined with ELM’s lack of 
wind redistribution of snow, the team finds that ELM exhib-
its biases in its representation of fine-scale snow processes. 
To complement these ELM developments, researchers 
propose a novel clustering technique to upscale snow char-
acteristics from watershed to regional scales using remotely 
sensed landscape characteristics. This construct, which 
is referred to as ecosystem mapping and modeling units 
(EMMUs), is a promising way to infer snow distributions 
across large domains and to evaluate ESMs at the grid cell 
level (e.g., >1 km2).

EMMUs are derived using a k-means clustering method on 
features derived from airborne light detection and ranging 
(LiDAR) data collected on Alaska’s Seward Peninsula in 
summer 2021 and winter 2022. The team examined the 
relationships between snow depth and LiDAR-derived land-
scape characteristics to inform feature selection. The results 
presented include 11 clusters based on topographic position 
index, shrub height, and shrub density. Average snow depth 
differs significantly between each cluster, demonstrating that 
the EMMU approach could be valuable for informing and 
evaluating ELM developments at larger scales.

Improving Disturbance and Plant 
Functional Type Representation in 
ELM-FATES for Arctic Science Questions
Jennifer A. Holm1* (jaholm@lbl.gov), Charles Koven1, 
Yanlan Liu2, William J. Riley1, Jing Tao1, Margaret S. Torn1, 
Alistair Rogers1, Verity G. Salmon3, Gregory Lemieux1, 
Baptiste Bafflon1, Colleen Iversen3

1Lawrence Berkeley National Laboratory, Berkeley, CA; 2The Ohio State 
University–Columbus, OH; 3Oak Ridge National Laboratory, Oak Ridge, TN

https://ngee-arctic.ornl.gov

Shifts in Arctic vegetation are expected to continue under 
rapid warming, directly control ecosystem function and 
climate feedbacks and remain challenging to predict in eco-
system models. Therefore, the team has evaluated the role 
and sensitivity of the parameterization of plant functional 
types in model simulations at the Kougarok Hillslope site in 
Alaska under historical and future climates using the E3SM 
Land Model–Functionally Assembled Terrestrial Ecosystem 
Simulator (ELM-FATES). Results show that present-day 
modeled biomass, composition, and productivity are the 
most sensitive to traits controlling photosynthetic capac-
ity, carbon allocation, allometry, and phenology. Notably, 
these same sets of trait configurations produce diverging 
biomass, composition, and productivity under future cli-
mate, where the uncertainty attributable to plant traits is 
twice the change attributable to climate. This larger diver-
gence due to functional trait uncertainty motivates further 
work to better constrain model parameters and re-evaluate 
model predictions under changing climate. In addition to 
long-term warming, shifts in Arctic disturbance regimes 
will alter demographic processes of recruitment, growth, 
and mortality. Dynamic ecosystem modeling that includes 
successional demographic processes and trait-driven 
competitive responses to disturbance is a powerful tool to 
investigate these Arctic dynamics. To better understand 
Arctic processes under a warming climate, researchers will 
improve ELM-FATES to simulate the effects of wildfire 
disturbance on plant distribution and function and evaluate 
the importance of vegetation-mediated ecosystem responses 
in driving overall patterns of carbon cycling and greenhouse 
gas balance. The team presents the framework for updating 
ELM-FATES, including (1) an improved subgrid hierar-
chical framework to have modeling “columns” that reflect 
wildfire disturbance history, (2) differences between “evenly 
distributed” and “resolved” vegetation distributions in the 
model grid cell, (3) cross-grid seed dispersal, and (4) initial 
results of coupled nutrient interactions. The goal of these 
model developments is to link different types of rapid and 
heterogeneous change to explore interactions and feedbacks 
among them using an improved ELM-FATES.
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Estimating Fractional Cover of Arctic 
Tundra Plant Functional Types on the 
North Slope of Alaska Using Sentinel 
and Harmonized Plot Observations
Jitendra Kumar1* (kumarj@ornl.gov), Tianqi Zhang1, 
Morgan Steckler1, Amy Breen2, Forrest M. Hoffman1, 
William W. Hargrove3, Colleen Iversen1

1Oak Ridge National Laboratory, Oak Ridge, TN; 2University of Alaska–
Fairbanks, AK; 3USDA Forest Service, Asheville, NC

https://ngee-arctic.ornl.gov

Plant functional type (PFT) fractional cover (fCover) 
information is used to assess vegetation composition and 
diversity, which is crucial for understanding the health and 
functioning of Arctic ecosystems. Satellite data provide a 
means for scaling local, plot-measured fCover to regional 
scales. The team harmonized open-access vegetation 
plot data repositories that provide fCover observations 
in Alaska: the Alaska Vegetation Plots Database, ABR 
Inc.—Environmental Research and Services, the Arctic 
Vegetation Archive, and the National Ecological Observa-
tory Network. Leveraging these plot datasets, researchers 
generated a wall-to-wall map of fCover for tundra PFTs on 
the north slope of Alaska. While the plot fCover provide 
invaluable information about the tundra vegetation, they 
contain large inconsistencies in terms of sampling scale 
(species- or PFT-level), plot size (0.5 to 55 m in radius), 
collection year (1950 to 2021), field sampling approaches 
(point- or quadrat- intercept), and fCover measurement 
(percent or Braun-Blanquet codes). The team harmonized 
the plot fCover using a consistent PFT schema: nonvascu-
lar, forb, graminoid, deciduous shrub, evergreen shrub, and 
two non-PFT classes (bare ground and water, suitable for 
parameterizing terrestrial land surface models). Researchers 
then linked the plot fCover with satellite-derived explana-
tory variables (Sentinel-2 spectra, phenology, and Sentinel-1 
polarization bands) and trained random forest regression 
models to estimate fCover. To reduce the spatiotemporal 
inconsistencies between plot and satellite observations, the 
team adopted a multivariate outlier detection approach—
Cook’s distance—to identify high-quality plots for model 
training and validation. The results suggest that the random 
forest regression models can estimate fCover with good 
accuracy. The correlations between plot-observed and sat-
ellite-derived fCover are substantially improved when using 
high-quality plot samples. The mapped fCover character-
izes the spatial patterns of different PFTs across the tundra 
biome at a high resolution, providing information needed 
for improved representation of Arctic tundra vegetation in 
Earth system models to better quantify climate- vegetation 
feedbacks in the Arctic tundra ecosystem.

Impacts of Wildfire on Arctic Shrub Expansion
Zelalem Mekonnen1* (zmekonnen@lbl.gov), 
William J. Riley1, Robert F. Grant2, Colleen Iversen3

1Lawrence Berkeley National Laboratory, Berkeley, CA; 
2University of Alberta, Edmonton, Canada; 3Oak Ridge National 
Laboratory, Oak Ridge, TN

https://ngee-arctic.ornl.gov

Northern high-latitude regions have experienced rapid 
warming and more frequent and intense wildfire in recent 
decades. These changes contribute to a complex set of 
soil-plant-atmosphere interactions, potentially altering 
competitive interactions, plant species composition and 
abundance, and ecosystem carbon stocks. Increases in 
woody plants, particularly tall deciduous shrubs, have been 
observed across much of the Arctic tundra region. However, 
the role wildfire plays on observed shrub expansion is uncer-
tain. Here, the team applied a process-rich ecosystem model, 
ecosys, to examine changes in tundra shrub growth driven by 
wildfire across Alaska.

After thoroughly evaluating model simulations against site 
observations and data-driven regional products, researchers 
found that the impact of wildfire on Arctic shrub growth is 
spatially heterogeneous. The team modeled that changes in 
soil moisture postfire are a key factor that controls successful 
establishment and relative competitiveness of shrubs. Fire 
generally enhances the growth of shrubs in areas that are 
sufficiently drained and have optimal soil moisture versus 
in areas with postfire saturated conditions. The project 
shows that postfire deepening of the active layer, driven by 
warmer soil, accelerates nutrient cycling. Further, changes 
in soil moisture regime control trajectories of shrub growth 
and their ability to compete with herbaceous plants under 
increased wildfire and climate warming.
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Arctic Ecosystem Modeling: What 
Role Can Paleo History Play in 
Reducing Model Uncertainty?
Hannah Mevenkamp1* (hkmevenkamp@alaska.edu), 
Tobey Carman1, Helene Genet1, Ruth Rutter1, Shawn 
Serbin3, Eugénie Susanne Euskirchen1, Colleen Iversen3

1University of Alaska–Fairbanks, AK; 2Brookhaven National Laboratory, 
Upton, NY; 3Oak Ridge National Laboratory, Oak Ridge, TN

https://ngee-arctic.ornl.gov

Ongoing and expected changes in the carbon balance of the 
Arctic tundra are important for the global carbon budget, 
but uncertainty remains in the ability to model Arctic eco-
systems. The influence of initial conditions is often under-
estimated as a source of this model uncertainty, particularly 
with respect to the initial model set-up with pre-run, equi-
librium, and spin-up simulations that are necessary to reach 
an accurate representation of pre-industrial conditions. This 
is particularly relevant in areas underlain by permafrost like 
the Arctic.

Arctic permafrost contains large amounts of carbon (1,460 
to 1,600 petagrams of carbon) and dates to the last glacial 
maximum (LGM). This permafrost has remained stable 
under pre-industrial conditions due to a hysteresis behavior, 
resulting in a much longer thermal memory than commonly 
accounted for in modeling. Consequently, this leads to an 
underestimation of pre-industrial permafrost extent and 
may cause significant model uncertainty concerning carbon 
balance and soil temperatures.

The project assesses whether considering paleo history 
improves soil thermal and carbon balance representation 
in the Dynamic Vegetation, Dynamic Organic Soil, Terres-
trial Ecosystem Model. Researchers conduct simulations 
at several sites across Alaska and compare simulations with 
and without paleo history with borehole observations and 
carbon flux measurements. The team examines the impact of 
different paleo climate scenarios, each varying the tempera-
ture difference from the LGM to pre-industrial conditions. 
Initial simulations reveal that colder paleo climate scenar-
ios result in initially cooler soils, which in some instances 
exhibit a more rapid warming trend under recent climatic 
warming compared to warmer scenarios. This shift in ther-
mal dynamics carries significant implications for the carbon 
balance and overall model uncertainty. Through this project, 
the team aims to assess the potential benefits of adopting 
paleo history more widely in modeling to reduce these 
model uncertainties.

Incorporation of Diverse Arctic Vegetation 
Types in a Land Surface Model Improves 
Representation of Spatial Variability in 
Carbon Dynamics Across a Tundra Landscape
Bailey Murphy1* (murphyba@ornl.gov), 
Benjamin N. Sulman1, Fengming Yuan1, Verity G. Salmon1, 
Jitendra Kumar1, Colleen Iversen1, Sigrid Dengel2, 
Margaret S. Torn2

1Oak Ridge National Laboratory, Oak Ridge, TN; 
2Lawrence Berkeley National Laboratory, Berkeley, CA

https://ngee-arctic.ornl.gov

Earth system models (ESMs), particularly land surface 
components that simulate complex interactions between 
vegetation and the atmosphere, serve as essential tools for 
comprehending climate change. The Arctic is experiencing 
warming trends surpassing those observed elsewhere on 
Earth. Given the considerable carbon stored in permafrost 
that is susceptible to release with ongoing warming, perma-
frost thaw has the potential to significantly impact global 
carbon cycling and ecosystem-climate feedbacks. However, 
model predictions of climate change in Arctic regions are 
uncertain, in part due to challenges in capturing the com-
plexity of Arctic ecosystems and the historically limited 
availability of observational data for model validation and 
calibration. Arctic ecosystems are typically represented in a 
highly simplified manner. For instance, the Energy Exascale 
Earth System Model (E3SM) divides Arctic vegetation 
into two plant functional types (PFTs): deciduous shrub 
or grass. Recent efforts have integrated diverse Arctic PFTs 
into the E3SM Land Model (ELM), leveraging the wealth 
of data from the Next-Generation Ecosystem Experiments 
(NGEE) Arctic to parameterize the additional PFTs. In this 
study, researchers conducted spatially explicit 100 × 100 m 
resolution simulations of vegetation and associated carbon 
dynamics at the NGEE Arctic Council study site on Alaska’s 
Seward Peninsula, using ELM configured with the improved 
representation of Arctic vegetation.

Comparison of model predictions with observational data 
(e.g., eddy covariance flux tower, airborne hyperspectral 
remote sensing, and machine learning–based plant com-
munity characterization) reveals that the refined PFT 
representation produced more realistic spatial patterns of 
tundra vegetation biomass and land-atmosphere exchanges 
compared to the original model. Variability in vegetation 
biomass and productivity across the tundra landscape was 
much higher when incorporating multiple tundra plant 
growth forms. Results demonstrate that enhanced model 
representation of the diversity of Arctic vegetation can 
provide a more robust predictive understanding of carbon 
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dynamics across tundra landscapes, facilitating regional to 
pan-Arctic scaling.

Unraveling the Impacts of Snowpack 
Dynamics, Soil Properties, and Near-Surface 
Hydrology on Soil Temperatures and 
Biogeochemical Processes in Two 
Discontinuous Permafrost Watersheds 
Ian Shirley1* (ishirley@lbl.gov), Chen Wang1, 
Zelalem Mekonnen1, Stijn Wielandt1, Sylvain Fiolleau1, 
Sebastian Uhlemann1, Katrina Bennett2, William J. Riley1, 
Baptiste Dafflon1, Colleen Iversen3

1Lawrence Berkeley National Laboratory, Berkeley, 
CA; 2Los Alamos National Laboratory, Los Alamos, NM; 
3Oak Ridge National Laboratory, Oak Ridge, TN

https://ngee-arctic.ornl.gov

In high-latitude permafrost environments, snowpack 
dynamics, soil properties, and near-surface hydrology are 
linked with soil thermal regimes, vegetation dynamics, 
and carbon cycling. Better understanding of these links 
requires collection of spatially and temporally dense hydro- 
geochemical data, which is made challenging by remote field 
locations and harsh environmental conditions. Here, the 
project uses spatially and temporally dense measurements 
of snowpack dynamics and soil temperature in conjunction 
with model experiments to explore the connections between 
snow, water, and carbon in two discontinuous permafrost 
watersheds.

The team collected co-located, vertically resolved time series 
of snow and soil temperature every 5 or 10 cm along 1.2 or 
1.6 m probes between June 2021 and September 2023 at 
82 locations in the Teller 27 watershed and 44 locations in 
the Kougarok watershed on the Seward Peninsula in Alaska. 
Researchers further perform one-dimensional model exper-
iments using ecosys, a mechanistic, process-rich ecosystem 
model that has been successfully tested across high latitudes.

Variation in annual maximum snow depth is strongly cor-
related with mean annual soil temperatures at both sites. 
Researchers also find that interannual variability in snow 
regimes drives interannual variability in near-surface soil 
temperatures during the growing season. Modeled and 
observed snowpack dynamics (snow depths and snow tem-
perature profiles) closely match observations throughout 
both years of data. A model sensitivity analysis shows that, 
in addition to snow depth, soil thermal-hydrological char-
acteristics have a strong impact on simulated soil tempera-
tures. This model result is used to explain why locations with 
similar snow depths can have different soil thermal regimes. 

The team further finds that spatial variation in snow depths 
is associated with variation in rates of biogeochemical 
processes (e.g., more primary productivity in areas of deep 
snow), and that interannual variation in snowmelt timing 
has a strong impact on growing season dynamics (e.g., leaf 
out date and growing season length).

Simulating Arctic Soil Redox and 
Biogeochemical Interactions 
in the E3SM Land Model
Benjamin N. Sulman1* (sulmanbn@ornl.gov), 
Fengming Yuan1, Neslihan Taş2, Bailey Murphy1, 
Sean Fettrow1, Elizabeth Herndon1, David Graham1, 
Peter E. Thornton1, Colleen Iversen1

1Oak Ridge National Laboratory, Oak Ridge, TN; 
2Lawrence Berkeley National Laboratory, Berkeley, CA

https://ngee-arctic.ornl.gov

Redox cycles, geochemistry, and pH are recognized as key 
drivers of subsurface biogeochemical cycling in terrestrial 
and wetland ecosystems but are typically not included in 
terrestrial carbon cycle models. These omissions may intro-
duce errors when simulating carbon cycling and greenhouse 
gas emissions in systems where redox interactions and pH 
fluctuations are important, such as wetland-rich tundra 
landscapes where saturated soil conditions combined with 
high soil iron concentrations can influence biogeochem-
istry. The project coupled the E3SM Land Model (ELM) 
with geochemical reaction network simulator PFLOTRAN, 
allowing geochemical processes and redox interactions to be 
integrated with land surface model simulations. Researchers 
implemented a reaction network including aerobic decom-
position, fermentation, iron oxide reductive dissolution 
and dissolved iron oxidation, and methanogenesis as well 
as pH dynamics. The team used the model framework to 
simulate biogeochemical cycling and methane production 
across tundra landforms including permafrost polygons and 
thermokarst features. Model simulations were parameter-
ized using laboratory incubations and compared well with 
measured porewater concentrations and surface gas emis-
sions from Next-Generation Ecosystem Experiments Arctic 
field sites. These results demonstrate how directly simulating 
biogeochemical reaction networks can improve land surface 
model simulations of subsurface biogeochemistry and car-
bon cycling in tundra ecosystems.
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Metagenomics and Synchrotron 
Fourier Transform Infrared Resolved 
Changes in Carbon and Nitrogen 
Cycling in an Arctic Tundra
Neslihan Taş1,2* (ntas@lbl.gov), Nancy Conejo1, 
Sarah Feng1, Marla DeKlotz1, Hoi-Ying Holman1, 
Colleen Iversen2

1Lawrence Berkeley National Laboratory, Berkeley, CA; 
2Oak Ridge National Laboratory, Oak Ridge, TN

https://ngee-arctic.ornl.gov

This project uses state-of-the-art sequencing and imaging 
technologies to resolve complex interactions governing 
biochemical cycles in tundra biomes to inform efforts to 
decipher Arctic carbon and nitrogen cycling. Arctic soils 
are crucial in climate change research due to potential rapid 
microbial mineralization and increased greenhouse gas 
(GHG) emissions under rising temperatures. The diverse 
microbial habitats in these soils, shaped by various landscape 
features, show varying responses to warming, but the sea-
sonal impact on GHG production remains unclear. Between 
2011 and 2022, the team conducted multiple sampling 
campaigns to collect active layer soils from the polygonal 
Arctic tundra at the Barrow Environmental Observatory. 
Researchers analyzed these soils’ chemical and biological 
properties and performed lab-scale soil incubations to test 
the impact of warmer winters on GHG emissions. To bet-
ter understand the microbial communities in these soils, 
the team extracted and sequenced the whole community 
DNA and reconstructed prokaryotic and viral genomes. 
In addition, researchers analyzed the soil biochemistry via 
synchrotron Fourier transform infrared spectral imaging 
at the Berkeley Infrared Structural Biology beamline of the 
Advanced Light Source to link soil chemistry and microbial 
communities. The team discovered that the microbiomes 
are organized by topography, significantly influencing the 
distribution of genes linked to GHG emissions, with GHG 
production potential varying across different polygons. At 
the site, limited pools of butyrate, lactate, formate, and ace-
tate were observed with carbon chemistry predominantly 
consisting of lignocellulose and chitin where microbes were 
mostly found.

Marginal differences in the distribution of carbon com-
pounds between organic and mineral layers were detected, 
paralleling genomic data observations. Especially in wetter 
portions of the landscape, significantly higher carbon diox-
ide fluxes were detected after a warm winter. The project’s 
research highlights that landscape topography primarily 
determines microbial functions, and integrating these with 

geochemistry and GHG fluxes offers insights into Arctic soil 
biogeochemical cycles.

Using Machine Learning to Estimate 
Near-Surface Permafrost Extent at NGEE Arctic 
Sites on the Seward Peninsula in Alaska
Evan Thaler1* (thaler@lanl.gov), Sebastian Uhlemann2, 
Joel Rowland1, Jon Schwenk1, Chen Wang2, Baptiste 
Dafflon2, Katrina Bennett1, Colleen Iversen3

1Los Alamos National Laboratory, Los Alamos, NM; 2Lawrence Berkeley 
National Laboratory, Berkeley, CA; 3Oak Ridge National Laboratory, 
Oak Ridge, TN

https://ngee-arctic.ornl.gov

Permafrost soils are a critical component of the global car-
bon cycle and are locally important regulators of hydrologic 
fluxes from uplands to rivers. Furthermore, degradation of 
permafrost soils can lead to land surface subsidence, dam-
aging crucial infrastructure for local communities. Regional 
and hemispherical maps of permafrost are too coarse to 
resolve distributions at a scale relevant to assessments of 
infrastructure stability or to illuminate geomorphic impacts 
of permafrost thaw. Here, researchers train machine learning 
models to generate meter-scale maps of near-surface perma-
frost for three watersheds in the discontinuous permafrost 
region. The models were trained using ground truth deter-
minations of near-surface permafrost presence from mea-
surements of soil temperature and electrical resistivity. The 
team trained three classifiers: extremely randomized trees 
(ERTr), support vector machines (SVM), and an artificial 
neural network (ANN). Model uncertainty was determined 
using k-fold cross validation, and the modeled extents of 
near-surface permafrost were compared to the observed 
extents at each site. At-a-site near-surface permafrost distri-
butions predicted by the ERTr produced the highest accu-
racy (70 to 90%). However, the transferability of the ERTr 
to sites outside of the training data set was poor, with accu-
racies ranging from 50 to 77%. The SVM and ANN models 
had lower accuracies for at-a-site prediction (70 to 83%), yet 
they had greater accuracy when transferred to the nontrain-
ing site (62 to 78%). These models demonstrate the poten-
tial for integrating high-resolution spatial data and machine 
learning models to develop maps of near-surface permafrost 
extent at resolutions fine enough to assess infrastructure 
vulnerability and landscape morphology influenced by 
permafrost thaw. However, transferrable machine learning 
models for estimating near-surface permafrost extent across 
ecosystems and disturbances histories will require additional 
ground truth datasets, which are currently underdeveloped.
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A Managed Project Data Space that 
Supports a Proposed NGEE Arctic Phase 4 
Integrated ModEx Framework
Michele Thornton* (thorntonmm@ornl.gov), 
Terri Velliquette, Bob Bolton, Forrest M. Hoffman, 

Colleen Iversen

Oak Ridge National Laboratory, Oak Ridge, TN

https://ngee-arctic.ornl.gov

This project describes how researchers will support data 
collections and management of a proposed Next-Generation 
Ecosystem Experiments (NGEE) Arctic Phase 4 to allow 
for coordinated data use among an interdisciplinary team of 
empiricists and modelers, as well as how the team will con-
tinue to provide a foundation of open science and data shar-
ing through an NGEE Arctic Managed Project Data Space.

The NGEE Arctic Data Management Team (DMT) rec-
ognizes the need for coordinating a collection of baseline 
datasets that support the modeling activities of three 
proposed Phase 4 model-experiment questions and three 
proposed Phase 4 crosscut science activities. These datasets 
range widely from synthesized model evaluation site data 
to regional and pan-Arctic initialization, parameterization, 
and evaluation data. Scaling activities will determine NGEE 
Arctic data standards, ensuring coordination of research 
activities and facilitating data interoperability. The DMT 
will create and foster a Managed Project Data Space and 
an associated data catalog that will be a compute resource 
providing open and shared access to an organized collection 
of datasets. Phase 4 Science Teams will both contribute to 
and access these organized data thereby ensuring data coor-
dination across modeling activities, reducing duplication of 
effort, mitigating model uncertainties, and fostering con-
sistent workflows. This compute and data access resource 
will be an allocation of Oak Ridge National Laboratory’s 
(ORNL) Scalable High Performance Computing Condo 
known as the Compute and Data Environment for Sci-
ence (CADES). CADES’ Open Protection Zone allows 
researchers inside and outside of ORNL access to dedi-
cated infrastructure, sustained storage and access, compute 
resources, and customizable software as a service. The DMT 
will develop the infrastructure and manage a data catalog 
that allows easily searchable high-level metadata for site, 
regional, and pan-Arctic datasets and provides contextual 
information of spatial and temporal extents and resolu-
tions of data. The DMT will assist Phase 4 researchers with 
publishing all mature datasets into DOE’s Environmental 
System Science Data Infrastructure for a Virtual Ecosystem 
long-term repository.

Multiscale Modeling and Model-Data 
Integration to Improve the E3SM Land Model
Peter E. Thornton1* (thorntonpe@ornl.gov), 
Colleen Iversen1, Charles Abolt2, Scott Painter1, 
Ethan Coon1, Yu Zhang2, Katrina Bennett2, Claire Bachand2, 
Benjamin N. Sulman1, Fengming Yuan1, Teri O’Meara1, 
Ryan Crumley2, Richard Fiorella2, Xiang Huang2

1Oak Ridge National Laboratory, Oak Ridge, TN; 
2Los Alamos National Laboratory, Los Alamos, NM

https://ngee-arctic.ornl.gov

The overarching objective for the Next-Generation Eco-
system Experiments (NGEE) Arctic project is to deliver an 
improved predictive understanding of Arctic tundra pro-
cesses at the scale of a high-resolution Earth system model 
(ESM) grid cell. To achieve that goal, the team has identified 
six Integrated Modeling efforts, each of which results in 
improved prediction capability implemented within DOE’s 
Energy Exascale Earth System Model (E3SM). During 
Phase 3 of NGEE Arctic, researchers are synthesizing obser-
vations, experiments, and fine-scale modeling results to 
arrive at new E3SM Land Model (ELM) parameterizations 
suitable for a high-resolution ESM grid cell. Over the past 
year, the team has made significant progress in connecting 
high-resolution and process-resolving simulations to site-
scale observations to improve understanding of fundamen-
tal controls on hydrologic, thermal, and biogeochemical 
processes in Arctic tundra landscapes. Researchers have also 
made important advances in developing new process param-
eterizations and designing new implementations of subgrid 
process heterogeneity to migrate new knowledge from fine-
scale simulations into improvements in ELM. Here, the team 
shows examples of improvements in ELM from studies of 
subgrid fractional area of inundation, hydrologic coupling 
across subgrid hillslope elements, snow-vegetation interac-
tions in complex topographic settings, complex and dynamic 
vegetation communities, and redox-resolving biogeochemi-
cal reaction networks.

The project draws connections from lessons learned in the 
NGEE Arctic project to other studies in different ecosys-
tems. The team shows examples of connections between 
Arctic tundra and coastal wetland systems, focusing on 
improved representation of processes such as redox-enabled 
biogeochemistry and improved treatment of subgrid hetero-
geneity in complex ecosystems with small-scale variation in 
structure and function.
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E3SM Land Model Simulated Snow Seasonality 
in NGEE Arctic’s Alaskan Seward Peninsula 
Study Region Affected by Topography, Plant 
Functional Types, and Meteorological Forcings
Fengming Yuan1* (yuanf@ornl.gov), Peter E. Thornton1* 
(thorntonpe@ornl.gov), Benjamin N. Sulman1, 
Bailey Murphy1, Jitendra Kumar1, Amy Breen2, 
Verity G. Salmon1, Shih-Chieh Kao1, Michele Thornton1, 
Claire Bachand3, Katrina Bennett3, Colleen Iversen1, 
NGEE Arctic Data Team

1Oak Ridge National Laboratory, Oak Ridge, TN; 2University of Alaska–
Fairbanks, AK; 3Los Alamos National Laboratory, Los Alamos, NM

https://ngee-arctic.ornl.gov

In the Arctic, snow processes are of great challenge in Earth 
system models, especially in highly heterogeneous areas 
like the Alaskan Seward Peninsula where there is a lack of 
reliable input data consistent in both space and time series. 
In this study, the team presents some initial high-resolution 
(1 km×1 km) land-surface modeling results in that region 
using the E3SM Land Model (ELM) and data collected 
by or for the Next-Generation Ecosystem Experiments 
Arctic project.

Researchers integrated a few high-resolution surface prop-
erties for the region, including: (1) a newly developed 
tundra plant functional type dataset, derived from field 
investigations and remote sensing, with field-based model 
development and parameterizations (Sulman et al. 2021); 
(2) topography derived from the Arctic Digital Elevation 
Model (https://www.pgc.umn.edu/data/arcticdem/); 
(3) soil thickness (https://daac.ornl.gov/SOILS/guides/
Global_Soil_Regolith_Sediment.html); and (4) soil phys-
ical properties (https://soilgrids.org). The model is driven 
by three forcing datasets: half-degree resolution Global Soil 
Wetness Project Phase 3 (GSWP3) Version 2, half-degree 
resolution CRU-JRA5 v2.3, and 1 km×1 km GSWP3- 
Daymet (https://daymet.ornl.gov).

The preliminary data analysis in general shows reason-
able and more realistic snow coverage on the ground and 
snow-free seasonality compared to a global high-resolution 
dataset of snow coverage from the U.S. National Ice Center 
Ice Mapping System (https://usicecenter.gov/Resources/
ImsInfo). Those improvements are associated with detailed 
topography, soil, and vegetation features, even with coarse 
forcings. The 1-km resolution Daymet forcing can further 
improve the modeled snow distribution pattern in terrain. 
Further improvement of snow fence effects in tall shrubby 
land would be another critical step for ELM modeling in 
high-latitude regions.

Evaluation of Earth System Model Simulation 
for Subsurface Thermal Dynamics of Arctic 
Landscapes: Insight from an Intermodal 
Comparison at a Column Scale
Yu Zhang1* (yuzhang@lanl.gov), Xiang Huang1, 
Charles Abolt1, Scott Painter2, Ethan Coon2, 
Katrina Bennett1, Colleen Iversen2

1Los Alamos National Laboratory, Los Alamos, NM; 
2Oak Ridge National Laboratory, Oak Ridge, TN

https://ngee-arctic.ornl.gov

The Arctic is warming twice as fast as the rest of the planet, 
which poses a significant threat to both the Arctic and 
low-latitude regions. Earth system models (ESMs) serve 
as efficient tools for capturing interactions and predicting 
the impacts of Arctic warming. Within an ESM, the land 
model component is critical for simulating hydrothermal, 
ecological, and biogeochemical processes. Many ESM-based 
studies focus on Arctic prediction by improving process 
representation and employing finer mesh resolutions. 
However, the uncertainties of these model predictions are 
still poorly understood due to of a lack of observations that 
can be used for comparison at ESM scales. To address this, 
the study explores a novel model-data integrated approach 
(ModEx) to evaluate ESM predictions for Arctic landscapes. 
The team focused on the performance and uncertainty in 
DOE’s E3SM Land Model (ELM) in simulating subsurface 
hydrothermal dynamics for tundra landscapes. Using the 
field observations and well-tested process-based Advanced 
Terrestrial Simulator (ATS) model at the Barrow Envi-
ronmental Observatory (BEO) as a reference, researchers 
validated ELM’s simulation for the BEO site at a column 
scale. Using the same parameters, subsurface layer partition-
ing, and meteorological forcing in ELM and ATS, the team 
found that ELM, with its default 15% soil moisture as the 
initial condition, consistently underestimates soil moisture. 
However, aligning with the ATS initialization strategy of 
using saturated soil as an initial condition, ELM significantly 
improves in modeling soil moisture variation. Adopting this 
initialization approach, subsequent simulations found that 
the ELM subsurface temperature fits well with field obser-
vations. The project’s simulations also found that snow is 
an important control on ELM subsurface simulation. The 
study showcases the effectiveness of the ModEx approach 
to evaluate ESM performance in Arctic prediction with the 
potential to extend this approach to evaluate other processes 
beyond subsurface hydrothermal dynamics.

https://www.pgc.umn.edu/data/arcticdem/
https://daac.ornl.gov/SOILS/guides/Global_Soil_Regolith_Sediment.html
https://daac.ornl.gov/SOILS/guides/Global_Soil_Regolith_Sediment.html
https://soilgrids.org
https://daymet.ornl.gov
https://usicecenter.gov/Resources/ImsInfo
https://usicecenter.gov/Resources/ImsInfo
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Next-Generation Ecosystem 
Experiments Tropics

Next-Generation Ecosystem Experiments 
(NGEE) Tropics Phase 2 Overview
Jeffrey Chambers1,8* (jchambers@lbl.gov), Stuart 
Davies2, Kolby J. Jardine1, Michael Keller3, Charles Koven1, 
Lara Kueppers1, Ruby Leung4, Nate McDowell4, Gilberto 
Pastorello1, Alistair Rogers5, Anthony P. Walker6, Jeffrey M. 
Warren6, Chonggang Xu7, NGEE Tropics Team

1Lawrence Berkeley National Laboratory, Berkeley, CA; 2Smithsonian 
Tropical Research Institute, Washington, DC; 3USDA Forest Service, 
Washington, DC; 4Pacific Northwest National Laboratory, Richland, 
WA; 5Brookhaven National Laboratory, Upton, NY; 6Oak Ridge 
National Laboratory, Oak Ridge, TN; 7Los Alamos National Laboratory, 
Los Alamos, NM; 8University of California–Berkeley, CA
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Tropical forests exchange more carbon dioxide, water, and 
energy with the atmosphere than any other biome. Yet pro-
cesses controlling tropical forest–atmosphere interactions that 
play key roles in regulating Earth’s climate are not well repre-
sented in the current generation of Earth system models. In 
support of BER’s mission to advance a predictive understand-
ing of Earth’s climate and environmental systems, the goal of 
the Next-Generation Ecosystem Experiments (NGEE) Trop-
ics project is a greatly improved predictive understanding of 
tropical forests and Earth system feedbacks to changing envi-
ronmental drivers over the 21st century. A strong coupling of 
modeling and experiment- observational methods (ModEx) 
is the fundamental approach toward attaining this goal, with 
a grand deliverable of a representative, process-rich tropical 
forest ecosystem model (Functionally Assembled Terrestrial 
Ecosystem Simulator; FATES), where the dynamics and feed-
backs of tropical ecosystems in a changing climate are mod-
eled at the scale and resolution of a next-generation Energy 
Exascale Earth System Model (E3SM) grid cell. The current 
Phase 2 of NGEE Tropics is structured around three Research 
Focus Areas (RFAs) that will advance understanding and 
model representation of tropical forest processes at individual 
(RFA1), community to regional (RFA2), and regional and 
global (RFA3) scales in E3SM-FATES. Science activities 
within these RFAs are organized into ModEx Work Packages 
(WP). This overview will highlight activities that synthesize 
across RFAs and WPs toward addressing integrative science 
questions at site to continental scales. 

Advancing Model Predictions of 
Tropical Forest Response to Droughts
Rutuja Chitra-Tarak1* (rutuja@lanl.gov), Jeffrey M. Warren2, 
Chonggang Xu1, Cynthia Wright3, Zachary Robbins1, Nate 
McDowell4, Joe Wright5, Robinson Negron-Juarez6, Adam 
Collins1, Stuart Davies5, Daniel Zuleta5, Alfonso Zambrano5, 
Niro Higuchi7, Charles Koven6, Jeffrey Chambers6,8

1Los Alamos National Laboratory, Los Alamos, NM; 2Oak Ridge National 
Laboratory, Oak Ridge, TN; 3USDA Forest Service, Washington, DC; 
4Pacific Northwest National Laboratory, Richland, WA; 5Smithsonian 
Tropical Research Institute, Washington, DC; 6Lawrence Berkeley National 
Laboratory, Berkeley, CA; 7National Institute of Amazonian Research, 
Manaus, Amazonas, Brazil; 8University of California–Berkeley, CA

https://ngee-tropics.lbl.gov

In a demonstration of model-experiment (ModEx) success, 
the Next-Generation Ecosystem Experiments (NGEE) 
Tropics project is using diverse co-located datasets to 
advance understanding of tropical forest function and the 
predictive ability of global vegetation models. For example, 
via a complex data-model integration in Panama, the team 
found that if vegetation demography models (VDMs) are 
to correctly represent drought resilience of tropical for-
ests, they must account for trees’ rooting depths (drought 
avoidance) and not merely hydraulic vulnerability traits 
(drought resistance). Researchers found that deeper-rooted 
tree species were more hydraulically vulnerable but survived 
through several droughts compared to shallow-rooted trees. 
Thus, without accounting for rooting depths, VDMs would 
kill the wrong plant functional types, leading to misleading 
predictions of changes in forest function.

The large set of co-located measurements collected by 
NGEE Tropics—from hydrology and tree demography 
to water-sourcing depths, hydraulic traits, and other car-
bon- and water-related responses across sites in Brazil and 
Panama—are being used for DOE’s E3SM–Functionally 
Assembled Terrestrial Ecosystem Simulator (E3SM-FATES; 
-Hydro) model improvements. Here, the team summarizes 
current and planned hypotheses tests to quantify whole-
plant drought resilience strategies and their coordination 
with other stress axes (light, nutrients, heat, fire) across rep-
resentative pantropical forest communities along climatic, 
edaphic, water table, and disturbance gradients. This will 
enable representation of the true diversity and resilience of 
tropical forest response and feedback to carbon dioxide, cli-
matic, and land-use change in E3SM.
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Spatial and Temporal Drivers of Tropical 
Forest Canopy Disturbances from 
Annual Drone Photogrammetry
K. C. Cushman1* (cushmankc@ornl.gov), Milton Garcia2, 
Robinson Negron-Juarez3, Helene Muller-Landau2, 
Jeffrey Chambers3,4

1Oak Ridge National Laboratory, Oak Ridge, TN; 2Smithsonian Tropical 
Research Institute, Panama City, Panama; 3Lawrence Berkeley National 
Laboratory, Berkeley, CA; 4University of California–Berkeley, CA

https://ngee-tropics.lbl.gov

Disturbance rates are an important control over variation 
in tropical forest carbon stocks and fluxes. However, there 
is much uncertainty regarding the relative importance of 
potential drivers of disturbance rate variation in space and in 
time. In previous Next-Generation Ecosystem Experiments 
(NGEE) Tropics research, the team used repeat drone 
photogrammetry to demonstrate that disturbance rates 
varied over threefold spatially within the landscape of Barro 
Colorado Island in Panama (Cushman et al. 2022). Soil 
type, forest age, and topography explained approximately 
half of this spatial variation, with important consequences 
for standing carbon stocks across the landscape. Here, 
researchers extend previous analysis to explore whether the 
spatial patterns found in Cushman et al. are consistent over 
time, using an updated dataset of six annual drone surveys 
from 2018 to 2023 with improved georeferencing from 
recent airborne light detection and ranging data. The team 
also explores whether interannual variation in disturbance 
rates are related to patterns of convective available poten-
tial energy (CAPE) associated with mesoscale convective 
systems or locally measured precipitation events. Other 
NGEE Tropics research has shown the importance of CAPE 
for large windthrows across the Amazon basin (Feng et al. 
2023). This project combines these areas of interest within 
NGEE Tropics to characterize disturbance dynamics in 
tropical forests.

Cushman, K. C., et al. 2022. “Soils and Topography Control Natural 
Disturbance Rates and Thereby Forest Structure in a Lowland Trop-
ical Landscape,” Ecology Letters 25(5), 1126–38.

Feng, Y., et al. 2023. “Amazon Windthrow Disturbances Are Likely 
to Increase with Storm Frequency Under Global Warming,” Nature 
Communications 14(1), 101.

Towards Amazon Basin-Scale Vegetation-
Hydrology Modeling Using ELM-ParFlow-FATES
Yilin Fang1* (yilin.fang@pnnl.gov), Ruby Leung1, Lingcheng 
Li1, Marcos Longo2, Charles Koven2, Nate McDowell1, 
Robinson Negron-Juarez2, Jeffrey Chambers2,3

1Pacific Northwest National Laboratory, Richland, WA; 2Lawrence Berkeley 
National Laboratory, Berkeley, CA; 3University of California–Berkeley, CA

https://ngee-tropics.lbl.gov

Moderated by topography, climate change is likely to cause 
large and diverse impacts on plant water availability, with 
consequential impacts on vegetation dynamics and water 
cycle processes. The project has developed an integrated 
model, ELM-ParFlow-FATES, which couples the E3SM 
Land Model (ELM), an ecosystem dynamics model 
(Functionally Assembled Terrestrial Ecosystem Simula-
tor; FATES), and a three-dimensional hydrology model 
(ParFlow) to explicitly resolve hillslope topography and sub-
surface flow for better understanding of the processes that 
drive plant water availability and tropical forest dynamics. 
Numerical simulations of 1-km resolution are conducted 
using ELM-ParFlow-FATES at the Amazon basin, leveraging 
high-resolution hydraulic parameter maps for surface soils 
and 1 km land surface dataset in tropical South America. 
Four types of tropical trees that are dominant in the Ama-
zon are simulated in the model using the FATES-SP mode. 
The model results are being evaluated using highly resolved 
hydrological and vegetation data retrieved from the new 
generation of satellite missions. Analysis is also being per-
formed to understand water storage, vegetation water sourc-
ing along hillslope gradients, and vegetation response to 
flood and drought. Numerical experiments will then be per-
formed using ELM-ParFlow-FATES to answer questions of 
how dynamic structure and biomass of different vegetations 
in Amazon respond to climate change.
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Accelerated Daytime Stem Growth 
and Respiration of Canopy Trees 
in the Amazon Basin
Kolby J. Jardine1,2* (kjjardine@lbl.gov), Regison Oliveira2, 
Edison Augusto2, Bruno Gimenez2, Gustavo Spanner2, 
Jeffrey M. Warren3, Niro Higuchi2, Adriano Lima2, Nate 
McDowell4, Robinson Negron-Juarez1, Jessica Needham1, 
Marcos Longo1, Gilberto Pastorello1, Charles Koven1, 
Jeffrey Chambers1,2

1Lawrence Berkeley National Laboratory, Berkeley, CA; 2National Institute 
of Amazonian Research, Manaus, Amazonas, Brazil; 3Oak Ridge National 
Laboratory, Oak Ridge, TN; 4Pacific Northwest National Laboratory, 
Richland, WA

https://ngee-tropics.lbl.gov

Tropical forests cycle a large amount of carbon dioxide 
(CO2) between the land and atmosphere with a substantial 
portion of the return flux due to tree respiratory processes. 
However, due to the lack of a commercial real-time stem 
CO2 efflux (Es) system, in situ quantification of woody tissue 
respiratory fluxes remains limited in tropical ecosystems, 
with little information available on the interacting roles of 
plant biophysical (wood density and size), physiological 
(transpiration and growth rates), and environmental (tem-
perature and vapor pressure deficit) factors. In this study, the 
team hypothesizes that fast-growing tree species with low 
wood density will have higher respiratory fluxes compared 
with slower-growing tree species with higher wood density 
but stem radial growth and its associated respiratory produc-
tion of CO2 is highly sensitive to declines in turgor pressure 
associated with transpiration. Using custom systems for 
real-time stem Es observations, researchers quantified diurnal 
Es patterns in the BIONTE experimental tropical forest site 
near Manaus, Brazil. Researchers synthesize diurnal Es obser-
vations over 24 hours from 32 tree species during the 2022 
dry and 2022 to 2023 wet seasons. In addition, the team pres-
ents a combined analysis of 5- to 7-day continuous observa-
tions of Es, sap velocity and stem water potential during the 
2023 dry and 2024 wet seasons as well as vertical gradients 
in stem Es for a limited number of species. The observations 
are presented as a Next-Generation Ecosystem Experiments 
Tropics data archive and compared with Functionally Assem-
bled Terrestrial Ecosystem Simulator model simulations of 
maintenance and growth respiration rates.

Integrating Global Land-Use 
Change Drivers into ELM-FATES
Charles Koven1* (cdkoven@lbl.gov), Jeffrey Chambers1,2, 
Alan DiVittorio1, Rosie Fisher3, Adrianna Foster4, Jennifer  
A. Holm1, Ryan Knox1, Lara Kueppers1,5, David Lawrence4, 
Peter Lawrence4, Gregory Lemieux1, Marcos Longo1, Jessica 
Needham1, Shijie Shu1, Polly Thornton5, Anthony P. Walker6

1Lawrence Berkeley National Laboratory, Berkeley, CA; 2University of 
California–Berkeley, CA; 3CICERO Centre for International Climate and 
Environmental Research, Oslo, Norway; 4National Center for Atmospheric 
Research, Boulder, CO; 5University of California–Berkeley, CA; 6Oak Ridge 
National Laboratory, Oak Ridge, TN

https://ngee-tropics.lbl.gov

The vegetation demographic model E3SM Land Model–
Functionally Assembled Terrestrial Ecosystem Simulator 
(ELM-FATES) allows for the representation of disturbance 
processes and their legacies through a patch-based repre-
sentation of subgrid-scale disturbance history. The project 
has extended the prior representation of natural disturbance 
and anthropogenic logging activities to include a gener-
alized representation of natural and anthropogenic land 
use disturbance. The team leverages the patch concept in 
the model to include both continuous (age since last dis-
turbance) and categorical (land use type; optionally plant 
functional type if prescribing land cover) variables. Land 
use types currently include primary lands, secondary lands, 
rangelands, pastures, and croplands. The model is driven 
directly by global historical and scenario-dependent future 
land-use states and transitions from the Land-Use Harmoni-
zation 2 dataset, which sets initial amounts, drives dynamic 
changes to land use type areas, and updates land cover. Land 
cover changes in the model respond to land use change in 
the driver datasets either through management activities 
(if prognosing land cover) or through a spatially resolved, 
time-independent land use to plant functional type corre-
spondence dataset based on remote sensing data (if pre-
scribing land cover). The one-way conversion of land use 
from primary to secondary land from logging, as well as the 
resolved legacies of land use, require a different approach 
to model initialization than is used in non-demographic 
models. The team will present model design, initialization 
strategies, and initial results.
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Exploring the Relative Role of Vapor 
Pressure Deficit and Soil Moisture 
on Vegetation Productivity Using 
Data-Driven Machine Learning
Lingcheng Li1* (lingcheng.li@pnnl.gov), Yilin Fang1, Nate 
McDowell1,2, Ruby Leung1, Shiqin Xu3, Zhonghua Zheng4, 
Jeffrey Chambers5,6

1Pacific Northwest National Laboratory, Richland, WA; 2Washington 
State University, Pullman, WA; 3King Abdullah University of Science 
and Technology, Thuwal, Saudi Arabia; 4The University of Manchester, 
Manchester, U.K.; 5Lawrence Berkeley National Laboratory, Berkeley, CA; 
6University of California–Berkeley, CA

https://ngee-tropics.lbl.gov

With increasing frequency and severity of droughts 
projected for the future climate with warming, the 
impact of drought on vegetation productivity is expected to 
intensify. Drought stress on ecosystem productivity is com-
monly characterized by low soil moisture (SM) and high 
atmospheric water demand (i.e., high vapor pressure deficit; 
VPD). However, the relative dominance of VPD versus 
SM on vegetation production is still being debated. In this 
study, the team presents an explainable machine-learning 
approach to disentangle the relative role of VPD and SM on 
vegetation greenness (i.e., normalized difference vegetation 
index) across global ecosystems with a particular focus on 
tropical regions such as the Amazon basin using multi-
source datasets. The project’s research shows that globally, 
SM typically has a more pronounced effect on vegetation 
greenness variation than VPD in most regions. However, in 
tropical forests, VPD is the more critical factor compared 
to SM. The relative importance of VPD and SM varies with 
climate and plant functional types. The study provides a 
large-scale benchmark for modeling the drought impacts 
on terrestrial ecosystems in Earth system models like DOE’s 
Energy Exascale Earth System Model with vital implications 
for understanding global water, carbon, and energy cycles in 
the face of climate change.

Regional-Scale, Observation-Informed 
Tropical Forest Diversity in ELM-FATES
Marcos Longo1* (mlongo@lbl.gov), Lara Kueppers1,2, 
Charles Koven1, Rosie Fisher3, Gregory Lemieux1, 
Ryan Knox1, Jessica Needham1, Jennifer Kowalczyk1, 
Jeffrey Chambers1,2,  Polly Thornton2, Helene Muller-
Landau4, S. Joseph Wright4, Antonio Antonino5, Damien 
Bonal6, Paulo Brando7, Benoit Burban8, Géraldine Derroire8, 
José Silva9, Eduardo Souza9, Maria del Rosario Uribe7

1Lawrence Berkeley National Laboratory, Berkeley, CA; 2University 
of California–Berkeley, CA; 3CICERO Centre for International Climate 
Research, Oslo, Norway; 4Smithsonian Tropical Research Institute, Panama 
City, Panama; 5Universidade Federal de Pernambuco–Recife, PE, Brazil; 
6Université de Lorraine, INRAE, AgroParisTech, UMR Silva, Nancy, France; 
7Yale University, New Haven, CT; 8EcoFoG, Campus Agronomique, Kourou, 
French Guiana; 9Universidade Federal Rural de Pernambuco–Serra 
Talhada, PE, Brazil

https://ngee-tropics.lbl.gov

Droughts in tropical ecosystems are increasingly hotter 
and more frequent, with potentially significant impacts 
on carbon and water cycles throughout the 21st century. 
The ability to predict how forests will respond to climate 
change will largely depend on whether terrestrial bio-
sphere models represent the diversity of individual trees’ 
trade-offs between allocation of resources to growth and 
drought tolerance. Here, the project presents its approach 
to define regional- scale plant functional types (PFTs) for 
the Functionally Assembled Terrestrial Ecosystem Simu-
lator (FATES). The team pooled trait and allometry data 
from multiple open-source databases (including TRY and 
Environmental System Science Data Infrastructure for a 
Virtual Ecosystem) of 34 traits across 2,096 tree species 
in the Neotropics and used an unsupervised clustering 
approach to identify and implement PFTs along the main 
observed trade-off axes. This approach generated five 
tropical PFTs (four evergreen, one drought-deciduous), 
with the evergreen clusters representing structural growth 
strategies (maximum height), tolerance to shade, and 
leaf stoichiometry. The team tested FATES at multiple 
mature forest sites along a precipitation gradient (500 to 
3,000 millimeters per year) in the Neotropics. Research-
ers found that FATES qualitatively represents biomass 
differences across dry and moist forests but overestimates 
drought- deciduous abundance and underestimates ever-
green PFT fractions under current climate. The project is 
currently implementing a multisite parameter sensitivity 
to further constrain the model predictions. Results hith-
erto indicate a potential for advancing understanding of 
PFT co- existence across the tropics using observed traits; 
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however, they suggest that additional data and model pro-
cess development are needed to quantitatively improve the 
model predictions.

The Past and Future of NGEE Tropics 
Measurements and ModEx
Nate McDowell1* (nate.mcdowell@pnnl.gov), Jeffrey M. 
Warren2, Chonggang Xu3, Alistair Rogers4, Kolby J. Jardine4, 
Stuart Davies5, Daniel Zuleta5, Zachary Robbins3, Cynthia 
Wright6, Rutuja Chitra-Tarak3, Alfonso Zambrano5, Bruno 
Gimenez7, Crist Santos7, Gustavo Spanner7, Regison 
Oliveira7, Niro Higuchi7, Robinson Negron-Juarez4, Mizanur 
Rahman1, Kurt Solander3, Julien Lamour8, Joe Wright5, 
Michael Keller6, Jeffrey Chambers4,9, NGEE Tropics Team

1Pacific Northwest National Laboratory, Richland, WA; 2Oak Ridge National 
Laboratory, Oak Ridge, TN; 3Los Alamos National Laboratory, Los Alamos, 
NM; 4Lawrence Berkeley National Laboratory, Berkeley, CA; 5Smithsonian 
Tropical Research Institute, Panama City, Panama; 6USDA Forest Service; 
7National Institute of Amazonian Research, Manaus, Amazonas, Brazil; 
8French National Centre for Scientific Research, France; 9University of 
California–Berkeley, CA

https://ngee-tropics.lbl.gov

Next-Generation Ecosystem Experiments (NGEE) Tropics 
has promoted leaps forward in understanding of tropical 
tree function from root to global scales using deliberate 
integration of empirical and numerical approaches. The 
empirical work has tested numerous hypotheses regarding 
tropical tree function at the site level, the data of which 
are being employed for model development. Function-
ally Assembled Terrestrial Ecosystem Simulator (FATES) 
efforts have simultaneously resulted in large advances in 
mechanistic representation of forest function. One critical 
next step is to emphasize efforts on model-experiment 
(ModEx) hypotheses from tissue to pantropical scales. To 
test FATES’s capability to simulate physiological and demo-
graphic processes, the model will be evaluated at five sites 
located across Malaysia, Panama, and Brazil, where extensive 
water- and carbon-related traits and processes are being 
measured at root to whole-tree scales. These simulations 
allow rigorous evaluation if the model gets the right answers 
for the right reasons and simultaneously allows tests of 
alternative mechanisms underlying variation in carbon and 
water fluxes and demography. At the pantropical scale, the 
team is utilizing long-term networks of forest demographics, 
carbon storage, nutrient availability, and functional traits to 
provide the basis for empirical and numerical hypotheses. 
Finally, remotely sensed datasets are being used for model 
parameterization of biomass, wind disturbance, and land 
use at large scales. Here, the team summarizes the existing 

and planned datasets, model developments, and associated 
ModEx efforts and highlights the key next steps to achieve 
the goal of generating a process-rich model that accounts for 
carbon dioxide, climate, and land-use impacts on the pan-
tropical carbon sink.

Soil Nutrient Controls on Biomass 
Productivity Across Lowland Tropical Forests
José A. Medina-Vega1* (medinaja@si.edu), Stuart Davies1, 
Jeffrey Chambers2,3, ForestGEO collaborators

1Forest Global Earth Observatory, Smithsonian Tropical Research 
Institute, Washington, DC; 2University of California–Berkeley, CA; 
3Lawrence Berkeley National Laboratory, Berkeley, CA

https://ngee-tropics.lbl.gov

The future capacity of tropical forests to sequester car-
bon remains uncertain, partly due to the diverse nutrient 
requirements of trees [e.g., nitrogen, potassium, calcium, 
phosphorus (P), and magnesium] beyond carbon for their 
growth. Additionally, tropical forests exhibit considerable 
soil fertility variation, resulting in a heterogeneous spatial 
distribution of trees with diverse species, sizes, ages, and 
ecological functions. Consequently, the responses of tree 
growth and overall biomass accumulation may not be con-
sistent across different forests or even within the same forest. 
The project addresses a fundamental yet crucial hypothesis 
aimed at understanding the role of nutrients in regulating 
forest productivity. Specifically, the team posits that trees sit-
uated in exposed canopy positions show a more pronounced 
response to nutrient limitations compared to their counter-
parts in shaded areas. To test this hypothesis, researchers 
assessed the association between aboveground woody bio-
mass productivity and soil nutrients, focusing particularly 
on soil P, across eight lowland tropical forests. The team 
found that across all canopy levels, there is no consistent 
association between mean aboveground biomass accumu-
lation and soil P among and within these eight sites, except 
one site (Lambir in Borneo). However, across the eight sites, 
aboveground biomass accumulation in the upper canopy 
layers tends to increase with increasing soil P. In contrast, 
the understory layers do not respond to soil P changes. The 
response of biomass accumulation to nutrient limitations is 
not uniform among and within forests.

Specifically, aboveground biomass accumulation is 
P-limited, particularly in exposed canopy positions. This 
is attributed to the higher productivity of canopy plants 
with increased access to light, more nutrient requirements 
for rapid tissue growth, and heightened respiration rates. 
Conversely, understory plants experiencing limited light 
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availability exhibit reduced growth and nutrient require-
ments due to a lower carbon supply for tissue development.

Vertical Scaling of Leaf Maintenance 
Respiration Through the Canopy 
Influences Individual Tree Carbon 
Budgets with Consequences for 
Forest Leaf Area and Biomass
Jessica Needham1* (jfneedham@lbl.gov), Charles Koven1, 
Sharmila Dey2, Rosie Fisher3, Ryan Knox1, Julien Lamour4, 
Gregory Lemieux1, Marcos Longo1, Alistair Rodgers1, 
Jennifer A. Holm1, Jeffrey Chambers1,5

1Lawrence Berkeley National Laboratory, Berkeley, CA; 2Harvard University, 
Cambridge, MA; 3CICERO Centre for International Climate Research, Oslo, 
Norway; 4Centre National de la Recherche Scientifique, Paris, France; 
5University of California–Berkeley, CA

https://ngee-tropics.lbl.gov

The balance between respiration and photosynthesis 
influences the carbon budget of individual plants, with 
consequences for ecosystem biomass and leaf area. Photo-
synthesis decreases with light attenuation through the 
canopy, but it is less well understood how leaf maintenance 
respiration (Rdark) scales through the canopy. Recent 
observations from a tropical forest in Panama suggest that 
decreases in Rdark may be greater than decreases in photosyn-
thesis. Here, the project uses the Functionally Assembled 
Terrestrial Ecosystem Simulator (FATES) with the E3SM 
Land Model (ELM) to test the sensitivity of ecosystem 
dynamics to the vertical scaling of Rdark. In pantropical 
simulations, researchers alter the parameter k which con-
trols the shape of the negative exponential describing the 
decrease in Rdark with canopy depth. The team compares 
simulations to a control simulation where photosynthesis 
and respiration are proportional through the canopy. Sim-
ulations with k decreased by 0.75, corresponding to Rdark 
approximately 40% lower at the bottom of the canopy, have 
annual understory mortality rates approximately 1.5% lower 
than the control. In FATES, plants dynamically adjust their 
target allometric leaf biomass to prevent leaf layers with a 
negative carbon budget, and this trimming is decreased with 
decreased Rdark. As a result of both increased understory 
survival and reductions in trimming, decreased Rdark results 
in a 21% increase in leaf area and a 12% increase in total veg-
etation biomass. Next-generation vegetation demographic 
models with multiple canopy layers must correctly repre-
sent the vertical scaling of photosynthesis and respiration 
through the canopy. Further observations from a diversity of 
sites and plant functional types could help to constrain this 
important process.

CMIP6 HighResMIP Bias in Extreme 
Rainfall Drives Underestimation 
of Amazonian Precipitation
Robinson Negron-Juarez1* (robinson.inj@lbl.gov), 
Michael Wehner1, Maria Assunção F. Silva-Dias2, 
Paul Ullrich3,4, Jeffrey Chambers1,5, William J. Riley1

1Lawrence Berkeley National Laboratory, Berkeley, CA; 2Universidade de 
São Paulo, São Paulo, SP, Brazil; 3Lawrence Livermore National Laboratory, 
Livermore, CA; 4University of California–Davis, CA; 5University of 
California–Berkeley, CA

https://ngee-tropics.lbl.gov

Extreme rainfall events drive the amount and spatial dis-
tribution of rainfall in the Amazon and are a key driver of 
forest dynamics across the basin. This study investigates 
how the 3-hourly predictions from 17 models in the High- 
Resolution Model Intercomparison Project (HighResMIP, 
a component of the recent Coupled Model Intercomparison 
Project Phase 6) represent extreme rainfall events at annual, 
seasonal, and subdaily time scales. Tropical Rainfall Measur-
ing Mission (TRMM 3B42) 3-hour data were used as obser-
vations. Eleven HighResMIP models showed the observed 
association between rainfall and number of extreme events 
at the annual and seasonal scales. Two models captured the 
spatial pattern of number of extreme events at the seasonal 
and annual scales better (higher r values) than the other 
models. None of the models captured the subdaily timing 
of extreme rainfall, though some reproduced daily totals. 
Therefore, higher model resolution may be necessary but 
not sufficient to accurately reproduce the number and 
time of extreme rainfall events in the Amazon. Improving 
the representation of Amazon extreme rainfall events in 
HighResMIP models can help reduce model rainfall biases 
and uncertainties and enable more reliable assessments of 
the water cycle and forest dynamics in the Amazon.
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Regulation of Whole-Tree Crown 
Conductance in Tropical Forests 
Across a Steep Climatic Gradient
Mizanur Rahman1* (mizanur.rahman@pnnl.gov), Nate 
McDowell1,2, Alistair Rogers3, Shawn Serbin3, Kim Ely3, 
Kenneth J. Davidson3, Jean-Christophe Domec4, Julien 
Lamour5, Sean Michaletz6, Brett Wolfe7, Alexandria 
Pivovaroff8, Alfonso Zambrano9, Joe Wright9, Jeffrey 
Chambers10,11

1Pacific Northwest National Laboratory, Richland, WA; 2Washington 
State University, Pullman, WA; 3Brookhaven National Laboratory, 
Upton, NY; 4Bordeaux Sciences Agro INRAE, Gradignan, France; 
5French National Centre for Scientific Research, Toulouse, France; 
6The University of British Columbia, Vancouver, Canada; 7Louisiana State 
University Agricultural Center, Baton Rouge, LA; 8Glendale Community 
College, Glendale, CA; 9Smithsonian Tropical Research Institute, Panama 
City, Panama; 10Lawrence Berkeley National Laboratory, Berkeley, CA; 
11University of California–Berkeley, CA
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Transpiration is strongly regulated by crown conductance 
but the mechanisms underlying variation in crown conduc-
tance are poorly understood in hyper-diverse tropical wet 
forests. Understanding this regulation is key to prediction of 
tree responses to climate changes. The team tested hypoth-
eses regarding functional trait and environmental impacts 
on crown conductance at three forests across a moisture gra-
dient in Panama. Crown conductance and its sensitivity to 
vapor pressure deficit (VPD) were among the highest ever 
measured globally.

Location along the moisture gradient, leaf phenology, and 
shade tolerance were not good predictors of transpiration 
or crown conductance. Trees from all three sites exhibited 
consistent responses of crown conductance and its sensitiv-
ity to VPD to soil moisture content but were less responsive 
to other climate variables. Similarly, crown conductance 
increased strongly with the degree of anisohydry. How-
ever, crown conductance response to whole-tree hydraulic 
conductance is site and season specific (significant positive 
relation only in the dry season and at the wet site). Crown 
conductance and its sensitivity to VPD exhibited consistent 
relationships with soil water content, the degree of anisohy-
dry, and whole-tree hydraulic conductance. Future increases 
in VPD and drought will reduce crown conductance with 
large implications on water use and carbon uptake.

Future Climate Doubles the Risk of 
Hydraulic Failure in a Wet Tropical Forest
Zachary Robbins1* (zjrobbins@lanl.gov), 
Jeffrey Chambers2,6, Rutuja Chitra-Tarak1, Bradley 
Christoffersen3, Turin Dickman1, Rosie Fisher4, Alex 
Jonko1, Lara Kueppers2, Charles Koven2, Nate McDowell5, 
Ryan Knox2, Chonggang Xu1

1Los Alamos National Laboratory, Los Alamos, NM; 2Lawrence Berkeley 
National Laboratory, Berkeley, CA; 3The University of Texas of Rio Grande 
Valley, Edinburg, TX; 4CICERO Centre for International Climate Research, 
Oslo, Norway; 5Pacific Northwest National Laboratory, Richland, WA; 
6University of California–Berkeley, CA

https://ngee-tropics.lbl.gov

Global changes drive conflicting responses in forest biomass, 
with rising carbon dioxide (CO2) increasing productivity 
while rising vapor pressure deficit increases tree mortality. 
The net effect of these drivers is poorly understood, particu-
larly in tropical forests. Hydraulic traits and water use strat-
egies are critical in determining mortality risk under climate 
change. In this study, the team used a dynamic vegetation 
model with plant hydrodynamics (Functionally Assembled 
Terrestrial Ecosystem Simulator–Hydro) to simulate the 
response of gross primary productivity and hydraulic failure 
to future climate in a wet tropical forest. Researchers cali-
brated the model for Barro Colorado Island in Panama and 
selected plant trait ensemble members that performed well 
against observations. Selected members were run with tem-
perature and precipitation anomalies from Coupled Model 
Intercomparison Project Phase 6 models for two greenhouse 
gas emission scenarios (SSP2-45 and SSP5-85) and two 
CO2 levels (contemporary and anticipated). The simulations 
project productivity increases by 22% under SSP2-4.5 and 
by ~48% under SSP5-8.5. In simulations where CO2 is held 
at contemporary levels, productivity decreases by ~25% 
under both scenarios in 2100. The risk of hydraulic failure 
increased from 4% to ~10% under each climate scenario, 
with or without elevated CO2. The team further analyzed the 
variance in productivity, evapotranspiration, and hydrau-
lic failure due to climate scenarios, CO2, and plant traits. 
Results suggest that rising mortality rates through hydraulic 
failure may offset increases in future productivity due to 
increasing CO2 levels.
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Disentangling the Effect of Humidity 
and Temperature in the Leaf Conductance 
Response to Vapor Deficit in Tropical Trees
Alistair Rogers1,6* (arogers@bnl.gov), Julien Lamour1,2, 
Kenneth J. Davidson1,3, Jérôme Chave2, Martijn Slot4, 
Jeffrey Chambers5,6, Shawn Serbin1,7

1Brookhaven National Laboratory, Upton, NY; 2Evolution and Biological 
Diversity (EDB), CNRS/IRD/UPS, Toulouse, France; 3Stony Brook University, 
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Understanding the response of stomata to changes in air 
temperature and humidity is key to predicting the future 
of tropical forests. Models that describe the behavior of 
stomata need to represent the response to rising tempera-
ture and drier air (a higher vapor pressure deficit) but differ 
in their approaches. The team examined the response of 
stomatal conductance to independent changes in tempera-
ture and relative humidity in five tropical tree species by 
manipulating leaf-level conditions using photosynthetic gas 
exchange analyzers. Researchers compared six formulations 
of steady-state conductance models that used different rep-
resentations of photosynthesis and the evaporative demand 
on conductance. The team found that the best-fitting model 
used a nonlinear relationship between photosynthesis and 
stomatal conductance. Using relative humidity instead of 
vapor pressure deficit improved model performance when 
the temperature varied and resulted in similar performance 
when the humidity varied. The different stomatal conduc-
tance dynamics to changes in humidity and temperature 
showed that the underlying mechanisms associated with the 
stomatal response may be different. Moreover, the nonlinear 
relationship between photosynthetic rate and stomatal con-
ductance suggests a sharper physiological response of trop-
ical forests to extreme climatic conditions than previously 
acknowledged.

Canopy to Root Zone Soil, Water, and 
Nutrient Dynamics from Field Observations 
Across Different Environmental 
Gradients in the Neotropics
Kurt Solander1* (ksolander@lanl.gov), Adam Collins1, Iana 
Grúllon2, Tana Wood2, Regison Oliveira3, Alicia Monteiro3, 
Bruno Gimenez4,6, Robinson Negron-Juarez5, Alfonso 
Zambrano6, Jeffrey M. Warren7, Cynthia Wright8, Brent 
Newman1, Jeffrey Chambers4,5

1Los Alamos National Laboratory, Los Alamos, NM; 2International Institute 
of Tropical Forestry, USDA Forest Service, Luquillo, PR; 3National Institute of 
Amazonian Research, Manaus, Amazonas, Brazil; 4University of California–
Berkeley, CA; 5Lawrence Berkeley National Laboratory, Berkeley, CA; 
6Smithsonian Tropical Research Institute, Panama City, Panama; 7Oak 
Ridge National Laboratory, Oak Ridge, TN; 8Southern Research Station, 
Forest Inventory and Analysis, USDA Forest Service, Knoxville, TN

https://ngee-tropics.lbl.gov

The ability to measure water and nutrient fluxes from the 
canopy to the root zone is key to understanding vegetation 
dynamics in tropical rainforests. Simultaneous measure-
ments of these variables through time can provide powerful 
insights on the various processes responsible for changes in 
plant growth and function. The project pairs water volume 
and nutrient measurements from precipitation, through-
fall, and subsurface soil water infiltration to investigate the 
dynamics of these fluxes across space and time. Sites were 
selected within tropical rainforests of Brazil, Panama, and 
Puerto Rico to investigate changes across different soil 
texture, seasonality, topography, and rainfall gradients. 
Each field site was conveniently co-located with additional 
observations that included temperature (air, plant, and 
soil), evapotranspiration, sap flow, soil moisture, soil mat-
ric potential, and leaf area index, which collectively aid 
in better constraining the impacts of these fluxes on plant 
function and growth as well as providing estimates of local 
water balance closure. Researchers compare the impacts of 
El Niño on these fluxes across sites given the difference in 
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proximity to the El Niño source region. In addition, subdaily 
infiltration observations were used to run an inverse model 
simulation within the HYDRUS-1D model to estimate the 
pedotransfer functions and the soil water retention curve 
(SWRC). Results reveal the importance of wet and dry 
season dynamics and soil texture on the water and nutrient 
fluxes as well as the importance of soil texture and topogra-
phy in pedotransfer functions and the SWRC. This research 
will provide useful benchmarks of water and nutrient fluxes 
as well as soil properties within tropical rainforests that will 
be used in the development of the Functionally Assembled 
Terrestrial Ecosystem Simulator model.

Student 

Forest Dynamics After a Windthrow 
in the Central Amazon
Daisy C. Souza1, 2* (dsouza@lbl.gov), Daniel M. Marra3, 
Kolby J. Jardine2, Bruno Gimenez1, 4, Adriano Lima1, Niro 
Higuchi1, Jeffrey Chambers2, Robinson Negron-Juarez2

1National Institute of Amazonian Research, Manaus, Brazil; 2Lawrence 
Berkeley National Laboratory, Berkeley, CA; 3Julius Kühn-Institut, Institut 
für Waldschutz, Braunschweig, Germany; 4University of California−
Berkeley, CA

Windthrows are the most common natural disturbances in 
the Amazon causing changes in the dynamics and function-
ing of these ecosystems. Comprehensive data of the natural 
regeneration niches and species establishment represents a 
significant achievement in better understanding the suscep-
tibility of disturbed areas to climate change. However, it is 
still unknown how these dynamics patches interact at the 
gap-phase regeneration. The team investigated the variations 
in the rates of recruitment and mortality every 2 months for 
3 years in a gradient of disturbance severity and analyzed 
the factors that most affected these variations. The study site 
is located in an old-growth windthrown forest in Manaus, 
Brazil. The windthrow occurred in 2019. Inventory plots 
were installed in four classes of severity: high, medium, low, 
and undisturbed. Preliminary results showed a significant 
effect of disturbance severity and time post disturbance on 
recruitment rates (p<0.001), but no variations for mortality 
rates of saplings (p=0.3295). In the first year, in the high 
and medium severity classes, the recruitment was maximum 
and decreased until it was constant after the second year. 
In contrast, the mortality rates started to increase after the 
first year, presenting a peak in the second year of the study, 
but remain highly variable. Results demonstrate that even in 
3 years the recruitment is highly dynamic across the severity 
gradient.

Changes in light availability caused by the windthrow 
increased the recruitment rates, but determining which 
characteristics are allowing the species succession still needs 
to be realized. The results of this research promoted a better 
understanding of how fast disturbances caused by the wind 
affect the functional composition and demographic rate of 
the forest.

Simulating Secondary Forest Growth and 
Composition Dependency on Prior Land Use, 
Time of Abandonment, and Seed Availability
Polly Thornton1* (polly.buotte@berkeley.edu), 
Charles Koven2, Eileen Helmers3, Lara Kueppers1,2, 
Jeffrey Chambers1,2

1University of California–Berkeley, CA; 2Lawrence Berkeley National 
Laboratory, Berkeley, CA; 3International Institute of Tropical Forestry, 
USDA Forest Service, San Juan, PR

https://ngee-tropics.lbl.gov

Land abandonment after agricultural use is a common phe-
nomenon in tropical forest regions. Prior land use, time of 
abandonment, and seed availability influence secondary 
forest growth rates and trajectories of composition. Puerto 
Rico is an ideal setting to evaluate the ability to simulate 
secondary forest growth following land abandonment. Most 
of the island was under agricultural cultivation and subse-
quently abandoned over the course of the 20th century.

Island-wide estimates of forest age and current biomass 
allow for benchmarking E3SM Land Model–Functionally 
Assembled Terrestrial Ecosystem Simulator (ELM-FATES) 
simulations of secondary forest growth. The team has devel-
oped robust parameterizations for nine tropical plant func-
tional types (PFTs), representing seven evergreen and two 
deciduous tree strategies. The evergreen PFTs are differen-
tiated along axes of mature tree height, shade tolerance, and 
growth rates. The two deciduous PFTs are differentiated by 
mature tree height. These PFTs have been evaluated at a wet 
and dry site in Puerto Rico. Researchers created workflows 
to evaluate the relative importance of prior land use, time of 
abandonment, and seed availability within the current ELM-
FATES infrastructure. Prior land use is evaluated by starting 
one set of simulations with established grass and another 
with a shade-tree coffee plantation. Seed availability is evalu-
ated by manually editing the restart files to represent a dense 
and a sparse seed bank. Time since abandonment and the 
effects of the realized climate conditions will be evaluated 
by starting one set of simulations in 1936 and a second set 
in 1976 as those years correspond to the most common 
current forest age classes. All simulations are forced with 
1-km climate data generated with the Daymet algorithm at 



       * Presenting Author36

Terrestrial Ecology        2024 Environmental System Science PI Meeting Abstracts

Oak Ridge National Laboratory. Results from these simu-
lations allow the team to understand and prioritize model 
development tasks needed to effectively simulate secondary 
forest growth following agricultural land abandonment in 
the tropics.

Linking Function and Life History Strategy 
to Soil Water Access in Panamanian Forests
Jeffrey M. Warren1* (warrenjm@ornl.gov), Cynthia 
Wright2, Rutuja Chitra-Tarak3, Alex Neild1, Alfonso 
Zambrano4, Nate McDowell5, Robinson Negron-Juarez6, 
Chonggang Xu3, Joe Wright4, Jeffrey Chambers6,7

1Oak Ridge National Laboratory, Oak Ridge, TN; 2USDA Forest Service, 
Knoxville, TN; 3Los Alamos National Laboratory, Los Alamos, NM; 
4Smithsonian Tropical Research Institute, Panama City, Panama; 5Pacific 
Northwest National Laboratory, Richland, WA; 6Lawrence Berkeley 
National Laboratory, Berkeley, CA; 7University of California–Berkeley, CA

https://ngee-tropics.lbl.gov

Soil water potential and effective root water sourcing 
depth are key factors that determine the availability of soil 
water to plants. Plant water uptake is further controlled by 
edaphic and environmental conditions and root, hydrau-
lic, and stomatal characteristics that vary with plant-water 
use strategies. Understanding this variation is central to 
assessing vegetation responses to drought. Stable isotopes of 
water (δ18O and δ2H) can be powerful tracers to investigate 
effective tree rooting depth when combined with site- and 
species-specific information. Yet, such studies are limited in 
the humid tropics due to logistics and difficulty in timing 
water isotope sampling, which needs to occur during a sig-
nificant dry-down period that allows evaporative isotopic 
separation of water within the soil profile. Furthermore, 
foundational studies conducted in the tropics have generally 
relied on only one isotope tracer, thereby limiting Bayesian 
and other mixing-model frameworks aimed at quantifying 
source water contributions. Here, the team reports findings 
on differential plant-water sourcing depths based on δ18O 
and δ2H, stem δ13C, and soil and plant water dynamics. 
These data were collected in 2022 from tree species with a 
range of ecological strategies and plant functional types at 
two forest sites in Panama: Parque Natural Metropolitano 
(PNM) and Barro Colorado Island, which include a range of 
growth-survival and stature-recruitment trade-off strategies. 
Data are being applied to test an inverse rooting model and 
results used to inform the Functionally Assembled Terres-
trial Ecosystem Simulator (FATES), FATES-Hydro land 
models, and their simulations of tropical forest response to 
drought. In 2023 to 2024, there was a major El Niño-South-
ern Oscillation (ENSO) event that affected the neotropics, 
and additional samples were collected in PNM, the typically 

wetter San Lorenzo site in Panama, and the ZF2 Research 
Forest in Brazil. Preliminary data from the ENSO will also 
be presented.

Diurnal Changes in Canopy Spectral Response 
to Drought Stress in an Amazon Forest
Anna Weber1,2* (anna_rene@berkeley.edu), Daisy C. 
Souza3, Adriano José Nogueira Lima3, Gilberto Pastorello2, 
Jeffrey Chambers1,2

1University of California–Berkeley, CA; 2Lawrence Berkeley National 
Laboratory, Berkeley, CA; 3National Institute of Amazonian Research, 
Manaus, Amazonas, Brazil

https://ngee-tropics.lbl.gov

Near-infrared (NIR) reflectance, particularly with Land-
sat imagery data, has been used in the central Amazon as 
a gauge for forest regrowth. As the frequency of severe 
droughts in the Amazon is expected to increase, coupled 
with droughts being found as a factor of increasing tree mor-
tality, it is important to find indicators of drought impacts 
on tropical rainforests that can be applied at broader scales. 
Combining remote sensing tools with field data, the team is 
looking for links between NIR reflectance in these forests 
during times of extreme drought. In October 2023, research-
ers collected diurnal, multispectral imagery over the course 
of 2 weeks in a central Amazon Forest. This occurred during 
a period of extreme El Niño-Southern Oscillation–related 
drought. The team collected this data at multiple points 
throughout the day to evaluate diel patterns. Targeting 
individual trees attached with sap flow sensors, researchers 
also delineated the crowns of over 70 rainforest canopy 
trees, spanning a diverse wood density gradient. Combining 
remote sensing tools with individual-specific sap flow data, 
the project is looking to elucidate spectral patterns based 
on functional group responses as NIR reflectance while 
drought stress increases. The team will then evaluate if these 
crown patterns can be scaled up to be applied at a broader 
ecosystem level.
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Belowground Biogeochemistry 
Science Focus Area

The Lawrence Berkeley National 
Laboratory Belowground Biogeochemistry 
Science Focus Area: Overview and 
Soil Carbon and Nitrogen Cycling
Margaret S. Torn* (mstorn@lbl.gov), Peter Nico, 
Eoin Brodie, William J. Riley, Jasquelin Peña, Elaine 
Pegoraro, Rachel C. Porras, Niklas Blanadet, Jing Tao, 
Ricardo J. E. Alves, Kelsey Crutchfield-Peters, Steve 
Kwatcho Kengdo, Nicola Falco, Baptiste Dafflon, Cynthia 
Gerlein-Safdi, Kolby J. Jardine

Lawrence Berkeley National Laboratory, Berkeley, CA

https://tes.lbl.gov/

In the Lawrence Berkeley National Laboratory Below-
ground Biogeochemistry science focus area (SFA), research-
ers study the role of soils in terrestrial biogeochemistry 
and future climate. The team aims to improve process-level 
understanding of ecosystem-climate interactions and to 
develop next-generation predictive capacity suitable for 
Earth system models. The research is centered around a set 
of field, laboratory, and model experiments to characterize 
how biotic and abiotic processes influence soil carbon and 
nitrogen (N) cycling. Applying experiments and models 
together is important for exploring how plant-soil-microbe 
interactions may shape ecosystem responses to a warming 
climate in the long term. Researchers are conducting two 
experiments. The Blodgett Forest whole-soil warming 
(+4ºC) experiment was established in 2013. In 2020, the 
team doubled the number of experimental plots; heating 
these new plots started 7 years after the original warming 
experiment began, allowing researchers to investigate the 
effect of time explicitly. After 9 full years, heated plots still 
have carbon dioxide (CO2) respiration, with no detectable 
effect of warming duration. Future research will explore the 
relaxation response of microbial respiration and changes in 
tree belowground functional structure with warming. The 
Point Reyes grassland whole-soil warming experiment is in 
the pretreatment monitoring phase; heating will commence 
winter/spring 2024. In addition to providing a useful con-
trast to the conifer forest, the grassland experiment heats 
the whole root zone, allowing researchers to study coupled 
soil-microbe-plant warming responses, such as plant-soil 
N interactions and vegetation phenology and productivity. 
Researchers are also expanding the SFA’s past focus on 
warming and soil carbon to encompass wildfire as a global 
change impact and driver, and vegetation dynamics in 
response. In this poster, the team will share recent highlights 
on the biogeochemical responses to warming (Task 1 of the 

SFA). Research on microbiology (Task 2), geochemistry 
(Task 3) and wildfire (Task 5), and modeling (Task 4) are in 
posters by Karaoz, Crutchfield-Peters, and Riley respectively.

The Role of Redox and Wildfire 
in Shaping the Fate of Soil Carbon 
and Biogeochemical Cycling
Kelsey Crutchfield-Peters1* (klcp28@lbl.gov), Jasquelin 
Peña1,2, Peter Nico1, Elaine Pegoraro1,  Cristina Castanha1, 
Margaret S. Torn1

1Lawrence Berkeley National Laboratory, Berkeley, CA; 
2University California–Davis, CA

https://ess.science.energy.gov/lbnl-sfa/; https://tes.lbl.gov

Soils store more carbon globally than the biosphere and 
atmosphere combined, primarily as soil organic matter 
(SOM). The Belowground Biogeochemistry Science Focus 
Area (SFA) is tasked with using manipulation experiments 
to explore how soil carbon stocks will respond to a chang-
ing climate, and in particular to warming. Here researchers 
lay out two new areas of investigation for the SFA that will 
improve the understanding of the soil carbon cycle and how 
soil carbon stocks will respond to future climate conditions.

The majority of reactions that shape SOM decomposability 
involve electron transfer (or redox) reactions. These reac-
tions are largely driven by microbial metabolisms, including 
aerobic and anaerobic respiration. However, redox status 
and dynamics in upland soils are understudied. Additionally, 
organic matter associations with redox-active minerals and 
metals also influence SOM decomposition, but the detailed 
behavior of those associations remains uncertain. To that 
end, researchers investigate dynamic redox conditions and 
SOM characteristics throughout the soil profile in a dynam-
ically saturated coastal grassland in Northern California. 
Researchers report initial results from arrays of custom-made 
redox electrodes deployed in shallow, intermediate, and deep 
soil horizons alongside measurements of soil pore water and 
groundwater chemistry.

In parallel, researchers are launching a new investigation of 
soil biogeochemistry, including SOM cycling, and plant 
community recovery after wildfire. Here the team presents 
the design and initial testing of mobile warming units. These 
units will be deployed after fire in both a grassland eco-
system and mid-elevation forest during Phase 3 SFA. Once 
researchers establish baselines in temperature and moisture 
for control and warmed plots, they will investigate: 1) how 
SOM and metal cycling are affected by fire and warming, 
given the loss of vegetation, input of fire-derived mineral ash 
and pyrogenic carbon, and changes in soil moisture; and 2) 
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how soil warming impacts the recovery of native and planted 
vegetation in fire-impacted ecosystems.

Microbial Functional Traits Through the Whole 
Soil Profile and Their Response to Warming
Ulas Karaoz1* (ukaraoz@lbl.gov), Ricardo J. E. Alves1, 
Nikola Tolić2, Rosalie K. Chu2, David W. Hoyt2, Carrie Nicora2, 
Elizabeth K. Eder2, Jason Toyoda2, Margaret S. Torn1, 
Eoin Brodie1

1Lawrence Berkeley National Laboratory, Berkeley, CA; 
2Pacific Northwest National Laboratory, Richland, WA

https://tes.lbl.gov

Subsoils contain the majority of global soil organic matter 
(SOM), whose depolymerization to dissolved organic 
carbon and mineralization to carbon dioxide (CO2) is fun-
damentally microbially driven. An overarching goal of the 
Science Focus Area (SFA) is the development of mechanis-
tic models that represent microbial metabolic, physiological 
and life history traits in a numerical model that accounts 
for interactions with plants, minerals, and environmental 
drivers, including temperature and moisture. Along the soil 
depth profile, the decreasing effects of plant inputs and rhi-
zosphere interactions are major drivers of variation in SOM 
composition and transformation by microbes. This variation 
selects for microbiomes with distinct metabolic, physiolog-
ical, and cellular traits that may constrain the trajectory and 
magnitude of the respiration response to warming through 
the soil profile.

To evaluate microbiomes and their trait distributions across 
the soil column under the effect of warming in the long-term 
field experiment at a conifer forest (Blodgett, CA), research-
ers utilized genome-centric metagenomics and furthermore 
assessed active metabolisms and SOM transformation 
pathways using metaproteomics and metabolomics. At 
the overall community level, soil depth, warming period, 
and warming treatment explained 41.5, 5.5, and 1.9% of 
the community variance, respectively, with multiple phyla 
represented in ~2,300 MAGs underlying these differences. 
Trait analysis of MAGs showed that denitrification, nitrite 
oxidation, degradation of complex carbohydrates, and 
one-carbon metabolism (for both methane and methanol) 
were prominent and phylogenetically widespread, with sev-
eral genome representatives detected in the metaproteomes. 
Methanol and ethanol were highly abundant through the 
profile, whereas the abundance of more favorable substrates 
declined strongly. Transformations of alcohols and methyl 
compounds were among the most frequent potential 
transformations through the profile and increased with 
warming only in deeper soils. Together metagenomes, 

metaproteomes, and metabolomes support a shift from 
metabolism of thermodynamically favorable plant-derived 
inputs (amino acids, sugars) to less favorable substrates with 
increasing depth.

Microbe-Explicit Modeling Reveals 
Complex Interactions in a Forest 
Soil Heating Experiment
William J. Riley1* (wjriley@lbl.gov), Jing Tao1, 
Zelalem Mekonnen1, Robert F. Grant2, Eoin Brodie1, 
Elaine Pegoraro1, Margaret S. Torn1

1Lawrence Berkeley National Laboratory, Berkeley, CA; 
2University of Alberta, Edmonton, Alberta, Canada

https://tes.lbl.gov

Most soil heating experiments have found an increase in 
soil-surface carbon dioxide (CO2) emissions (Fs) with 
heating, but inconsistent soil organic carbon (SOC) stock 
responses. To evaluate these patterns, researchers applied 
two microbe-explicit models, ELM-ReSOM and ecosys, to 
interpret heating impacts on a California forest ecosystem 
subjected to 1 m deep 4°C soil heating. Both models accu-
rately simulated control-plot Fs, SOC stocks, root biomass, 
soil moisture and temperature, and the heating effect on Fs. 
Researchers applied uncoupled ELM-ReSOM to analyze 
direct soil heating effects. Researchers found large uncer-
tainties associated with microbial temperature sensitivity, 
mineral adsorption capacity, and microbial and enzyme 
dynamics. Researchers analyze the modeled increase in 
total and component SOC stocks in topsoils and decreases 
in deeper soils. Researchers used the fully coupled ecosys 
model to explore a complex suite of interactions affecting 
the heating-induced increase in Fs, yet very small changes in 
SOC stocks. The modeled soil heating induced a cascade of 
effects: soil drying, reduced stomatal conductance, reduced 
NPP, reduced leaf and fine root allocation, reduced fine root 
biomass and exudation, and increased root litter inputs to 
soil. Soil heating led to about a 50% larger increase in root 
autotrophic respiration than in heterotrophic respiration, 
with the heating effect on both these fluxes decreasing over 
the simulation period. Increased heterotrophic respira-
tion led to increased mineral nitrogen (N) availability and 
increased plant N uptake. Since most field studies are unable 
to make long-term observations of all these factors, research-
ers conclude that a coupled observational and mechanistic 
modeling framework is needed to interpret and explore 
the implications of soil heating experiments. These results 
highlight the challenges that microbe-explicit models face in 
accurately predicting the soil carbon cycle response to future 
warming across space and time.
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Soil Carbon Dynamics 
Science Focus Area

Ground Ice Variations Among Soil 
Horizons and Ice-Wedge Polygon Types 
in Arctic Coastal Lowland Soils
Julie Jastrow1* (jdjastrow@anl.gov), Roser Matamala1, 
Chien-Lu Ping2, Gary Michaelson2, Timothy Vugteveen1, 
Jeremy Lederhouse1, Joshua Minai1

1Argonne National Laboratory, Lemont, IL; 
2University of Alaska–Fairbanks, AK

https://ess.science.energy.gov/anl-sfa/; http://tessfa.evs.anl.gov

In Arctic coastal lowlands dominated by ice-wedge polygons 
(IWPs), a better understanding of near-surface ground ice 
quantities and their spatial distribution is needed to improve 
model predictions of ecosystem and landscape responses 
to climatic change. In investigations of how IWP geomor-
phology (trough vs. center), size, and types (i.e., flat-, low-, 
and high-centered IWPs) affect the distribution and com-
position of soil organic carbon (SOC) stocks, the team also 
collected considerable ground ice data. These data estimate 
the spatial distribution of volumetric ice contents to depths 
of up to 3 meters within the cross-section stratigraphy of soil 
horizons and ice wedges for transects running from trough 
center to trough center of sampled IWPs. Data from nine 
IWPs (three of each type) located in the thaw-lake terrain 
near Utqiaġvik, AK, indicate that the greatest volumetric ice 
contents occurred, on average, at depths between 0.45 m 
and 1 m in the upper permafrost of high-centered IWPs, due 
mostly to proportionately larger areas occupied by the ice 
wedges. Averaged across all IWP types, organic and mixed 
organic/mineral horizons generally had greater volumetric 
ice contents than mineral horizons. Not surprisingly, the 
team found a strong negative relationship between ice con-
tent and soil bulk density due to the frequent occurrence of 
excess ice. However, the team also observed a positive rela-
tionship between ice content and SOC density (kg C m-3). 
Future work will compare the ground ice contents observed 
near Utqiaġvik and their relationships with IWP type, soil 
horizon type, and SOC density to that of polygonal land-
scapes formed on other soil parent materials.

Soils of the Arctic Foothills of Alaska: 
Composition and Degradation State
Roser Matamala1* (matamala@anl.gov), Chien-Lu Ping2, 
Francisco Calderón3, Nicolas Jelinski4, Irfan Ainuddin4, 
Julie Jastrow1

1Argonne National Laboratory, Lemont, IL; 2University of Alaska–
Fairbanks, AK; 3Columbia Basin Agricultural Research Center, Oregon 
State University, OR; 4University of Minnesota–Twin Cities, Minneapolis/
St. Paul, MN

https://ess.science.energy.gov/anl-sfa/; http://tessfa.evs.anl.gov

The Arctic Foothills of Alaska are characterized by rounded 
hills and plateaus with continuous permafrost soils covered 
in tundra vegetation. The region undergoes permafrost- 
affected processes, such as solifluction and other lateral mass 
movements, cryoturbation, and patterned-ground forma-
tion, impacting soil organic matter (SOM) accumulation, 
composition, and degradation. Anthropogenic activities 
and climate change have intensified press and pulse thaw 
disturbances, potentially leading to downstream soil move-
ment and exposure of SOM that has been cold-stabilized for 
thousands of years. However, information is limited on the 
composition of the SOM that might be mobilized by these 
processes. Here, researchers investigated the composition 
and degradation state of SOM across landscape positions in 
the Arctic Foothills.

Two toposequences, formed on land surfaces of differing 
ages, were examined, encompassing seven hillslope posi-
tions: summit, shoulder, upper- and lower-back slopes, 
upper- and lower-foot slopes, and basin. Researchers used 
mid-infrared spectroscopy to examine variations in organic 
functional groups and minerals across soil horizon types and 
slope positions. The ratio of aromatics to polysaccharides 
was calculated as an indicator of SOM degradation state. 
Researchers identified 14 influential wavelength bands 
across toposequences, horizons, and slope positions. The 
abundance of organic functional groups, associated with 
phenolic OH, aliphatics, and polysaccharides were lowest 
in mineral horizons and varied between organic and mixed 
organic-mineral horizons. These organic groups also dif-
fered between toposequences and across slope positions. 
Conversely, bands characteristic of amides and aromatics 
were consistent across toposequences, horizons, or slope 
positions. Spectral bands indicating clays varied across 
toposequences and slope positions but not among horizon 
types, whereas general silicate bands were more pronounced 
in mineral horizons. The ratio of aromatics to polysaccha-
rides indicated consistently more degraded SOM occurred 
in mineral horizons. In summary, slope position significantly 
influenced SOM composition (particularly phenolics, 
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aliphatics, and polysaccharides) and clay content, with min-
eral horizons containing more degraded SOM.

Terrestrial Ecosystem Science 
Science Focus Area

Plant Community Changes in Annual 
Production and Composition Through 8 Years 
of Warming Manipulations Under Ambient 
and Elevated Carbon Dioxide Atmospheres
Paul J. Hanson* (hansonpj@ornl.gov), Joshua M. 
Birkebak, Natalie A. Griffiths, Verity G. Salmon, Mark P. 
Guilliams, Keith C. Oleheiser, Michael W. Jones, Nikki J. 
Jones, Kyle J. Pearson, Melanie Mayes, Daniel Ricciuto

Climate Change Science Institute, Oak Ridge National Laboratory, 
Oak Ridge, TN

http://mnspruce.ornl.gov; http://tes-sfa.ornl.gov

The Spruce and Peatland Response Under Changing Envi-
ronments (SPRUCE) experiment has operated five warming 
manipulations (+0, +2.25, +4.5, +6.75, and +9°C) with 
and without elevated carbon dioxide atmospheres (eCO2 
of +500 ppm) for 8 full calendar years (since August 2015). 
Researchers have tracked shrub-layer vegetation responses 
to the treatments using annual destructive plot sampling 
within each of the experimental plots. In 2023, the team 
sampled three 0.4 m2 plots from three random locations 
with each of the treatment enclosures (plus two ambient 
plots) to evaluate the influence of the warming and eCO2 
treatments on community composition, standing biomass, 
and annual above ground net primary production (ANPP). 
Plot-level cumulative stand biomass has increased with 
warming treatments. Pretreatment and colder plots have 
standing mass in the range from 147 to 300 gC m-2 with 
warmer treatment plots ranging from 462 to 640 gC m-2. 
The 2023 assessment shows standing biomass combined 
across species for the +4.5, +6.75, and +9°C warming treat-
ments with a trend of higher biomass under eCO2. Within 
the mid-summer standing biomass pool woody tissues 
drive the difference with foliage being very similar across 
all experimental treatments. ANPP is quite constant across 
treatments for the 2023 assessment ranging from 60 to 
150 gC m-2 y-1.

The plant community composition was assessed for key 
ericaceous shrubs (Rhododendron, Chamaedaphne, Kalmia), 
two Vaccinium species (V. angustifolium, V. oxycoccos), 
graminoid species (mostly Eriophorum) and one common 
forb Maianthemum trifolium, plus a few minor understory 

and two tree species (Picea, Larix). The composition has 
changed with 8 years of treatments. Under all warmed 
scenarios >+4.5°C Kalmia, V. oxycoccos, and M. trifolium 
are largely absent from the plots. Rhododendron and 
Chamaedaphne have maintained their presence in the com-
munity and V. angustifolium plants and Picea rubrum seedling 
are showing increases.

A Framework for Evaluating Process 
Uncertainty Among Soil Carbon Models
Matthew E. Craig1* (craigme@ornl.gov), Benjamin N. 
Sulman1, Melanie Mayes1, Rose Z. Abramoff2, Lianhong 
Gu1, Jeffrey D. Wood2, Jana R. Phillips1, Anthony P. Walker1, 
Paul J. Hanson1, Daniel Ricciuto1

1Oak Ridge National Laboratory, Oak Ridge, TN; 2Lawrence Berkeley 
National Laboratory, Berkeley, CA; 3School of Natural Resources, University 
of Missouri, Columbia, MO

https://tes-sfa.ornl.gov

Microbial and mineral interactions mediate soil carbon (C) 
responses to environmental change. These interactions are 
numerous and often result in complicated or counterintui-
tive soil responses. The newest generation of soil C models 
attempt to predict these responses by explicitly representing 
some microbial and mineral processes. However, these 
models make vastly different predictions. This model uncer-
tainty is driven largely by process-knowledge uncertainty. 
That is, different models represent different combinations 
of hypotheses about the processes governing soil C dynam-
ics. Reducing this process uncertainty and homing in on 
optimal process representation in soil C models requires: 
(1) identification of key processes that drive divergence 
among models; and (2) empirical efforts targeted toward a 
better understanding of these hypotheses. Here, research-
ers discuss the progress on developing and applying a 
multi-assumption soil C model within the multi-assumption 
architecture and testbed (MAAT) to evaluate the factors 
that underlie uncertainty among several microbially explicit 
soil C models. MAAT is a modular modeling code that can 
easily vary model process representations, with built in tools 
for model calibration and process- and parameter-level sen-
sitivity analyses. Researchers have implemented several soil 
C models in MAAT and found that these models simulate 
markedly different responses of soil carbon to alterations in 
inputs, temperature, and moisture. Alternative hypotheses 
about mineral-associated C turnover and microbial biomass 
dynamics account for a large portion of this uncertainty in 
response to altered soil C inputs. Researchers will discuss 
progress in calibrating models against a common dataset 
to control for differences in model parameterization that 
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can confound the comparison of process representation 
among models.

Future work will focus on implementing nutrients into the 
multi-assumption soil C model and combining model devel-
opment and optimization with forthcoming experimental 
incubations and field datasets.

Effect of Warming on Solute Concentrations 
and Fluxes from Peatland Streams
Natalie A. Griffiths1* (griffithsna@ornl.gov), 
Stephen D. Sebestyen2, Keith C. Oleheiser1, 
Paul J. Hanson1, Melanie Mayes1, Daniel Ricciuto1

1Oak Ridge National Laboratory, Oak Ridge, TN; 2USDA Forest Service, 
Northern Research Station, Grand Rapids, MN

https://mnspruce.ornl.gov; https://tes-sfa.ornl.gov

Increased temperatures are altering biogeochemical pro-
cesses in peatlands. Because many peatlands are hydrologi-
cally connected to downstream ecosystems, biogeochemical 
alterations within peatlands may also affect these connected 
environments. In the Spruce and Peatland Under Changing 
Environments (SPRUCE) experiment, the team is examin-
ing how warming affects solute concentrations and fluxes 
from peatland streams. At SPRUCE, each experimental 
enclosure is surrounded by a belowground corral, which 
hydrologically isolates each plot. Two lateral, slightly sloped, 
slotted pipes in the near-surface peat allow for lateral, passive 
drainage of water out of each enclosure, akin to stream flow.

Stream water drains into a subsurface basin, which is 
equipped with a water-level sensor to estimate stream flow 
and an automated sampler to collect flow-weighted water 
samples. Water samples are retrieved weekly and analyzed 
for total organic carbon (TOC), inorganic and total nutri-
ents, anions, cations, and metals. After 7 years of warming, 
researchers have observed many changes in stream water 
solute concentrations. Notably, TOC concentrations have 
increased with warming, from 52 mg/L (+0°C enclosures) 
to 87 mg/L (+9°C enclosures). Concentrations of cations 
and metals (i.e., calcium, magnesium, aluminum, iron), sev-
eral of which form complexes with TOC, have also increased 
with warming. While these increases in solutes may reflect 
evaporative concentration, there was a muted response of 
chloride concentrations (a conservative ion) to warming. 
Therefore, increased TOC, cation, and metal concentrations 
likely reflect warming-induced increases in peat mineraliza-
tion, rather than a solely physical (evaporative concentra-
tion) response. While concentrations of many solutes have 
increased with warming, stream flow has decreased, likely 
due to increased evapotranspiration, resulting in an overall 
decrease in solute efflux from the peatland. In summary, cli-
mate change may alter the chemistry and volume of stream 

water flowing from peatlands, with potential cascading 
effects to downstream ecosystems.

Tracking Down the “Missing Energy” at 
Eddy Covariance Sites: Have Researchers 
Been Miscalculating Sensible Heat?
Lianhong Gu1* (lianhong-gu@ornl.gov), 
Jeffrey D. Wood2, Paul J. Hanson2,3, Melanie Mayes2,3, 
Daniel Ricciuto2,3

1Oak Ridge National Laboratory, Oak Ridge, TN; 2University of Missouri, 
Columbia, MO

https://tes-sfa.ornl.gov

The surface energy imbalance problem has plagued the eddy 
covariance community (EC) for decades. Essentially, when 
researchers add up all the measured heat fluxes and energy 
storages, balance is not achieved, and there is a significant 
non-zero residual that reflects a systematic underestimation 
of around 20%, which can be 100 W m-2 or more—hence 
the notional “missing energy”. The lack of closure calls into 
question the accuracy of the EC technique and/or knowl-
edge of the micrometeorological system. Regardless of 
which is true, there are broad implications for downstream 
users of EC data. Eddy covariance data is widely used for 
validating Earth system and remote sensing models, and 
increasingly in applications that intersect with regulatory 
and legal spheres. Solving the EC energy imbalance prob-
lem is thus of prime importance to numerous scientific 
disciplines, and broader society. Despite many years of 
work, the EC community has not reached a consensus on 
the causes and remedies needed to solve the surface energy 
imbalance problem. Here, the team reexamines the surface 
energy imbalance problem through the lens of first prin-
ciples of physical fluid mechanics and thermodynamics, 
hypothesizing that researchers have been using the wrong 
theory and equations for computing the sensible heat flux 
(H). Typically, H is determined from the eddy covariance 
between w and T (w and T are the vertical wind velocity 
and air temperature, respectively). The heat transport asso-
ciated with the mean motion of air and several other terms 
are deemed small and unimportant, mainly due to the use 
of a “base temperature”, “from which each element of air 
is warmed (or cooled) during the vertical transfer of heat 
supplied (or removed) at the underlying surface” and from 
which actual air temperature is only several degrees different 
at most. Here the team shows that this theory is fundamen-
tally flawed. Researchers will derive the net ecosystem sen-
sible heat exchange from the fundamental equations of fluid 
mechanics and thermodynamics. Here, the team will present 
the new equation set and preliminary test results.
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Improving Simulations of Carbon Cycle 
Feedbacks Through Integration of ELM 
with Observations and Experiments 
in Vulnerable Ecosystems
Daniel Ricciuto* (ricciutodm@ornl.gov), 
Jiafu Mao, Anthony P. Walker, Xiaoying Shi, Xiaojuan Yang, 
Melanie Mayes, Paul J. Hanson

Oak Ridge National Laboratory, Oak Ridge, TN

http://mnspruce.ornl.gov; http://tes-sfa.ornl.gov

Carbon cycle feedback parameters estimated by the current 
generation of Earth system models may be underestimated 
due to missing processes and uncertain parameters. One 
key shortcoming is that most land-surface models do not 
represent peatlands, which cover a relatively small fraction 
of Earth’s surface but contain a much larger proportion of 
terrestrial carbon stocks that may be vulnerable to environ-
mental change. The Spruce and Peatland Responses Under 
Changing Environments (SPRUCE) whole-ecosystem 
warming and elevated carbon dioxide (CO2) experiment 
began in 2015 in an ombrotrophic bog in Northern Min-
nesota and will continue through 2025. Results to date 
indicate strong releases of carbon (C) from warming. This 
results from a combination of factors including increased 
heterotrophic respiration, increased methane (CH4) emis-
sions, and a loss of productivity and coverage of Sphagnum 
mosses. Upscaling SPRUCE to better understand regional- 
scale feedbacks requires a process-based modeling approach. 
In addition to missing peatland and wetland processes, 
many parameters regulating C feedbacks in surrounding 
upland systems are also uncertain. The most vulnerable C 
stores of boreal and temperate ecosystems may be those in 
vegetation or organic soils located near ecological bound-
aries, including at SPRUCE, which is at the southern edge 
of the boreal zone. Researchers introduce a new version 
of the Energy Exascale Earth System Model (E3SM) land 
component that is augmented to include peatland processes 
(ELM- Peatlands), which is initially tuned using SPRUCE 
observations and scaled regionally using a combination of 
remote sensing and ground-based observations. Researchers 
use a neural network-based surrogate modeling approach 
to constrain ELM parameters for five major plant func-
tional types using observed carbon and energy fluxes from 
long-record AmeriFlux wetland and forested upland sites. 
Researchers present initial simulations using the constrained 
ELM-Peatlands over a regional domain covering central 
North America and compare feedback parameters estimated 
in this model to those in the CMIP6 ensemble.

Nitrogen and Phosphorus Pools and 
Turnover in Peat Following 5 Years 
of Simulated Climate Change
Verity G. Salmon* (salmonvg@ornl.gov), Joanne Childs, 
Geoff Schwaner, Colleen Iversen, Paul J. Hanson, 
Melanie Mayes, Daniel Ricciuto

Oak Ridge National Laboratory, Oak Ridge, TN

https://tes-sfa.ornl.gov; https://mnspruce.ornl.gov

Boreal peatlands currently store large amounts of carbon 
(C) and will be exposed to higher temperatures and ele-
vated levels of atmospheric carbon dioxide (eCO2) in the 
coming decades. The Spruce and Peatland Under Changing 
Environments (SPRUCE) experimental site in northern 
Minnesota is a forested, ombrotrophic bog that has been 
subjected to experimental warming and eCO2 treatments 
since 2016. In 2021, the team sampled the top 30 cm of the 
peat at SPRUCE and began a year-long laboratory incuba-
tion to assess pool sizes and turnover of C, nitrogen (N) and 
phosphorous (P) in the rhizosphere. Mineralization of C, N, 
and P was quantified by measuring carbon dioxide (CO2), 
N2O, and methane (CH4) gas fluxes as well as NH4, NO3, 
and PO4 in soil leachate. The optimized decomposition con-
ditions and extended timeframe of the laboratory incubation 
meant that total mineralization cumulative mineralization 
curves fit with exponential decay models could be explored 
for the three elements. Preliminary results from this exper-
iment indicate that 5 years of experimental field manipula-
tions have significantly impacted pool sizes and cumulative 
mineralization of these critical elements in the rhizosphere. 
Total CO2 mineralized significantly decreased with field 
temperature and, in surface soils, slower CO2 mineralization 
was explained by a higher proportion of soil C being present 
in an inactive versus active cycling C pool. The bulk %N of 
incubated peat increased broadly with depth (p=0.09) but 
notably increased with field temperature (p=0.01). Total 
NH4 mineralization significantly increased with field tem-
perature and this increase was greater than expected based 
on the higher bulk soil %N alone. Total PO4 mineralization 
was not impacted by the experimental treatments. These 
findings indicate that C, N, and P cycling in warmed rhizo-
sphere at SPRUCE has become uncoupled during the first 
5 years of experimental warming due to actively cycling C 
being lost and peat N being found in more readily mineral-
ized forms.
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Microbial Community Dynamics During 
3 Years of In Situ Peat Decomposition at the 
SPRUCE Experiment in Northern Minnesota
Christopher W. Schadt1* (schadtcw@ornl.gov), 
Spencer Roth1, Natalie A. Griffiths1, Randall K. Kolka2, 
Keith C. Oleheiser1, Alyssa A. Carrell1, Dawn M. Klingeman1, 
Angela Seibert3, Jeffrey P. Chanton4, Paul J. Hanson1, 
Melanie Mayes1, Daniel Ricciuto1

1Oak Ridge National Laboratory, Oak Ridge, TN; 2Northern Research 
Station, USDA Forest Service, Grand Rapids, MN; 3Boise State University, 
Boise, ID; 4Florida State University, Tallahassee, FL

http://mnspruce.ornl.gov; http://tes-sfa.ornl.gov

Peatlands ecosystems act as major global carbon sinks, as 
primary production outpaces organic matter decomposition 
resulting in massive soil carbon deposits that account for 
greater than one third of all soil carbon. Prior investigations 
as part of the Spruce and Peatland Response Under Chang-
ing Environments (SPRUCE) experiment have shown that 
warming treatments are altering peatland biogeochemistry, 
greatly increasing the efflux rates of both carbon dioxide 
(CO2) and methane (CH4) from the ecosystem manipu-
lation chambers. In order to better understand microbial 
dynamics contributing to these changes, the team deployed 
a series of depth specific decomposition bags attached 
to rigid frames (e.g., peat ladders) in triplicate across the 
temperature and CO2 treatment enclosures for 3 years. 
At harvest the team characterized Bacteria, Archaea, and 
Fungi community dynamics through amplicon sequenc-
ing and measured peat mass and peat chemistry changes. 
These results showed that microbial communities were 
significantly affected across soil depths, temperature and 
temperature x CO2 treatments in the experiment and that 
diversity increased with temperature treatments. Microbial 
communities also showed greater degrees of complexity 
and across network analyses and an increase in highly con-
nected hub taxa with increasing temperatures that included 
methanogens. Despite this, peat soil decomposition showed 
no significant effects on soil mass loss or chemical com-
position after 3 years in situ incubation, with only ~4.5% 
mass loss overall. These results are planned to be revisited 
from additional peat ladders that were deployed at the same 
time as researchers wrap up the final years of the SPRUCE 
experiment. This and previous studies from the SPRUCE 
experiment have now shown that warming is accelerating 
microbial community change, organic-matter decomposi-
tion, and subsequently CO2 and CH4 production from these 
globally important carbon reservoirs, raising the overall level 
of concern for climate change driven positive feedback loops 
from these ecosystems.

Peatland Greenhouse Gas Efflux (CO2, CH4) 
Increases Due to Plant-Microbial Dynamics 
in Response to Whole Ecosystem Warming
Jonathan Stelling* (stellingjm@ornl.gov), Melanie Mayes, 
Paul J. Hanson, Misha Krassovski, Daniel Ricciuto

Oak Ridge National Laboratory, Oak Ridge, TN

https://mnspruce.ornl.gov; http://tes-sfa.ornl.gov

Peatlands, although only covering a small portion of the 
land surface store around one third of soil carbon. This high 
amount of carbon sequestration is sustained by climate; 
hydrology and temperature trends sustain high water tables 
that promote autotrophic carbon fixation and prevent aero-
bic decomposition. These carbon stores are tied to complex 
ecosystem processes such as plant and microbial community 
composition and may be threatened by future warming. To 
test the sensitivity of these carbon stocks to climate change 
scenarios researchers utilize the whole ecosystem manipula-
tion of the Spruce and Peatland Under Changing Environ-
ments (SPRUCE) experiment in northern Minnesota.

Here researchers present greenhouse gas flux (GHG: carbon 
dioxide-CO2 and methane-CH4) across experimentally 
warmed (from +0 to +9°C) and elevated atmospheric CO2 
(+500 ppm). Researchers use automated clear-top gas flux 
chambers to measure changes in net ecosystem exchange 
(NEE) CO2 and CH4 four times per hour during the grow-
ing season of 2022 and 2023. Researchers compare gas flux 
measurements to a suite of other environmental response 
variables: photosynthetically active radiation, water table 
depth, and soil temperature and moisture.

These results show: GHG flux increases with warming soil 
temperatures, net carbon flux to the atmosphere increases 
following a linear relationship. Water table depth and tem-
perature preconditions dynamics may cause switch between 
the dominant gas flux between CO2 and CH4.

In addition, measured CO2 NEE showed that elevated CO2 
plots had increased daytime uptake of CO2 during the grow-
ing season, possibly due to CO2 fertilization effects. How-
ever, this increased uptake was outweighed by increased 
ecosystem respiration. Furthermore, CH4 flux was more 
dominant in ambient CO2 levels, indicating complex ecosys-
tem feedback effects.

Future work will be focused on key peatland carbon rela-
tionships such as; CO2 fertilization changes to water table 
and microbial community dynamics, increased individual 
plant function and plant functional type transitions within 
experimental plots.

http://mnspruce.ornl.gov
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Greater Shrub Root Production Under 
Warming and Elevated Carbon Dioxide 
Is Not Distributed More Deeply
Sören E. Weber* (weberse@ornl.gov), Joanne Childs, 
John Latimer, Colleen Iversen, Paul J. Hanson, Melanie 
Mayes, Daniel Ricciuto

Oak Ridge National Laboratory, Oak Ridge, TN

https://mnspruce.ornl.gov; http://tes-sfa.ornl.gov

Peatlands store a disproportionate amount of terrestrial soil 
carbon (C) relative to their global spatial extent (roughly 
44% vs. 3%). The accumulation and stability of this C is 
impacted by the amount, timing, and depth distribution of 
plant root production. These aspects of plant root growth 
are in part determined by plant functional type (PFT), 
which are likely to be differentially sensitive to increased 
atmospheric carbon dioxide (CO2) and temperatures. Com-
mon vascular PFTs in boreal bogs are: coniferous trees and 
ericaceous shrubs with shallowly and non-woody sedges 
plus forbs with deeply, distributed roots. The team estimated 
the effects of elevated CO2 and whole-ecosystem warming 
(WEW) on root production in the Spruce and Peatland 
Response Under Changing Environments (SPRUCE) 
experiment in an ombrotrophic boreal bog in northern 
Minnesota, U.S. To date shrub productivity has increased 
dramatically in response to warming, both aboveground and 
belowground. The team hypothesized this response was due 
to: (1) shrub rooting depth tracking depressed water tables; 
and (2) longer growing seasons for shrub roots. WEW 
treatments ranged from 0 to +9 °C, in 2.25 °C steps above 
ambient temperatures.

These WEW treatments are crossed by ambient and ele-
vated (+500 ppm) [CO2] (n=10). Root production, timing 
and depth distribution were estimated from minirhizotron 
images collected throughout the year from 2015 to 2021. 
Shrub root production increased with WEW, and this 
response was stronger with elevated CO2. Growing season 
length for shrub roots did not respond consistently to WEW 
nor elevated CO2. Rather, on average, shrubs with +6.75°C 
WEW (both ambient and elevated CO2) grew their roots 
later in the year (c. Oct. 1) compared to all other plots 
(c. Aug. 7). Shrub roots grew more shallowly, rather than 
more deeply, with WEW. Researchers attribute this response 
in part to the lack of water table depression with WEW, but 
also to the distribution of nutrients.

Ecosystems Under Stress: Knowledge Gaps 
and Approaches Using MOFLUX as a Testbed
Jeffrey D. Wood1* (woodjd@missouri.gov), Emma G. 
Cochran1, Lianhong Gu2, Melanie Mayes2, Christian 
Salvador2, Hunter A. Seubert1, Paul J. Hanson2, 
Daniel Ricciuto2

1University of Missouri, Columbia, MO; 
2Oak Ridge National Laboratory, Oak Ridge, TN

https://tes-sfa.ornl.gov

Drought and heat are important stressors that influence 
forest ecosystem processes and biosphere-atmosphere gas 
exchange. The Missouri Ozark AmeriFlux (MOFLUX) site, 
situated in the central U.S. forest-grassland transitional zone, 
experiences frequent droughts and heat stress episodes. 
Indeed, drought plays a key role in shaping temporal vari-
ations of gas exchange within and across years, as well as 
stand composition through pulses of drought-induced tree 
mortality. Here, researchers synthesize new research aimed 
at broadly answering the question: how does drought and/
or heat stress influence the spatiotemporal variations of the 
forest carbon cycle? Specific questions include: (1) How 
does drought and temperature influence the spatial variation 
of soil respiration? (2) How do drought and heat stress 
influence the surface energy imbalance?; and (3) How does 
heat stress influence isoprene production and atmospheric 
chemistry? To address these questions, the team leveraged 
the long-term data record that was started in 2004, as well 
as opportunistic volatile organic compound (VOC) mea-
surements made during the 2023 growing season using 
proton transfer reaction–time of flight–mass spectrometry 
(PTR- TOF-MS). VOC emissions are important plant 
stress responses and are associated with the protection of 
sensitive plant tissues when energy supply overwhelms 
energy demand during drought and heatwaves. Answering 
these intersecting questions will help guide future moni-
toring efforts to ensure that spatiotemporal variations are 
adequately characterized and enhance integrated scientific 
understanding of how temperate broadleaf forests dynami-
cally respond to drought and heat stress.
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Disentangling the Impacts of Warming 
and Drying on Peatland Ecosystems
Xiaojuan Yang1* (yangx2@ornl.gov), Daniel Ricciuto1, 
Xiaoying Shi1 , Verity G. Salmon1, Colleen Iversen1, 
Richard J. Norby1,2, Jeffrey M. Warren1, Peter E. Thornton1, 
Paul J. Hanson1, Melanie Mayes1

1Oak Ridge National Laboratory, Oak Ridge, TN; 
2University of Tennessee, Knoxville, TN

https://mnspruce.ornl.gov

Peatland ecosystems play significant roles in the global car-
bon cycle. Although only covering 2 to 3% of land’s surface, 
peatland ecosystems store about one third of global soil 
carbon (C).

Warming in northern peatland may accelerate the soil 
carbon decomposition and lead to rapid release of carbon 
dioxide (CO2) into the atmosphere, driving a positive land 
carbon-climate feedback. In addition to the direct impacts 
of warming on plant physiology, ecosystem respiration 
and community composition, warming could lead to the 
drop in the water table, which could also have important 
consequences for peat decomposition, community com-
position and ecosystem functions. The objective of this 
study is to disentangle the impacts of warming and drying 
on peatland ecosystems using a modeling approach at the 
Spruce and Peatland Responses Under Changing Envi-
ronments (SPRUCE) site. Specifically, researchers use 
ELM-SPRUCE, a version of the E3SM (Energy Exascale 
Earth System Model) land surface component (ELM) for 
peatlands, to address the following questions: (1) Is ELM-
SPRUCE able to capture warming responses under ambient 
CO2?; and (2) How much of C loss at SPRUCE is due to 
direct warming? How much of C loss at SPRUCE is due to 
changes in water table associated with warming? How much 
of C loss at SPRUCE is due to loss of sphagnum cover?

AmeriFlux

AmeriFlux Management Project: 
Overview and the Year of Remote Sensing
Margaret S. Torn1,2* (mstorn@lbl.gov), Sébastien 
Biraud1, You-Wei Cheah1, Trevor F. Keenan1,2, Christin 
Buechner1, Danielle S. Christianson1, Gilberto Pastorello1, 
Dennis Baldocchi1,2, Housen Chu1, Stephen Chan1, Sigrid 
Dengel1, André Santos1, Fianna O’Brien1, Sy-Toan Ngo1, 
Dario Papale3

1Lawrence Berkeley National Laboratory, Berkeley, CA; 
2University of California–Berkeley, CA; 3University of Tuscia, Viterbo, Italy

https://ameriflux.lbl.gov

AmeriFlux is a network of sites and scientists measuring 
ecosystem carbon, water, and energy fluxes across the 
Americas using eddy covariance techniques and the many 
scientists who use these data. The DOE-funded AmeriFlux 
Management Project (AMP) aims to enhance the value of 
AmeriFlux for Earth system modeling, terrestrial ecosystem 
ecology, remote sensing, and many other fields. To do this, 
AMP has teams focused on four tasks: (1) technical support 
and quality assessment/quality control (QA/QC), (2) data 
support and QA/QC, (3) core site support, and (4) out-
reach. The network continues to grow. In January 2024, 
AmeriFlux registered its 641st site. The team makes 3,360 
site years of flux/met data from 478 sites publicly accessible. 
These data are used by a large community of scientists and 
practitioners worldwide. To maintain a high level of sup-
port, AMP invests in new data services and is pioneering a 
new mode of evaluating each site’s data quality (e.g., remote 
data “visits” and mini workshops). The project also benefits 
from productive partnerships. For example, the National 
Ecological Observatory Network’s 47 AmeriFlux sites make 
it the single largest network-within-the-network. Research-
ers co-develop data standards and products with the Inte-
grated Carbon Observation System Ecosystem Thematic 
Centre. The team collaborates with the National Science 
Foundation–funded FLUXNET-Coop, which co-sponsors 
workshops, builds early career resources, and strengthens 
international connections among flux networks. This poster 
will highlight some of these recent activities, ongoing ini-
tiatives for remote sensing and urban fluxes, and special 
offerings for scientists regardless of previous level of expe-
rience, such as the Rapid Response Systems (loaner eddy 
flux systems for urban environments and other research 
opportunities) and systems available for DOE Atmospheric 
Radiation Measurement campaigns (e.g., in the Southeast 
United States). See also Housen Chu’s AMP poster on a new 
data paper and the AmeriFlux FLUXNET data product. 
Come by the poster or write to AMP to share how AMP and 
terrestrial flux data can enhance further work.
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AmeriFlux BASE Data Pipeline to Support 
Network Growth and Data Sharing
Housen Chu1* (hchu@lbl.gov), Danielle S. Christianson1, 
You-Wei Cheah1, Gilberto Pastorello1, Fianna O’Brien1, 
Joshua Geden1, Sy-Toan Ngo1, Rachel Hollowgrass2, Karla 
Leibowitz3, Norman Beekwilder4, Megha Sandesh1, Sigrid 
Dengel1, Stephen Chan1, André Santos1, Kyle B. Delwiche2, 
Koong Yi1, Christin Buechner1, Dennis Baldocchi2, 
Dario Papale5, Trevor F. Keenan2, Sébastien Biraud1, 
Deb Agarwal1, Margaret S. Torn1,2

1Lawrence Berkeley National Laboratory, Berkeley, CA; 2University of 
California–Berkeley, CA; 3HyperArts, Inc., Oakland, CA; 4University of 
Virginia, Charlottesville, VA; 5University of Tuscia, Viterbo, Italy

https://ameriflux.lbl.gov

AmeriFlux is a network of independent research sites that 
measure carbon, water, energy, and momentum fluxes 
between ecosystems and the atmosphere using the eddy 
covariance technique to study a variety of Earth science 
questions. AmeriFlux’s diversity of ecosystems, instru-
ments, and data processing routines all create challenges for 
data standardization, quality assurance, and sharing across 
the network. To address these challenges, the AmeriFlux 
Management Project (AMP) designed and implemented 
the BASE data processing pipeline. The pipeline begins 
with data uploaded by the site teams, followed by the AMP 
team’s quality assurance and quality control (QA/QC), 
ingestion of site metadata, and publication of the BASE 
data product. The pipeline automated and facilitated com-
munication, tracking, QA/QC, and publication functions, 
enabling the team to keep pace with the rapid growth of 
the network. As of January 2024, the AmeriFlux BASE data 
product contained 3,360 site years of data from 478 sites 
with standardized units and variable names of more than 
60 common variables, representing the largest long-term 
data repository for flux-met data in the world. AMP further 
applied the Open Network–Enabled Flux processing codes 
to generate the FLUXNET data product for AmeriFlux 
sites. The FLUXNET product contains footprint-aggregated 
data that have been gap-filled, partitioned, and corrected for 
energy balance closure and includes uncertainty analysis. 
As of January 2024, the FLUXNET data product contained 
1,381 site years of data from 195 sites.

FACE-Model Data Synthesis

Simulating CO2 Responses of Secondary-
Succession Forests at Duke and Oak Ridge 
FACE Experiments with ELM-FATES-CNP
Bharat Sharma1* (sharmabd@ornl.gov); Ryan Knox2, 
Charles Koven2, Daniel Ricciuto1, Xinyuan Wei1, Xiaojuan 
Yang1, Richard J. Norby1, Ram Oren3, Anthony P. Walker1

1Oak Ridge National Laboratory, Oak Ridge, TN; 2Lawrence Berkeley 
National Laboratory, Berkeley, CA; 3Duke University, Durham, NC

https://www.ornl.gov/content/free-air-carbon-dioxide- 
enrichment-face-datamanagement-system

Rising atmospheric carbon dioxide (CO2) can increase 
vegetation biomass production, which at the global scale can 
slow atmospheric CO2 growth rates. Elevated atmospheric 
CO2 (eCO2) experiments have demonstrated significant 
gains in net primary productivity (NPP) and biomass. Many 
terrestrial biosphere models have also indicated that eCO2 
has caused a large fraction of land carbon sequestration 
during recent decades and predict that this sequestration 
will continue to increase into the future. Another significant 
component of global change has been the conversion of 
primary forests to secondary forests and several ecosystem- 
scale Free Air Carbon Dioxide Enrichment (FACE) exper-
iment were sited in plantations. Analysis of these FACE 
experiments indicated that the variability in the eCO2 
response is related to the stage of stand development and 
progressive nitrogen limitation. Researchers use the E3SM 
Functionally Assembled Terrestrial Ecosystem Simulator 
(ELM-FATES-CNP), a size and time-since-disturbance 
structured vegetation demography model that integrates car-
bon and nutrient cycling to investigate nutrient constraints 
on eCO2 responses in even-aged forests. The primary 
objective of this study is to evaluate the performance of the 
ELM-FATES-CNP model against the observations from 
Duke and ORNL FACE experiments to ascertain how best 
to apply ELMFATES-CNP to investigate stand structure 
and nutrient controls on ecosystem carbon responses to 
eCO2. Understanding the interactions of nitrogen avail-
ability for plant uptake and growth is necessary to improve 
predictive capabilities of models to simulate ecosystem 
carbon storage in response to eCO2. The team compared the 
net primary productivity (NPP) responses under simulated 
post- disturbance and counter-factual “equilibrium” forests 
at Duke and Oak Ridge. Researchers also use a carbon-only 
version of the model alongside two soil nutrient cycling 
hypotheses to evaluate the strength of nutrient limitation in 
FATES-CNP.
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Soil Production and Chemical 
Weathering Rates from Intrusive 
Bedrock in the East River in Colorado
José M. Marmolejo-Cossío* (jmarmolejo@umass.edu), 
Isaac J. Larsen, John R. Slosson

University of Massachusetts–Amherst, MA

The productivity of aquatic and terrestrial ecosystems relies 
on the release of essential elements from bedrock. The rate 
at which elements become accessible to biota depends on 
the rate soil is produced from bedrock by both physical and 
chemical weathering. Steep mountain catchments are global 
hot spots for erosion and weathering and hence strongly 
influence global biogeochemical cycles. However, there are 
still outstanding questions regarding the mechanisms of soil 
production and solute generation in mountain landscapes. 
Here, the project investigates the role vegetation plays in influ-
encing soil production and chemical weathering within the 
East River watershed in Colorado. The team collected soils 
from forest (n=5) and alpine (n=4) ecosystems on intrusive 
igneous rocks and used cosmogenic nuclides and geochemi-
cal mass balance to determine soil production and chemical 
weathering rates. The mean chemical depletion fractions for 
forest and alpine soils were 0.27 and 0.15 respectively, indi-
cating chemical weathering is a much higher proportion of 
soil production in forest versus alpine sites. Beryllium-10 con-
centration measurements are pending for additional samples, 
but preliminary results from forest (n=1) and alpine (n=3) 
indicate soil production rates are approximately 0.05 millime-
ter per year and 0.03 mm yr-1, respectively, suggesting bedrock 
is more rapidly converted to soil in the forest. Soil chemical 
weathering rates are 0.013 mm yr-1 and 0.006 mm yr-1 in the 
forest versus alpine sites, indicating that solute production in 
forests is higher than alpine sites. These findings suggest that 
migration of forests to higher elevation as climate changes will 
be accompanied by increases in solute generation and funda-
mental changes to alpine soils.

Tropical Forest Response to a Drier 
Future: Measurements, Synthesis, and 
Modeling of Soil Carbon Stocks and Age
Karis McFarlane* (mcfarlane3@llnl.gov), Kari Finstad, 
Nina Zhang, Allegra Mayer, Jennifer Pett-Ridge

Lawrence Livermore National Laboratory, Livermore, CA

Tropical forests account for over 50% of the global terrestrial 
carbon sink and 29% of global soil carbon, but the stability 
of carbon in these ecosystems under a changing climate 
is unknown. Recent work suggests moisture may be more 
important than temperature in driving soil carbon storage 
and emissions in the tropics. However, data on belowground 
carbon cycling in the tropics is sparse, and the role of mois-
ture on soil carbon dynamics is underrepresented in current 
land surface models, limiting the ability to extrapolate from 
field experiments to the entire region. The team measured or 
attained data for soil carbon stocks and radiocarbon (14C) 
values of profiles from over 40 sites spanning 12 pantropical 
regions. Project sites represent a large range of moisture, 
spanning 710 to 4,200 millimeters of mean annual precipita-
tion (MAP), and include Alfisols, Andisols, Inceptisols, Oxi-
sols, and Ultisols. Researchers found a large range in soil 14C 
profiles between sites, and in some locations, the team also 
found a large spatial variation within a site. MAP explains 
some of the variation in soil 14C profiles and carbon stocks, 
with smaller carbon stocks and younger soil carbon in drier 
forests. However, differences in soil type contribute sub-
stantially to observed variation across the dataset and with 
constrained gradients in moisture and parent materials in 
Panama. The project compares measured soil profile 14C and 
carbon stock values to those modeled with the E3SM Land 
Model version 1 to demonstrate the utility of soil carbon 
and 14C for benchmarking. 

DOE Early Career Projects
Terrestrial Ecology
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Watershed 
Sciences
Watershed sciences research supported by the Environmental 

System Science program seeks to advance a robust, predictive 

understanding of how watersheds function as integrated 

hydro-biogeochemical systems, as well as how these systems 

respond to disturbances such as changes in water recharge, 

availability, and quantity; contaminant release and transport; 

nutrient loading; land use; and vegetative cover.
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Anaerobic Methane-Oxidizing Microbiomes in 
Agriculturally Influenced Riparian Zones and 
Their Linkage to Reactive Nitrogen Removal
Anthony Bertagnolli* (anthony.bertagnolli@montana.
edu), Frank Stewart, Stephanie A. Ewing, Emma Tate, 
Robert Payn

Montana State University, Bozeman, MT

Anaerobic methane oxidation (AMO) is a microbe- 
mediated process active in anoxic aquatic habitats. Riparian 
zones (RZs) along streams in agricultural regions may be 
hot spots for anaerobic cycling of methane and inorganic 
nitrogen from leaching of excess fertilizer. However, AMO 
in RZs, and its potential linkage to nitrogen cycling, remains 
largely uncharacterized. Agricultural lowlands in the Judith 
River Watershed ( JRW) of central Montana harbor aquifers 
with elevated reactive nitrogen loading and riparian aquifers 
that consistently display biogeochemical signatures associ-
ated with denitrification. Microbiome exploration of these 
riparian aquifers has suggested relatively high abundances 
of 16S rRNA genes related to Candidatus methylomirabilis, 
a bacterium known to link methane to nitrogen cycling 
through nitrite-dependent anaerobic methane oxidation 
(N-DAMO). Metabolic activity from this species would 
suggest a role for N-DAMO in both methane and nitrogen 
removal from the JRW with implications on models of 
greenhouse gas emissions. Goals of the project include: 
(1) characterize methane and other redox-sensitive com-
pounds in JRW-RZ porewater under contrasting hydrologi-
cal conditions; (2) identify genes and transcripts associated 
with N-DAMO and other relevant biogeochemical pro-
cesses; (3) quantify AMO activity over relevant oxygen con-
centrations; and (4) adapt thermodynamically constrained 

biogeochemical models of microbial metabolisms to predict 
the scale of N-DAMO (and other AMO processes) in RZs.

Metagenomic analyses have extended the evidence for 
N-DAMO as the dominant AMO process based on the 
recovery of particulate methane monooxygenase (pmoA) 
genes matching Ca. methylomirabilis. Genes diagnostic for 
canonical denitrification were also recovered at high fre-
quency, while genes of anaerobic ammonium oxidation (ana-
mmox) were present but less common. These results indicate 
a complex anaerobic community with diverse pathways of 
both AMO and nitrogen loss. Incubation experiments will 
quantify rates of these processes over environmental gradi-
ents, informing development of RZ biogeochemical models 
that properly account for the influence of AMO.

Deciphering the Role of Anaerobic Microsites 
for Hot Spot and Hot Moment Dynamics 
of Metal Redox Chemistry and Methane 
Emissions Within Riverine Floodplains
Amrita Bhattacharyya1* (abhattacharyya@usfca.edu), 
Elizabeth L. Paulus2, Hermes Ruiz1, Kathryn Farber1, 
Eldridge Walker3, Amalia Kokkinaki1, Ruth M. Tinnacher3, 
Kristin Boye2, Vincent Noël2

1University of San Francisco, San Francisco, CA; 2SLAC National Accelerator 
Laboratory, Menlo Park, CA; 3California State University East Bay, 
Hayward, CA

Rates and reactions of biogeochemical (BGC) processes 
vary in space and time to produce hot spots and hot 
moments of elemental cycling. These dynamics are particu-
larly enhanced at terrestrial-aquatic interfaces (TAIs), such 
as floodplains with strong redox fluctuations. Anaerobic 
microsites are zones of oxygen depletion in otherwise oxic 

University Projects
Watershed Sciences
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soil environments, which can serve as redox hot spots, 
generating and exporting anaerobic BGC products, such 
as methane (CH4). Despite the importance of anaerobic 
microsites in TAIs, significant knowledge gaps still exist 
regarding their abundance, spatial distribution, and specific 
contributions to BGC processes, especially CH4 production. 
Hence, there is limited data to support model parameteriza-
tions and predictions of the impacts of anaerobic microsites 
on BGC functions at the field scale.

The main objectives of this study are: (1) to quantify the 
abundance and the impact of anaerobic microsites on 
methanogenesis and link this to elemental speciation and 
abundance of trace metals of importance for methane- 
cycling; (2) to compare microscale anaerobic microsite 
characteristics with macroscale observations on the field 
scale for methane emissions; and (3) to quantify reac-
tion kinetics of relevant BGC processes within anaerobic 
microsites.

The Laboratory for Observing Anaerobic Microsites in Soils 
(LOAMS) is a novel approach that utilizes the fact that 
X-ray fluorescence 2D mapping can reliably detect, quan-
tify, and characterize anaerobic microsites in natural soil 
core slices (up to 100 cm long) at µm-scale resolutions. To 
date, LOAMS investigations have revealed direct evidence 
of iron (Fe) and sulfur (S) reducing microsites in predom-
inantly oxic toeslope soils (Pumphouse Lower Montane 
site by East River, CO), where anaerobicity would typically 
not be expected. In parallel, the microbial data suggest the 
presence of methanogens and methanotrophs in similar Fe 
and S reducing environments at both East and Slate River, 
CO sites. Researchers anticipate that the results will provide 
much needed quantification of hot spot and hot moment 
contributions to coupled BGC of redox-active and enzymat-
ically important metals in relation to CH4 emissions in TAIs.

Responses of Plant and Microbial Respiration 
Sources to Changing Cold Season Climate 
Drivers in the East River Watershed
Mariah Carbone1* (mariah.carbone@nau.edu), 
Andrew Richardson1, Austin Simonpietri1, Ben Lucas1, 
Adrianna Foster2, Will Wieder2

1Northern Arizona University, Flagstaff, AZ; 
2National Center for Atmospheric Research, Boulder, CO

https://carbone-lab.nau.edu/index.php/
snodgrass-mountain-transect/

Global change is altering cold season climate in the western 
U.S. mountains. Snowpack is declining, snowmelt is occur-
ring earlier in the spring, and growing seasons are becoming 

longer. This project will quantify the changing cold season 
climate effects on the soil carbon dioxide (CO2) flux, and 
its plant and microbial sources in the East River Watershed, 
near Crested Butte, CO. Researchers are building on an 
exploratory grant, which established a network of soil CO2 
flux stations along an elevation gradient of different forest 
cover types. These measurements provide the foundation 
to use a model experiment (ModEx) approach to improve 
representation of belowground processes in mechanistic 
models. The team will install new automated soil CO2 flux 
sensors designed to operate underneath the snowpack to 
expand measurements in cold seasons. Radiocarbon (14C) 
partitioning methods will be applied to determine how 
much of the soil CO2 flux is coming from plant-root metab-
olism and microbial decomposition. Quantitative DNA 
stable isotope probing (qSIP) will be applied to quantify 
microbial community dynamics. Both 14C and qSIP sam-
pling will be purposefully scheduled in time and space to 
reduce the largest data-model uncertainties. Results from 
field studies will be applied to improve model parameter-
ization and mechanistic representation of the soil CO2 flux 
through plant and microbial mechanisms in FATES and 
MIMICS, respectively. The work is motivated by an overar-
ching hypothesis that changing cold season climate drivers 
will impact belowground plant and microbial processes sep-
arately, and thus quantifying these influences is necessary to 
robustly predict how the East River Watershed ecosystems 
will respond to future environmental change. Researchers 
initial progress leverages long-term continuous dataset and 
machine learning approaches to assess how variability in 
snowpack, snowmelt timing, growing season length, and 
monsoon rain inputs influence the total soil CO2 flux.

Dynamics of Interconnected Surface-
Subsurface Flow and Reactive Transport 
Processes Across the Hillslope-Riparian 
Zone River Corridor Continuum of 
Cold, High-Latitude Watersheds
M. Bayani Cardenas1* (cardenas@jsg.utexas.edu), 
Bethany T. Neilson2, Pin Shuai2, Rose M. Cory3, George W. 
Kling3, Neelarun Mukherjee1, Bo Gao4, Ethan Coon4

1University of Texas, Austin, TX; 2Utah State University, Logan, UT; 
3University of Michigan, Ann Arbor, MI; 4Oak Ridge National Laboratory, 
Oak Ridge, TN

The Arctic is warming almost four times faster than the rest 
of the world and is in the process of thawing large stores 
of permafrost soil carbon (C). The conversion of soil C 
to greenhouse gases within watersheds is controlled by 
redox chemistry that is, in turn, controlled by how water 
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flows through the soils from hillslopes to valley bottoms 
to streams. Watersheds are shifting in response to dramatic 
changes in extreme weather events like heat waves, flood-
ing and storms, and more frequent wildfires, along with a 
shorter cold season and longer summer thaw season. The 
need is to improve models of cold-region watershed hydrol-
ogy and biogeochemistry to predict how warming and per-
mafrost thaw will affect greenhouse gas release in the future.

This research is integrating models of highly dynamic water 
flow over the landscape, through soils, and to rivers with 
key physical, biological, and chemical processes that control 
greenhouse gas generation and transport. Realistic coupling 
of the hydrology, biology, and chemistry in these models 
will be validated by key field observations. Expectations are 
that (1) hydrological flow patterns from hillslopes through 
valley bottoms control the landscape export of C from soils 
to rivers and the relative production of carbon dioxide ver-
sus methane; (2) variability in extreme events, freeze-thaw 
cycles, and day-to-day weather will alter the magnitudes of 
biological and chemical reactions through the hillslope to 
valley bottom and then to the river; and (3) watershed-scale 
C exports are controlled by valley-bottom processes, but 
hillslope and stream processes can dominate as climate 
change alters weather patterns and hydrology. Researchers 
will test these ideas under scenarios of shifting cold- and 
warm-season climate, by adding novel physics and chemis-
try to two coupled DOE models, the Advanced Terrestrial 
Simulator model for thermal hydrology and PFLOTRAN 
for reactive chemical transport.

Reactive Transport Modeling of 
Iron-Sulfur-Carbon Cycling: Investigating 
The Impacts Of Dynamic Hydrologic 
Conditions at a Riparian Wetland
Zixuan Chen1* (chen7452@umn.edu), Samantha Perez1, 
Crystal Ng1, Cara Santelli1, Daniel I. Kaplan2, Shreya 
Srivastava1, Carla Rosenfeld3, Kenneth M. Kemner4

1University of Minnesota–Twin Cities, Minneapolis/St. Paul, MN; 
2University of Georgia, Athens, GA; 3Carnegie Museum of Natural History, 
Pittsburgh, PA; 4Argonne National Laboratory, Lemont, IL

Wetlands play a crucial role in enhancing water quality by 
transforming nutrients and organic substances, influencing 
the global carbon (C) cycle and greenhouse gas emissions, 
and retaining metals. Iron (Fe) flocs in the wetland can 
immobilize uranium (U), and the team hypothesizes that 
the presence of these flocs highly depends on Fe interactions 
with C and sulfur (S) in the hyporheic zone. Because spatio-
temporally dynamic water fluxes promote fast redox cycling, 
net changes in S species are challenging to observe. Even 

when active, S cycling often remains hidden and thus over-
looked in freshwater systems. The team’s previous work has 
emphasized the importance of cryptic S reactions in Fe-S-C 
cycles under groundwater upwelling via two pathways: 
(1) anaerobic sulfide reoxidation (ASR) likely coupled to 
Fe3+ reduction replenishes porewater sulfate (SO4

2-); and 
(2) anaerobic oxidation of methane (AOM) coupled to 
sulfate (SO4

2-) reduction moderates porewater methane 
(CH4), while methanogenesis buffers H+-consumption by 
Fe3+ reduction. The team’s current research further inves-
tigates the importance of cryptic S reactions under more 
complex hydrologic settings. Based on the observations at 
Tim’s Branch, researchers implemented and compared reac-
tive transport simulations with PFLOTRAN under three 
hydrologic flux scenarios: (1) constant flux; (2) regularly 
alternating flux direction; and (3) field-based dynamic flux. 
This model highlights the crucial role of cryptic S cycling 
in wetlands by increasing Fe2+ and moderating CH4 pore-
water concentrations. Moreover, this model indicates that 
dynamic hydrologic flux with alternating direction can 
facilitate increased Fe2+ concentrations at different depths. 
When such an increase in Fe2+ occurs at the sediment 
surface under upwelling conditions, it leads to the produc-
tion of iron flocs in surface waters. These findings can help 
illuminate the impacts of dynamic hydrological settings on 
Fe-S-C cycles critical to carbon budgets and heavy metal 
mobilization.

Estimating Groundwater Recharge 
Across Mountainous Catchments
W. Payton Gardner1* (payton.gardner@umontana.edu), 
David Baude1, Nicholas Thiros2, Kenneth Hurst Williams2

1University of Montana, Missoula, MT; 
2Lawrence Berkeley National Laboratory, Berkeley, CA

This project reports on efforts to characterize and model 
deep groundwater system dynamics across a gradient of 
landscape and subsurface properties in montane to sub-
alpine watersheds in west-central Montana and central 
Colorado. Multilevel groundwater wells have been installed 
in a variety of landscape positions and subsurface geology 
across the different watersheds. Borehole geophysics, core 
logging, and slug tests are used to characterize subsurface 
structure and hydraulic properties at drilling locations. Con-
tinuous water level and temperature logs are used to provide 
information on seasonal hydraulic dynamics. Environmental 
tracers (CFC, SF6, 3H-3He, stable noble gas isotopes, stable 
isotopes of water) collected in wells and adjacent streams 
are used to provide information on timing, location, and 
volume of groundwater circulation. Researchers include new 
results of 39Ar as a tracer capable of measuring intermediate 
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groundwater ages. These datasets are incorporated into 
conceptual and numerical models of integrated surface and 
subsurface flow to provide insight into the role of ground-
water in hillslope and watershed behavior. Researchers find 
that mountains host active groundwater systems with strong 
seasonal responses to changing infiltration and evapotrans-
piration. Measured groundwater ages in these deep bedrock 
systems are characterized by a mixture of young and old 
water, with mean ages of 100 to 1,000 years. Models of sur-
face and subsurface flow are highly sensitive to subsurface 
hydraulic characteristics, and specific subsurface configura-
tions are required to fit the observed water table dynamics 
and groundwater mean ages. The deep critical zone includ-
ing the saprolite and bedrock groundwater systems are an 
important, but often underexplored control on watershed 
hydrogeochemical function in mountainous systems. This 
project is producing new insight into the form and function 
of these hidden systems, and the role of deep, old ground-
water in watershed function.

How Does Wildfire Severity and Post-Fire 
Precipitation Influence Fate and Transport 
of Pyrogenic Organic Carbon and Nitrogen 
in Terrestrial-Aquatic Interfaces?
Gavin Gleasman1* (ggleasm@clemson.edu), Alex Chow2, 
Donald Hagan1, Huan Chen1, Barbara Campbell1, 
Jeff W. Atkins3, Carl Trettin6, Scott Brooks5, Scott Painter5, 
Peijia Ku4, Russell Hardee1, Jesus Gomez Velez5, Fernanda 
Santos5, Dinuka Lakmali Jayasuriya Patabandige1, 
Yuhua Zheng1, Michael Langley3

1Clemson University, Clemson SC; 2The Chinese University–Hong Kong; 
3Southern Research Station, U.S. Forest Service, New Ellenton SC; 
4Center for Watershed Research, U.S. Forest Service, Cordesville SC; 
5Oak Ridge National Laboratory, Oak Ridge TN

Wildfires vastly disturb forest environments by influencing 
local hydro-biogeochemical cycles. The severity of a wild-
fire modifies the composition, transport, and abundance 
of pyrogenic organic matter (PyOM) in the natural envi-
ronment, including pyrogenic organic carbon (PyOC) and 
nitrogen (PyON). Wildfire severity alters (1) the varying 
proportion of labile and soluble black carbon (BC) to 
recalcitrant and insoluble BC; (2) surface hydrodynamics 
of infiltration; and (3) known microbial community struc-
ture. Along with wildfire severity, postwildfire precipitation 
behavior further impacts the distribution of PyOM. Wildfire 
simulations at the watershed scale was conducted within 
the Clemson Experimental Forest (SC; Fall 2023) and is 
planned for Savannah River Site (SC; April 2024) to com-
prehensively document the influence wildfire severity and 

postfire precipitation have on the fate of PyOM across the 
terrestrial–aquatic interface. The production, composition, 
and fluxes of PyOM will be quantified in soil (particulate 
and porewater) and surface water samples (stream and 
runoff). The PyOM will be quantified by collecting soil 
and water samples before and after the wildfire simulation, 
natural precipitation events, and simulated rainfall experi-
ments in locations of varying wildfire severity. Perturbations 
to watershed hydrodynamics due to the wildfires will be 
quantified through infiltration tests and soil saturation 
measurements. The leachability, degradability, and mobility 
of PyOM from soil and water samples will be quantified 
using controlled experimental conditions. The assessment of 
microbial community structures will determine their spatial 
and temporal relation to varying PyOM and nutrient pools, 
as well as their resilience and resistance to wildfire severity. 
The dissolved and particulate PyOM, nutrient pools, micro-
bial structure, and hydrodynamic data obtained during field 
and laboratory experiments will be applied to develop a 
reaction network model and a reactive- transport model by 
coupling PFLOTRAN and ATS code. The field, laboratory, 
and modelling results aim to provide a mechanistic under-
standing of the natural hydro-biogeochemical response to 
varying wildfire severity and postfire precipitation.

Molecular Features of Uranium-Binding 
Natural Organic Matter in a Riparian Wetland 
Using Ultrahigh Resolution Mass Spectrometry
Peter H. Santschi1 (santschi@tamug.edu), Chen Xu1, 
Chris M. Yeager2, Alex Goranov3, Peng Lin4, Patrick G. 
Hatcher3, Daniel I. Kaplan4* (daniel.kaplan@uga.edu)

1Texas A&M University–Galveston, TX; 2Los Alamos National Laboratory, 
Los Alamos, NM; 3Old Dominion University, Norfolk, VA; 
4University of Georgia Savannah River Ecology Laboratory, Aiken, SC

Tim’s Branch riparian wetland, located in South Carolina, 
has immobilized 94% of the uranium (U) released >50 
years ago from a nuclear fuel fabrication facility. Sediment 
organic matter (OM) has been shown to play an important 
role in immobilizing U. Yet, U-OM-mineral interactions at 
the molecular scale have never been investigated at ambient 
concentrations.

Sediment organic matter (OM) along the stream water path-
way were extracted, purified, and concentrated. Molecular 
characterization was performed using Fourier transform 
ion cyclotron resonance mass spectrometry (FTICRMS). 
Out of 9,614 identified formulas, 715 contained U. These 
U-containing formulas were enriched with iron (Fe), nitro-
gen (N), and/or sulfur (S) compared to the entire pool of 
OM. Lignin-like and protein-like molecules accounted for 
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40% and 19% of the U-containing formulas, respectively. 
Phosphorus-containing formulas were found to exert an 
insignificant influence on complexing U. U-containing for-
mulas in the mobile fraction (groundwater extractable) had 
lower nominal oxidation states of carbon (NOSC); lower 
N and S concentrations; and less aromatic moieties than 
the U-containing formulas recovered from the immobile 
fraction (sodium pyrophosphate extractable). U-containing 
formulas in the redox interfacial zones (stream banks) 
compared to those in nearby up-slope zones tended to have 
smaller molecular weights; lower NOSC; higher contents of 
COO and/or CONO functional groups; and higher abun-
dance of Fe-containing formulas. Fe was present in 38% of 
the U-containing formulas but only 20% of the total OM 
formulas. It is postulated that Fe played an important role 
in stabilizing the structure of sedimentary OM, especially 
U-containing compounds. The identification for the first 
time of hundreds of U-containing formulas demonstrates 
the that the complexity of the system is much greater than 
commonly believed and numerically predicting U binding 
behavior in OM-rich systems should not be limited to mea-
suring metal complexation with well-defined individual 
analogue organic ligands.

Integrating Tree Hydraulic Trait, Forest 
Stand Structure, and Topographic Controls 
on Ecohydrologic Function in a Rocky 
Mountain Subalpine Watershed
Lara Kueppers1,2* (lmkueppers@berkeley.edu), 
H. Marshall Worsham1, Thomas Powell3, 
Max Berkelhammer4, James Dennedy-Frank5, Chris Still6,7, 
Ian Breckheimer7, Ben Blonder1, Erica Siirila-Woodburn2

1University of California–Berkeley, CA; 2Lawrence Berkeley National 
Laboratory, Berkeley, CA; 3University of the South, Sewanee, TN; 
4University of Illinois−Chicago, IL; 5Northeastern University, Boston, MA; 
6Oregon State University, Corvallis, OR; 7Rocky Mountain Biological 
Laboratory, Crested Butte, CO

Predicting forest responses to climate change, requires 
understanding interactions among species differences in 
drought sensitivity, forest structure and landscape hetero-
geneity. Researchers are integrating these elements within 
a high-elevation watershed, using (1) field measurements 
of tree hydraulic traits, transpiration, canopy water content, 
tree ring-width variation, and soil moisture; (2) airborne 
observations of canopy temperature and water content; and 
(3) watershed-scale process modeling. Emerging results 
relate to a subset of the hypotheses:

•  Rooting depth and stem capacitance explain differ-
ences in transpiration patterns across the watershed’s 

dominant tree species. Preliminary results indicate 
significantly less negative xylem-P50 (xylem pressure at 
50% loss of conductivity) for aspen versus the conifers. 
Spruce and pine, which have low sapflow, tightly regulate 
conductance, even at relatively high water potentials. Fir, 
which has high peak sapflow, releases more water from 
stem tissue than the other species. Aspen, which also has 
high transpiration, maintains flow with a low safety mar-
gin between stomatal-P50 and its xylem-P50.

•  Across forest stands, radial growth covaries with topo-
graphic position. Preliminary results show that annual 
growth declines linearly with elevation and topographic 
position index for both spruce and fir, with lower growth 
at ridge positions. Growth is positively associated with 
relative moisture-retaining capacity of a site.

•  Interannual differences in growth are smallest in con-
vergent, high-elevation topographic positions with 
low incident solar radiation where the residence time 
of soil moisture is longest. Spruce growth is more sen-
sitive to interannual precipitation variation and positively 
correlated with summer precipitation, while fir growth 
is inversely correlated with current and prior-year winter 
precipitation. This signal was strongest at high-elevation 
and convergent positions, suggesting that more and longer 
snow duration imposes energy rather than moisture limits 
to fir growth.

The team also demonstrate new simulation capabilities, using 
ParFlow-ELM-FATES to isolate the impact of subsurface lat-
eral flow on evapotranspiration fluxes in complex terrain.

Applying R-Osmos to Quantify Hot 
Moments in a High Mountain Watershed: 
Codevelopment of Novel Methodology to 
Advance Terrestrial-Aquatic Interface Models
Andrew Thurber1 (andrew.thurber@oregonstate.edu), 
Laura Lapham2*, Frederick Colwell1, Dipankar Dwivedi3, 
Kenneth Hurst Williams3

1Oregon State University, Corvallis, OR; 2University of Maryland–Solomons, 
MD; 3Lawrence Berkeley National Laboratory, Berkeley, CA

Watershed function is driven by habitat heterogeneity and 
microbial activity integrated over space and time. These 
habitats experience seasonal changes in redox zonation with 
water flow shifting biogeochemical cycles and perturbing 
the microbial communities that mediate biogeochemical 
processes. Features such as river meanders can create hot 
spots of biological activity, however they must be directly 
sampled to be understood. This project will quantify the 
impact of hot spots and moments on microbial rates, 
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focusing on two critical processes: methane (CH4) oxida-
tion and nitrate (NO3) reduction, at the DOE’s East River 
Watershed Function Science Focus Area. For this project, 
researchers developed novel, continuous, time-integrating, 
in situ microbial rate samplers to inform the magnitude 
and variation in biogeochemical processes across the ter-
restrial-aquatic interface. In 2023, the team deployed these 
uniquely configured osmotic samplers (OsmoSamplers) to 
continuously quantify the rate at which microbial commu-
nities transform methane and nitrate on either side of a river 
meander. One of the packages was impacted by water level 
variation and was retrieved after a few months, however the 
second package (the downstream one), remains in place col-
lecting data about the impact of meanders of river biogeo-
chemistry. The remaining sampler package will be retrieved 
in early summer, which, after laboratory-based analysis, will 
allow the team to incorporate spatially explicit rate measure-
ments of NO3 and CH4 oxidation and assimilation into reac-
tive transport models developed for the region. Here, the 
team will cover the overall aims of the project, update prog-
ress to date, and highlight opportunities that this research 
framework may provide for collaboration with other Science 
Focus Area users.

Virtual

Seasonal Cycles Unravel Mysteries 
of Missing Mountain Water
Jessica Lundquist1* (jdlund@uw.edu), Ethan Gutmann2, 
Rosemary Carroll3

1University of Washington, Seattle, WA; 2National Center for Atmospheric 
Research, Boulder, CO; 3Desert Research Institute, Reno, NV

https://depts.washington.edu/mtnhydr/Pages/Research%20
Profiles/MissingWater.html

Snow provides over 60% of water supplies in the western 
United States, and in general, spring snow measurements 
provide a good prediction of summer streamflow. How-
ever, in some years, these streamflow predictions are not 
accurate, and water managers struggle to efficiently allocate 
water resources. In many studies, warming temperatures 
correspond to less observed streamflow per unit precipi-
tation input. However, key elements, including basin het-
erogeneity, gauge undercatch, groundwater flow, and water 
storage, are often not represented in models or predictions, 
and physical hydrologic models diverge widely in their 
hydrologic sensitivity to warming. The project describes 
distributed observations in the well-instrumented East 
River (Colorado) and Tuolumne River (California) basins 
combined with modeling that researchers are using to inves-
tigate snow distribution as a function of elevation and snow 

heterogeneity. The team hypothesizes that more uniformly 
distributed snow cover leads to greater subsurface water 
connectivity and more efficient water delivery to the stream. 
More variable snow cover, either through a greater eleva-
tional gradient or increased patchiness, leads to less effective 
recharge and greater evaporative losses. Only modeling that 
represents subsurface water transfer from snow-covered to 
snow-free grid cells will be able to represent these effects.

Knowledge-Guided Clustering of 
Multidomain Data to Improve Predictions 
of Aerobic Respiration in River Corridors
Hugh C. McCullough1*, Sanjog Kharel1, Manokaran 
Veeramani1, Mikayla Borton2, James Stegen3, Christopher 
Henry4, Hyun-Seob Song1 (hsong5@unl.edu)

1University of Nebraska–Lincoln, NE; 2Colorado State University, 
Fort Collins, CO; 3Pacific Northwest National Laboratory, Richland, WA; 
4Argonne National Laboratory, Lemont, IL

Thermodynamics-based biogeochemical modeling is 
increasingly popular, due to its ability to detail substrate 
chemistry and kinetics with a limited set of parameters. 
These models typically assume that all detected compounds 
are respirable, with degradation rates determined primarily 
by thermodynamic favorability. However, this assumption 
may not accurately reflect the complexity of data from 
diverse river systems, which contain differing microbial 
metabolic potential and growth rates in addition to substrate 
chemical and thermodynamic properties—all of which 
should influence whether a compound is respirable. In the 
team’s previous analysis of high-resolution organic matter 
(OM) profiles from sediment samples collected as part of 
the Worldwide Hydro-biogeochemistry Observation Net-
work for Dynamic River Systems (WHONDRS) Summer 
2019 Sampling Campaign (Ahamed et al. 2023), the team 
identified interpretable key factors influencing OM bioavail-
ability without accounting for sample-specific microbial 
traits. Therefore, in this work, researchers analyzed meta-
genomes and metadata from the same sampling campaign 
to better determine sample-specific microbial growth rates. 
The team filtered these additional features to those expected 
to directly influence respiration. Incorporating this data 
with the OM profiles, researchers have large data which 
spans physical, chemical, and biological contexts. To reduce 
complexity and extract interpretable findings, researchers 
performed dimensionality reduction on the chemical and 
metabolic features. The resulting principal components and 
physical data were used for clustering. Researchers were 
then able to account for environment-specific microbial 
traits by assigning distinct maximal growth rates among 
clusters, formerly assumed to be constant across sam-
ples. This analysis not only to improvements to predicted 
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respiration rates, but also highlights key drivers in diversity 
among microbial traits. As the next step, the team aims to 
incorporate this new knowledge into biogeochemical and 
reactive-transport models.

Ahamed, F., et al. 2023. “Exploring the Determinants of Organic 
Matter Bioavailability Through Substrate-Explicit Thermodynamic 
Modeling,” Frontiers in Water 5, 1169701.

Student 

Groundwater-Dependent Fluxes of Water 
and Organic Carbon in a Permafrost 
Watershed Across Hydrologic States 
Neelarun Mukherjee1* (neelarun@utexas.edu), 
Jingyi Chen1, Bethany T. Neilson2, George W. Kling3, 
M. Bayani Cardenas1

1University of Texas, Austin, TX; 2Utah State University, Logan, UT; 
3University of Michigan, Ann Arbor, MI 

Suprapermafrost aquifers within the active layer are present in 
the Arctic during summer. The exacerbated permafrost thaw 
rate due to global warming in the Arctic will liberate previ-
ously frozen particulate organic matter (POM). The POM 
leaches dissolved organic carbon (DOC), which gets trans-
ported through groundwater flow. How much DOC is deliv-
ered by groundwater into surface water remains uncertain. 
This input is critical to landscape budgets and for predicting 
the long term fate of carbon. The team quantified groundwa-
ter and DOC fluxes into a representative headwater stream 
of a continuous permafrost watershed—the Imnavait Creek 
(IC) in Alaska. This was done across thousands of scenarios 
represented by steady groundwater flow simulations based on 
high-resolution topography combined with aquifer transmis-
sivity and DOC data. The predicted groundwater discharge 
values, which represent all possible hydrologic conditions 
excluding the freshet, are similar to and span the range of IC 
streamflow. Researchers also found that IC’s DOC may be 
entirely sourced from groundwater. Thus, riverine and lacus-
trine ecological and biogeochemical processes relate strongly 
to groundwater phenomena in these continuous permafrost 
settings. As the Arctic warms and the active layer deepens, 
it will become more important to understand and predict 
suprapermafrost aquifer dynamics.

Feedback Loops and Abiotic Determinants 
of Biomass Growth and Its Impact on 
Chromium Reduction in the Hyporheic Zone
Marc Berghouse, Rishi Parashar*

Late addition. See full abstract, p. XX

Constraining the Timing and Tempo of Clay 
Mineral Formation and Organic Matter 
Stabilization in an Alpine Watershed: 
East River, Colorado, United States
Evan Ramos1,2* (ejr7@rice.edu), Mark Torres1, 
Daniel Ibarra2, Matthew Winnick3, Kenneth Hurst Williams4

1Rice University, Houston, TX; 2Brown University, Providence, RI; 
3University of Massachusetts–Amherst, MA; 4Lawrence Berkeley National 
Laboratory, Berkeley, CA

Soil organic carbon (OC) constitutes the largest terrestrial 
pool of carbon, and changes in its size have the potential to 
modulate atmospheric CO2 levels. As such, the underlying 
controls on OC stabilization and their sensitivities to cli-
matic change have been increasingly scrutinized. The exist-
ing paradigm for OC stabilization suggests that due to their 
high specific surface areas and negatively charged surfaces, 
secondary clay minerals that form in soil protect OC from 
oxidation. Thus, a direct relationship between clay mineral 
abundance and OC may hold across soil types and climates. 
Despite this understanding, reactive transport models 
(RTMs) cannot reconcile soil geochemistry and OC pro-
files, pointing to knowledge gaps regarding organo-mineral 
interactions and their constitutive controls. Consequently, 
these challenges result in great uncertainty in the treatment 
of soil OC dynamics in Earth systems models and their con-
comitant effects on future climate projections.

To further understand clay mineral formation and its rela-
tionship with OC dynamics over a hydrologic year, the team 
first interprets published river solute data from the East 
River Watershed, CO. Numerical couplings will help vali-
date these preliminary findings.

Student 

Bald Cypress Knees Contribute to Methane 
Emissions in a Bottomland Hardwood Wetland
Skylar Ross1* (sross10@murraystate.edu), Niklas Klauss1, 
Marissa Miles1, Bassil El Masri1, Jessica Moon1, 
Kabiraj Khatiwada2, Benjamin Runkle2, Gary Stinchcomb3

1Murray State University, Murray, KY; 2University of Arkansas, Fayetteville, 
AR; 3University of Memphis, TN

Relatively little is known about carbon source-sink dynam-
ics in bottomland hardwood wetlands. Identifying carbon 
pathways and their dominant controlling factors within 
these systems is critical. Bald cypress (Taxodium distichum) 
is a dominant tree species of southeastern United States 
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wetlands. These trees can develop exposed woody root 
structures known as knees, which have been shown to con-
tribute to wetland methane (CH4) emissions. However, 
there are significant variations in estimates of knee contribu-
tion to total ecosystem flux. The team is measuring variation 
in CH4 and carbon dioxide (CO2) fluxes from individual 
knees, soils, and 1 m2 plots containing both soils and knees 
as a function of microtopographic and climatic (i.e., drought 
and flooding) differences. During moderate-severe drought 
conditions in the autumn of 2022, knees acted as a source 
of CH4 even while their surrounding soils acted as a sink. 
Soil CO2 emissions were significantly related to surrounding 
knee density during drought conditions (p-value=0.0374), 
but no relationship was found between soil CH4 uptake 
and knee density. Similarly, in 1 m2 plots, there was no clear 
relationship between knee density and CH4 and CO2 flux. 
During nondrought conditions, in the autumn of 2023, 
researchers saw an increase in CH4 emissions from individ-
ual knees but only from those located at a lower elevation. 
A historic rainfall event (dropping 17.7 cm of precipitation 
in 24 hours) in July 2023 also resulted in an approximately 
250% increase of CH4 emissions from knees at the lower 
elevation. The flooding and drought period data suggest 
fluxes are partially related to hydrologic factors. Sampling 
is ongoing to better understand the relationships between 
knee fluxes and surrounding environmental factors (i.e., 
hydrology, air and soil temperature, soil biogeochemistry). 
This allows for more accurate wetland ecosystem carbon 
modeling, which currently does not account for knee fluxes.

Student 

Ecohydrological Controls on Root 
and Microbial Respiration in the East 
River Watershed of Colorado
Austin Simonpietri* (ats327@nau.edu), Mariah Carbone, 
Andrew Richardson

Northern Arizona University, Flagstaff, AZ

https://carbone-lab.nau.edu/index.php/
snodgrass-mountain-transect/

Mountainous ecosystems in the western United States are 
experiencing substantial changes in their water inputs with 
the dominant water source—snowpack—decreasing and 
melting earlier, and monsoon rains becoming more sporadic. 
In these ecosystems, there is a lack of understanding of how 
belowground soil carbon production (CO2 flux) will respond 
to these changes in precipitation inputs. This is in part due to 
the logistical difficulty of conducting fieldwork in these eco-
systems’ complex terrain, as well as the technical challenge 
of separating the two components of the CO2 flux, root, and 
microbial respiration. This research aims to understand how 

precipitation inputs influence root and microbial respiration 
individually by conducting an intensive radiocarbon sam-
pling campaign paired with long-term continuous measure-
ments of the CO2 flux and its primary environmental and 
biological drivers (soil temperature, soil water content, and 
plant productivity). During the summer of 2022, the team 
conducted four different field visits over 24 days at long-term 
environmental monitoring sites in the East River Watershed 
of Colorado. Samples collected included manual CO2 flux, 
soil water content, and soil temperature. These measure-
ments were used to constrain and validate the continuously 
measured CO2 flux at these sites. During the July-September 
sampling, Simonpietri collected more than 150 radiocarbon 
samples to separate root from microbial respiration through 
isotopic partitioning. Simonpietri processed each of these 
samples (1 hr sample-1) by purifying them to CO2, then 
graphitizing and pressing them into aluminum capsules to be 
run on the accelerator mass spectrometer. The primary find-
ings from this research show that root and microbial respi-
ration have different environmental sensitivities throughout 
the growing season.

Effect of Hydrological Forcing on the 
Biogeochemical Transformation of 
Carbon and Greenhouse Gas Emissions 
in Riparian and Streambed Sediments
Martial Taillefert1* (mtaillef@eas.gatech.edu), Anthony 
Boever1, Chloe Arson2, Chengwu Jiang2, Thomas J. 
DiChristina1, Tianze Song1, Daniel I. Kaplan3, Kenneth M. 
Kemner4, Christa Pennacchio5, Stephen J. Callister6

1Georgia Institute of Technology, Atlanta, GA; 2Cornell University, 
Ithaca, NY; 3Savannah River National Laboratory, Aiken, SC; 4Argonne 
National Laboratory, Lemont, IL; 5Joint Genome Institute, Berkeley, CA; 
6Environmental Molecular Sciences Laboratory, Richland, WA

Hydrological processes in riparian and hyporheic sediments 
create strong biogeochemical gradients and redox micron-
iches that are metabolically influenced by temporal changes 
in precipitation, temperature, and stream discharge. The 
complex temporal and spatial variability of these processes 
and their effect on the transformation and exchange of car-
bon (C), nutrients, and greenhouse gases (GHGs) with sur-
face waters are difficult to account for in reactive transport 
models. Reactive transport in these systems is traditionally 
simulated on the continuum scale using upscaled empiri-
cal parameters that are not able to reproduce the effect of 
biogeochemical reactions on pore scale heterogeneities 
and their feedback on biogeochemical rates. In this project, 
state-of-the-art in situ physical and geochemical measure-
ments are combined with metaomic signals of the active 
microbial populations in riparian and hyporheic sediments 
of Steed Pond at the Savannah River National Laboratory 

https://carbone-lab.nau.edu/index.php/snodgrass-mountain-transect/
https://carbone-lab.nau.edu/index.php/snodgrass-mountain-transect/
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to predict the role of hydrological forcing on the spatio-
temporal transformation of C, nutrients, redox processes, 
and GHG emissions along this gaining and losing wetland 
stream. During Year 3, the data from two in situ electrochem-
ical systems that monitored the temporal variations in pore 
water redox biogeochemistry at both a gaining and losing 
reach were correlated with monitoring well water levels and 
rainfall to determine how redox processes in the hyporheic 
zone are affected by hydrological forcing. In addition, the 
production of methane (CH4) in streambed sediments was 
compared to CH4 benthic fluxes measured simultaneously 
to investigate the role of vegetation in net GHG emissions 
under both gaining and losing conditions. In parallel, meta-
genomic signals from sediment slurry incubations designed 
to investigate the competition between anaerobic microbial 
processes in hyporheic sediments were analyzed using 
Pacific Northwest National Laboratory’s supercomputer 
COMPASS to identify the main microbial metabolic pro-
cesses under various geochemical conditions. Finally, the 
main redox geochemical processes involved in the transfor-
mation of carbon were incorporated in the reactive transport 
model PFLOTRAN in both 2D and 1D to investigate how 
gaining and losing conditions affect redox processes. Along 
with the high spatial and temporal resolution of biogeo-
chemical processes, the developed numerical models will 
predict how variations in hydrological forcing, competi-
tion between microbial metabolic processes, and porosity 
changes associated with biogeochemical feedback affect C 
and nutrient cycling as well as GHG emissions.

Investigating Hydrologic Connectivity 
as a Driver of Wetland Biogeochemical 
Response to Flood Disturbances
Corianne Tatariw1* (tatariw@rowan.edu), Ashleigh Kirker2, 
Lidia Molina Serpas2, Jasmine Morejon2, Elaine Rice2, 
Xingyuan Chen3, Behzad Mortazavi4, James Stegen3, 
C. Nathan Jones2

1Rowan University, Glassboro, NJ; 2University of Alabama, 
Tuscaloosa, AL; 3Pacific Northwest National Laboratory, Richland, WA; 
4Syracuse University, Syracuse, NY

http://ecohydrology.ua.edu/projects.html

Wetlands serve as biogeochemical control points, regulating 
nitrogen (N) removal from local to watershed scales. Flood 
disturbances influence wetland biogeochemical activity by 
delivering dissolved organic matter (DOM) and nutrients 
to wetland soils. This delivery is regulated by the mode 
of hydrologic connectivity (i.e., hillslope-connected vs. 
floodplain-connected flowpaths) to the stream. However, 
researchers lack an understanding of how differences in 
flood-driven water and material delivery affect post-flood 
biogeochemical processing within wetlands. The objective 

of this study is to determine how hydrologic connectivity 
mediates wetland biogeochemical response to floods at 
a forested, headwater coastal-plain system. Researchers 
designed the project to adhere to Integrated, Coordinated, 
Open, and Networked (ICON) science principles.

Wetland water-level measurements show increasing inun-
dation durations from hillslope-to-floodplain wetlands. 
Researchers have installed additional piezometers to empiri-
cally measure the surface water and groundwater water levels 
of the wetlands and the surrounding upland, which can be 
used to examine the solute dynamics from a hydraulic gradi-
ent. Potential denitrification and dissimilatory nitrate reduc-
tion to ammonium (DNRA) rates in wetland soils varied 
between individual wetlands but were overall higher during 
the wet season. The team will use inundation duration and 
frequency of saturation events to further elucidate drivers of 
potential nitrate reduction pathways.

Researchers used the Advanced Terrestrial Simulator (ATS) 
to model subsurface, surface, and canopy water in a com-
parable small, forested wetland, and found that hydrogeo-
morphology drives reach-scale patterns of water availability 
and drying. The next goal is to use PFLOTRAN to model 
biogeochemical cycling in an individual wetland. To provide 
empirical measurements of watershed carbon and nitrogen 
export, a water quality sensor probe will be deployed at the 
watershed outflow. Overall, initial findings indicate that 
seasonal (i.e., wet vs. dry) drivers play an important role in 
regulating wetland and watershed nutrient processing across 
the gradient of hydrologic connectivity.

Linking Root and Soil Microbial 
Stress Metabolism to Watershed 
Biogeochemistry Under Rapid, 
Year-Round Environmental Change
Chikae Tatsumi1*, Kristen DeAngelis2, Charles Driscoll3, 
Caitlin Hicks Pries4, Pamela H. Templer1, Jennifer M. 
Bhatnagar1 (jmbhat@bu.edu)

1Boston University, Boston, MA; 2University of Massachusetts–Amherst, 
MA; 3Syracuse University, Syracuse, NY; 4Dartmouth College, Hanover, NH

https://people.bu.edu/ptempler/workDetails/
climateChangeWinter.html

Air temperatures are rising causing the winter snowpack to 
shrink, thereby increasing soil freeze-thaw events in high 
latitude ecosystems. This project focuses on understanding 
the shifts in microbial metabolism of soil carbon (C), nitro-
gen (N), and phosphorus (P), which are the mechanisms 
that underlie exports at the watershed-level. Researchers 
are conducting a model-data integration study using the 
Climate Change Across Seasons Experiment (CCASE) 
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at the Hubbard Brook Experimental Forest (HBEF). At 
CCASE, replicate field plots receive one of three climate 
treatments: (1) growing season warming (+5˚C above 
ambient); (2) warming plus freeze-thaw cycles (+5˚C above 
ambient in growing season plus up to four freeze-thaw cycles 
in winter); and (3) reference conditions (no treatment). 
The team found that warming plus freeze-thaw cycles induce 
redox stress and select for anaerobic N-cycling microbes. 
Researchers are working to couple these microbial shifts 
with changes in the belowground N pool and flux measure-
ments in organic and mineral soil horizons collected over 
the past decade. The team aims to incorporate both imme-
diate and evolved responses of microbial C, N, and P cycling 
into new versions of an ecosystem model (PnET-BGC). 
This research tests conceptual understanding of plant and 
microbial physiological responses to severe, compounding 
soil temperature perturbations across seasons, as well as the 
utility of a forest stand-level manipulative climate change 
experiment to understand the biogeochemical dynamics of a 
forest watershed undergoing rapid environmental change.

Student 

Microbial Metabolisms Connecting Iron 
and Carbon in Terrestrial Wetlands: 
A Metagenomic and Metatranscriptomic 
Study of the Savannah River Site
Gracee K. Tothero1* (gtothero@udel.edu), Daniel I. Kaplan2, 
Pamela Weisenhorn3, Clara S. Chan1

1University of Delaware, Newark, DE; 2University of Georgia, Athens, GA; 
3Argonne National Laboratory, Lemont, IL

At the Savannah River Site (SRS) in South Carolina, 
extensive iron-oxidizing microbial mats form and appear 
to be a major sink of uranium. To understand the signif-
icance of microbial iron oxidation and its connection to 
carbon cycling and to incorporate these metabolisms into 
hydro-biogeochemical models, one needs to know the rates 
and mechanisms of biotic and abiotic oxidation. To eval-
uate this, the team conducted two SRS field campaigns to 
sample iron mats in the Tim’s Branch stream and wetlands. 
Researchers performed 16S rRNA gene sequencing to 
identify the major iron-oxidizing bacteria (FeOB) and the 
flanking community, and metagenomic sequencing to iden-
tify the major biogeochemical transformations catalyzed by 
FeOB metabolisms.

Additionally, researchers performed iron oxidation kinetics 
experiments to quantify biotic iron oxidation rates, con-
nected to metatranscriptomics sequencing to identify the 
expression of metabolic pathways in response to Fe(II) stim-
ulus. The iron mats were dominated by known FeOB, notably 
a diverse set of Gallionella and Leptothrix taxa. Scanning 

electron microscopy shows the major morphologies in 
the mats are FeOB biominerals, including twisted stalks 
(characteristic of Gallionella) and sheaths (characteristic of 
Leptothrix). The team compared biotic oxidation rates with 
abiotic azide-killed controls and showed that mat iron oxida-
tion is dominated by biotic oxidation while oxidation by abi-
otic mechanisms was much slower. Researchers will present 
the results of metagenomic and metatranscriptomic analyses 
of the Fe mat communities used in the kinetics experiments, 
including the major physiological mechanisms of the domi-
nant FeOB. Researchers will describe the biogeochemically 
relevant activities of all major iron mat community members, 
detailing the metabolic links between iron oxidation and car-
bon metabolisms, and outline the major interactions between 
taxa. These results set the stage for microbial modeling work 
towards the longer-term goal to link FeOB metabolic models 
and kinetics to biogeochemical models in order to predict 
iron, carbon, nutrient, and contaminant metal cycling.

Virtual

The QuEST Project: Integrating 
Catchment Expansion-Contraction 
Dynamics into Cross-Continental 
Hydro-Biogeochemical Predictions
Alex J. Webster1* (awebster2@unm.edu), 
Arial J. Shogren2, Joanna Blaszczak3, Mengye Chen4, 
Yang Hong4, Shannon L. Speir5, Adam Wymore6

1University of New Mexico, Albuquerque, NM; 2University of Alabama, 
Tuscaloosa, AL; 3University of Nevada–Reno, NV; 4University of 
Oklahoma–Norman, OK; 5University of Arkansas–Fayetteville, AR; 
6University of New Hampshire, Durham, NH

The QuEST (Quantifying Ecosystem exports across Space 
and Time) Project seeks to expand understanding of hydro-
logic and biogeochemical change in headwater networks 
that dynamically expand and contract. Headwater stream 
networks comprise approximately 80% of all river miles on 
Earth and are important “reactors” due to their relatively 
large reactive streambed surface area as compared to the vol-
ume of water and materials they transport. The transforma-
tions and transport of materials in headwater streams reflect 
multiple upslopes and within-stream material sources and 
ecological processes. Climate-mediated changes in patterns 
of stream network expansion and contraction in response to 
shifting precipitation regimes have the potential to interact 
with material processing within headwaters and change 
material export to larger rivers. Researchers currently lack a 
predictive understanding of these complex interactions and 
how they may alter surface water quality, habitat sustain-
ability, and drinking water security across the United States. 
The project’s approach integrates hydrologic modeling with 
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complementary hydrologic and biogeochemical observa-
tions within five watersheds spanning the United States’ 
cross-continental aridity gradient. Specific activities include 
(1) integrating empirical data and hydrological models to 
evaluate surface and subsurface flow contributions to the 
flowing structure of the stream network, (2) using com-
parative ecohydrological metrics from repeated snapshot 
campaigns of catchment-wide stream chemistry to evaluate 
how small headwater tributaries impose variability observed 
at coarser spatial scales, and (3) deploying an array of high- 
frequency water quality sensors spatially distributed within 
each catchment to capture how stream network expansion 
and contraction dynamics change carbon, nutrient, and 
material exports across climatic conditions. As data collec-
tion occurs, researchers are also analyzing existing long-term 
datasets to address the project’s central questions and char-
acterize the focal watersheds. The team will present the proj-
ect’s structure and goals as well as preliminary results from 
initial field campaigns and ongoing analyses.

Impacts of Streambed Dynamics 
on Nutrient and Fine Sediment 
Transport in Mountain Rivers
Elowyn Yager1* (eyager@uidaho.edu), Nicole Hucke1, 
Rachel Watts2, Andrew Tranmer1, Janice Brahney2, 
Joel Rowland3, George Perkins3, Rose Harris3

1University of Idaho, Boise, ID; 2Utah State University, Logan, UT; 
3Los Alamos National Laboratory, Los Alamos, NM

In mountainous watersheds, rivers typically have armor 
layers of coarse sediment that protects the finer subsurface 
from erosion. In theory, armor layer motion during high 
flows could release subsurface fine sediments that are often 
enriched in phosphorus (P) and particulate organic carbon 
(POC). Hysteresis and seasonal variations in POC, soluble 
reactive phosphorus (SRP), particulate phosphorus (PP), 
and suspended sediment (SS) may therefore be partly con-
trolled by armor layer motion. In addition, streambed con-
centrations of these constituents may depend on whether a 
location is losing or gaining.

Researchers tested whether armor layer motion and stream-
bed concentrations influence hysteresis patterns during 
summer monsoon and snowmelt flows in La Jara Creek in 
Valles Caldera National Preserve, NM. Before flow events, 
the team sampled streambed concentrations of POC, PP, 
SRP, and fine sediment and installed streambed baskets to 
capture SS deposition. During high flow events, researchers 
measured (1) surface and groundwater exchange at local 
(basket) and reach scales; (2) timing of armor layer motion; 
and (3) river concentrations of POC, PP, SRP, and SS. The 
team also conducted experimental floods to isolate the role 

of armor layer motion on these constituent concentrations 
in the water column.

Preliminary results suggest that the quantity of fine sedi-
ment captured in streambed baskets was related to the local 
hyporheic flux and near-bed flow velocity. SS, turbidity, PP, 
and POC often followed the same hysteresis pattern in each 
natural flow event, suggesting that they may have a similar 
source. During experimental floods, in which armor layer 
motion was the only source of particulate matter, hysteresis 
of SS and PP occurred. The timing of armor layer motion 
may have also controlled different observed constituent hys-
teresis patterns between natural flow events.

Researchers are currently investigating potential hysteresis 
sources during these events and constraining the exact tim-
ing of armor layer motion in each event.

Groundwater Supported Vegetation 
Refugia as a Mechanism of Forest 
Recovery in a Rocky Mountain Watershed 
Impacted by Disturbances
Ye Zhang1* (yzhang9@uwyo.edu), Danielle Berardi1, 
Xiaonan Tai2, Andrew Parsekian1, Brent Ewers1

1University of Wyoming, Laramie, WY; 
2New Jersey Institute of Technology, Newark, NJ

Groundwater can form consistently wetter land surface 
areas to support greater ecosystem productivity across 
scales and climate zones. The research team examined 
the conditions under which groundwater facilitates forest 
recovery after disturbance(s) in the Medicine Bow National 
Forest (MBNF) where logging, bark beetle, and wildfire 
disturbances occurred in recent decades. For a 40x25 km2 
area spanning subalpine to montane forests, field surveys 
revealed that groundwater-supported forest refugia (GSFR) 
occur along the entire elevation gradient in the form of for-
ested/shrub wetlands, springs, and perched aquifers (Zhang 
et al. 2023). These features have sheltered trees against 
one or more disturbances although seed-bearing trees can 
facilitate forest recovery only if water table is of suitable 
depth, is persistent, and in the case of wildfire, soil and 
seeds remained viable after the fire. GSFR can change over 
time, driven by feedback between disturbance, vegetation 
response, and hydrology: at a forested and shrub wetland, 
a 2020 wildfire that burned surrounding uplands may have 
resulted in a raised local water table that stressed formerly 
healthy trees in the wetland, casting doubts about its future 
refugium status. These field observations are being tested at 
site and landscape scales using a coupled ecohydrological 
model calibrated against historical and new measurements 
(i.e., colocated climate, vegetation, soil moisture, and 
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groundwater data). Simulation results suggest (1) for a sub-
alpine wetland and upland site, understory growth must be 
represented to accurately model post-beetle-kill recovery; 
(2) at the landscape scale, high average soil moisture sur-
rounding GSFRs maintained evapotranspiration and gross 
primary productivity during a drought year while the latter 
half of the growing season saw greater growth; and (3) at both 
scales, water and light were the limiting factors affecting the 

growth and survival of tree seedlings. The team will imple-
ment a new competition scheme into the model, enabling 
the seedlings to compete for water and light with coexisting 
shrubs, grasses, and forbs.

Zhang, Y., 2023. “Forest Recovery After Disturbances Facilitated 
by Groundwater: A Study at the Medicine Bow Mountains in 
Southeastern Wyoming,” Colloquium, Department of Geosciences, 
University of Montana.

BioGeoChemistry at Interfaces 
Science Focus Area

The Lawrence Livermore National Laboratory 
BioGeoChemistry at Interfaces Science 
Focus Area: A 15-Year Effort to Identify 
Biogeochemical Processes Controlling the 
Fate of Radionuclides in the Environment
Mavrik Zavarin1* (zavarin1@llnl.gov), Annie B. Kersting1, 
Enrica Balboni1, Teresa Baumer1, Gauthier Deblonde1, 
Yongqin Jiao1, Nancy Merino1, Keith Morrison1, Naomi 
Wasserman1, Elliot Chang1, Sol-Chan Han1, Brian A. Powell2, 
Fanny Coutelot2, Haruko Wainwright3, Daniel I. Kaplan4, 
Carolyn Pearce5, Hilary P. Emerson5

1Lawrence Livermore National Laboratory, Livermore, CA; 
2Clemson University, Clemson, SC; 3Massachusetts Institute of 
Technology, Cambridge, MA; 4University of Georgia, Athens, GA; 
5Pacific Northwest National Laboratory, Richland, WA

https://ess.science.energy.gov/llnl-actinides-sfa/

Originally titled the Plutonium Science Focus Area (SFA), 
the focus of the BioGeoChemistry at Interfaces SFA for the 

past 15 years has been to identify and quantify the biogeo-
chemical processes and the underlying mechanisms that 
control the mobility of actinides and other redox sensitive 
elements in an effort to reliably predict their cycling and 
migration in the environment. The research focus shifted 
over the years from detailed mechanistic laboratory studies 
of intrinsic Pu colloid formation using molecular modeling 
and atomistic spectroscopy and microscopy to field-scale 
characterization of long term (>decadal) cycling of radio-
nuclides and trace elements in a series of test beds located 
across the U.S. (and U.K.). The investment of BER in this 
SFA program allowed the SFA team to adjust its research 
focus over time to answer critical questions that limit the 
ability to predict the long term fate of contaminants associ-
ated with DOE’s (and the world’s) most complex radiochem-
ically contaminated environments. Throughout its history, 
this SFA was founded on three research pillars: (1) Field 
Studies that capture biogeochemical redox processes on 
the timescale of decades; (2) Fundamental Laboratory 
Studies that isolate specific biogeochemical processes 
observed in the field; and (3) Harnessing the unique capa-
bilities and staff expertise at Lawrence Livermore National 
Laboratory and its national laboratory partners to advance 
the understanding of biogeochemical redox processes in the 
environment and serve as an international resource for envi-
ronmental radiochemistry research.

National Laboratory-
Led Projects

Watershed Sciences
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The SFA concept within BER is structured for conduct-
ing coordinated, team-oriented research in a manner that 
is distinct from, but complementary to, BER-supported 
research conducted via individual, single-investigator 
projects at other institutions. This approach challenges the 
DOE national laboratories to build and sustain integrative, 
team-oriented research programs based on their unique sci-
entific capabilities and administrative resources to meet the 
strategic goals of the ESS program. Over its successful and 
productive 15 year history, the Biogeochemistry at Inter-
faces SFA has led to publication of over 70 manuscripts with 
approximately 175 co-authors, innumerable presentations 
at national and international conferences, the ACS Francis 
P. Garvan-John M. Olin Medal received by the original 
Principal Investigator (Annie Kersting) that recognized her 
distinguished service to chemistry, and the development of 
a robust pipeline of next-generation radiochemists into the 
national Laboratories and U.S. universities.

Long-Term Transport of Radionuclides in 
Watersheds: Case Studies from Three Test Beds
Teresa Baumer1, Fanny Coutelot2, Nimisha Edayilam2, 
Nancy Merino1, Naomi Wasserman1*, Reid Williams2, 
Yongqin Jiao1, Daniel I. Kaplan3, Keith Morrison1, 
Annie B. Kersting1, Carolyn Pearce4, Hilary P. Emerson4, 
Brian A. Powell2, Mavrik Zavarin1 (zavarin1@llnl.gov)

1Lawrence Livermore National Laboratory, Livermore, CA; 2Clemson 
University, Clemson, SC; 3Savannah River Ecology Laboratory, Aiken, SC; 
4Pacific Northwest National Laboratory, Richland, WA

https://ess.science.energy.gov/llnl-actinides-sfa/

While much progress has been made in the mechanistic 
understanding of geochemistry of radionuclides, there are 
still gaps in knowledge regarding their long-term mobility in 
surface and subsurface environments. The Biogeochemistry 
at Interfaces has established three test beds at Savannah 
River Site (SRS), Nevada National Security Site (NNSS), 
and Hanford Site with different contamination histories, cli-
mate, hydrology, and geology to study these processes.

Pond B, a monomictic reservoir, at SRS received cooling 
water from the R-reactor, which resulted in low-level con-
tamination of anthropogenic radionuclides plutonium (Pu) 
and caesium-137 (137Cs). Two consecutive years of mon-
itoring demonstrated the occurrence of highly correlated 
concentration profiles of arsenic, iron, aluminum, pluto-
nium, and dissolved organic matter, all of which increased 
in concentration by 1 to 2 orders of magnitude within the 
anaerobic hypolimnion.

Plutonium appears to have become incorporated into the 
natural iron and carbon cycles with the highest concentra-
tions in water observed at the start of stratification, with 
the majority released from shallow waters associated with 
Fe(III)-particulate organic matter.

In contrast to the saturated Pond B system, researchers 
studied radionuclide transport in an ephemeral wetland at 
NNSS. Over the last 65 years, the E-Tunnel ponds have con-
tinuously collected groundwater discharging from a tunnel 
where several underground nuclear tests were conducted 
from the 1950’s to the 1970’s. Variably saturated pond sedi-
ment profiles of Pu and 137Cs show that Pu remains immo-
bilized, but 137Cs is largely lost from the pond sediments. 
Future column experiments will explore the mechanisms 
behind radionuclide (im)mobilization under wet-dry cycles.

The Z-9 trench vadose zone at Hanford was contaminated 
with a comparatively larger amount of radionuclides 
(e.g., ~40 to 150 kg Pu) in an acidic waste containing 
organic processing solvents. In an effort to better understand 
Pu migration below the Z-9 trench, researchers undertook 
a series of bench-scale saturated column experiments using 
uncontaminated Hanford sediments and Pu in a range of 
high nitrate, acidic solution compositions with and with-
out TBP in dodecane. These results of this study show that 
Pu migration is likely driven by weak sorption of aqueous 
Pu under low pH conditions as well as the formation of 
Pu-TBP-nitrate complexes in the organic phase at pH < 4. 
Pu migration in the subsurface will be limited by the natural 
buffering capacity of the sediments as well as the dispersal of 
the nitrate plume.

River Corridor Science Focus Area 

River Corridor Science Focus 
Area: The Next Evolution
James Stegen* (james.stegen@pnnl.gov), Xingyuan Chen, 
Allison Myers-Pigg, Amy Goldman, Timothy Scheibe, 
RC-SFA Team

Pacific Northwest National Laboratory, Richland, WA

https://www.pnnl.gov/projects/river-corridor

The next evolution of Pacific Northwest National Laborato-
ry’s (PNNL) River Corridor science focus area (SFA) will 
deliver the knowledge, models, and data needed to quantify, 
understand, and predict how watershed perturbations and 
biophysical settings combine to drive water and material 
transport into, perturbations within, and cumulative bio-
geochemical function of sediment-associated components 
of stream networks. Researchers take a systems approach 
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to reveal how watershed hydro-biogeochemical processes 
lead to emergent function. Over the next quadrennial period 
researchers will reveal how variation in the physical, chemi-
cal, and biological attributes of watersheds (i.e., biophysical 
setting) interacts with watershed perturbations (e.g., wild-
fire) to drive perturbations occurring directly within stream 
networks (e.g., loss of surface water), and how that collec-
tion of interconnected processes leads to stream-network-
scale sediment respiration rates.

Spatiotemporal patterns of sediment respiration (ERsed) is 
an emergent property of watershed systems that arise from 
interacting, non-linear processes distributed throughout 
watershed systems. Researchers focus on ERsed because 
its contribution to carbon cycling in stream networks range 
from being the dominant driver to being inconsequential. 
This variation has not been broadly quantified, understood, 
or predicted. Further, the ability to understand and predict 
spatiotemporal patterns of ERsed provides a litmus test for 
the quality of the predictive understanding of integrated 
watershed processes. Wildfire and the loss and gain of sur-
face water (i.e., variable inundation) are the focal perturba-
tions external to and within stream networks, respectively. 
The team focus on these together because they can interac-
tively influence ERsed via physical, chemical, and biological 
processes. Further, wildfire is becoming more common, 
higher intensity, and burning larger fractions of watersheds, 
while variable inundation is, arguably, the most ubiquitous 
perturbation experienced by Earth’s stream networks. The 
team will use an integrated research program distributed 
across basins and founded on a watershed systems approach 
to test hypotheses and resolve knowledge gaps associated 
with the impacts of perturbations on emergent properties.

Watershed Ecohydrological Responses to 
Disturbances Under Changing Climate
Xingyuan Chen1* (xingyuan.chen@pnnl.gov), Faria Zahura1, 
Gautam Bisht1, Zhi Li1, Nate McDowell1, Peishi Jiang1, 
Qianyu Zhang2, Heping Liu2, Timothy Scheibe1

1Pacific Northwest National Laboratory, Richland, WA; 
2Washington State University, Pullman, WA

https://www.pnnl.gov/projects/river-corridor

Disturbances such as wildfire, insect outbreaks and droughts 
cause significant but poorly understood impacts on water 
and carbon cycles, posing an unpredictable threat with 
increasing frequency, spread, and severity of disturbances. 
It is crucial to comprehend post-disturbance recovery 
processes in watersheds to elaborate the understanding 
of disturbance impacted ecohydrological processes and 
the implications of changing climate. Thus, researchers 

investigated climate, topography and fire impacts on recov-
ery responses in burned areas that occurred in 2015 across 
the Columbia River Basin. Using the Enhanced Vegetation 
Index (EVI) as a proxy of post-fire vegetation biomass recov-
ery, random forest (RF) models were trained for each land 
cover type to quantify the relationships between incremental 
EVI recovery and various climate and biophysical factors, 
including annual precipitation, annual median maximum 
daily temperatures, elevation, slope, aspect, burn severity 
and years elapsed after fire. Feature importance analyses 
revealed that precipitation and temperature were the two 
most influential factors controlling the EVI recovery. Partial 
dependence analyses revealed that increasing precipitation 
was associated with increasing incremental EVI changes for 
all land cover types.

Evergreen forest showed increasing EVI change with increas-
ing temperature. Conversely, shrubs and grassland showed 
rising trends in EVI until reaching 12.5°C, above which a 
reverse trend was observed. This work is an important step 
towards understanding and representing ecohydrological 
responses to disturbances. While current work explores 
vegetation recovery using remote sensing products, the next 
step is to employ vegetation dynamics model ELM-FATES 
to account for post-fire vegetation recovery and its impact 
on water, energy, and carbon budgets. ELM-FATES can be 
further coupled with ATS-PFLOTRAN to enable the inte-
gration between ecohydrologic and hydro-biogeochemical 
processes from the hillslopes to watersheds, providing new 
insights into water and carbon export from land to streams 
as impacted by the interactions among watershed biophysi-
cal setting, climate, and disturbances.

Multi-Basin Modeling, Regional 
Transferability, and Hypothesis-
Based Model-Experiment (ModEx)
Yunxiang Chen* (yunxiang.chen@pnnl.gov), Peter Regier, 
Kyongho Son, Yilin Fang, Timothy Scheibe

Pacific Northwest National Laboratory, Richland, WA

https://www.pnnl.gov/projects/river-corridor

The hyporheic zone (HZ) plays a major role in the hydro-
logical and ecological function of river ecosystems. While 
lab, field, and numerical studies have improved the under-
standing of the underlying biogeochemical processes in 
HZ, scaling up to reach and network scales or transferring 
this knowledge between basins remains a challenge due to 
modeling, observation, and scaling limitations. Researchers 
address these challenges using a hypothesis-based model- 
experiment (ModEx) loop leveraging the coupled river cor-
ridor model (RCM) to quantify HZ aerobic and anaerobic 

mailto:yunxiang.chen@pnnl.gov
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respirations. Key factors controlling their spatial variability 
within the Columbia River Basin were then identified via 
machine learning (ML). These results show that riverbed 
carbon dioxide (CO2) emissions vary with sub-basin dry-
wet conditions, river sizes, and oxygen availability, and 
most of the spatial variation can be explained by the hydro-
logical exchange fluxes (HEFs), which further depend on 
streambed grain size. Due to the importance of grain size, 
a photo-driven, artificial intelligence (AI)-enabled, and 
theory- based framework was developed to quantify grain 
sizes and hydro-biogeochemical parameters from photos. 
The AI is trained with around 12,000 grain labels represent-
ing nine typical stream environments using a state-of-the-
art computer vision AI with a Nash–Sutcliffe-efficiency of 
0.98 and relative error of 6.7%. The team applied the AI to 
extract streambed grain size distributions from photos col-
lected across the Yakima River Basin, and to existing grain 
size datasets from USGS, NEXSS, and other ML-derived 
products to better understand how this approach can help 
bridge data gaps in grain size information across water-
sheds. Finally, it was assessed whether hyporheic respiration 
scales allometrically with watershed area, and whether 
relationships can be generalized within and across basins. 
Researchers found consistent relationships between allome-
tric scaling, HEFs, and watershed elevation, suggesting their 
potential to generalize these relationships to basins where 
HZ respiration has not, or cannot be modeled.

Reconciling Variation and Interconnections in 
Stream Network Organic Matter Degradation 
and Microbial Community Activity Across Scales
Robert Danczak1* (robert.danczak@pnnl.gov), 
Vanessa Garayburu-Caruso1, Firnaaz Ahamed2, 
Mikayla Borton3, Kevin Ryan4, Hyun-Seob Song2, 
Kelly Wrighton3, James Stegen1, Timothy Scheibe1

1Pacific Northwest National Laboratory, Richland, WA; 2University of 
Nebraska–Lincoln, NE; 3Colorado State University, Fort Collins, CO; 
4U.S. Geological Survey, New York Water Science Center, Troy, NY

https://www.pnnl.gov/projects/river-corridor

Substantial amounts of dissolved organic matter (DOM) are 
transported throughout river ecosystems and undergo abi-
otic and biotic interactions with the surrounding ecosystem. 
Despite this importance, researchers know little regarding 
the spatial scaling of DOM or the microbial communities 
degrading it. To investigate these concepts, researchers lev-
eraged high-resolution DOM characterization, microbial 
sequencing, and novel data science approaches. The team 
observed linear relationships between stream size and both 
DOM functional diversity and the number of potential 

biochemical transformations in the Yakima River Basin 
(YRB). Results from five other watersheds revealed that, 
while the types of relationships observed in the YRB were 
not universal, catchment-specific spatial variables were sig-
nificantly related to transformation count indicating spatial 
scaling patterns for DOM. A machine learning approach was 
used to investigate the bioavailable component of DOM 
and indicated that thermodynamic favorability, the number 
of carbons, and carbon-to-nitrogen ratios were important 
molecular formula properties when predicting respiration 
rates. Researchers combined DOM characterization data 
with shotgun sequencing and identified putative connec-
tions between microbes and DOM at the continental U.S. 
(CONUS)-scale. The team identified 2093 unique metage-
nome assembled genomes belonging to 27 phyla and found 
that microbial metabolism became dominated by clades 
capable of using simple carbon compounds as watersheds 
increased in size. These studies revealed that DOM has spa-
tial scaling connected to land cover and stream size while the 
microbial communities more closely mirrored predictions 
posited by the River Continuum Concept.

Hypothesis-Based Model-Experiment (ModEx) 
Reveals Effects of Drivers and Disturbances 
on Basin-Scale Ecosystem Respiration
Vanessa Garayburu-Caruso1* (vanessa.garayburu-
caruso@pnnl.gov), Etienne Fluet-Chouinard1*, Bob Hall2, 
Matthew Kaufman3, Stephanie Fulton1, Morgan Barnes1, 
Jake Cavaiani1, Allison Myers-Pigg1, Xingyuan Chen1, 
James Stegen1, Timothy Scheibe1

1Pacific Northwest National Laboratory, Richland, WA; 
2University of Montana, Missoula, MT; 3Worcester University, Worcester, MA

https://www.pnnl.gov/projects/river-corridor

River corridors emit significant amounts of carbon diox-
ide CO2 to the atmosphere through both abiotic and 
biotic processes. Biotic CO2 contributions (i.e., ecosys-
tem respiration) from different riverine components (e.g., 
benthic, hyporheic, water column) are highly variable 
and poorly understood at basin scales. Researchers use 
hypothesis-based model-experiment (ModEx) to increase 
mechanistic understanding of ecosystem respiration within 
and between river corridor components and extend these 
mechanisms into conceptual models including disturbance 
effects at the basin-scale. The first ModEx cycle used River 
Corridor model outputs to hypothesize basin scale drivers 
of ecosystem respiration and design field experiments to 
test those hypotheses. Researchers evaluated whether the 
spatial variation in model-predicted deep hyporheic respira-
tion explained spatial variation of field observed ecosystem 
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respiration rates. The team found no correlative relationship 
between the predicted and observed rates; thus, researchers 
explored additional mechanisms studying the contributions 
from water column and sediment-associated components. 
This ModEx cycle revealed that sediment-associated respi-
ration, excluding deep hyporheic zone respiration, are the 
primary drivers of spatial variation in ecosystem respiration 
in the testbed basin. A second ModEx cycle investigated 
the effects of wildfire disturbance on ecosystem respiration. 
Researchers first coupled field observations with a recently 
developed fire module of the SWAT model to evaluate how 
watershed function may be impacted by changing burned 
area and severity. Model simulations suggested that high 
burn severity led to the greatest increase in nitrate while 
moderate burn severity led to the greatest increase in dis-
solved organic carbon concentrations.

Researchers then designed a field campaign to test how 
these post-fire water quality changes could impact ecosys-
tem respiration in fire impacted systems across different 
periods of hydrologic connectivity in the testbed basin. 
Together, the hypothesis-based ModEx cycles uncovered 
landscape predictors and mechanisms modulating ecosys-
tem respiration at the basin scales, enabling hypothesis test-
ing and model improvements not otherwise possible.

Integrating Organic Matter Measurements 
into Watershed Hydro-Biogeochemical Models
Peishi Jiang1* (peishi.jiang@pnnl.gov), Zhi Li1, Katherine 
Muller1, Jianqiu Zheng1, Glenn Hammond1, Tasneem 
Ahmadullah1, Hyun-Seob Song2, Vanessa Garayburu-
Caruso1, Matthew Kaufman1, Alan Roebuck Jr.1, Stephanie 
Fulton1, James Stegen1, Xingyuan Chen1, Timothy 
Scheibe1

1Pacific Northwest National Laboratory, Richland, WA; 
2University of Nebraska–Lincoln, NE

https://www.pnnl.gov/projects/river-corridor

Watersheds play significant roles in modulating carbon 
and nitrogen cycling and removal of excess nutrients. The 
incorporation of molecular-level characteristics of organic 
matter (OM) from field measurements is expected to greatly 
improve the ability of watershed hydro-biogeochemical 
models to capture distinct water quality and quantity signa-
tures under disturbance, thus facilitating iterative coupling 
with field measurements under model-experiment (ModEx) 
framework. However, the connections between OM mea-
surements and biogeochemical reaction network from batch 
to watershed scales are missing. Researchers developed 
an integrated modeling approach that links site-scale OM 
chemistry measurements to watershed-scale modeling. 
At the site scale, a Python workflow was developed to 

connect OM chemistry informed by high-resolution Fourier 
transform ion cyclotron resonance mass spectrometry 
(FTICR-MS) into an aerobic respiration simulator using 
the PFLOTRAN reaction sandbox. Moreover, to account 
for the role of non-oxygenic electron acceptors in regulating 
organic matter turnover and the fate of carbon, researchers 
expanded the aerobic respiration-based carbon speciation 
by incorporating both detailed OM chemistry and elec-
tron acceptors other than oxygen. At the watershed scale, 
researchers developed an integrated model that couples the 
formulated site-scale batch reaction in PFLOTRAN with a 
distributed flow and transport model ATS. Researchers have 
employed ATS to study the impact of wildfire disturbance 
on watershed hydrological response by implementing a 
new fire module to modify the soil properties in fire scars. 
Researchers demonstrated the usage of the watershed model 
to evaluate the downstream runoff to wildfires across mul-
tiple watersheds in Pacific Northwest, such as Naches River 
Watershed. To further study disturbance impacts on water-
shed biogeochemistry, future work will: (1) incorporate 
the generalized carbon speciation method into the Python 
workflow; (2) enable characterization of spatiotemporal 
variation of reaction networks in watershed models; and 
(3) leverage additional advances the team has contributed 
to, such as the omics-to-reactive-transport pipeline that 
explicitly links microbial genomics to PFLOTRAN.

Wildfire Influences on Stream Network 
Hydro-Biogeochemistry Are Related to 
Watershed Properties, Burn Severity, 
and Organic Matter Chemistry
Allison Myers-Pigg1* (allison.myers-pigg@pnnl.gov), 
Alan Roebuck Jr.1, Vanessa Garayburu-Caruso2, 
Katie Wampler3, Jake Cavaiani1, Emily Graham4, 
Kevin Bladon3, Timothy Scheibe2, RC-SFA Team

1Marine and Coastal Research Laboratory, Pacific Northwest National 
Laboratory, Sequim, WA; 2Pacific Northwest National Laboratory, Richland, 
WA; 3Oregon State University, Corvallis, OR; 4Pacific Northwest National 
Laboratory, Seattle, WA

https://www.pnnl.gov/projects/river-corridor

Wildfires impact river corridor hydro-biogeochemical 
function by altering the availability of organic matter (OM) 
and nutrients within the landscape and the hydrological 
mechanisms responsible for their delivery to aquatic sys-
tems. A shift in post-fire input to aquatic systems can have 
cascading impacts on carbon and nitrogen stoichiometry 
that may impact stream metabolism. Developing a predic-
tive understanding of wildfire impacts remains a challenge, 
due to the complex array of spatial and temporal drivers 
that influence stream biogeochemistry post-fire. To better 
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understand localized drivers of dissolved organic carbon 
(DOC) concentrations across a stream network, research-
ers used a Spatial Stream Network (SSN) model to study 
a stream network impacted by fire with ~100 sites above, 
within, and below the burn perimeter across seasons. The 
SSN model indicated that wildfire impacts were masked by 
the variability of site-level landscape characteristics across 
the watershed. During dry periods burn severity was not a 
major influencing factor, but as the basin seasonally rewet, 
burn severity did influence observed DOC concentrations, 
showing a decrease in DOC with increasing burn severity. 
In streams with drainage areas entirely within the burn 
perimeter, the spatial drivers of OM chemistries (e.g., burn 
severity) were partially modulated by localized hydrological 
processes. Researchers have also found that thermodynam-
ically predicted bioavailability of fire-altered OM may be 
higher than previously assumed. Together, these results 
suggest that spatiotemporal controls on the transport of 
fire-altered OM to the stream network influence in-stream 
biogeochemical processes, highlighting complexity in 
upscaling localized watershed scale processes across systems 
and scales. Confirming this complexity, researchers found 
that relationships between DOC, climate, and percentage 
of watershed burn area in fire impacted systems exhibited 
high spatial variability across the continental U.S. Collec-
tively, this work has advanced the understanding of wildfire 
impacts on DOC quantity and OM quality post-fire, with 
implications for aquatic ecosystem function.

Beyond Data Assimilation: A Hypothesis-Driven 
Model-Experiment (ModEx) Approach to 
Predictive Modeling of Sediment Respiration 
Across the Continental United States
Jianqiu Zheng* (jianqiu.zheng@pnnl.gov), Kenton Rod, 
Vanessa Garayburu-Caruso, Amy Goldman, James Stegen, 
Timothy Scheibe

Pacific Northwest National Laboratory, Richland, WA

https://www.pnnl.gov/projects/river-corridor

Hyporheic zones play a dominant role in the metabolism 
and biogeochemistry of river corridor systems. Hyporheic 
sediment respiration exhibits high spatial variability within 
and across river basins. The variable permeability and 
diverse exchange mechanisms of hyporheic zones result in 
heterogeneous conditions, posing a significant challenge for 
modeling coupled physical and biogeochemical processes. 
Studies often focus on individual aspects (e.g., physical, 
chemical, biological) of hyporheic zone dynamics due to 
data constraints, limiting comprehensive understanding 
and scaling efforts. The team took a hypothesis-driven 

approach that integrates theoretical knowledge generation, 
model development and experimentation to address this 
challenge. Starting with conceptual models built from 
known theory and data patterns, researchers identified key 
hypotheses that were testable with available data. Using a 
continental-scale dataset from the Worldwide Hydrobiogeo-
chemistry Observation Network for Dynamic River Systems 
(WHONDRS) consortium, researchers first tested the pre-
diction that sediment respiration rates would decrease as the 
number of unique organic molecules (i.e., OM molecular 
richness) increases. The analyses rejected the hypothesis 
of a direct limitation of respiration by OM molecular rich-
ness. Rather, the team found that OM concentration and 
thermodynamics impose primary constraints on sediment 
respiration. Researchers further conducted numerical 
experiments to explore the potential controls using a simple 
thermodynamic- based kinetic model, where OM thermody-
namics, microbial biomass and substrate accessibility were 
included as key drivers.

Integrating numerical experiments and observational data, it 
was determined that the OM molecules fueling respiration 
comprised less than 1% of the measured OM. These results 
motivate deeper evaluation of the physical characteristics of 
river sediments that modulate the physical accessibility of 
OM, such as particle size, specific surface area and density 
of surface binding sites. The hypothesis-driven approach is 
a powerful way of integrating models and observations. The 
continental-scale WHONDRS dataset allowed researchers 
to challenge and refine existing hypotheses with numerical 
experiments, and to build geographically transferable pre-
dictive models and deeper, process-informed understanding.
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Watershed Dynamics and 
Evolution Science Focus Area

Watershed Dynamics and Evolution 
Science Focus Area: Overview
Eric M. Pierce1* (pierceem@ornl.gov), Marie Kurz1, 
Elizabeth Herndon1, Alexander Johs1, Scott Brooks1, 
Natalie A. Griffiths1, Scott Painter1, Saubhagya Rathore1, 
Jesus Gomez-Velez1, Xin Gu1, Dan Lu1, Kamini Singha2, 
Holly Barnard3, Erin R. Hotchkiss4, Matthew Cohen5, 
Lydia Zeglin6, Adam Ward7

1Oak Ridge National Laboratory, Oak Ridge, TN; 2Colorado School 
of Mines, Golden, CO; 3University of Colorado–Boulder, Boulder, 
CO; 4Virginia Polytechnic Institute and State University, Blacksburg, 
VA; 5University of Florida, Gainesville, FL; 6Kansas State University, 
Manhattan, KS; 7Oregon State University, Corvallis, OR

https://wade.ornl.gov

The freshwater provisioning and regulating services pro-
vided by mid-order watersheds are under increasing stress 
driven by accelerating changes in land use and land cover 
(LULC) and an intensifying hydrologic cycle. Predicting the 
long-term consequences of such hydrologic intensification 
and LULC change (watershed evolution) at regional scales 
requires an improved, transferable understanding of how 
watershed function depends on environmental conditions 
(watershed dynamics). The Watershed Dynamics and Evo-
lution (WaDE) science focus area project aims to advance 
predictive understanding of how dominant processes con-
trolling watershed hydro-biogeochemical function operate 
under a range of hydrologic regimes and vary along stream 
networks that drain heterogeneous land covers. 

The WaDE research plan addresses critical knowledge gaps 
related to how watershed function responds to exogenous 
change, using stream metabolism as a key integrative mea-
sure of upland-stream interactions and stream corridor pro-
cesses. The team also address gaps in observation networks 
that have been biased toward higher-order streams with 
homogeneous watershed LULC by systematically targeting 
watersheds with heterogeneous land cover that are broadly 
representative of watersheds in the Tennessee River Basin 
(TRB), the most intensively used freshwater resource region 
in the contiguous United States.

In this presentation the team will discuss progress made 
towards fulfilling overarching goals. Since June 2023, the 
team has not only published manuscripts, but researchers 
have held the annual all-hands meeting, performed storm 
sampling during the first flush after an unprecedented 

drought, encoded a representation of stream metabolism in 
the Advance Terrestrial Simulator tool, engaged in science, 
technology, engineering, and mathematics (STEM) out-
reach discussions with Oak Ridge High School (TN), 
selected and instrumented all of the intensive sites in water-
shed 1 (East Fork Poplar Creek, TN), initiated observations 
in watershed 2 (Reddy Creek, TN), and have placed sensors 
in 24 other mid-order watersheds across the TRB to evalu-
ate watershed similarity assumptions.

Watershed Dynamics and Evolution Science 
Focus Area Theme 1: Dynamic Headwaters
Alexander Johs1* (johsa@ornl.gov), Elizabeth Herndon1, 
Matthew Berens1, Xin Gu1, Xiangping Yin1, Mircea Podar1, 
Melissa Cregger1, Moses Adebayo2, Christopher McNabb3, 
Kamini Singha2, Holly Barnard3, Lydia Zeglin4, 
Eric M. Pierce1

1Oak Ridge National Laboratory, Oak Ridge, TN; 2Colorado School of 
Mines, Golden, CO; 3University of Colorado–Boulder, Boulder, CO; 
4Kansas State University, Manhattan, KS

https://wade.ornl.gov

Non-perennial streams that periodically cease to flow con-
stitute a large portion of global stream networks; however, 
their contributions to watershed function and downstream 
hydro-biogeochemistry remain unclear. Theme 1 in the 
Watershed Dynamics and Evolution (WaDE) science focus 
area evaluates the ecohydrology, biogeochemistry, and 
microbiology of nonperennial streams (dynamic headwa-
ters). The team characterizes processes that control the 
quantity and composition of water and solutes that are trans-
ported from upland catchments into the stream network. 
The goal is to understand how variable streambed saturation 
drives hydro-biogeochemical processes that influence down-
stream metabolism. Here, researchers examine flow patterns 
and concentrations of carbon species, other nutrients, and 
trace metals in non-perennial tributaries across different 
types of land cover to evaluate contributions from weath-
ering and potential anthropogenic sources. Data obtained 
on the frequency and duration of flow in nonperennial 
streams will be used to improve representation of nonpe-
rennial streams in watershed-scale models. Researchers 
are also intensively monitoring two nonperennial streams 
draining contrasting urban and forested areas to study how 
surface-groundwater interactions, plant water use, redox bio-
geochemistry, and microbial communities respond to vari-
able flow. The redox-sensitive metals iron and manganese 
are known to regulate the solubility, transport, and trans-
formation of organic matter and micronutrients, such as 
trace metals. Under no-flow conditions, iron and manganese 
metal precipitates can accumulate in disconnected pools 
along the stream channel. During high-discharge events, 
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the mobilization of particles and colloids may contribute 
significantly to the export of nutrients and trace metals from 
uplands. The field and laboratory studies performed will 
resolve how colloid and particle dynamics influence (micro)
nutrient levels across saturation and redox gradients gener-
ated through intermittent flow.

Watershed Dynamics and Evolution Science 
Focus Area Theme 2: Stream Corridor Processes
Scott Brooks1* (brookssc@ornl.gov), Erin R. Hotchkiss2, 
Eric M. Pierce1

1Oak Ridge National Laboratory, Oak Ridge, TN; 
2Virginia Polytechnic Institute and State University, Blacksburg, VA

https://wade.ornl.gov

Theme 2 of the Watershed Dynamics and Evolution 
(WaDE) science focus area characterizes stream corridor 
processes at the reach scale using a combination of field 
experiments, laboratory mesocosm studies, and modeling. 
Mid- order streams are reactive conveyors that receive, pro-
cess, and transport carbon, nutrients, and other solutes from 
upstream and the surrounding uplands. Nevertheless, they 
are noticeably underrepresented in the research literature so 
quantitative understanding of their roles in watershed func-
tion is lacking. Specific questions and hypotheses address 
(1) Quantifying the contributions of water column gross 
primary production (GPP) and ecosystem respiration (ER) 
to net ecosystem production (NEP) across gradients in land 
cover, (2) Elucidating the effects of organic matter burial in 
the stream benthos on aerobic versus anaerobic metabolism, 
and (3) Assessing the resistance and resilience of reach-scale 
GPP and ER to disruption by transient high flow events.

The team has established three long-term observation sta-
tions that span dominant land-cover categories within the 
first research watershed. Using a combination of manual 
sampling across a range of flow conditions and continuous 
water quality data collected with multiparameter sondes, 
researchers are analyzing element and nutrient yield across 
the watershed. When normalized to sub-watershed area, 
DOC flux is comparable among sites with marginal sea-
sonal differences. Concentration versus discharge curves 
suggest allochthonous sources of organic carbon enter the 
stream during rain-driven floods. Nutrient spiraling analysis 
shows uptake lengths for nitrate, ammonium, and phos-
phate are long (on the order of kilometers), consistent with 
chronically high nutrient concentrations characteristic of 
urban-influenced streams. Overall, there is net removal of 
nitrate and phosphate and net release of ammonium. Initial 
estimates of dissimilarity among sites using the multivariate 
time series indicate (1) dissimilarity changes with time in 
response to watershed-wide controls, and (2) in periods of 

constant dissimilarity, the contribution of individual vari-
ables to dissimilarity estimates changes with time.

Watershed Dynamics and Evolution Science 
Focus Area Theme 3: Organizational 
Controls on Stream Function Within 
and Across Mid-Order Watersheds 
with Heterogeneous Land Cover
Marie Kurz1* (kurzmj@ornl.gov), Natalie A. Griffiths1, 
Dan Lu1, Matthew Cohen2, Lydia Zeglin3, Adam Ward4, 
Jesus Gomez-Velez1, Eric M. Pierce1 

1Oak Ridge National Laboratory, Oak Ridge, TN; 2University of 
Florida, Gainesville, FL; 3Kansas State University, Manhattan, KS; 
4Oregon State University, Corvallis, OR

https://wade.ornl.gov

Anthropogenic activities are altering watershed hydrology 
and land use-land cover with cascading effects on the stor-
age, processing, and transport of water, nutrients, carbon, 
sediments, metals, and contaminants from watersheds. 
Theme 3 of ORNL’s Watershed Dynamics and Evolution 
(WaDE) science focus area seeks to resolve the large-scale 
organizational controls on emergent patterns and regimes in 
stream function (especially stream metabolism) within and 
across mid-orders stream networks with heterogeneous land 
cover. This presentation will provide an overview of results-
to-date focused on evaluating the spatiotemporal controls 
on network-scale synchrony/asynchrony in stream metab-
olism and related metrics of watershed function. Building 
upon earlier site-selection efforts, the team instrumented 
25 mid-order watersheds within the upper and middle Ten-
nessee River Basin (TRB) selected to be representative of 
extant variation within the TRB based on previous cluster 
analysis. High-frequency in situ sensors were installed at the 
outlet of each watershed in March 2023, before leaf out, to 
track the response in flow, temperature, specific conduc-
tivity, and dissolved oxygen (DO) over time and across 
systems. Researchers are using this data to test the high-level 
hypothesis that patterns in watershed function can be pre-
dicted by key state and forcing variables. At the first inten-
sive watershed, East Fork Poplar Creek (EFPC), researchers 
have been collecting a series of measurements at 14 core 
sites across the stream network, including high-frequency 
DO, temperature, conductivity, and depth timeseries; 
monthly water chemistry and discharge (often coinciding 
with Theme 1 and/or Theme 2 sampling campaigns); and 
bi-monthly measurements of organic-matter decomposition 
using cotton strips. This EFPC data is being used to evaluate 
synchrony/asynchrony in metabolic processes and drivers 
across the stream network.
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Watershed Dynamics and Evolution 
Science Focus Area Modeling Crosscut: 
Modeling the Effects of Hyporheic Zone 
Processes on Stream Oxygen Dynamics
Jesus Gomez-Velez* (gomezvelezjd@ornl.gov), Saubhagya 
Rathore, Phong Le, Scott Painter, Eric M. Pierce

Oak Ridge National Laboratory, Oak Ridge, TN

https://wade.ornl.gov

The Modeling Crosscut Activity of the Watershed Dynamics 
and Evolution Science (WaDE) science focus area is devel-
oping a virtual watershed capability focused on watershed 
hydrology, water temperature, and stream metabolism. This 
capability supports WaDE’s research themes and is critical 
for efforts to gain a transferable understanding of hydro- 
biogeochemical regimes in watersheds with heterogeneous 
land covers.

The team summarizes its ongoing efforts to improve under-
standing of whole-stream metabolism and its conceptual 
representation for modeling and data interpretation. Spe-
cifically, researchers use a new multiscale model for reactive 
transport in stream corridors to investigate how hyporheic 
exchange flows and heterotrophic respiration in the hypor-
heic zone interact to influence oxygen dynamics in stream 
channels. The multiscale model associates a subgrid model 
for hyporheic transport and reactions with each computa-
tional grid cell in a channel network model. The approach 
differs from the classical transient storage model in that it 
represents a diversity of advective flowpaths characterized by 
the hyporheic travel time distribution. Researchers configure 
the multiscale reactive transport capability in the ATS code 
to represent the key processes controlling oxygen dynamics: 
(1) gross primary production (GPP) and respiration (Rc) in 
the channel, (2) oxygen exchange with the atmosphere, (3) 
hyporheic exchange and advective transport, and (4) aero-
bic respiration (Rs) in the hyporheic zone. Rs kinetics are 
represented as a dual Monod process. Researchers use this 
conceptualization to identify dimensionless parameters that 
collectively control oxygen dynamics.

Researchers then performed a meta-analysis of publicly 
available datasets across the conterminous United States to 
constrain the variability of these dimensionless quantities in 
natural systems. Finally, the new model and the meta- analysis 
results were used to perform a detailed global sensitivity 
analysis and Bayesian inverse modeling to assess potential 
biases arising from neglecting mass transfer limitations, as is 
commonly done in the single-station method for estimating 
GPP and ER from time-resolved oxygen measurements.

Watershed Function Science Focus Area

The Impact of Disturbances on the 
Trait-to-Function Relationships Underpinning 
Watershed Biogeochemical Cycling
Nicholas Bouskill1* (Nick Bouskill), Helen Weierbach1, 
Zelalem Mekonnen1, Matthias Sprenger1, Curtis Beutler2, 
Markus Bill1, Wendy Brown2, Baptiste Dafflon1, Wenming 
Dong1, Nicola Falco1, Taylor Maavara3, Michelle Newcomer1, 
Patrick Sorensen1, Robin Thibaut1, Shi Wang1, Erica 
Woodburn1, Kenneth Hurst Williams1, Eoin Brodie1 

(elbrodie@lbl.gov)

1Lawrence Berkeley National Laboratory, Berkeley, CA; 2Rocky Mountain 
Biological Laboratory, Gothic, CO; 3University of Leeds, Leeds, U.K.

https://watershed.lbl.gov

Mountainous watersheds are characterized by strong gradi-
ents in functional traits, including vegetation, topography, 
geology, and geomorphology, which together determine 
nitrogen (N) retention, and release. Uncertainty remains as 
to how atmospheric warming within mountainous regions, 
which increases water limitation and the severity of drought, 
will impact trait-to-function relationships underpinning 
the N cycle. This contribution details recent and upcom-
ing work examining, through integrated measurements, 
manipulations, and modeling, how disturbance in subalpine 
ecosystems uncouples trait-function relationships and 
feeds back on biogeochemical cycling. Researchers start by 
addressing how distinct watershed traits dictate the retention 
and release of N, by characterizing the N cycle in paired 
catchments within the East River watershed. The East River 
catchment, underlain by N-rich Mancos shale with a mixed 
land cover, exported ~3.5 times more nitrate than the coni-
fer-dominated Coal Creek. The conservative N-cycle within 
Coal Creek is likely due to the abundance of conifer trees, 
and smaller riparian region, retaining more NO3- overall. 
The East River shows evidence of stronger biogeochemical 
cycling of N, where the aggregate export signal is regulated 
by physical and biogenic processes. To improve the charac-
terization of the East River N cycle over time, researchers 
built a simple model of the terrestrial-aquatic N cycle pred-
icated upon the most critical traits identified previously. 
Subsurface water residence times, which dictate transport 
or reactivity, are determined by coupling the model to Par-
Flow-CLM. Here, through a series of atmospheric warming 
experiments, researchers address how disturbance alters 
trait-to-function relationships, and subsequently N export. 
Researchers note that warming reduces hydrologic connec-
tivity and impedes assimilation and transformation of N by 
plants and microbes. As such, exports of N from the East 
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River catchment are predicted to decline under future cli-
mate conditions. However, distributions of traits (e.g., vege-
tation, microbial) are not static and more dynamic modeling 
approaches may be necessary to capture system adaptation 
to future climate conditions. Finally, in addition to perva-
sive water limitation, biogeochemical cycling can also be 
impacted by acute trait redistribution following pulse distur-
bance (e.g., wildfire, beetle outbreaks), or management (e.g., 
thinning, clear cutting) to coupled hydrological, ecological 
and biogeochemical processes. Researchers outline the 
plans to leverage proposed adaptative forest management 
activities within Trail Creek to address questions concerning 
how hydrologic connectivity and biogeochemical cycling 
change following abrupt shifts in trait distribution, and the 
consequences for downslope forest community resilience to 
drought, and biogeochemical cycling in riparian regions.

Advancing Watershed Science 
Via Multiscale Data and Model-
Experiment (ModEx) Integration
Dipankar Dwivedi1* (ddwivedi@lbl.gov), Yuxin Wu1, 
Charuleka Varadharajan1, Kenneth Hurst Williams1, 
Chunwei Chou1, Lucien Stolze1, Chuyang Liu1, Carl Steefel1, 
Baptiste Dafflon1, Sebastian Uhlemann1, Robin Thibaut1, 
Sergi Molins1, Jinyun Tang1, Bhavna Arora1, Nicola Falco1, 
Ulas Karaoz1, Vincent Noël2, Madison Burrus1, Stijn 
Wielandt1, Danielle S. Christianson1, Hesham Elbashandy1, 
Boris Faybishenko1, Doug Jones3, Dylan O’Ryan1, 
Roelof Versteeg3, Eoin Brodie1 (elbrodie@lbl.gov)

1Lawrence Berkeley National Laboratory, Berkeley, CA; 
2Stanford Linear Accelerator National Laboratory, Stanford, CA; 
3Subsurface Insights, Hanover, NH

https://watershed.lbl.gov

Implementing an integrated model-experiment (ModEx) 
approach in watershed science necessitates a robust frame-
work for multi-scale data collection, management, and data-
model integration. This comprehensive approach is pivotal 
in fostering a synergistic relationship between experimental 
observations and model simulations, enhancing the under-
standing of watershed dynamics and functions. At East 
River, researchers collect and utilize multiple observations, 
including remote sensing, in-field sensing and sampling, 
and laboratory analysis. A framework that integrates these 
data for calibrating and validating watershed models is cen-
tral to the ModEx approach. Specifically, researchers have 
leveraged decadal-scale remote sensing datasets to unravel 
complex vegetation dynamics within the watershed. This 
analysis provides insights into the correlations and potential 
impacts on vegetation from key watershed traits, including 

topography, bedrock composition, and their interactions 
with changing climate. Additionally, the extensive network 
of in-field sensors, crucial for real-time data collection, mon-
itors parameters like soil moisture, temperature, and wind 
speed, providing detailed datasets that capture the dynamic 
nature of the watershed environment. For the next phase, 
researchers aim to enhance ModEx framework integration 
by acquiring new observations through a model-guided 
approach for sample collection and sensor deployment. 
The data-gathering campaigns will feed into developing and 
applying ATS-EcoSIM, the core hydro-biogeochemical sim-
ulation capability. ATS-EcoSIM development will feature a 
dynamic, trait-based model of plant-soil-microbial interac-
tions to understand emergent behaviors in response to inter-
acting press and pulse disturbances. The Science Focus Area 
(SFA) data management and integration component offers 
infrastructure and services for the project’s data life cycle, 
including data publication, wireless sensor connectivity, 
automated quality checks of sensor datasets, and integration 
of diverse time-series data for analysis and modeling. The 
ModEx approach, developed in the SFA, offers transferable, 
validated methodologies to the broader scientific commu-
nity, enhancing collaboration, data sharing, and cross-disci-
plinary integration, and ensures that the data management, 
observation, and modeling insights are applicable in wider 
research contexts.

Student  

Scaling of Watershed Functional 
Trait Co-Variability
Evan King1*, Haruko Wainwright1, 2, 
Michelle Newcomer2, Lijing Wang2, Nicola Falco2, 
Eoin Brodie2 (ELBrodie@lbl.gov)

1Massachusetts Institute of Technology, Cambridge, MA; 
2Lawrence Berkeley National Laboratory, Berkeley, CA

Key to understanding watershed functions is characterizing 
aboveground (e.g., vegetation dynamics, topography) and 
belowground (e.g., soil and bedrock structures) proper-
ties, which in turn govern patterns of important hydro- 
biogeochemical processes. These important properties are 
defined as watershed functional traits: properties whose 
coevolution and resulting covariance and interactions regu-
late the behavior of a watershed. However, it is challenging 
to capture these traits on the watershed scale, often due 
to their high heterogeneity. Partitioning watersheds into a 
series of hillslopes offers both the opportunity to narrow 
these heterogeneities and to examine co-variability across 
above- and belowground traits. The team utilized two adja-
cent Colorado watersheds, the East River and Taylor River, 
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which display a diverse set of bedrock-through-canopy 
characteristics, such as geology, vegetation coverage, and 
snow coverage. Using topography, researchers delineated 
watersheds into appropriate hillslope units based on multi-
ple threshold drainage areas and determined key hillslope 
metrics from geospatial layers.

Specifically, the team investigated the relationship between 
plant species distribution, subsurface structure, and hillslope 
geometry. By varying threshold drainage area, researchers 
investigated the scaling relationships between hillslope size, 
trait co-variability, and the ability to capture watershed-wide 
variability in these metrics. Results showed that across both 
watersheds, hillslope-averages of slope and elevation are sig-
nificantly correlated and that conifer-dominated hillslopes are 
primarily located in mid-slope, mid-elevation, and granitic 
rock regions. The diversity of geology in the East River water-
shed might be associated with mixed vegetation types.

Relationships Between Watershed 
Scale Co-Variability of Traits and 
Watershed C-Q Function
Michelle Newcomer1* (mnewcomer@lbl.gov), 
Haruko Wainwright1,2 (hmwainwright@lbl.gov), 
Lijing Wang1, Lucien Stolze1, Evan King2, Zexuan Xu1, 
Baptiste Dafflon1, Bhavna Arora1, Dipankar Dwivedi1, 
Kristin Boye3, Markus Bill1, Carl Steefel1, Robin Thibaut1, 
Nicola Falco1, Craig Ulrich1, Nicholas Bouskill1, 
Curtis Beutler4, Rosemary Carroll5, Kenneth Hurst 
Williams1, Eoin Brodie1 (elbrodie@lbl.gov)

1Lawrence Berkeley National Laboratory, Berkeley, CA; 
2Massachusetts Institute of Technology, Boston, MA; 3SLAC National 
Accelerator Laboratory, Menlo Park, CA; 4Rocky Mountain Biological 
Laboratory Gothic, CO; 5Desert Research Institute, Reno, NV

watershed.lbl.gov

Predictions of stream hydro-biogeochemistry including 
chemistry and discharge (C-Q) in response to hydrological 
perturbations involve physically based models. Spatially 
distributed models rely on the availability of geospatial trait 
data layers, which are difficult to obtain at spatial-temporal 
scales compatible with model grid sizes. These data layers are 
often created from limited spatial data and statistical mod-
els to extrapolate/interpolate spatially. To overcome these 
inherent limitations, new approaches have been proposed 
to harness the remote sensing spatial covariates to predict 
other parameters such as soil hydraulic conductivity, soil 
geochemical properties, and bedrock properties. Addition-
ally, characteristic and reproducible C-Q patterns emerge at 
different scales, and these C-Q patterns contain information 

on hydrological, ecological, and biogeochemical dynamics 
within a watershed, yet these patterns and associations 
between co-variability of traits and C-Q as a watershed func-
tion are not well understood.

The watershed study leverages in-stream data as aggregated 
observations of C-Q watershed response to changing snow 
conditions to advance understanding of watershed function 
in response to trait co-variability. Researchers investigate 
the >30 year record of historical C-Q data available for the 
East and Taylor River watersheds. Researchers have chosen 
to use watershed C-Q relationships because hydrologic 
connectivity, and ecological and hydro-biogeochemical pro-
cesses vary in space and time, such that dynamic C-Q rela-
tionships, measured within and between watersheds, may be 
diagnostic of how watershed functional traits are interacting 
and changing.

Researchers extend the prior developed zonation approach 
and evaluate the co-variability of traits by applying cluster-
ing to multiple data layers. A particular focus is to explore 
the transferability of the zonation approach to different 
basins as well as to investigate the impact of spatial resolu-
tions and scales. Using spatially resolved maps of traits, and 
field observations of C-Q collected since 2014 (Upper East) 
and since 1970 (larger East and Taylor), including export 
of nitrogen and other elements at multiple locations within 
the both watersheds, researchers explore C-Q response 
variability across elevations, the relationship with dynamic 
traits (vegetation, microbial), and more static traits (bedrock, 
topography). Trait importance to C-Q outcomes is explored 
using sensitivity analyses with trait-informed numerical 
models in a one-factor-at-a-time approach.

Toward the Understanding of Biogeochemical 
Functions of the Future Floodplain
Peter Nico1*, Vincent Noël2 (noel@slac.stanford.edu), 
Tristan Babey3, Sam Pierce3, Chris Francis3, Patricia Fox1, 
Dipankar Dwivedi1, Nicola Falco1, Rosemary Carroll4, 
Bhavna Arora1, Michelle Newcomer1, Kristin Boye2, 

Eoin Brodie1 (elbrodie@lbl.gov)

1Lawrence Berkeley National Laboratory, Berkeley, CA; 2SLAC National 
Accelerator Laboratory, Menlo Park, CA; 3Stanford University, Stanford, CA; 
4Desert Research Institute, Reno, NV

https://web.slac.stanford.edu/sfagroup/

Floodplains act as critical buffer zones between mountain 
hillslopes and rivers, regulating water and element (e.g., 
nutrients, colloids) exports to rivers. Concurrent tempera-
ture changes and increased hydrologic pulse disturbances 
will change the function of floodplains in the future. As 
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floodplains physically and biologically rearrange in response 
to these drivers, there will be concomitant changes in flood-
plain hydrologic partitioning and biogeochemical function-
ing. Yet, the consequences of interacting hydrological and 
ecological impacts of disturbances on element retention 
capacity of future floodplains are still unknown.

The hydrologic connectivity between hillslopes, floodplains, 
and rivers drives biogeochemical processes and exchange 
fluxes. Through a series of lab, field, and modeling experi-
ments, the team recently demonstrated that disturbances 
in hydrologic connectivity and water chemistry impacted 
floodplain biogeochemical processes in previously unpre-
dicted ways; fine-scale sediment heterogeneities and col-
loidal transport had orders of magnitude larger impacts 
than what was predicted by “traditional” modeling/theory. 
Furthermore, modeling and field observations suggest that 
hydrologic regime changes will drive changes in vegetation 
(e.g., grasses replacing willows) of future floodplains with 
implications for water/nutrient retention capacity. For 
example, DNRA tends to decrease in absence of willows, 
likely leading to increased nitrification and decreased nitrate 
retention.

Researchers expect future natural and managed adaptations 
(e.g., beaver dams, forest management) to mitigate the 
impacts of hydrological dynamic changes. The recent stud-
ies show that beaver dams overshadow climatic hydrologic 
extremes in their effects on water residence time and nitro-
gen fluxes in riparian zones.

Going forward, the team will instrument and sample 
floodplains that exhibit recent hydrological and vegetation 
changes corresponding to various scenarios predicted for 
a future climate and planned management experiments 
(e.g., beaver dam analogs, forest management). These test 
sets will help researchers understand the changes that can 
be expected in the future and prepare useful and actionable 
predictions of future floodplain functioning.

Exploring the Role of Subsurface Traits 
on Subalpine Ecosystem Response from 
Seasonal to Decadal Time Scales
Matthias Sprenger1* (msprenger@lbl.gov), Nicola Falco1, 
Curtis Beutler1,2, Markus Bill1, Nicholas Bouskill1, Eoin 
Brodie1 (elbrodie@lbl.gov), Baptiste Dafflon1, Zhao 
Hao1, Amanda Henderson2, Zelalem Mekonnen1, Patrick 
Sorensen1, Robin Thibaut1, Sebastian Uhlemann1, Lijing 
Wang1, Kenneth Hurst Williams1

1Lawrence Berkeley National Laboratory, Berkeley, CA; 
2Rocky Mountain Biological Laboratory, Gothic, CO

https://watershed.lbl.gov

The response of subalpine ecosystems to varying water 
availability has important implications for the retention and 
export of carbon (C), nitrogen (N), and water. Researchers 
investigate how the dominant subsurface characteristics 
(traits) play a critical role in forest’s drought response. This 
research question is addressed by using an iterative model- 
experiment (ModEx) approach based on observations of 
ecosystem response dynamics from seasonal to decadal time 
scales to benchmark simulations of the C, N, and water stores 
and fluxes along a 2D transect with the mechanistic ecosys-
tem model ecosys. The study site is an intensely instrumented 
hillslope on Snodgrass mountain in the East River Water-
shed. The ecosys simulations provide insights into site char-
acteristics (“functional traits”) that determine the ecosystem 
fluxes (“function”). Based on the modeling results research-
ers further identify necessary observations to improve model 
fidelity. The model benchmarking data include decadal 
observations that show how climatic drivers impact differ-
ently on granodiorite and shale bedrock, tree ring growth, 
and element concentrations (e.g., Ca, P, Sr via XRF imag-
ing) in Lodgepole pine and Engelmann spruce tree cores. 
Remotely sensed variations of the Normalized Difference 
Vegetation Index based on Landsat images, allows relating 
the tree ring data to forest health dynamics along Snodgrass 
mountain. Researchers further use time-lapse electrical 
resistivity tomography (ERT) measurements along the mod-
eling transect to understand the contrasting water storage 
and flux dynamics in shallow soils beneath the conifer forest 
canopy upslope and deep colluvium soils beneath meadow 
vegetation downslope. Nine ERT transects in combination 
with terrestrial Light Detection and Ranging (LiDAR) scans 
of the forest stand structure further highlight the relation 
between soil and bedrock traits and ecosystem function (i.e., 
biomass) that informs the ecosys model structure and param-
eterization. Regular sampling of suction lysimeters and 
resin samplers provide dissolved element concentrations 
(e.g., nitrate) and snapshot sampling campaigns showed the 
C and N stocks across soil profiles and in the conifer leaves. 

mailto:elbrodie@lbl.gov
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Stable isotopes of water in soils and tree xylem identify the 
tree’s dominant water source on Snodgrass mountain. Based 
on the outlined combination of aboveground and below-
ground observations providing information of ecosystem 
response from inter-annual to decadal time scales, research-
ers improve the mechanistic representation of the climate 
driven interactions between vegetation and subsurface traits 
in the ecosys model. Researchers highlight how feedbacks 
due to these interactions play out during exceptionally wet 
periods (e.g., 1995) and extremely dry years (e.g., 2010), 
which prepares researchers to assess ecosystem response to 
future climate scenarios.

Colloid Generation, Stability, and Transport 
in Redox-Dynamic Mountain Watersheds and 
Impact on Water Quality in Alluvial Sediments
Eleanor Spielman-Sun1, Maya Engel1, Brandy Stewart1*, 
Tristan Babey2, Sam Pierce2, Elizabeth L. Paulus1, 
Sharon Bone1, Kristin Boye1, Vincent Noël1* 
(noel@slac.stanford.edu), Eoin Brodie3 (elbrodie@lbl.gov)

1SLAC National Accelerator Laboratory, Menlo Park, CA; 
2Stanford University, Stanford, CA; 3Lawrence Berkeley National 
Laboratory, Berkeley, CA

https://web.slac.stanford.edu/sfagroup/

Mountainous watersheds are experiencing more frequent 
interacting press and pulse disturbances that create new 
hydrological regimes with consequences for biogeochemical 
transformations at critical interfaces. For example, episodic 
wet-dry cycling at solid–water interfaces promote shifts in 
aqueous phase parameters (pH, oxygen, ionic strength, and 
ionic composition) and chemical, organic and mineral trans-
formation of the solid phase, generating colloids (1 nm to 
1 µm), and/or influencing colloidal stability. Being typically 
associated with organic matter, micronutrients, and contam-
inants, colloids may serve as transport vectors throughout 
redox-affected terrestrial and aquatic systems, impacting 
biogeochemical reactivity downstream and the products 
exported to ground-/surface waters. Despite evidence that 
redox cycles play a significant role in generation and trans-
port of colloids, the mechanisms, chemical composition, 
reactivity, and stability of generated colloids are poorly 
understood.

To resolve this knowledge gap, researchers developed an 
approach to detect physico-chemical composition of differ-
ent particles using Asymmetric Field Flow Fractionation 
combined with ICP-MS, UV-, fluorescence-, MALS- and 
zetasizer-DLS detectors. Separation of colloids and collec-
tion in redox- preserved conditions then enables deeper 
molecular-scale characterization (e.g., TEM, STXM, XAS, 

NanoSIMS). Previously, researchers have examined the 
impact of redox changes on the generation and transport 
of colloids through a transect from bedrock to floodplains 
through a series of laboratory and field experiments. This 
work revealed that oxidative dissolution of pyrite from 
bedrock at neutral pH generates 50 to 100 nm Fe-colloids, 
promoting the mobilization of nutrients and contaminants 
(e.g., Ni and Cr). In floodplains, these results show that low 
sulfidation increases colloid stability of ferrihydrite, whereas 
higher sulfidation (S/Fe<0.5) generates nano-scale FeS 
colloids. In natural samples, ferrihydrite colloids remained 
stable under sulfidic conditions, which could be due to the 
passivation by organics as the team confirmed through 
lab-simulations. Finally, incorporating colloidal trans-
port highlighted in the column experiments significantly 
improved accuracy of model predicting floodplain biogeo-
chemical processes.

Model-Based Interpretation of Hydrological 
and Biogeochemical Functional Traits of 
Hillslopes in a Mountainous Watershed
Lucien Stolze1* (lstolze@lbl.gov), Lijing Wang1* 
(lijingwang@lbl.gov), Zexuan Xu1, Baptiste Dafflon1, 
Bhavna Arora1, Dipankar Dwivedi1, Carl Steefel1, Robin 
Thibaut1, Matthias Sprenger1, Sebastian Uhlemann1, 
Chen Wang1, Yuxin Wu1, Haruko Wainwright1,2, Kristin 
Boye3, Nicola Falco1, Craig Ulrich1, Wenming Dong1, 
Markus Bill1, Curtis Beutler1, Benjamin Gilbert1, Kenneth 
Hurst Williams1, Michelle Newcomer1, Eoin Brodie1 
(elbrodie@lbl.gov)

1Lawrence Berkeley National Laboratory, Berkeley, CA; 
2Massachusetts Institute of Technology, Boston, MA; 
3SLAC National Accelerator Laboratory, Menlo Park, CA

https://watershed.lbl.gov

Declining snowpack, modification of precipitation patterns, 
and increasing temperature are rapidly altering the quantity 
and quality of water exported from headwaters. Hillslopes 
represent dominant landforms of mountainous watersheds 
and therefore exert fundamental controls on hydrological 
cycles and chemical composition of floodplains and rivers. 
However, subsurface processes controlling water parti-
tioning and solute exports on mountain hillslopes remain 
poorly understood due to the heterogeneity of watershed 
traits characterizing the Critical Zone (e.g., bedrock lithol-
ogy, topography, vegetation cover) and the impacts of 
local climatic conditions. This knowledge gap limits the 
ability to predict the evolution of high elevation water-
sheds experiencing climate change. Physics-based models 
are powerful tools to mechanistically unravel subsurface 
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hydro-biogeochemical functioning and are key for the quan-
titative understanding of the traits that modulate water flow 
and solute exports.

In this study, researchers implement a new generation of 
HPC-enabled numerical models (e.g., ATS, CrunchFlow, 
PFLOTRAN) capable of simulating hydro-biogeochemical 
fluxes from hillslopes at seasonal timescales. Based on a 
comprehensive dataset characterizing: (1) the subsurface 
physico-chemical properties (e.g., geophysical measure-
ments of bedrock resistivity); (2) the vegetation cover; and 
(3) the local weather conditions, a 3D hydrologic model and 
a 2D reactive transport model (RTM) are developed at two 
well-instrumented hillslopes of the East River watershed: 
Snodgrass and the Pumphouse transect, respectively. The 
models simulate the temporal fluctuations in partially satu-
rated flow and the transient response of biogeochemical pro-
cesses to climate events. In particular, for the first time, the 
2D reactive transport model explicitly accounts for the con-
nection between soil biological processes and rock weath-
ering as well as multiphase exchange with the atmosphere. 
These results show the capability of the models to reproduce 
the dynamic change in snowpack, water content, ground-
water table, soil respiration, and fluid chemistry monitored 
at multiple spatial locations. The calibrated models are used 
to quantify the relative contribution of shallow versus deep 
groundwater flow paths characterized by different residence 
times and biogeochemical conditions in shaping the solute 
fluxes from hillslopes. Furthermore, researchers perform 
sensitivity analysis to identify and quantify key functional 
traits controlling hydro-biogeochemical processes.

The identified functional traits will support the selection 
of new experimental hillslopes in the Taylor River basin 
using iterative model-experiment (ModEx) approaches and 
inform the scaling-up efforts. Finally, the implemented phys-
ics-based models will be used to explore the evolution of 
water flow and solute exports under different future climate 
scenarios for hillslopes with distinctive traits.

Progress in Ecohydrological Model 
Development for Trait-Based 
Watershed Modeling
Jinyun Tang* (jinyuntang@lbl.gov), Sergi Molins, Zexuan 
Xu, Andrew Graus, Zelalem Mekonnen, Lijing Wang, 
Chuyang Liu, Eoin Brodie (elbrodie@lbl.gov)

Lawrence Berkeley National Laboratory, Berkeley, CA

https://watershed.lbl.gov

High-fidelity mechanistic models play a crucial role in 
comprehending the interplay of ecosystem hydrologic and 

biogeochemical cycles, and traits that govern the retention 
and release of elements in mountainous watersheds. To 
accurately represent the coupling between hydrological, 
ecological, biogeochemical, and land-surface processes, 
adaptive-resolution physics-based models are necessary to 
capture trait interactions and watershed functions. While 
various modeling codes capture some aspects to quantify 
trait interactions and watershed function, none can fully 
address the entire problem.

The project aims to couple the Advanced Terrestrial Simu-
lator (ATS) with the plant-soil-microbe interactions code 
EcoSIM. In the proposed coupling, ATS provides water 
balance and solute transport, while EcoSIM simulates plant 
water uptake, surface energy balance, microbial dynamics 
and ecosystem biogeochemistry. The coupling framework 
follows the established Alquimia library, which was success-
fully used to add geochemical capabilities to ATS. Specific 
issues related to ecohydrological processes and EcoSIM 
require large-volume data transfer and a soil column-based 
coupling rather than a cell-by-cell one.

Here, researchers present results from baseline hydrological 
simulations for the East River watershed, CO. Researchers 
also describe EcoSIM, which is newly developed from its 
predecessor code ecosys, and provide an update on the 
ATS-EcoSIM coupling. This update discusses how these 
combined capabilities will enable researchers to quantify 
3D landscape trait interactions and watershed function in 
the Watershed Function Science Focus Area. East River 
hydrological simulations show how high-resolution models, 
parameterized using spatially heterogeneous datasets, can 
provide a quantitative evaluation of the connection between 
traits and function, and uncover limitations in the current 
simplified treatment of land surface processes. Example, 
EcoSIM simulations demonstrate its capability to simulate 
typical ecosystems, including forests, grasslands, and wet-
lands. Test simulations for ATS-EcoSIM demonstrate the 
development approach, which involves implementing and 
testing processes separately, starting with surface energy and 
water, then snow physics, and continuing with plant and 
microbe dynamics.
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Mountainous Groundwater Response to 
Warming and Low-To-No Snow Conditions
Nicholas Thiros1* (nthiros@lbl.gov), Erica Siirila-Woodburn1, 
Rosemary Carroll2, Charuleka Varadharajan1, Curtis 
Beutler3, Craig Ulrich1, Michelle Newcomer1, Kenneth 
Hurst Williams1,  Eoin Brodie1 (elbrodie@lbl.gov)

1Lawrence Berkeley National Laboratory, Berkeley, CA; 2Desert Research 
Institute, Reno, NV; 3Rocky Mountain Biological Laboratory, Gothic, CO

https://watershed.lbl.gov

Groundwater is among the least understood components 
of the coupled hydrologic and biogeochemical cycles in 
mountainous watersheds, requiring further insights into 
its dynamics, connectivity to surface water, and watershed 
traits. To evaluate the effectiveness of groundwater storage 
in buffering streamflow and evapotranspiration during press 
and pulse disturbances (such as projections of low-to-no 
snow years in the coming decades), researchers develop inte-
grated hydrologic models of the East River watershed that 
couple groundwater with surface water and energy fluxes. 
Researchers compare model predictions with in situ ground-
water level and environmental age tracer observations.

At a lower montane hillslope, a high-resolution ParFlow- 
CLM hydrologic model and EcoSLIM particle tracking 
model suggest groundwater flowpaths contribute >60% 
of the water mass flux to the hillslope floodplain. These 
groundwater flowpaths persist all year and are charac-
terized by decadal to century-scale water ages, which are 
consistent with mean ages from observed environmental 
tracers. Extending the particle tracking technique to account 
for matrix diffusion due to high fractured bedrock traits 
improves predictions of mixing between young and old-aged 
groundwater environmental tracers (3H and 4He, respec-
tively). The hillslope models that best match observed 3H and 
4He suggest groundwater storage has declined over the past 
decade. This result is consistent with observed groundwater 
level declines of >1 m since 2016 and potentially highlights 
the importance of old-aged groundwater storage in stream-
flow generation. To further interrogate connections between 
groundwater storage losses and streamflow generation 
researchers develop watershed-scale 3-D integrated hydro-
logic models. Simulations show annual runoff efficiency 
is inversely correlated with groundwater storage efficiency 
(ratio of annual groundwater storage change to precipita-
tion), suggesting groundwater storage losses buffer runoff 
efficiencies during low precipitation years. This hypothesis is 
supported by a majority of simulated groundwater fluxes to 
streams consistently having water ages >1 year. In a warmer 
climate, modeling suggests increased forest water use 
reduces groundwater recharge and results in groundwater 
storage loss. Losses are most severe during dry years and do 

not recover to historical levels during wet periods. Ground-
water depletion will significantly reduce annual streamflow 
and force the basin toward intermittent conditions when 
precipitation is low. Expanding results across the region sug-
gests groundwater decline will be highest in the Colorado 
Headwater and Gunnison basins. Ongoing work to validate 
model predictions with diverse observation datasets will con-
tinue to shed light on the role of groundwater on integrated 
hydrologic processes in mountain systems experiencing 
changing snowpack conditions.

Sensitivity of Groundwater and Surface 
Water Connectivity to Historical 
Press and Pulse Climate Disturbances 
in a Mountainous Watershed
Rosemary Carroll2 (Rosemary.Carroll@dri.edu), Charuleka 
Varadharajan1*, Helen Weierbach1, Erica Siirila-Woodburn1, 
Nicholas Thiros1, Matthias Sprenger1, Curtis Beutler3, 
Kenneth Hurst Williams1, Eoin Brodie1 (elbrodie@lbl.gov)

1Lawrence Berkeley National Laboratory, Berkeley, CA; 2Desert Research 
Institute, Reno, NV; 3Rocky Mountain Biological Laboratory, Gothic, CO

https://watershed.lbl.gov

Groundwater release has the potential to buffer streamflow 
to short-term climate extremes, but its interactions with 
surface water in response to climate is largely unknown in 
mountainous systems with complex terrain. Interactions 
between climate, snow dynamics, soil water storage, vegeta-
tion water use and their effects on groundwater recharge as 
well as geologic traits influencing storage and transmissivity 
can affect groundwater contributions to streams. The objec-
tive is to assess the importance of groundwater on stream-
flow in the East River, a Colorado River headwater basin. 
First, researchers quantify water budget components using 
an integrated hydrologic model parameterized and validated 
with extensive data. Model results indicate lateral subsurface 
flow is a critical mechanism moving snowmelt downgradient 
to support streamflow, evapotranspiration and to maintain 
groundwater levels in water-limited portions of the basin. 
Simulated low-order streams tend toward non- perennial 
conditions and generate seepage recharge. Higher-order 
streams occur along valley bottoms and are perennial. They 
aggregate streamflow from upland portions of the East River 
and tend toward net groundwater gaining conditions. At the 
basin-scale, groundwater is found to be an important and 
stable source (26±7%) of stream water and directly sensitive 
to groundwater storage. Groundwater storage aggregates cli-
mate over a 4-year period in the East River. Historically, this 
multi-year aggregation has helped to buffer dry water years 
and promote groundwater recovery back to the historical 

mailto:elbrodie@lbl.gov
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mean condition. Recently, however, the onset of low/no 
monsoon rain from 2016 to 2020 combined with the shock 
of an extremely dry water year in 2018 has prompted sus-
tained declines in simulated groundwater storage with aver-
age annual groundwater storage losses simulated at greater 
than 2-standard deviations of the historical mean. This is an 
example of overlapping pulse events on top of press warm-
ing. This agrees with groundwater observations in the East 
River that indicate hillslope water table declines as a con-
sequence of 2018 are not recovering despite above average 
snow accumulation in 2019 and 2022. Results from paired 
air-stream temperature analyses at different locations in the 
East River will be compared with recession-based analysis, 
hydrologic model results as well as isotopes and geochem-
ical weathering byproducts to assess spatial and temporal 
influences of groundwater-surface water exchanges. This will 
inform future sensor deployment across transects of low- 
order streams to identify zones of groundwater discharge as 
a function of catchment traits, constrain integrated hydro-
logical model results, and inform trait-streamflow relation-
ships. Future work will identify watershed traits controlling 
groundwater discharge zones, variation of groundwater 
contributions and non-perennial stream extent with climate 
disturbance across locations with different watershed traits.

Modeling the Impact of Engineered 
Ponding on Floodplain Hydrologic 
Flow Paths and Solute Transport
Lijing Wang*1,2, Tristan Babey4, Zach Perzan5, Sam Pierce3, 
Kristin Boye1 (kboye@slac.stanford.edu), Kate Maher3, 
Eoin Brodie2 (elbrodie@lbl.gov)

1SLAC National Accelerator Laboratory, Menlo Park, CA; 
2Lawrence Berkeley National Laboratory, Berkeley, CA; 
3Stanford University, Stanford, CA; 4University of Rennes, Rennes, France; 
5University of Nevada–Las Vegas, NV

https://web.slac.stanford.edu/sfagroup/

In mountainous watersheds, warmer temperatures and less 
snow reduce river and groundwater flow. Meanwhile, grow-
ing beaver populations help mitigate these effects by enhanc-
ing seasonal floodplain storage and possibly groundwater 
baseflow. Understanding how hydrologic flows change as a 
function of beaver dams, together with floodplain structures 
and weather forcings, becomes important for future hydro-
logic predictions and understanding biogeochemical cycles 
in various floodplains. Specifically, the transient variations of 
beaver ponds might induce rapid shifts in redox conditions 
and subsequently influence the transport of solutes to river 
and aquifers. However, these impacts of biogeochemical 
variations from beaver ponds remain poorly understood, 

particularly in the context of uncertain floodplain structures 
and weather forcings.

To address this knowledge gap, the team assessed the impact 
of beaver ponds on hydrological connectivity and thereby 
the biogeochemical processes in mountainous floodplains, 
to date focusing on a floodplain along the Slate River, CO. 
Researchers integrated in situ water level and water quality 
data, geophysical surveys, and hydrologic modeling, to first 
reconstruct the hillslope-floodplain structure, and then 
simulate vertical flow from the topsoil layer to the underlying 
gravel layer, as well as horizontal groundwater flow. Sensitiv-
ity analysis indicated that beaver ponds enhance the cumu-
lative vertical flow, particularly from fine sediment layers to 
the gravel bed, resulting in an increased export of reduced 
solutes to the gravel bed. However, beaver ponds have min-
imal influence on the deeper underflow within the gravel 
bed aquifer, suggesting that beaver ponds are hydrologically 
disconnected from deep groundwater flow.

Researchers now plan to employ the same approach to 
transfer the learned knowledge from the Slate River flood-
plain to other floodplain structures with varying numbers 
of beaver dams. For this purpose, researchers will leverage 
Beaver Dam Analogs constructed by humans to quantify 
hydro-biogeochemical impacts associated with new beaver 
dam constructions and compare to floodplains without bea-
ver activity.

Wetland Hydrobiogeochemistry 
Science Focus Area

Uranium Speciation in the Rhizosphere 
and Sediment Compartments 
in a Riparian Wetland
Maxim Boyanov1,2*, (mboyanov@anl.gov), 
Edward O’Loughlin1, Pamela Weisenhorn1, Peng Lin3, 
Daniel I. Kaplan3, Kenneth M. Kemner1

1Argonne National Laboratory, Argonne, IL; 2Bulgarian Academy 
of Sciences, Sofia, Bulgaria; 3Savannah River Ecology Laboratory, 
University of Georgia, Aiken, SC

https://ess.science.energy.gov/anl-wetland-sfa/; https://www.
anl.gov/bio/project/subsurface-biogeochemical-research

Savannah River Site manufactured nuclear fuel and target 
assemblies between 1954 and 1989, resulting in significant 
contamination of Tims Branch (a small stream and its asso-
ciated wetlands) with uranium (U) and co- contaminant 
metals (Ni, Cr, Zn, Pb). The Argonne Science Focus 
Area (SFA; Wetland Hydrobiogeochemistry) focuses on 
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understanding the molecular-scale processes that con-
trol elemental dynamics in complex environments, such 
as adsorption, precipitation, and redox transformations. 
Researchers examined the behavior of contaminant U in 
the rhizosphere (Kaplan et al. In revision), a region of high 
reactivity in the sediment near the roots of plants, where 
visible iron oxides form due to Fe(II) oxidation. U and Fe 
were found to be significantly more concentrated in the 
rhizosphere (R) samples compared to the non-rhizosphere 
(NR) controls. Fe K-edge EXAFS spectroscopy determined 
goethite and ferrihydrite as the dominant forms of Fe, with 
the latter present in greater proportions in the R than in the 
NR samples. U LIII-edge EXAFS spectroscopy showed U 
present as U(VI) bound to organic ligands and iron oxides 
in both the R and NR samples; however, a larger contribu-
tion of U(VI) bound to iron oxides was determined in the 
spectra of the R samples. These results are part of a broader 
effort by the Argonne SFA to understand U speciation and 
mobility at Tims Branch, in which approximately 30 cores 
were collected from the field and analyzed with depth using 
U LIII-edge EXAFS spectroscopy.

Saturated, organic-rich sediments at about 5 to 15 cm depth 
showed the predominance of non- uraninite U(IV) species, 
whereas drier, near-surface sediments showed the predomi-
nance of U(VI) that was bound to the mineral surfaces and 
to OM entities in the sediment. These studies highlight the 
intricate interdependencies between the constituents of 
contaminated sediments and provide speciation information 
that is necessary for the inclusion of appropriate reactions in 
reactive transport models. 

Kaplan, D. I. et al. In revision. “Uranium Biogeochemistry in the 
Rhizosphere of a Riparian Wetland,” Environmental Science & 
Technology.

Molecular to Micron-Scale Investigations 
of Floc and Colloidal Fractions of Wetland 
Groundwater and Surface Waters
Kenneth M. Kemner1* (kemner@anl.gov), Maxim 
Boyanov2,1, Daniel I. Kaplan3, Kent Orlandini1, Maggie 
Bowman4, Rosey Chu4, Alice Dohnalkova4, Libor Kovarik4, 
Ravi Kukkadapu4, Crystal Ng5, Anthony Boever6, Martial 
Taillefert6, Odeta Qafoku4, Cara Santelli5, Jason Toyoda4, 
Pamela Weisenhorn1, Edward O’Loughlin1

1Argonne National Laboratory, Lemont, IL; 2Bulgarian Academy of Science, 
Sofia, Bulgaria; 3University of Georgia, Aiken, SC; 4Pacific Northwest 
National Laboratory, Richland, WA; 5University of Minnesota, Minneapolis, 
MN; 6Georgia Institute of Technology, Atlanta, GA

https://ess.science.energy.gov/anl-wetland-sfa/; https://www.
anl.gov/bio/project/subsurface-biogeochemical-research

The mobility and bioavailability of nutrients and contam-
inants have a strong effect on wetland ecosystem function 
and are highly dependent upon their: (1) partitioning 
between solid and solution phases in environmental media; 
and (2) atomic scale associations with environmental sol-
ids. Abundant orange and reddish-brown flocs have been 
observed along gaining sections of the Argonne Wetland 
Hydrobiogeochemistry science focus area (SFA) field site 
at Tims Branch, where anoxic groundwater containing 
iron(II) discharges into oxygenated stream water. Flocs 
contain high levels of iron (Fe) and are effective scavengers 
of phosphorous (P; 2 to 4 wt%), uranium (U; 32 to 600 
ppm), and trace metals. The laboratory microcosm studies 
of these flocs show that the transition from oxic to anoxic 
conditions leads to the reduction of Fe(III) to Fe(II) and 
U(VI) to non- uraninite U(IV); following a return to oxic 
conditions, Fe(II) and U(IV) oxidize back to Fe(III) and 
U(VI). Analysis of material along the depth profile of a core 
of accumulated floc material shows a progressive reduction 
of Fe(III) to Fe(II) and U(VI) to U(IV) with depth, consis-
tent with decreasing redox potential.

In addition to characterizing the molecular to micron-
scale structure of naturally forming flocs at Tims Branch, 
researchers have also characterized colloids from ground-
waters and surface waters. Researchers used tangential 
flow filtration approaches to size fractionate colloids from 
groundwater and stream water, under gaining stream con-
ditions. Researchers used a combination of radiochemistry, 
inductively coupled plasma atomic emission spectroscopy 
(ICP-AES), Fe K-edge and U L-edge XAFS, 57Fe Mössbauer 
spectroscopy, and scanning and scanning transmission 
electron microscopy (SEM, STEM) equipped with energy 
dispersive spectroscopy (EDS) to understand the physical 
and chemical character of the colloids. Molecular scale 
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results indicated Fe-(hydr)oxide and Fe-OM associations 
within all colloid size ranges. SEM/EDS results consistently 
identified U associated with carbon- and Fe-rich colloids. 
U-XAFS analysis identified monomeric U(VI) species in 
the colloids. STEM analysis resolved individual and spatially 
separated U atoms associated with many of the colloid OM 
formations. These results indicate that the vast majority of U 
within the surface water and groundwater is not in a purely 
hydrated form but is associated with colloids. The studies of 
Fe floc and colloid biogeochemistry in Tims Branch and its 
potential impact on U speciation and transport expand the 
understanding of their role in the speciation and cycling of 
nutrients and trace elements in wetlands, which in turn can 
lead to more robust modeling of their behavior in aquatic 
and terrestrial environments.

IDEAS-Watersheds              

IDEAS-Watersheds Phase 2: Accelerating 
Watershed Science Through a Community-
Driven Software Ecosystem
David Moulton1* (moulton@lanl.gov), Scott Painter2, 
Sergi Molins3, Xingyuan Chen4, Kate Maher5, Ethan Coon2, 
Reed M. Maxwell6, Laura E. Condon7, Steve Smith8

1Los Alamos National Laboratory, Los Alamos, NM; 2Oak Ridge National 
Laboratory, Oak Ridge, TN; 3Lawrence Berkeley National Laboratory, 
Berkeley, CA; 4Pacific Northwest National Laboratory, Richland, WA; 
5Stanford University, Stanford, CA; 6Princeton University, Princeton, 
NJ; 7University of Arizona, Tucson, AZ; 8Lawrence Livermore National 
Laboratory, Livermore, CA

https://ideas-watersheds.github.io

The Interoperable Design of Extreme-scale Application 
Software—Watersheds (IDEAS-Watersheds) project is 
designed to enhance and broaden the impact of the existing 
watershed Science Focus Areas (SFAs) within the ESS pro-
gram through an agile approach to creating a sustainable and 
reliable software ecosystem.

This poster highlights the unique structure of the 
IDEAS-Watersheds (Phase 2) project, which is organized 
around three research activities and four shared infra-
structure activities. To ensure integration of the research 
activities with the SFAs and facilitate training of early career 
researchers, the team uses a co-funding model with shared 
deliverables to establish partnerships. These partnerships 
increasingly embrace a multiscale perspective of the whole 
watershed and include the Watershed Function SFA (see 
Lawrence Berkeley National Laboratory-SLAC poster by 
Molins et al.), the Watershed Dynamics and Evolution 

SFA (see Oak Ridge National Laboratory poster by Painter 
et al.), and the River Corridor SFA (see Pacific Northwest 
National Laboratory poster by Chen et al.). Each research 
activity is focused through the design of concrete use cases 
that both advance scientific understanding as well as con-
tribute transferable capabilities to the software ecosystem.

The shared infrastructure activities provide foundational 
support for the research activities as well as training and 
community outreach. The Software Stewards activity will 
ensure the sustainability of the software ecosystem as a com-
munity resource and make it more reliable, accessible, and 
easier to use. The Land Model Interface Activity addresses 
the critical need for best practices in model setup and 
analysis of integrated hydroterrestrial models that couple 
integrated hydrology and land surface models. An Integrated 
Hydrology Simulation Infrastructure Activity will continue 
the development of a national hydrology infrastructure that 
can accelerate regional simulations and improve modeling 
workflows across modeling platforms. Finally, the team 
will continue building a community around the software 
ecosystem through a Training, Community Building, and 
Outreach Activity.

Developing Integrated Hydro-biogeochemical 
Modeling from Batch to Watershed Scales
Xingyuan Chen1* (xingyuan.chen@pnnl.gov), Bing Li1, Zhi 
Li1, Sundar Niroula1, Tasneem Ahmadullah1, Peishi Jiang1, 
Katherine Muller1, Glenn Hammond1, Jianqiu Zheng1, 
Hyun-Seob Song2, David Moulton3

1Pacific Northwest National Laboratory, Richland, WA; 2University of 
Nebraska–Lincoln, NE; 3Los Alamos National Laboratory, Los Alamos, NM

https://ideas-watersheds.github.io

The Interoperable Design of Extreme-Scale Application Soft-
ware (IDEAS)-Watersheds project focuses on developing 
general modeling capabilities and workflows that leverage 
a community software ecosystem to advance hydro- 
biogeochemical research in watersheds and river corridors 
and in turn make these advances available to the broader 
community. The IDEAS-Watersheds’ partnership with the 
Pacific Northwest National Laboratory River Corridor Sci-
ence Focus Area aims to understand and quantify processes 
governing the cumulative effects of hydrologic exchange 
flows, dissolved organic matter chemistry, microbial activity, 
and disturbances on river corridor hydro-biogeochemical 
function from watershed to basin scales. The incorporation 
of hydrologic complexity and molecular-level characteriza-
tion such as organic carbon chemistry will greatly improve 
a watershed hydro-biogeochemical model in capturing 
distinct water quality signatures across variations in land 
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use, hydrogeology, climate, and disturbances. The team has 
developed a modeling pipeline that connects molecular 
characteristics with biogeochemical models and watershed 
reactive transport models. The organic carbon chemistry 
inferred from Fourier-transform ion cyclotron resonance 
mass spectrometry measurements is used to generate new 
reaction networks and kinetics, which are subsequently 
tested in PFLOTRAN in batch settings before being 
incorporated into Advanced Terrestrial Simulator (ATS)-
PFLOTRAN for coupled hydrologic and biogeochemical 
modeling at the watershed scale. Researchers used this 
coupled model to study biogeochemical transformations of 
carbon and nitrogen in a few watersheds across the Yakima 
River Basin in the Pacific Northwest region of the United 
States. The biogeochemical hot spots and hot moments 
within the river corridors were found to be strongly influ-
enced by variations in land use, hydrogeology, climate, and 
disturbances. This pipeline can be extended to allow the 
incorporation of other omics datasets (e.g., metatranscripts, 
metaproteomics, and metabolomics) when they become 
available. This work is also an example of interoperable 
model development, where generic interfaces such as Alqui-
mia extend the capabilities available from single codes by 
bringing the capabilities of other codes in the software eco-
system to bear on each specific application.

Advancing Stream Metabolism Modeling 
Through the IDEAS-Watersheds and 
Watershed Dynamics and Evolution 
Science Focus Area Partnership
Scott Painter1* (paintersl@ornl.gov), Ethan Coon1, 
Jesus Gomez-Velez1, Phong Le1, Saubhagya Rathore1, 
David Moulton2

1Oak Ridge National Laboratory, Oak Ridge, TN; 
2Los Alamos National Laboratory, Los Alamos, NM

https://ideas-watersheds.github.io

The modeling partnership between the Interoperable Design 
of Extreme-Scale Application Software (IDEAS)-Watersheds 
project and the Watershed Dynamics and Evolution 
(WaDE) Science Focus Area (SFA) is developing a virtual 
watershed capability focused on hydrology, water tem-
perature, and stream metabolism. This capability is critical 
for WaDE’s efforts to gain a transferable understanding of 
hydro-biogeochemical function of watersheds with hetero-
geneous land covers. The IDEAS-WaDE partnership is using 
the Advanced Terrestrial Simulator (ATS) code for flow and 
transport coupled to PFLOTRAN for biogeochemical reac-
tions. The work uses ATS’s unique multiscale configuration 
for stream corridor reactive transport.

Toward the goal of improving inferences about stream 
metabolism from time-resolved oxygen measurements, the 
team configured the multiscale reactive transport capability 
in ATS to represent key processes controlling stream oxygen 
dynamics, including gross primary production in the stream 
channel, ecosystem respiration in the hyporheic zone, and 
oxygen exchange with the atmosphere. Researchers are 
now using that capability to assess limitations of the widely 
used single-station method for estimating metabolism from 
time-resolved oxygen measurements.

The partnership is also developing high-resolution water-
shed models of East Fork Poplar Creek in Tennessee to 
support the three science themes in the WaDE SFA. To 
facilitate that effort, several enhancements have been made 
to ATS and the workflows that support it. An improved 
representation of sunlight incident on streams, which is an 
important control on stream metabolism and temperature, 
was implemented by extending Watershed Workflow to 
represent stream shading at high resolution, accounting for 
stream geometry (width and bank height) and vegetation 
height. New algorithms to produce high-quality stream-
aligned computational meshes were also implemented in 
Watershed Workflow. Related to that, the team developed a 
new capability in ATS to perform transport simulations on 
the stream-associated subdomain of a larger watershed flow 
model, which will enable a range of numerical experiments 
to help understand the relationship between stream metabo-
lism and the surrounding watershed.

IDEAS-Watersheds Activities in 
Partnership with the Watershed 
Function Science Focus Area
Zexuan Xu1*, Andrew Graus1, Jinyun Tang1, 
Erica Siirila-Woodburn1, Dipankar Dwivedi1, Sergi Molins1 
(smolins@lbl.gov), David Moulton2

1Lawrence Berkeley National Laboratory, Berkeley, CA; 
2Los Alamos National Laboratory, Los Alamos, NM

https://ideas-watersheds.github.io

The team summarizes four activities carried out by the 
Interoperable Design of Extreme-scale Application Software 
(IDEAS)-Watersheds project in partnership with the Water-
shed Function Science Focus Area in support of the devel-
opment and evaluation of models of coupled processes in 
mountainous watersheds. The project is particularly interested 
in the representation of land surface processes, which control 
exchange fluxes between the atmosphere and subsurface.

(1) Simulations of integrated hydrology in the East River 
watershed are performed by the Advanced Terrestrial 
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Simulator (ATS) using two different meteorological 
forcing datasets, PRISM and Daymet. Evapotranspira-
tion (ET) is resolved spatially and temporally by means 
of the Priestley-Taylor model driven by a dynamic leaf 
area index. The model performance is then evaluated 
in its ability to capture measured streamflow, snowpack, 
groundwater, and ET flux in the three subbasins within 
the watershed.

(2) ATS is coupled to the land model EcoSIM to access 
a more complex plant and microbe process repre-
sentation while using its advanced water and energy 
physics capabilities. The coupling is being built off the 
framework established with Alquimia, which has been 
successfully used to add geochemistry to ATS; here, it 
must handle the large volume of data associated with 
ecosystem modeling.

(3) Recent coupling of the integrated hydrologic model 
ParFlow with both the E3SM Land Model and the 
vegetation demography model Functionally Assembled 
Terrestrial Ecosystem Simulator allows for the joint sim-
ulation of three-dimensional and subsurface flow and 
dynamic vegetation. Coupled watershed simulations of 
the East River are used to isolate impacts of topography 
and resultant lateral flow on ET.

(4) The gas diffusion capabilities in the reactive transport 
models PFLOTRAN, CrunchFlow, and ATS are bench-
marked. This benchmarking by model intercomparison 
ensures correct capturing of the gas dynamics across the 
atmosphere subsurface that ultimately exert a dominant 
control on the oxidation of organic matter and weather-
ing reactions in the shallow subsurface.

Drying and Rewetting of Riverbed 
Sediments Leads to Biogeochemical 
Cold Moments and Shifts Dissolved 
Organic Matter Thermodynamics
James Stegen* (james.stegen@pnnl.gov), 
Vanessa Garayburu-Caruso, Kenton Rod, Maggi Laan, 
Dillman Delgado, Lupita Renteria, Sophia McKever, 
Amy Goldman, Brieanne Forbes

Pacific Northwest National Laboratory, Richland, WA

Currently, over 60% of the global river network undergoes 
annual wetting and drying cycles. Variable inundation 
has been shown to impact biogeochemical processes and 
dissolved organic matter (DOM) composition in riverbed 
sediments. Differences in respiration between rewetted and 
constantly inundated sediments, however, remains unde-
termined, as well as the factors influencing biogeochemical 
mechanisms and organic matter transformations in wet 

and dry cycles. With projected increases in stream and 
river intermittency due to climate change, it is increasingly 
important to understand effects of drying on key biogeo-
chemical processes like sediment respiration and DOM 
composition across diverse river ecosystems. To do this, 
the project studies the effects of variable inundation across 
56 sites in the contiguous United States. Researchers con-
ducted laboratory manipulative experiments with sediments 
from each site where they were either kept constantly inun-
dated or allowed to air-dry over 21 days while being shaken 
to maintain aerobic conditions. Both treatments were then 
fully inundated with saturated riverine water and aerobic 
respiration rates were measured noninvasively using cus-
tomized oxygen optodes. Samples were collected for ultra-
high resolution mass spectrometry analysis post respiration 
measurements. The team investigated the effect of drying on 
DOM chemistry (e.g., DOM properties, elemental composi-
tion, and chemical classes) and thermodynamics (e.g., Gibbs 
free energy and lambda) and the effects of these changes on 
respiration rates. Results show that while some sites expe-
rience little difference in respiration between rewetted and 

DOE Early Career Projects
Watershed Sciences
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inundated sediments, others experience decreased respira-
tion, or cold moments, in rewetted sediments compared to 
those kept constantly inundated. Additionally, drying sedi-
ments resulted in a broad range of influences on DOM ther-
modynamics, respiration rates, and the link between them.

Understanding the impacts of wetting and drying cycles on 
sediment respiration and how drying affects DOM chemis-
try and thermodynamics is essential to generate mechanistic 
inferences regarding the effects of stream intermittency in 
global biogeochemical cycles.

Data-Driven Modeling Strategies for 
Predicting Stream Flow and Temperature 
at Watershed to Continental Scales
Charuleka Varadharajan1* (cvaradharajan@lbl.
gov), Jared Willard1,2, Fabio Ciulla1, Helen Weierbach1, 
Vipin Kumar2, Aranildo R. Lima3

1Lawrence Berkeley National Laboratory, Berkeley, CA; 2University of 
Minnesota–Twin Cities, Minneapolis/St. Paul, MN; 3Environment and 
Climate Change Canada, Vancouver, Canada

https://sites.google.com/lbl.gov/inaiads

Accurate and timely predictions of river flows and water 
quality at local to regional scales are needed to optimize 
watershed management strategies under a changing cli-
mate with increasing occurrences of extreme events. Since 
extreme events have unpredictable timing, duration, and 
spatial extents, assessing their impacts on rivers requires 

the ability to predict in unmonitored or poorly monitored 
basins. Classical bottom-up approaches for these predictions 
involve regionalization of statistical or process-based models 
built at representative, monitored sites based on different 
measures of watershed similarity. Recent top-down machine 
learning (ML) models use large continental-scale datasets 
and increasingly outperform traditional models for regional 
predictions. Both approaches depend on the concept of 
similarity based on catchment traits, which are properties 
such as topography, geology, land cover, land use, and other 
human activities. These traits interact and co-evolve with 
each other and with climate forcings to influence how water-
sheds function at different scales.

Here, the team presents modeling approaches to improve 
stream flow and water temperature predictions using various 
data-driven techniques. Researchers compare a top-down 
deep learning model against a bottom-up transfer learning 
approach for >1,400 catchments in the United States and 
examine the appropriate use of watershed traits for both 
approaches. The project uses networks, mutual information, 
and feature importance scores to reduce the redundancy 
in the trait data and determine the optimal set of traits to 
model different hydrologic functions. Such selection is 
independently tested in ML models to verify that the chosen 
traits enhance their predictive power. Results show that the 
top-down global ML model outperforms the bottom-up 
models for most sites. The team also finds that although ML 
models generally perform better with more data, they bene-
fit from having a diversity of training data rather than strictly 
larger volumes of data and can suffer from performance deg-
radation with redundant inputs.
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integrated coastal environmental systems and to improve 

their representation in Earth system models.
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University Projects
Coastal Systems

Environmental Drivers of Coastal 
Wetland Biogeochemical Cycling 
Alia Al-Haj1*, Roy Rich1, Teri O’Meara2, 
Genevieve Noyce1 (noyceg@si.edu)

1Smithsonian Environmental Research Center, Edgewater, MD; 
2Oak Ridge National Laboratory, Oak Ridge, TN

The dynamic nature of the coastal terrestrial-aquatic inter-
face (TAI) means that biogeochemical cycling can be highly 
variable in responses to continued or episodic changes in 
environmental drivers. Incorporating the coastal TAI into 
Earth systems models requires a better mechanistic under-
standing of the biogeochemical processes that regulate 
greenhouse gas (GHG) emissions. In response, researchers 
started a model experiment (ModEx) project in 2021 in 
which they use automated measurements of wetland GHG 
emissions combined with mesocosm global change experi-
ments to gain a predictive understanding of the mechanisms 
controlling anaerobic decomposition and GHG emissions 
in the coastal TAI so that these processes and their casual 
factors can be incorporated into process-oriented biogeo-
chemical models.

Researchers have been using autochambers to measure con-
tinuous methane (CH4) and carbon dioxide (CO2) emis-
sions since April 2021 and nitrous oxide (N2O) emissions 
since Nov 2023. In January 2024, the chambers successfully 
collected data while floodwaters were 95 cm above the soil 
surface, the third highest flooding event on record. Initially 
the team observed strong diurnal patterns where CH4 emis-
sions were lower and more variable during the day than at 
night, but there was surprisingly no diurnal pattern in 2023.
Though soil temperature is a strong driver of the magnitude 
of CH4 fluxes, researchers also found that CH4 emissions 
are suppressed during high salinity periods. Thus far, N2O 

emissions are highly variable, but overall quite low during 
winter months.

The mesocosm experiments are designed to understand 
the biogeochemical mechanisms underlying the field 
observations, so that they can be incorporated into process 
models. From June 2022 to October 2023, the team con-
ducted a sea level rise (SLR) experiment using mesocosms 
with and without vegetation at two salinity levels. Overall, 
researchers found that SLR increases CH4 emissions from 
both brackish and freshwater marshes while warming has a 
larger impact on CH4 emissions from brackish marshes. In 
incubation experiments, methanol was the best source of 
carbon for CH4 production across both salinities, followed 
by methylamine, whereas acetate was only a major substrate 
for methanogenesis in freshwater wetlands. In June 2024, 
the team will start a new mesocosm experiment focused on 
GHG responses to pulses of inundation, salinity, tempera-
ture, and nutrient availability.

Tidal Triggers and Hot Spot 
Switches in Coastal Marsh
Zoe Cardon1* (zcardon@mbl.edu), Inke Forbrich2, 
Joaquim Oller1, Suzanne Thomas1, Anne Giblin1, 
Jennifer Bowen3, Benjamin N. Sulman4, Teri O’Meara4

1Marine Biological Laboratory, Woods Hole, MA; 2University of Toledo, 
Toledo, OH; 3Northeastern University, Nahant, MA; 4Oak Ridge National 
Laboratory, Oak Ridge, TN

Plum Island Estuary is the largest remaining tidal wetland 
complex in the northeastern United States. During drought 
in July 2022, eddy covariance revealed a surprisingly rapid 
switch in ecosystem-scale biogeochemistry of methane in 
the estuarine oligohaline zone. Methane (CH4) flux from 
Typha angustifolia marsh to the atmosphere plummeted 
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from ~200 nmol m-2 s-1 to near zero within hours of inunda-
tion by an unusually saline tide (Forbrich DE−SC0022108). 
Reduced CH4 flux to the atmosphere was sustained for 
months despite persistent CH4 pools in sediment porewater. 
Researchers are testing four hypotheses related to CH4 pro-
duction and consumption:

•  Hypothesis 1. Salinity stress induces increased catalase 
activity in Typha roots, leading to enhanced root O2 
release from the H2O2 produced during stress. Aerobic 
methanotrophy may therefore increase in rhizosphere hot 
spots of enhanced O2 availability.

•  Hypothesis 2. Anaerobic methane (ANME) oxidation 
in the upper 10 cm (hot layer) of sediment is stimulated 
by saline inundation. ANME archaea in consortia with 
sulfate reducing bacteria are potential actors.

•  Hypothesis 3: Methylotrophic methanogens produce 
methane despite high porewater sulfate concentration.

•  Hypothesis 4. Typha angustifolia roots produce glycine 
betaine as a compatible osmolyte, which, once fermented 
to trimethylamine, could make roots hot spots for support 
of methylotrophic methanogenesis.

Results of hypothesis testing will guide developments 
within the E3SM-PFLOTRAN marsh modeling framework. 
Field-robust planar optode systems were developed and 
deployed Oct. 2023, revealing remarkably dynamic O2 con-
centrations to 15 cm depth with tidal forcing.

Potential impact: Incorporation of microbial and plant 
mechanisms into process-based models has tremendous 
potential for improving understanding and prediction of 
CH4 emissions as coastal terrestrial-aquatic interfaces expe-
rience sea level rise and more frequent saline inundation. 
Evidence is accumulating from diverse ecosystems that 
methylotrophic methanogenesis can proceed at high salin-
ity. H2O2 production and the induction of catalase during 
stress is widely shared across plant species, suggesting 
catalase- dependent oxygenation of the rhizosphere could be 
generalizable.

Carbon Dynamics in Response to a 
Shifting Terrestrial Aquatic Interface 
in Coastal Plain Wetlandscapes
Matthew Cohen1* (mjc@ufl.edu), Katie Glodzik1, Josh 
Epstein1, Sunita Shrestha1, Samantha Howley1, Esther 
Lee1, Alexis Jackson1, James Jawitz1, Daniel McLaughin2, 
Stefan Gerber1, Nicholas Ward3, David Lewis4, Faith Hale4, 
Amanda Subalusky1, Chris Dutton1

1University of Florida, Gainesville, FL; 2Virginia Tech University, 
Blacksburg, VA; 3Pacific Northwest National Laboratory, Sequim, WA; 
4University of South Florida, Tampa, FL

Water table variation in low-relief landscapes creates a 
dynamic terrestrial-aquatic interface (TAI), the ebb and 
flow of which controls reactions that stabilize or remineral-
ize organic matter. Geomorphic heterogeneity in wetland 
depressions creates functional variation in water storage 
and connectivity over space to complement the temporal 
variation intrinsic to seasonal hydrometeorological forcing. 
Researchers seek to understand how landscape-scale vari-
ation in hydrology and topography, and by extension the 
shifting position and length of the TAI, regulate the storage 
and export of carbon (C) via both vertical and lateral path-
ways. The early work on this project has been to concate-
nate digital terrain data, existing water level time series in 
wetlands and streams, and remote sensing of upland and 
wetland forest productivity to characterize (i.e., model) the 
extant variation in hydrological conditions in two hydrolog-
ically contrasting wetlandscapes in northern Florida. Based 
on this variation, the team chose 12 wetlands and 10 streams 
to instrument for continuous and synoptic variation in water 
level, soil redox conditions, greenhouse gas production 
rates using low-cost telemetered environmental sensors. 
Researchers further initiated sampling to explore within-site 
variation in the quantity and quality of stored organic matter. 
The objective is to synthesize the hydrotopographic controls 
on C storage and release from these dynamic landscapes, 
and embed these functions more realistically in land surface 
models by structuring subgrid variation to reflect the chang-
ing extent of wetland and upland extent with a shifting TAI.
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From Tides to Seasons: How Cyclic Tidal Drivers 
and Plant Physiology Interact to Affect Carbon 
Cycling at the Terrestrial-Estuarine Boundary
Inke Forbrich1,2* (inke.forbrich@utoledo.edu), 
Zoe Cardon1, Yongli Zhou1, Anne Giblin1, Mikaela Martiros1, 
Teri O’Meara3, Benjamin N. Sulman3, Cove Sturtevant4

1Marine Biological Laboratory, Woods Hole, MA; 2University of 
Toledo, Toledo, OH; 3Oak Ridge National Laboratory, Oak Ridge, TN; 
4National Ecological Observatory Network, Boulder, CO

This project’s goal is to improve mechanistic process under-
standing and modeling of tidal wetland hydro-biogeochem-
istry in coastal terrestrial-aquatic interfaces (TAIs). Key 
characteristics distinguish coastal wetlands, including tidal 
oscillation, sulfur biogeochemistry, and plant structural 
adaptations to anaerobic soil. These characteristics have only 
very recently been incorporated into land surface models 
such as ELM-PFLOTRAN and there remains large uncer-
tainty in their parameterization. Particularly challenging are 
(1) the small-scale, dynamic, heterogeneous redox condi-
tions in wetland soils; (2) the aerenchyma tissue in wetland 
plants that greatly facilitate gas flow into and out of sedi-
ment; and (3) the temporal and spatial variability in salinity, 
which is a key determinant for plant species distribution 
and productivity, as well as organic matter decomposition. 
In 2023, researchers continued to monitor porewater data 
of nutrients, carbon (C) and methane (CH4) and stable iso-
topes of CH4 as well as ecosystem-scale flux measurements 
in a brackish marsh in the Parker River estuary in MA. In 
July 2023, the research team started to see an increase in 
CH4 fluxes. This indicates the start of recovery of microbial 
activity after the sharp drop researchers observed in sum-
mer 2022 during a high salinity flooding event. Researchers 
find that physicochemical variables are the most important 
predictors for this behavior, more so than C fluxes. Fur-
thermore, researchers have started to experimentally test 
salinity impacts on CH4 production and oxidation (Cardon 
DE-SC0024270). The team also continued with field-testing 
spatially explicit sediment redox measurements. Researchers 
successfully captured tidal flooding impacts of belowground 
oxygen pools in two locations with contrasting hydrology 
(creekbank and marsh interior). In modeling work, the team 
has successfully set up different scenarios of root oxygen 
release in PFLOTRAN. Using these scenarios, researchers 
have then conducted a sensitivity analysis to assess to which 
the simulated CH4 flux responds the strongest. The team 
plans to transfer this information into ELM-PFLOTRAN.

STUDENT 

Changes in Inundation Drive Carbon Dioxide 
and Methane Fluxes in a Temperate Wetland
Erin Hassett1* (erhasset@syr.edu), Lauren Kinsman-
Costello2, Yvette Onyango3, Talia Pope2, Chelsea 
Smith2, Justine Missik3, Erin Eberhard2, Jorge Villa4, 
Steven McMurray5, Timothy H. Morin1, Lauren 
Kinsman-Costello2

1State University of New York College of Environmental Science and 
Forestry, Syracuse, NY; 2Kent State University, Kent, OH; 3Ohio State 
University, Columbus, OH; 4University of Louisiana−Lafayette, LA; 
5Old Woman Creek NERR, Huron, OH

Wetlands cycle carbon by being net sinks for carbon dioxide 
(CO2) and net sources of methane (CH4). Daily and sea-
sonal temporal patterns, dissolved oxygen (DO) availability, 
inundation status (flooded, dry, or partially flooded), water 
depth, and vegetation can affect the magnitude of carbon 
uptake or emissions, but the extent and interactive effects of 
these variables on carbon gas fluxes are poorly understood. 
Researchers characterized the linkages between carbon 
fluxes and these environmental and temporal drivers at the 
Old Woman Creek National Estuarine Research Reserve 
(OWC), OH. The team measured diurnal gas flux patterns 
in an upstream side channel (called the cove) using cham-
ber measurements at six sites (three vegetated and three 
nonvegetated). Researchers sampled hourly from 7 a.m. 
to 7 p.m. and monthly from July to October 2022. DO 
concentrations and water levels were measured monthly. 
Water inundation status had the most influential effect on 
carbon fluxes with flooded conditions supporting higher 
CH4 fluxes (0.39 μmol CH4 m−2 s−1;−1.23 μmol CO2 m−2 
s−1) and drier conditions supporting higher CO2 fluxes 
(0.03 μmol CH4 m−2s−1; 0.86 μmol CO2 m−2 s−1). When 
flooded, the wetland was a net CO2 sink; however, it became 
a source for both CH4 and CO2 when water levels were low. 
Researchers compared chamber-based gas fluxes from the 
cove in flooded ( July) and dry (August) months to fluxes 
measured with an eddy covariance tower whose footprint 
covers flooded portions of the wetland. The diurnal pattern 
of carbon fluxes at the tower did not vary with changing 
water levels but remained a CO2 sink and a CH4 source even 
when the cove where researchers performed the chamber 
measurements dried out. These results emphasize the role of 
inundation status on wetland carbon cycling and highlight 
the importance of fluctuating hydrologic patterns, especially 
hydrologic drawdowns, under changing climatic conditions.

Hassett, E., et al. 2024. “Changes in Inundation Drive 
Carbon Dioxide and Methane Fluxes in a Temperate 
Wetland,” Science of The Total Environment 915, 170089. 
DOI:10.1016/j.scitotenv.2024.170089.

https://doi.org/10.1016/j.scitotenv.2024.170089


* Presenting Author                         85

2024 Environmental System Science PI Meeting Abstracts                            Coastal Systems

Virtual

Mapping Hot Spots of Metabolic Potential 
in Salt Marsh Sediments with Multiplexed 
Fluorescence In Situ Hybridization
Jeffrey J. Marlow* (jjmarlow@bu.edu), Paul Rousteau, 
Sandra Molnar, Ellie Bosacoma

Boston University, Boston, MA

Sediment-hosted microbial communities pose several 
challenges for direct observation and precise localization 
of individual organisms and their metabolic functions. 
High-throughput sequencing sacrifices spatial context. Static 
measurements complicate measures of activity, and back-
ground fluorescence can obscure stains and dyes. The team 
addresses these challenges by developing a novel technique 
for microscopic mapping of metabolic networks within salt 
marsh sediments. Salt marshes display high levels of micro-
bial diversity due to elevated organic matter input and active 
tidal cycling, supporting a wide array of metabolisms that 
are centered around key genes known as “functional genes.” 
The project uses functional genes as a proxy for broader 
pathways that dictate biogeochemical cycling and focuses 
on carbon and sulfur metabolisms at the “hot spots” of plant 
root surfaces.

The team deploys fluorescence in situ hybridization 
(FISH)—a powerful tool that allows direct visual confirma-
tion of a particular target nucleotide sequence at microscale 
resolution. FISH microscopy has focused on the 16S rRNA 
gene, providing reliable information on phylogenetic diver-
sity but lacking information on metabolic function. Func-
tional genes are ideal targets to elucidate pathway dynamics 
and putative interactions. By combining 16S rRNA gene 
FISH and functional gene FISH with multiplexed probe 
designs, researchers quantitatively link microbial diversity 
with putative pathway distributions in salt marsh sediments. 
This novel approach uses hybridization chain reaction FISH 
(HCR-FISH), a fluorescent technique that enhances the 
contrast between labeled microorganisms and the sediment 
matrix. Furthermore, several genes can be targeted in the 
same organisms, resulting in a diagnostic color code that 
allows the team to identify microorganisms and quantify 
distinct functional guilds at different distances with respect 
to plant roots and certain minerals. From these observa-
tions, researchers evaluate the spatial distribution of plant 
carbon exudate consumption, sulfur oxidation, sulfate 
reduction, and methanogenesis; such data allow initiation 
of a biogeochemical model of salt marsh sediments. More 
broadly, the team suggests that using multiplexed FISH with 
functional genes to complement 16S rRNA gene markers 

is a compelling approach for mapping hot spots in complex 
microbial communities.

Investigating Redox Dynamics 
in Coastal Wetlands: Integrating 
Biogeochemical and Electrochemical 
Approaches at Old Woman Creek
Timothy H. Morin1* (thmorin@esf.edu), Lauren 
Kinsman-Costello2, Chelsea Monty-Bromer3, 
John M. Senko4, Gil Bohrer5, Erin Hassett1, Erin Eberhard2, 
Thomas Quick4, Terry Heard4, Chelsea Smith2, 
Michael Back2, Bukola Adesanmi3, Talia Pope2

1State University of New York College of Environmental Science 
and Forestry, Syracuse, NY; 2Kent State University, Kent, OH; 
3Cleveland State University, Cleveland OH; 4University of Akron, Akron, OH; 
5The Ohio State University, Columbus, OH

Redox processes in wetland environments, particularly in 
coastal systems like Old Woman Creek, OH, often deviate 
from predictions based on the traditional thermodynamic 
redox tower paradigm. This discrepancy is especially 
notable under transient hydrodynamic conditions. While 
redox potential (Eh) measurements provide insights, it 
inadequately captures the dynamic nature of microbial 
communities, which are central to these processes through 
a diverse array of catabolic reactions. To address this gap, 
researchers have integrated traditional biogeochemical indi-
cators with innovative electrochemical methods, specifically 
zero resistance ammetry (ZRA). This study aims to (1) cor-
relate dynamic hydrology in a freshwater terrestrial-aquatic 
interface wetland with redox regimes; (2) explore how redox 
heterogeneity influences elemental cycling at various scales; 
and (3) assess the effectiveness of microbial functional 
type representations in process-based models for capturing 
terminal electron acceptor stress. Researchers deployed 
ZRA sensors in the wetland sediment at Old Woman Creek 
during the summers of 2022 and 2023, alongside measure-
ments of subsurface biogeochemical species concentrations, 
stratified redox sensors, and surface flux assessments. A 
batch reactor experiment was also conducted in 2023 for 
controlled observation of these processes. Preliminary find-
ings from ZRA readings indicate significant variations cor-
relating with water level changes and redox chemistry. These 
observations suggest a complex interplay between hydrol-
ogy and redox dynamics, mediated by microbial activity.

Ongoing research involves aligning these findings with the 
process-based model ecosys. The team’s goal is to evaluate 
the model’s ability to replicate observed dynamics, particu-
larly in representing dynamic microbial functional types and 
their metabolic reactions. This includes in silica experimental 
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manipulation of water levels to simulate varying environ-
mental conditions and demonstrating the dynamic micro-
bial terminal electron stress expressed by the consortium of 
microbial communities.

Modeling Coastal Wetland Responses 
to Warming and Elevated Carbon Dioxide 
Genevieve Noyce1* (noyceg@si.edu), Teri O’Meara2, 
Nick Bruns3, Alex Smith1, Roy Rich1, Matthew L. Kirwan3, 
Patrick Megonigal1

1Smithsonian Environmental Research Center, Edgewater, 
MD; 2Oak Ridge National Laboratory, Oak Ridge, TN; 
3Virginia Institute of Marine Science, Gloucester Point, VA

Coastal ecosystems are important biogeochemical zones but 
have largely been ignored in Earth Systems Models (ESMs). 
Plant-microbe interactions drive the redox-active biogeo-
chemical processes that structure ecosystem resilience, 
especially in wetlands where plant-mediated oxygen trans-
port into the rhizosphere can stimulate aerobic microbial 
processes, but it can be difficult to isolate the mechanisms 
needed to model ecosystem responses to warming tem-
peratures and elevated carbon dioxide (eCO2). As a result, 
SMArtX was established in 2016 to advance model repre-
sentation of coastal wetland responses to global change.

Researchers have measured continuous soil redox potential 
in SMArtX since 2020 and found redox is consistently lower 
with warming and higher with eCO2, which researchers 
attribute to plant-microbe feedbacks. These effects are most 
pronounced close to the soil surface, where the bulk of 
the roots are located, and illustrate the importance of rhi-
zosphere influences on ecosystem biogeochemistry. After 
initial data showed a nonlinear effect of temperature on 
belowground root growth, researchers recently developed 
a simple mechanistic model of how biomass allocation 
responds to nitrogen supply and demand that successfully 
explains the field data and also reveals a surprising interac-
tion between warming and eutrophication, predicting that 
enhanced nitrogen loading to marshes may reduce adverse 
impacts of warming on root growth.

Using a version of PLFOTRAN updated to include redox 
reactions relevant to coastal ecosystems, researchers found 
that including plant and microbial responses to eCO2 
and temperature also more accurately represents SMArtX 
porewater profiles. This indicates the importance of char-
acterizing tightly coupled vegetation-subsurface processes 
for developing predictive understandings as well as ongoing 
measurements of plant-microbe feedbacks to global change. 
Researchers have also recently implemented key biogeo-
morphic feedbacks into Energy Exascale Earth System 

Model (E3SM) that simulate the elevation change and 
productivity responses to flooding in coastal wetlands that 
were previously neglected. Combined with field elevation 
and productivity data from SMArtX, researchers will be able 
to determine projected wetland stability and function in 
response to global change.

Constraining Carbon Dioxide and Methane 
Fluxes from Diverse Tidal Wetlands: 
Standardizing Measurements and Analysis 
Across a Network of Eddy Covariance 
Sites in North America and Canada
Patty Oikawa1* (patty.oikawa@csueastbay.edu), 
Jessica Silberman1, Eduardo Gamez Jr.1, Maiyah 
Matsumura1, Christopher Gough2, Scott Neubauer2, 
Lisa Haber2, Sara Tenda2, Karina Schäfer3, Suman Dhakal3, 
Sara Knox4, Katrina Poppe4, Sarah Russell4, Rodrigo 
Vargas5, Himal Archarya5, Ellen Stuart-Haëntjens6, 
Lisamarie Windham-Myers6

1California State University–East Bay, Hayward, CA; 2Virginia 
Commonwealth University, Richmond, VA; 3Rutgers University–
Newark, NJ; 4The University of British Columbia, Vancouver, Canada; 
5University of Delaware, Newark, DE; 6California Water Science Center, 
U.S. Geological Survey, Sacramento, CA

Tidal wetlands and other blue carbon (C) systems are the 
strongest long-term C sinks per unit area, yet these ecosys-
tems are not well represented in Earth System Models. A 
Network of North American Tidal Wetlands: Understand-
ing Through Coordinated Research Activities (NATURA) 
is a project that unites seven eddy covariance flux sites and 
aims to improve process-based modeling of these critical 
ecosystems. Researchers are coupling field measurements, 
statistical analyses, and experimental mesocosms in a 
model experiment (ModEx) approach to (1) improve net 
ecosystem exchange (NEE) partitioning into gross primary 
production (GPP) and ecosystem respiration (Reco); 
(2) quantify the influence of nitrate and salinity on GPP 
and Methane (CH4) fluxes; (3) derive thresholds and 
responses of C fluxes to non-periodic pulses of salinity and 
nitrogen (N); and (4) improve biogeochemical models. An 
analysis comparing NEE partitioning approaches revealed 
that daytime partitioning deviated significantly from night-
time, artificial neural network (ANN) and stable isotope 
partitioning approaches. Researchers are currently testing 
all partitioning approaches across three sites within the net-
work. Researchers have coupled the MEM model with an 
adapted version of the PEPRMT model (called PEPRMT-
Tidal) with increased performance after incorporating 
nitrate and salinity data to help predict GPP, Reco, and CH4 
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exchange. The GPP and Reco modules explained on average 
59% of the variation in carbon dioxide (CO2) exchange 
with consistently low model error (normalized RMSE <1). 
The CH4 module also explained the majority of variance in 
CH4 emissions (54%), with an average normalized RMSE 
of 1.15. In Spring 2023, researchers ran mesocosm experi-
ments demonstrating strong decreases in NEE in response 

to salinity and sulfate pulses followed by rapid resilience. On 
the other hand, CH4 emissions significantly decreased in 
response to salinity and sulfate pulses with no quick recov-
ery. Researchers are using these mesocosm data in a ModEx 
approach to improve modeling of the effects of nitrogen and 
salinity on GPP and CH4 fluxes.

COMPASS-FME

Soil Bacterial Community Structure and 
Core Membership Along a Terrestrial-
Aquatic Interface of a Freshwater 
and Estuarine Coastal System
Sreejata Bandopadhyay1* (sreejata.bandopadhyay@pnnl.
gov), Kaizad F. Patel1, Pamela Weisenhorn2, Shan Thomas3, 
Trisha Spanbauer3, Michael Weintraub3, Vanessa L. Bailey1

1Pacific Northwest National Laboratory, Richland, WA; 2Argonne National 
Laboratory, Lemont, IL; 3University of Toledo, Toledo, OH

https://compass.pnnl.gov/FME/COMPASSFME

Coastal systems are dynamic environments where the inten-
sity and duration of water exposure on soil sediments can 
create unique microbial niches. Microbial function is also 
affected by the vegetation in these systems, which vary along 
the coast ranging from densely vegetated upland areas to 
moderate and sparse vegetation in transition and wetland 
zones. Much of the complexity of coastal terrestrial-aquatic 
interfaces (TAIs) arises from the interactions among water, 
plants, and soils that contribute to microbial activity and 

National Laboratory-
Led Projects

Coastal Systems

biogeochemical cycling. The objective of this study was to 
characterize the soil bacterial communities along the coastal 
TAIs of a freshwater (Western Lake Erie Basin; WLE) and 
estuarine (Chesapeake Bay; CB) region. Soils were collected 
from upland, transition, and wetland transects at three sites 
in each region, and 16S rRNA gene amplicon sequencing 
was conducted. Researchers found a statistically significant 
effect of not only region but also transect and site on the soil 
bacterial communities with significant interaction effects 
between these factors. Within a region, the team elaborates 
on bacterial indicator taxa and potential functions that are 
uniquely associated with specific transects, as well as those 
taxa that are conserved across transects and defined as the 
“core” microbiome. Furthermore, both bacterial richness 
and diversity increased along the transects from upland 
to wetland areas in both CB and WLE. Combining these 
patterns with soil chemistry data, researchers found that the 
bacterial community in upland CB significantly correlated 
with phosphate ion concentration while wetland commu-
nities correlated strongly with sulfate ion concentration in 
both CB and WLE. Overall, the characterization of the bac-
terial communities across the TAIs of CB and WLE reveals 
important members of the soil microbiome, providing 
potential targets for screening in other omics datasets such 
as metagenomes.
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Integrating Models and Data Across Scales 
to Predict Soil-Water-Plant Interactions 
at the Terrestrial-Aquatic Interface
Xingyuan Chen1* (Xingyuan.chen@pnnl.gov), Peter E. 
Thornton2, Teri O’Meara2, Benjamin N. Sulman2, Fengming 
Yuan2, Jun Yan Ding1, Nate McDowell1, Vanessa L. Bailey1

1Pacific Northwest National Laboratory, Richland, WA; 
2Oak Ridge National Laboratory, Oak Ridge, TN

https://compass.pnnl.gov/FME/COMPASSFME

Multi-scale modeling of soil-water-plant interactions allows 
researchers to migrate empirical knowledge from field 
and laboratory studies up to a scale appropriate for a high- 
resolution Earth system model, as represented here by the 
E3SM Land Model (ELM). Observed spatial variability 
in terrestrial aquatic interface ecosystems is represented 
through explicit meshes in finer-scale models, leading to 
subgrid parameterization in ELM. Observed ecosystem 
functions are represented mechanistically in finer-scale 
models, leading to necessary process parameterization in 
ELM. For this study, the approach uses multiple linked 
modeling platforms. 1-D and 2-D simulations are used to 
identify activated and permanent control points for inclu-
sion in ELM grid-scale simulations and relationships that 
require further study. Researchers demonstrate that model 
skill has been significantly improved through incorporation 
of Coastal Observations, Mechanisms, and Predictions 
Across Systems and Scales (COMPASS) data in fine-scale 
simulations, and that this has translated to improved predic-
tion skill at larger spatial scales in ELM. Researchers show 
that migrating to E3SM-relevant scale requires data with 
improved temporal resolution, and more information on 
belowground dynamics.

Model connections between hydrology, biogeochem-
istry, and ecohydrology are explored to inform ELM-
ATS-PFLOTRAN coupling as a common framework. 
This effort connects directly to ongoing development in 
COMPASS-Great Lakes Modeling (GLM) and Interop-
erable Design of Extreme-scale Application Software 
(IDEAS)-Watersheds projects.

Geophysical Imaging for Scaling 
Understanding of Hydro-Biogeochemical 
State Changes Across Coastal Interfaces
Kennedy O. Doro1* (kennedy.doro@utoledo.edu), Moses 
Adebayo1, Efemena D. Emmanuel1, Solomon Ehosioke1, 
Peter Regier2, Anya Hopple1, Fausto Machado-Silva2, 
Kenton Rod1, Xingyuan Chen2, Patrick Megonigal3, 
Nicholas Ward2, Michael Weintraub1, Vanessa L. Bailey2

1University of Toledo, Toledo, OH; 2Pacific Northwest National 
Laboratory, Richland, WA; 3Smithsonian Environmental Research Center, 
Edgewater, MD

https://compass.pnnl.gov/FME/COMPASSFME

Geophysical methods provide highly resolved spatial 
images of responses sensitive to subsurface state changes 
and can be used to monitor subsurface hydrology at a con-
tinuous spatiotemporal scale. However, extracting quanti-
tative hydrological and biogeochemical information from 
geophysical images remains challenging. This study uses 
repeated measurements of natural and induced electrical 
potential fields to quantify changes in soil moisture, salinity, 
and redox potential at coastal interfaces along the Chesa-
peake Bay and Lake Erie. At the Chesapeake Bay, researchers 
used petrophysical models derived from laboratory multi- 
salinity electrical measurements to estimate changes in soil 
moisture and fluid salinity from electrical resistivity and 
induced polarization measurements during a simulated 
flooding experiment. The experiment was conducted across 
two hydrologically isolated 2,000 m2 plots simultaneously 
inundated with freshwater and estuarine water. Time-lapse 
electrical resistivity and induced polarization measurements 
were used to image the propagation of the infiltration front. 
The team used a modified Archie’s law to estimate changes 
in soil moisture and salinity in response to the simulated 
flooding event. Researchers found that the geophysical 
methods could capture the propagation of the infiltration 
front through changes in bulk electrical conductivity over 
time. Additionally, significant changes in imaginary con-
ductivity were observed only in the estuarine plot, which 
correlated with the increasing soil salinity. Estimates of the 
soil moisture and salinity contents from the resistivity and 
induced polarization datasets agreed with measurements 
from in situ soil sensors. At the Lake Erie area, researchers 
used repeated co-located measurements of natural electrical 
currents (Self-Potential) and redox potential to show that 
the electrochemical contribution of Self-Potential correlates 
with redox potential, providing an alternative approach to 
estimate spatial changes in soil redox potential. The results 
of this study extend the use of geophysical imaging for 
improving spatial estimates of soil moisture, salinity, and 
redox potential changes across coastal interfaces.
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Exploring the Impact of Seawater 
Infiltration on Coastal Biogeochemistry: 
An Integrated Modeling Study of the 
Terrestrial Aquatic Interfaces
Bing Li1* (bing.li@pnnl.gov), Jun Yan Ding1, Jianqiu 
Zheng1, Peter Regier1, Nicholas Ward1, Teri O’Meara2, 
Stephanie C. Pennington1, James Holmquist3, Glenn 
Hammond1, Allison Myers-Pigg1, Roy Rich3, Patrick 
Megonigal3, Vanessa L. Bailey1, Xingyuan Chen1

1Pacific Northwest National Laboratory, Richland, 
WA; 2Oak Ridge National Laboratory, Oak Ridge, TN; 
3Smithsonian Environmental Research Center, Edgewater, MD

https://compass.pnnl.gov/FME/COMPASSFME

As the climate and environment continue to change, a com-
prehensive and predictive understanding of coastal terres-
trial aquatic interfaces (TAIs) is increasingly critical. In this 
study, researchers investigate the impacts of seawater infiltra-
tion on the biogeochemical dynamics of coastal TAIs in the 
Chesapeake Bay region. An integrated approach that com-
bines hydrological, biogeochemical, and vegetation dynam-
ics models is applied along a gradient from coastal wetland 
marsh to upland forest. The Advanced Terrestrial Simulator 
(ATS) is used to simulate water flow, incorporating overland 
and subsurface dynamics under various scenarios. Outputs 
from the ATS, specifically water level and salinity data, are 
then fed into the FATES-Hydro model to predict vegetation 
responses to shifting hydrological conditions. These predic-
tions include key parameters such as leaf fall and leaf area 
index, which are then used to refine the ATS simulations.

Additionally, the PFLOTRAN model, coupled with ATS 
through Alquimia, simulates biogeochemical processes 
considering the altered water table, microbial activity, 
salinity, and plant community dynamics due to seawater 
infiltration. These results show that dynamic seawater levels 
have a strong influence on dissolved oxygen and salinity 
in coastal TAIs. Dynamic changes in the oxygenated zone 
directly affected soil redox conditions and biogeochemical 
processes. Notably, higher salinity was associated with lower 
aerobic reaction rates and higher dissolved organic carbon 
content, suggesting that salinity plays a key role in regulat-
ing microbial activities and chemical reactions. In addition, 
the introduction of dissolved organic carbon (DOC) from 
degrading vegetation significantly altered local redox pro-
cesses, suggesting a complex interaction between biogeo-
chemical processes and vegetation dynamics. These results 
highlight the critical importance of integrated modeling 
in understanding the multiple impacts of seawater infil-
tration on coastal TAIs. Through this integrated approach, 
researchers gained a detailed understanding of the complex 

interactions occurring across coastal TAIs, enhancing the 
knowledge of their response to environmental change.

A Tale of Two Scales: Soils Across 
Coastal Terrestrial-Aquatic Interfaces
Kaizad F. Patel1, Avni Malhotra1* (avni.malhotra@pnnl.
gov), Kenton Rod1, Ben Bond-Lamberty1, Xingyuan Chen1, 
Kennedy O. Doro2, Patrick Megonigal3, Teri O’Meara4, 
Allison Myers-Pigg1,2, Kenneth M. Kemner5, Nicholas 
Ward1, Michael Weintraub2, Vanessa L. Bailey1,2, 
COMPASS-FME team

1Pacific Northwest National Laboratory, Richland, WA; 2University of 
Toledo, Toledo, OH; 3Smithsonian Environmental Research Center, 
Edgewater, MD; 4Oak Ridge National Laboratory, Oak Ridge, TN; 
5Argonne National Laboratory, Lemont, IL

https://compass.pnnl.gov/FME/COMPASSFME

Regional variability, local hydrological gradients, and 
complex interconnections make soils at the coastal terrestri-
al-aquatic interface (TAI) extremely difficult to characterize, 
simulate, and thus predict responses to future hydrological 
regimes. The team characterized soil biogeochemical param-
eters across the TAI in contrasting freshwater (western 
Lake Erie Basin) and estuarine (Chesapeake Bay) coastal 
systems. Researchers established transects at three sites 
in each region to capture: (1) upland forests, the terres-
trial endmember; (2) transition forests with intermittent 
inundation; and (3) wetlands, with persistent inundation. 
Along each transect, soils were analyzed for physical and 
chemical parameters, including elemental composition, 
extractable nutrients and ions, water retention and particle 
size. At regional scales, freshwater and estuarine soils var-
ied strongly in their biogeochemical controls and variance 
structures. The Lake Erie soils had elevated phosphate and 
nitrate concentrations and showed evidence of redox-driven 
sulfur cycling. The Chesapeake Bay soils, on the other 
hand, showed the impact of seawater encroaching into the 
uplands, with evidence of significant iron redox dynamics 
across the transects. At transect scales, uplands, transitions 
and wetlands differed in their soil biogeochemical drivers. 
Surprisingly, transitions were not the mid-point or average 
of adjacent uplands and wetlands. Transition soils in Lake 
Erie showed higher SOM and phosphate concentrations 
than upland and wetland, suggesting that the transition may 
be a hotspot for certain nutrients. Furthermore, research-
ers hypothesized that transition soils would have higher 
variance in soil biogeochemical variables but this was not 
supported across regions. While transition soils did have 
the highest variance in Western Lake Erie, wetlands had the 
highest variance in the Chesapeake Bay, likely due to tidal 
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influences. This multi-scale characterization of TAI soils is a 
necessary first step for scaling and predictions, particularly 
as punctuated (storms, seiches) and gradual (lake level 
change and relative sea level rise) disturbances alter hydro-
logical conditions across the TAI gradient.

Biogeochemical Controls Vary Across 
the Upland to Wetland Gradient of 
Two U.S. Coastal Regions: Results 
from the EXCHANGE Consortium
Allison Myers-Pigg1,2* (allison.myers-pigg@pnnl.gov),  
Stephanie C. Pennington1, Allison M. Lewis3, Donnie J. 
Day2, Matthew L. Kirwan4, Avni Malhotra1, Teri O’Meara5, 
Peter Regier1, Kaizad F. Patel1, Nicholas Ward1,6, 
Vanessa L. Bailey1, EXCHANGE Consortium

1Pacific Northwest National Laboratory, Richland, WA; 2University 
of Toledo, Toledo, OH; 3Lawrence Berkeley National Laboratory, 
Berkeley, CA; 4Virginia Institute of Marine Science, Gloucester Point, VA; 
5Oak Ridge National Laboratory, Oak Ridge, TN; 6University of 
Washington, Seattle, WA

https://compass.pnnl.gov/FME/COMPASSFME

The Exploration of Coastal Hydrobiogeochemistry Across 
a Network of Gradients and Experiments (EXCHANGE) 
Consortium, a component of the Coastal Observations, 
Mechanisms, and Predictions Across Systems and Scales-
Field, Measurements, and Experiments (COMPASS-FME) 
project, synthesizes knowledge related to hydrologically 
and biogeochemically dynamic coastal terrestrial-aquatic 
interfaces (TAIs), with the aim to quantify coastal ecosys-
tem heterogeneity across transect and regional scales. The 
consortium, comprising diverse researchers based around 
the U.S. Great Lakes and Mid-Atlantic regions, fosters 
interdisciplinary and synergistic collaborations. During 
the commencing campaign, EXCHANGE Campaign 1 
(EC1), open-access datasets were generated, encompassing 
geochemical, physicochemical, and organic matter charac-
terizations with interoperable metadata. These resources 
empower the community to pose new questions and gain 
insights by contextualizing information across diverse sites 
and regions. Notably, EC1 data revealed significant spatial 
variability in soil carbon content, with region, transect loca-
tion, and soil pH serving as key predictors of soil carbon. 
Contrary to the hypothesis, transition zones did not exhibit 
the anticipated highest variability in soil carbon content. 
The drivers of greenhouse gas production from soils and 
sediments incubated in seawater were contingent on the 
originating transect location from across the TAI, suggesting 
potential biogeochemical feedbacks as inundation regimes 
shift inland.

In the ongoing EXCHANGE Campaign 2 (EC2), research-
ers explore how prolonged flooding affects the turnover of 
soil microbial carbon pools, specifically examining whether 
carbon starvation or terminal electron availability drives 
these events. Additionally, to assess how local drivers influ-
ence upland-to-wetland conversion, researchers investigate 
the relationship between soil and water characteristics, 
elevation, and rates of land conversion inferred from remote 
sensing data. The outcomes of the EXCHANGE project are 
integral to validating input parameters for biogeochemical 
models, contributing to a predictive understanding of coastal 
biogeochemical function.

A Processing Pipeline for High-Volume, 
High-Quality Environmental Sensor Data
Stephanie C. Pennington1* (stephanie.pennington@pnnl.
gov), Roy Rich2, Selina Cheng2, Ben Bond-Lamberty1, 
Xingyuan Chen1, Kurt Maier1, Michael Degan1, 
Vanessa L. Bailey1

1Pacific Northwest National Laboratory, College Park, MD; 
2Smithsonian Environmental Research Center, Edgewater, MD

https://compass.pnnl.gov/FME/COMPASSFME

The Coastal Observations, Mechanisms, and Predictions 
Across Systems and Scales-Field, Measurements, and 
Experiments (COMPASS-FME) project has a network of 
observational sites across the Chesapeake Bay and western 
Lake Erie regions, extensively instrumented with soil, vege-
tation, and weather sensors logging data every 15 minutes. 
Such high-resolution environmental monitoring requires 
sophisticated data management in order to provide quality, 
timely data to researchers and the public. COMPASS-FME 
is organized around Findable, Accessible, Interoperable, and 
Reusable (FAIR) data principles and prioritizes rapid mod-
el-experiment iteration, and thus a major goal is to make this 
site sensor data rapidly available for quality assurance/qual-
ity control (QA/QC), analysis, and model ingestion, and 
openly available on ESS-DIVE within 1 year of collection. 
A combination of hardware and software workflows makes 
this possible. Sensor data are automatically uploaded to 
Smithsonian Environmental Research Center and Dropbox 
servers. A multi-step processing pipeline assigns a unique 
hash to each observation, ensuring traceability; reformats 
and unit-transforms the data; flags out-of-bounds of out-
of-service problems; propagates quality flags based on the 
physical site setup; and automatically generates extensive 
site-specific metadata. The pipeline runs in R and uses tech-
nologies such as Quarto for logs and documentation; a SQL 
database for data quality flags; automated code testing; and 
both algorithmic and human QA/QC. Data are released 
in L0 (close to raw), L1 (limited QA/QC, full metadata), 
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and L2 (highest quality, filtered and averaged) levels. This 
open-source system runs on the COMPASS computing 
cluster and processed over half a billion raw observations to 
produce the recent v1.0 data release of 97.3 million observa-
tions over 2 years.

Responses to Flooding in a Coastal Forest: 
Insights from the TEMPEST Landscape-Scale 
Manipulation Experiment
Peter Regier1* (peter.regier@pnnl.gov), Nicholas Ward1, 
Moses Adebayo2, Donnie J. Day2, Kennedy O. Doro2, 
Efemena D. Emmanuel2, Anya Hopple3, Matt Kovach2, Patrick 
Megonigal3, Allison Myers-Pigg1, Stephanie C. Pennington1, 
Evan Phillips3, Roy Rich3, Richard Smith4, Alice Stearns3, 
Stephanie Wilson3, Stella Woodard4, Vanessa L. Bailey1

1Pacific Northwest National Laboratory, Richland, WA; 2University of 
Toledo, Toledo, OH; 3Smithsonian Environmental Research Center, 
Edgewater, MD; 4Global Aquatic Research LLC, Sodus, NY

https://compass.pnnl.gov/FME/COMPASSFME

Flooding of coastal forests is predicted to increase with 
rising seas and higher frequency and intensity of extreme 
weather. Because flooding increases soil saturation and 
sometimes salinity, extreme precipitation or storm surge 
may impact forest health and soil biogeochemistry. How-
ever, it is difficult to quantify relationships between soil 
saturation, salinity exposure, and ecosystem function 
because flooding driven by sea-level rise is occurring across 
decadal scales and flooding driven by storms is difficult to 
predict and therefore difficult to measure. To address these 
challenges, the team subjected 50m x 40m experimental 
plots in a coastal forest in Maryland, U.S., to fresh and estu-
arine water inundation events equal to precipitation from 
a ~10 year return interval storm for a duration of 10 hours 
as part of the Terrestrial Ecosystem Manipulation to Probe 
the Effects of Storm Treatments (TEMPEST) experiment 
over multiple years. Researchers present a synthesis of eco-
system responses to flooding during the first flooding event, 
TEMPEST 1 (2022), where researchers found immediate 
and clear responses to flooding and salinity from the geo-
sphere to the atmosphere with variable return times for bio-
geochemical, hydrologic, and vegetation variables. During 
TEMPEST 2 (2023), based on findings from TEMPEST 1, 
researchers installed in situ dissolved oxygen and redox 
sensors in the upper soil profile and applied two sequential 
flood treatments. Researchers found that saturation drives 
short-lived anoxia throughout the top 30 cm of the soil col-
umn in both treatment plots, which recovered to antecedent 
oxygen conditions within hours post-event near the surface 
but days at depth. Decreased redox potential persisted for 

more than a week following inundation, indicating that 
flooding has prolonged effects on ecological and soil biogeo-
chemical processes. Together, these results provide quantita-
tive, spatiotemporally resolved insights into the impacts that 
increasing inundation regimes will have on coastal forest 
health and function.

Coastal Flooding Redistributes 
Water Dispersible Colloids Impacting 
Dissolved Oxygen Dynamics
Kenton Rod1* (kenton.rod@pnnl.gov), Kennedy O. Doro2, 
Kaizad F. Patel1, Kenneth M. Kemner3, Stephanie Wilson4, 
Patrick Megonigal4, Teri O’Meara5, Vanessa L. Bailey1

1Pacific Northwest National Laboratory, Richland, WA; 2University 
of Toledo, Toledo, OH; 3Argonne National Laboratory, Lemont, IL; 
4Smithsonian Environmental Research Center, Edgewater, MD; 
5Oak Ridge National Laboratory, Oak Ridge, TN

https://compass.pnnl.gov/FME/COMPASSFME

Coastal soils are increasingly impacted by hydrologic inten-
sification in the form of rising ocean waters and floods from 
storm surges and precipitation. Alternating salt and fresh-
water has the potential to disperse mineral and organic col-
loids, which can lead to disintegration of soil structure and 
clogging of pore spaces and can reduce important functions 
like infiltration and gas exchange. Additionally, colloids are 
important to carbon and nutrient cycling, potentially influ-
encing biological oxygen demand. To investigate the oxygen 
dynamics in repeatedly flooded soils, the team conducted 
a series of laboratory-based flood simulations on intact 
soil cores from an A and B horizon collected from the toe 
slope of an upland forest at the Smithsonian Environmen-
tal Research Center, Maryland, U.S. The team subjected 
the cores to 24 hours of saturation with saltwater from the 
Rhode River estuary followed by 24 hours of saturation with 
freshwater, with a 24-hour draining event in between flood 
events. Significant changes were found in pore size distribu-
tion, significant redistribution of colloids, and the A horizon 
became sodic after three saltwater floods. During draining, 
oxygen diffusion into soil was reduced for saltwater flooded 
soils, likely due to clogging of smaller pores. The team also 
found that oxygen consumed varied between soil horizons 
relative to water dispersible suspension fraction and that of 
the bulk soil. Researchers concluded that a relatively small 
number of saltwater flooding events can induce a measur-
able change in soil physical properties, impacting the bio-
geochemical dynamics of the soils.
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Coastal Terrestrial-Aquatic Interfaces: 
Iron Biogeochemistry in the Great 
Lakes and Chesapeake Bay Regions
Lucie Stetten1* (lstetten@anl.gov), Maxim Boyanov1,2, 
Edward O’Loughlin1, Roberta Bittencourt Peixoto3, Donnie 
J. Day3, Anya Hopple4, Matt Kovach3, Fausto Machado-
Silva3, Allison Myers-Pigg3,5, Opal Otenburg5, Stephanie 
Wilson4, Nicholas Ward5, Patrick Megonigal4, Michael 
Weintraub3,5, Vanessa L. Bailey5, Kenneth M. Kemner1

1Argonne National Laboratory, Lemont, IL; 2Bulgarian Academy of 
Sciences, Institute of Chemical Engineering, Sofia, Bulgaria; 3University 
of Toledo, Toledo, OH; 4Smithsonian Environmental Research Center, 
Edgewater, MD; 5Pacific Northwest National Laboratory, Richland, WA
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Coastal terrestrial-aquatic interfaces are dynamic environ-
ments with hydrological fluctuations that drive the coupled 
biogeochemical cycling of carbon, nutrients, and redox 
sensitive elements such as iron (Fe). As part of the Coastal 
Observations, Mechanisms, and Predictions Across Systems 
and Scales-Field, Measurements, and Experiments proj-
ect, the aim is to better understand Fe biogeochemistry in 
coastal ecosystems, in order to better predict global biogeo-
chemical changes in response to hydrological disturbances. 
Researchers combined X-ray Absorption Spectroscopy 
with mineralogical, solid phase, and pore water chemistry 
analyses to study Fe cycling across upland to shoreline 
gradients along the Lake Erie (freshwater) and Chesapeake 
Bay (estuarine) coasts. Researchers show that Fe occurs 
mainly in its oxidized form, Fe(III), in cores collected from 
unsaturated upland and transition locations, with variable 
proportions of Fe(III)-oxyhydroxide, Fe(II,III)-phyllosil-
icate, and Fe(III)-organic species depending on the soil 
characteristics (e.g., mineral and organic carbon contents). 
In water-saturated soils (i.e., wetlands and some transition 
zones), Fe(III)/Fe(II) ratios and Fe(II) species in the solids 
indicated diverse redox and biogeochemical conditions. 
At the Lake Erie wetlands, Fe reduction was identified as a 
dominant biogeochemical process, controlling the release of 
Fe(II) in the pore waters.

Nevertheless, the extent of Fe(III) reduction was limited 
by the presence of recalcitrant Fe(III) in phyllosilicates. In 
the Chesapeake Bay wetlands and one transition site, pore 
water sulfide concentrations and the abundance of pyrite 
(FeS2) indicate that Fe cycling is controlled by sulfur- driven 
redox dynamics. In contrast, other transition sites at both 
Lake Erie and Chesapeake Bay showed predominantly oxi-
dized Fe(III) despite water-saturated conditions. At these 
sites, the pore water chemistry was indicative of little to 

no reduction of Fe(III) and sulfate, suggesting that water 
inputs may have impacted microbial redox processes.

Biogeochemistry and Function Across 
the Terrestrial-Aquatic Interface: 
Transition Zones Present Unique 
and Non-Conservative Behavior
Stephanie Wilson1* (wilsonsj@si.edu), Patrick Megonigal1, 
Fausto Machado-Silva2, Roberta Bittencourt Peixoto2, Matt 
Kovach2, Leticia Sandoval2, Roy Rich1, Alice Stearns1, Evan 
Phillips1, Peter Regier3, Allison Myers-Pigg3, Stephanie C. 
Pennington3, Anya Hopple1, Kendalynn A. Morris3, Nate 
McDowell3, Ben Bond-Lamberty3, Michael Weintraub2, 
Nicholas Ward3, Kenneth M. Kemner4, Vanessa L. Bailey3

1Smithsonian Environmental Research Center, Edgewater, MD; 
2University of Toledo, Toledo, OH; 3Pacific Northwest National Laboratory, 
Richland, WA; 4Argonne National Laboratory, Lemont, IL

https://compass.pnnl.gov/FME/COMPASSFME

Coastal ecosystems are dynamic transition zones between 
land and water, spanning shoreline, wetland, and upland 
ecosystems that compress and expand in response to tides, 
lake-level changes, weather, and climate. Changes to inunda-
tion regimes significantly alter carbon cycling and soil bio-
geochemistry of coastal terrestrial aquatic interfaces (TAIs).

Understanding these shifts and the major drivers of eco-
system function is critical to representing and predicting 
change in coastal TAI biogeochemistry. As a part of the 
Coastal Observations, Mechanisms, and Predictions Across 
Systems and Scales-Field, Measurements, and Experiments 
(COMPASS-FME) project, researchers installed in situ sen-
sor networks and conducted high-resolution monitoring of 
the interactions among water, soil, and plants to determine 
how biogeochemical cycling of carbon and nutrients shift 
across the TAIs in response to shifting inundation regimes. 
Seven field sites were established with transects spanning 
upland forests, stressed forests transitioning to wetland, 
and herbaceous wetland to capture temporally dynamic 
behaviors across diverse coastal systems in the Chesapeake 
Bay and Great Lakes regions. At each site, monthly measure-
ments of soil methane fluxes, redox profiles, conductivity, 
and porewater constituents were made. In the Chesapeake 
Bay, soil redox potential decreased along gradients from 
upland forest to wetland, and soil conductivity and pore-
water sulfate concentrations increased. In both regions, 
wetland zones had the highest methane (CH4) emissions, 
with diminished CH4 uptake in transitional forests prior to 
tree mortality suggesting that: (1) soils respond more rap-
idly than vegetation to changing hydrological regimes; and 

mailto:wilsonsj@si.edu
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(2) flooding exerts stronger control on CH4 than terminal 
electron acceptor abundance (e.g., SO4

2-). These results 
suggest that transition zone soils don’t simply fall between 
wetland and upland endmembers; they have unique prop-
erties. This has important implications for understanding 
the impacts of changing inundation on greenhouse gas 
emissions and carbon storage along the terrestrial-aquatic 
interface at the ecosystem scale.

AquaMEND: Reconciling Multiple Impacts of 
Salinization on Soil Carbon Biogeochemistry
Jianqiu Zheng1* (jianqiu.zheng@pnnl.gov), 
Melanie Mayes2,3, Michael Weintraub4, Timothy Scheibe1, 
Vanessa L. Bailey1, COMPASS-FME team

1Pacific Northwest National Laboratory, Richland, WA; 2Oak Ridge National 
Laboratory, Oak Ridge, TN; 3University of Tennessee, Knoxville, TN; 
4University of Toledo, Toledo, OH

https://compass.pnnl.gov/FME/COMPASSFME

Soil salinization exacerbated by climate change poses a 
global threat to ecosystem function and soil quality. Despite 
extensive research, consensus on the impact of salinity on 
belowground carbon cycling remains elusive, hindering 
accurate predictions. Salinity influences carbon cycling 
through direct effects on microbial activity and indirect 
alterations to soil physicochemical properties. Current mod-
els inadequately represent the interplay of salinity, cation 
exchange, pH, and soil organic carbon availability, relying 
on linear reduction functions that overlook specific phys-
icochemical changes induced by salinity. To address this 
gap, researchers propose an integrated model framework, 
AquaMEND that combines microbial-explicit and aqueous- 
explicit geochemical models. This model’s explicit salinity 
module captures salinity-induced cation exchange and 
surface complexation, important processes governing solute 
chemistry and nutrient availability in soils, which offers a 
substantial leap towards more realistic and dynamic simula-
tions of soil salinity change and solute behaviors. Coupling 
with salinity response functions, researchers have derived 
to capture the salinity impact on both salt-sensitive and salt- 
resistant microbial processes and are able to simulate how 
the abiotic and biotic mechanisms work individually and 
collectively to regulate various organic and inorganic pools 
and fluxes.

The parallel structure of aqueous and non-aqueous phases, 
together with an energetic framework to consistently build 
microbial functions and associated physiological traits, 
making this model highly flexible and versatile in solving 
dynamic coupling of organics, minerals, and microbes under 
various environmental settings.

Integrated Coastal Modeling

Integrated Coastal Modeling: ESS Modeling 
of Natural Watersheds and Engineered 
Systems in the Coastal Zone
David Moulton1* (moulton@lanl.gov), Daniil Svyatsky1, 
Yu Zhang1, Giacomo Capodaglio1, Naren Vohra1, 
Maria Contreras-Vargas1, Ian Kraucunas2

1Los Alamos National Laboratory, Los Alamos, NM; 
2Pacific Northwest National Laboratory, Richland, WA

https://icom.pnnl.gov

The Integrated Coastal Modeling project brings together 
four programs within BER, namely Regional and Global 
Model Analysis, Earth System Model Development, Multi-
Sector Dynamics, and ESS. This unique collaboration offers 
the opportunity to explore various facets of coastal science 
in an interdisciplinary setting. The project’s ESS contribu-
tions consider coastal regions as comprised of a range of 
natural and engineered features that play a critical role in 
determining their resilience to various climate-influenced 
drivers, including drought, sea level rise, storm surge, and 
shifting precipitation patterns. In this setting, the full 
coupling of surface and subsurface processes is critical to 
developing a predictive understanding of how these sys-
tems function. To demonstrate this benefit of fully coupled 
process- based models, the team used the Advanced Terres-
trial Simulator (ATS) to study the impact of antecedent con-
ditions on flooding through the response of the Harbeson 
watershed to a series of storms. Next, to continue exploring 
the natural system response, researchers used the saltwater 
intrusion capabilities in the ATS to study the formation of 
ghost forests in the Delaware Bay. This capability also sup-
ports studies related to salt marsh migration and the loss of 
agricultural land to saltwater intrusion. Finally, to study the 
engineered environment and its response to these drivers, 
the team highlights a prototype of a storm drain network 
process kernel in the ATS that is coupled to its integrated 
hydrology model. This fully coupled system has the unique 
capability to not only capture the impact of the drainage 
network on flooding, but also the impact of green spaces 
or riparian zones. The project demonstrates this new urban 
modeling capability in a synthetic setting. In future work, 
the team will consider specific sites with data supporting 
green space performance assessments under flooding and 
storm drain networks inferred from publicly available data.
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Urban Resilience Across the 
Terrestrial-Aquatic Continuum
Emily Graham1,2* (emily.graham@pnnl.gov), Anna 
Turetcaia1, Andrew Townsend1, Izabel Stohel1, Young 
Song1, William Petersen3, Caroline Simonsen1, Rosalie K. 
Chu1, Jason Toyoda1, Stephanie Yarwood3, Dietrich Epp 
Schmidt4, Peter Groffman5, 6, Michael Hanes6, Cora Potter6, 
Nicole G. Dix7, Hannah Ramage8, Matthew C. Ferner9

1Pacific Northwest National Laboratory, Richland, WA; 2Washington State 
University, Richland, WA; 3University of Maryland, College Park, MD; 
4USDA Natural Resources Conservation Service, Hyattsville, MD; 5The City 
University of New York, New York, NY; 6Cary Institute of Ecosystem Studies, 
Millbrook, NY; 7Guana Tolomato Matanzas National Estuarine Research 
Reserve, Ponte Vedra Beach, FL; 8Lake Superior National Estuarine 
Research Reserve, University of Wisconsin–Madison Division of Extension, 
Superior, WI; 9Estuary and Ocean Science Center, San Francisco State 
University, Tiburon, CA

The impacts of urbanization on ecosystem functions remain 
ambiguous, leading to uncertainty in urban carbon cycling 
within Earth systems models. To address this knowledge 
gap, the project investigates the overarching hypothesis 
that commonalities in microbial functions lead to distinct 
conserved biogeochemical processes in the urban environ-
ment. The team will present data-driven investigations of 
urban coastal resistance to precipitation across the United 
States and global urban soil microbiomes, as well as prelim-
inary results from surveys of organic matter cycling in the 
Baltimore and Duluth-Superior metropolitan areas.

DOE Early Career Projects
Urban-Influenced Coastal Systems

By calculating a resistance index based on dissolved oxygen, 
the project uncovers factors influencing coastal resistance 
to extreme precipitation at the continental scale and reveals 
that estuaries with higher urban influences seem to be more 
resistant to precipitation events—a result that is counter to 
the team’s initial hypothesis. At smaller scales, the factors 
influencing resistance interact with estuarine salinity and 
vary across individual estuaries, where researchers find rela-
tionships of resistance with additional factors. Considering 
escalating stressors along urban coastlines, these results are 
important for informing decisions regarding process-based 
model representations and estuarine water quality.

The project also uses existing urban soil microbiomes to 
assess changes in microbial phylogeny and functional poten-
tial across the urban environment and to derive a core urban 
microbiome for process-based model development. The 
team finds that functional potential is largely correlated to 
microbial phylogeny at the order-level, regardless of geo-
graphic location. Ubiquitous energy-generating pathways 
leverage the Calvin cycle as well as metabolisms based on 
nitrogen oxidation and reduction. Core organisms include 
many members of Pseudomonadota with diverse metabo-
lisms, as well as archaea known to be involved in methane 
and nitrogen cycling.

Collectively, this project will create a unique knowledge 
set inclusive of control points, microbial decomposition 
processes, and their relationships to various urban attributes 
that influence the response of coastal zones to environmen-
tal extremes.



* Presenting Author                         95

2024 Environmental System Science PI Meeting Abstracts                            Coastal Systems

Redox Response to Hydrologic Variability 
in an Aggrading Coastal Delta
Elizabeth Herndon1* (herndonem@ornl.gov), Matthew 
Berens1, Geoff Schwaner1, Andre Rovai2,3, Robert Twilley3

1Environmental Sciences Division, Oak Ridge National Laboratory, 
Oak Ridge, TN; 2U.S. Army Engineer Research and Development Center, 
Vicksburg, MS; 3Louisiana State University, Baton Rouge, LA

http://herndongeochemistry.com

Coastal ecosystems serve as the interface between land 
and oceans, processing material that is delivered by rivers 
and buffering interior lands against sea level rise and hur-
ricanes. The biogeochemical function of these ecosystems 
is not well represented in Earth system models, limiting 
prediction of how ecosystem processes vary over time and 
respond to chronic and episodic disturbance. The project’s 
objective is to understand how soil biogeochemistry varies 
across redox gradients shaped by landscape features and 
variable hydrology. Here, researchers evaluate how redox 
processes respond to changing water levels on the fresh-
water Wax Lake Delta, one of the few aggrading areas of 
coastal Louisiana. The team examines these processes across 
two elevation transects spanning supra- to subtidal zones 
that are located on older and younger portions of a deltaic 
island. Sensor networks continuously record water level, soil 
redox potential, soil moisture, pH, and conductivity. Soil 
and pore water are collected seasonally to evaluate carbon 
and (micro)nutrient storage and mobilization. Researchers 
determine that soil redox (Eh) responds to water tables that 
fluctuate with the seasons and tides. On the old transect, 
surface soils (<20 cm) in supra- and intertidal zones tran-
sitioned from reducing (<0 millivolts at pH 7) to oxidizing 
conditions during summer as water tables dropped >0.5 m 
below the soil surface. On the young transect, Eh in supra- 
and intertidal surface soils fluctuated with tides. Subtidal 
soils and deeper soils were persistently reducing. Soil water 
contained high dissolved iron (Fe2+), manganese (Mn), and 
ammonium but low sulfate and nitrate, indicating microbial 
reduction of Fe and Mn oxides, sulfate, and nitrate.

Dissolved phosphate also increased with depth and was cor-
related with dissolved Fe, indicating phosphate release from 
dissolving Fe oxides. This work provides insight into the 
spatial and temporal variability of biogeochemical processes 
in a freshwater wetland.

Student 

Assessing Greenhouse Gas Structural 
and Functional Resilience of Freshwater 
Coastal Wetlands Subject to Persistent 
Saltwater Intrusion Events
Diana Taj*, Jorge Villa (jorge.villa@louisiana.edu)

University of Louisiana–Lafayette, LA

Acute saltwater intrusion (SWI) events, often triggered 
by storm surges during high-intensity hurricanes, signifi-
cantly impact the dynamics of freshwater wetlands. This 
study focuses on patches dominated by Typha domingensis 
and Panicum hemitomon, two prevalent wetland species in 
freshwater wetlands of the northern Gulf of Mexico, and 
investigates their physiological and functional response to 
acute SWI events in different durations of 1-, 3-, and 5- days 
with an approximate 2 practical salinity unit (PSU) con-
centration in an experimental wetland ecosystem complex 
following a before-after impact control experimental design. 
Measurements of methane (CH4) fluxes, carbon dioxide 
(CO2) fluxes, and soil porewater concentrations (5-, 10-, 
20-cm depths), and spectral indices [normalized difference 
vegetation index (NDVI), photochemical reflectance index 
(PRI), plant senescence reflectance index (PSRI)] had 
diverging responses from two ecohydrological patches. In 
the T. domingensis patches, fluxes were not affected by the 
three SWI events. Porewater concentrations remain unaf-
fected as well, regardless of the SWI duration except for CH4 
concentrations at 20 cm soil depth, which increased after the 
5-day SWI.

NDVIs decreased only in the 3-day SWI, but PRI and 
PSRI were similar before and after the SWI events. In the 
P. hemitomon patch, CO2 fluxes (i.e., emissions) decreased 
after the 3-day treatment, whereas CH4 fluxes did not 
change. The team also observed a decrease in the CO2 pore-
water concentration at the 20-cm depth, but no changes for 
CH4 concentrations. Again, the PSRI and PRI remained 
unchanged after SWI events, but surprisingly, the NDVI 
increased during the 1-day SWI event. These results sup-
port the resiliency of T. domingensis and susceptibility of 
P. hemitomon. Increasing the salinity may challenge the resil-
iency to low disturbances and give insight on further adapta-
tional physiological and functional responses. The next steps 
in this research include analyzing data from a similar three-
level duration experimentation for five PSU-simulated SWI 
events: a new field campaign to evaluate variable responses 
to longer inundation periods.
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Urban
Urban research is advancing the science underpinning the 

understanding and predictability of urban systems and 

their two-way interactions with the climate system.  This 

knowledge will help inform equitable climate and energy 

solutions that can strengthen community-scale resilience 

across urban landscapes.
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National Laboratory Project
Urban

Influence of Soil Moisture and Tree 
Evapotranspiration on an Urban Microclimate
Jeffrey M. Warren*, Melanie Mayes (mayesma@ornl.gov), 
Jiafu Mao, Chris DeRolph, Yaoping Wang

Oak Ridge National Laboratory, Oak Ridge, TN

https://www.ornl.gov/project/
biogeochemical-processes-influencing-urban-ecosystems

Urban microclimate varies spatially with degree of urban-
ization and vegetation composition. Residents in wealthier 
neighborhoods often have more green space and tree can-
opy cover than low-income communities (e.g., <$50,000 
annual household income), leading to less extreme summer 
temperatures. The urban heat island effect thus impacts low 
socioeconomic households with increased heat stress and 
air conditioning costs. Consequently, heterogeneities in tree 
canopy cover and urban heat island effects can result in envi-
ronmental injustice due to unequal distribution according 
to income and race. The goal of this project is to understand 
how temperature and relative humidity in an urban area 
are affected by plant evapotranspiration and soil moisture 

dynamics. The project hypothesizes that soil moisture, the 
extent of impervious surfaces, and tree canopy will influ-
ence local microclimate; specifically, low soil moisture, high 
percentages of impervious surfaces, and low extent of tree 
canopy will cause more intense heating in the summer and 
cooling in the winter. The team selected Knoxville, TN, for 
a coupled model-experiment pilot investigation based on 
a representativeness analysis of cities in the eastern United 
States. Researchers used geospatial information coupled 
with socioeconomic data such as population density, race, 
and income to select six urban parks that vary in tempera-
ture, tree canopy cover, imperviousness, and topography. 
Each site was instrumented to measure soil water, soil 
and air temperature, relative humidity, and solar radiation. 
Sap flow sensors were installed into representative trees at 
each site. The data will be used to determine relationships 
between urban microclimate and natural and built urban 
components as a function of diurnal and seasonal condi-
tions. The team also uses pertinent observations to assess 
the capability of the E3SM Land Model to delineate the 
interplay between urban microclimates and natural eco-
systems, such as soils and plants, across varying levels of 
urbanization.
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Climate 
Resilience 
Center
Climate Resilience Centers will improve the availability and 

utility of BER research, data, models, and capabilities to 

address climate resiliency, particularly by underrepresented 

or vulnerable communities.



* Presenting Author                         99

2024 Environmental System Science PI Meeting Abstracts            Climate Resilience Center

Southwestern Mountains 
Climate Resilience Center
Mariah Carbone1* (mariah.carbone@nau.edu), 
Salli Dymond1, Seafha Ramos1, Jaime Yazzie1, 
Daniel Feldman2, Kenneth Hurst Williams2, Peter Fulé1

1Northern Arizona University, Flagstaff, AZ; 
2Lawrence Berkeley National Laboratory, Berkeley, CA

https://nau.edu/forestry/smcrc/

The Southwestern Mountains Climate Resilience Center 
(SMCRC) was established to address fundamental and 
applied research needs of regional populations in high-
lands of the southwestern United States. The communities 
and stakeholders of the southwestern highlands include 
the highest density of Native American populations and 
Tribal lands in the United States. Key local challenges 
in this region include drought, fire, flooding, and insect 
herbivory that lead to ecosystem degradation and high 
socioeconomic burdens on rural and Tribal communities. 

These factors are exacerbated by warming climate, requiring 
a forward- looking approach to reducing damage through 
climate- adaptive management. The SMCRC’s objectives are 
to (1) integrate research tools in dynamics of forests, distur-
bances, climate, carbon, and hydrology that provide infor-
mative practical examples for climate-resilient management 
of public and Tribal lands; (2) develop an outreach program 
for science translation reaching K–12 and adult populations 
through online materials and a network of Native-serving 
teachers; (3) foster training and science translation of mul-
tidisciplinary climate scientists by building on links with 
a community college, Tribal college, the national-scale 
Institute for Tribal Environmental Professionals, and the 
Southwest Fire Science Consortium; and (4) partner with 
DOE scientists on developing and communicating relevant 
science in two-way interactions with southwestern commu-
nities. To date, the SMCRC team has established relation-
ships with partners, finalized the job search for a research 
coordinator, and initiated approval of instrumentation for 
a local field site at the Fort Valley Experimental Forest near 
Flagstaff, AZ.
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Crosscutting 
Resources
BER scientific user facilities, community research 

infrastructure, community databases, and analytical 

tools enable mission-relevant Earth system science, 

advance scientific discovery, and broaden the impact of 

Environmental System Science-supported research.
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Molecular and Microstructural Soil 
Characterization User Program and Soil 
Data Across the Contiguous United States: 
EMSL’s Molecular Observation Network
John Bargar* (john.bargar@pnnl.gov), Emily Graham, 
Sarah Leichty, Odeta Qafoku, Satish Karra, Douglas Mans

Environmental Molecular Sciences Laboratory, Richland, WA

https://www.emsl.pnnl.gov/monet

Standardized soil molecular and microscale data is urgently 
needed at regional and larger scales to improve biogeo-
chemical process representations, provide model inputs, 
and reduce uncertainty in Earth system and climate predic-
tions. The Environmental Molecular Sciences Laboratory’s 
(EMSL’s) Molecular Observation Network (MONet) 
is addressing this gap through a distributed open science 
program that provides numerous benefits to researchers, 
including:

•  Researchers submitting soil cores for analysis receive 
≥ 30 data advanced types, including soil organic matter 
high-resolution composition, 3D pore structure char-
acterization, metagenomes, and a suite of conventional 
biogeochemical parameters, at no additional cost to user 
scientists

•  Access to molecular and microscale soil data across the 
continental U.S. in the MONet database

•  Extensive training opportunities about the fundamentals 
of MONet data types and how to use them in graduate, 
postdoctoral, and career scientist research

•  Networking and interacting with a growing community of 
MONet open science colleagues

Scientists participating in MONet Soil Function user 
research calls gain access to EMSL’s premier high-resolution 
molecular and microstructural characterization capabilities 
including, Fourier Transform Ion Cyclotron Resonance 
(FT-ICR) mass spectrometer and X-ray computed tomogra-
phy, and Joint Genome Institute’s metagenome sequencing 
and annotation workflows. MONet soil analyses follow 
standardized workflows that enable high consistency and 
throughput that reduce uncertainty in data. The resulting 
data are open to the scientific community in a searchable 
findability, accessibility, interoperability, and reusability 
(FAIR) database, explorable using online data visualiza-
tion and processing tools, and supported by training and 
community engagement programs. MONet is developing 
tools and scaling functions to enhance data accessibility and 
utilization for a range of biogeochemical process and Earth 
system models.

Opportunities for Rhizosphere Function, 
Biogeochemistry and Terrestrial-Atmospheric 
User Research at the Environmental 
Molecular Sciences Laboratory
John Bargar* (john.bargar@pnnl.gov), Amir Ahkami, 
Swarup China, Emily Graham, Douglas Mans

Environmental Molecular Sciences Laboratory, Richland, WA

https://www.emsl.pnnl.gov

The Environmental Transformations and Interactions 
Science Area at the Environmental Molecular Sciences 
Laboratory (EMSL) provides best-in-class instrumentation 
and expertise for external users to investigate cycling, trans-
formation, and transport of critical nutrients, elements, and 
particles at molecular and microstructural scales. Improved 
knowledge of these areas is critical to improving Earth 
systems and climate models. Researchers are focused on 
systems- scale research in the following three areas:

Rhizosphere Function investigates the impact of root sys-
tem architecture and rhizodeposition on the molecular and 
structural mechanisms root-soil- microbe interactions. The 
goal is to improve prediction of root-controlled processes 
and their impacts on plant resilience, nutrient cycling, 
and volatile emissions under environmental changes. Key 
capabilities include phytotrons, caron (C) flux measure-
ment using isotope ratio mass spectrometry (IRMS) and 
nanoscale secondary ion mass spectrometry (NanoSIMS), 
micromodels, multiomics, metabolite imaging, and nonde-
structive root system imaging.

Terrestrial-Atmosphere Processes investigates emission 
mechanisms of aerosols and gases from plants and soil into 
the atmosphere and the subsequent formation of particles, 
with a focus on multiphase aerosol interfacial chemistry and 
aging processes near Earth’s surface and extending up to the 
atmospheric boundary layer. Research also focuses on how 
aerosols participate in warm and cold cloud formation by 
acting as cloud condensation nuclei or ice nucleating parti-
cles and how these impact Earth’s radiative budget and aero-
sol deposition on terrestrial ecosystems.

Biogeochemical Transformations investigates the inter-
play of geology, chemistry, and biology to understand 
molecular/microscale mechanisms of biogeochemical 
transformations of C, nutrients, and minerals. User 
research directly supports improvement of biogeochemical 
process representations, process scaling from molecular-
to- landscape, and predictive Earth system models. Key 
capabilities include X-ray computed tomography, helium 
ion and scanning electron microscopy, mass spectrometry 
compound identification and imaging, and Mössbauer, 
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X-ray photoelectron, and nuclear magnetic resonance 
spectroscopy.

EMSL is a DOE Office of Science user facility.

ESS-DIVE: Enabling Integration Across Diverse 
Environmental Systems Science Data
Joan Damerow1* (JoanDamerow@lbl.gov), Shreyas Cholia1, 
Deb Agarwal1, Matthew Brooke2, Madison Burrus1, Hesham 
Elbashandy1, Valerie Hendrix1, Matthew B. Jones2, Mario 
Melara1, Rushiraj Nenuji2, Fianna O’Brien1, Dylan O’Ryan1, 
Sarah Poon1, Emily Robles1, Shalki Shrivastava1, 
Jing Tao2, Karen Whitenack1, Catherine Wong1, 
Charuleka Varadharajan1

1Lawrence Berkeley National Laboratory, Berkeley, CA; 
2National Center for Ecological Research and Synthesis, Santa Barbara, CA

https://ess-dive.lbl.gov

The ESS Data Infrastructure for a Virtual Ecosystem 
(ESS-DIVE) is a data repository designed for the U.S. DOE’s 
ESS program. ESS-DIVE enables collection, storage, man-
agement, and sharing of a variety of observational, experi-
mental, and modeling data generated across the program. 
The volume, complexity, and diversity of these interdisci-
plinary data present unique integration challenges.

Researchers discuss how ESS-DIVE approaches data inte-
gration across these datasets and with other data systems.

Metadata in ESS-DIVE are published in a number of for-
mats, including the JSON-LD format, which allows the data 
to be easily ingested and understood by external systems 
(e.g., Google Dataset Search, OSTI, Data.gov etc.). ESS-
DIVE provides a systematic method for linking datasets 
from other recognized data providers. This allows metadata 
to be searchable in ESS-DIVE, while linking out to exter-
nally managed data products. In order to track and relate 
sample data across systems, researchers encourage the use of 
common standards for sample data identifiers, such as the 
International Generic Sample Number (IGSN). ESS-DIVE 
works closely with ESS Scientists to promote adoption of 
standard data reporting formats, which researchers are using 
to develop tools for data validation, advanced search within 
data files, and data synthesis.

ESS-DIVE offers project-specific features that allow 
researchers to collaborate and share data within their 
teams efficiently. Project data portals allow you to create a 
collection of project datasets along with contextual infor-
mation, making project data more findable and accessible. 
ESS-DIVE also supports a secondary storage layer to 
serve very large, hierarchical datasets. This allows users to 

directly browse and access large volumes of data over the 
web, and efficiently move data between sites using a high- 
performance data transfer service–Globus. ESS-DIVE is 
integrated with DataONE, a federation of interoperable data 
repositories facilitating open science and data discovery.

Improvements to Knowledgebase Platform 
Toward Causal Predictive Ecology
Benjamin Allen3, Jason Baumohl1, Kathleen Beilsmith2, 
David Dakota Blair4, Mikaela Cashman1, John-Marc 
Chandonia1, Dylan Chivian1, Zachary Crockett3, Ellen G. 
Dow1, Meghan Drake3, Janaka N. Edirisinghe2, José P. 
Faria2, Jason Fillman1, Andrew Freiburger2, Tianhao Gu2, 
A. J. Ireland1, Marcin P. Joachimiak1, Sean Jungbluth1, Roy 
Kamimura1, Keith Keller1, Dan Klos2, Miriam Land3, Filipe 
Lui2, Chris Neely1, Erik Pearson1, Gavin Price1, Priya Ranjan3, 
William J. Riehl1, Boris Sadkhin2, Samuel Seaver2, Alan 
Seleman2, Gwyneth Terry1, Pamela Weisenhorn2, Ziming 
Yang4, Shinjae Yoo4, Qizhi Zhang2; Shane Canon1, Paramvir 
S. Dehal1, Elisha M. Wood-Charlson1; Robert Cottingham3, 
Christopher Henry2*(chenry@anl.gov), Adam P. Arkin1

1Lawrence Berkeley National Laboratory, Berkeley, CA; 2Argonne National 
Laboratory, Lemont, IL; 3Oak Ridge National Laboratory, Oak Ridge, TN; 
4Brookhaven National Laboratory, Upton, NY

https://www.kbase.us

Given the focus of DOE BER programs on environmental 
ecology, Knowledge Base (KBase) has prioritized predictive 
causal ecology as its scientific target. Working with DOE-
funded collaborators, researchers integrated a set of tools 
within KBase that capture many of the steps required to 
support a mechanistic understanding of environmental 
system behavior (Figure 1). Over the past year, in partner-
ship with many projects, the team made significant progress 
implementing and improving many steps in the causal 
ecology workflow. This begins with improving the mecha-
nisms for predicting the protein content of an environment 
based on metagenome-assembled genomes (MAGs) and 
amplicon sequence variant (ASVs). Researchers now have 
tools to map these entities to reference data to produce 
probabilistic predictions of what functions are present and 
how they are distributed among species in the environment. 
The team will show how this work has been applied to data-
sets from Genome Resolved Open Wetlands (GROW) and 
the Joint Genome Institute ( JGI) to improve MAG quality 
and produce improved strain models. Once researchers 
have improved understanding of the protein content of a 
strain within an environment, the team next wants to pro-
duce a metabolic model of each strain to predict its behav-
ior. Using an upgraded ModelSEED2 pipeline for model 
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reconstruction, researchers significantly improved capacity 
for predicting energy biosynthesis strategies; improved tem-
plates for representing cyanobacteria, archaea, and bacteria; 
tailored biomass formulations based on metabolic network 
analysis; and improved predictions of organism metabolic 
properties like auxotrophy. Researchers are also developing 
enhanced tools for predicting strain phenotypes and explor-
ing the synergy between machine-learning predictions and 
metabolic modeling. Finally, by combining strain models 
into community metabolic models and integrating multi-
omics data, the team can predict and contrast the active 
pathways and species interactions to discover patterns of 
variation with environmental parameters. The team will 
demonstrate these capabilities with narrative notebooks 
illustrating each workflow that is currently available.

The National Microbiome Data Collaborative: 
A Community-Driven Data Infrastructure
Mark Andrew Miller1* (MAM@lbl.gov), Michal Babinski1, 
Patrick Chain1, Mark Flynn1, Bin Hu1, Leah Johnson1, Julia 
Kelliher1, Kaitlyn Li1, Po-E (Paul) Li1, Chien-chi Lo1, Francie 
Rodriguez1, Migun Shakya1, Yan Xu1, Antonio Camargo2, 
Shane Canon2, Eric Cavanna2, Shreyas Cholia2, Alicia Clum2, 
Emiley Eloe-Fadrosh2, Kjiersten Fagnan2, Patrick Kalita2, 
Wendi Lynch2, Nigel Mouncey2, Sierra Moxon2, Sujay 
Patil2, Simon Roux2, Setareh Sarrafan2, Shalki Shrivastava2, 
Michael Thornton2, Yuri Corilo3, Kevin Fox3, Grant 
Fujimoto3, Cameron Giberson3, Katherine Heal3, Douglas 
Mans3, Lee Ann McCue3, Bea Meluch3, Paul Piehowski3, 
Camilo Posso3, Anastasiya Prymolenna3, Sam Purvine3, 
Montana Smith3, James Tessmer3, Brynn Zalmanek3, 
Jeff Baumes4, Mike Nagler4, Mary Salvi4, Jing Cao5, 
Donny Winston5, Chris Mungall2

1Los Alamos National Laboratory, Los Alamos, NM; 2Lawrence Berkeley 
National Laboratory, Berkeley, CA; 3Pacific Northwest National Laboratory, 
Richland, WA; 4Kitware Inc, NY; 5Polyneme LLC, NY

https://microbiomedata.org

Microbes play a key role in many environmental processes. 
Microbiome data is multifaceted, encompassing molecular/
omics data (sequence, metabolic, proteomic, natural organic 

matter) as well as biogeochemical. Organizing and integrat-
ing this data presents many technological and organizational 
challenges. The DOE National Microbiome Data Collabo-
rative (NMDC) was created to tackle interdisciplinary envi-
ronmental microbiome science by connecting data, people, 
and ideas.

The NMDC provides three core products for microbiome 
scientists: A user-friendly web interface for submitting 
data and metadata about collected samples, a platform for 
analyzing sample omics data, and a web portal that allows 
members of the community to explore and collate datasets, 
using either a web interface or Application Programming 
Interfaces (APIs).

NMDC is committed to the “FAIR” principles to make 
data Findable, Accessible, Interoperable, and Reusable. 
Each piece of information in the NMDC database, from the 
source sample through to processed data objects, is assigned 
a unique, persistent, resolvable identifier. Sample metadata 
follows the Genomic Standards Consortium standards, and 
terms from the Environment Ontology (ENVO) are used 
to annotate sample environments. The unified data model 
weaves together these standards, organized around core 
concepts (e.g., studies, samples, analytes, computational 
workflows, data objects, gene functions), as well as differ-
ent properties (e.g., soil moisture content, pH, metabolite 
concentration, etc.). Researchers are developing a Field 
Notes mobile application that allows for real-time sample 
collection.

The NMDC has a number of partnerships with other 
organizations. An example is the partnership with the NSF 
National Ecological Observatory Network (NEON) to 
provid e access to paired metagenome and environmental 
data. Using NMDC APIs it is possible to explore relation-
ships between metagenome features such as taxonomic 
community and NEON environmental variables, or to com-
bine with other datasets to perform larger meta-analyses.

Together, the NMDC is advancing how scientists create, use, 
and reuse microbiome data.
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Advancement of High-Resolution Microfluidic 
Device in Atmospheric Ice Nucleation Research 
and Integration into Science Teaching
Swastika Bithi1* (sbithi@wtamu.edu), Pronob Das1, Saman 
Aria1, Emmanuel Oko1, Nurun Nahar Lata2, Swarup China2, 
Sanjoy Bahttacharia1, Naruki Hiranuma1

1West Texas A&M University, Canyon, TX; 2Environmental Molecular 
Sciences Laboratory, Pacific Northwest National Laboratory, Richland, WA

Ambient ice-nucleating particles (INPs) constitute a crucial 
subset of aerosol particles, playing a vital role in the hetero-
geneous formation of ice crystals under ice supersaturation 
conditions. However, uncertainties persist in understanding 
aerosol radiative forcing and feedback associated with INPs. 
The research addresses the challenge of comprehending 
atmospheric ice formation in mixed-phase clouds where 
immersion freezing is the dominant mechanism. This 
motivates the community’s interest in quantifying and 
improving prognostic skills for INP number concentrations. 
To address these gaps, an affordable, offline microfluidic 
freezing assay system was developed to measure INP con-
centration. The system’s performance was verified using 
known ice nucleation active compounds in immersion 
mode and high-latitude soil samples. Two novel microfluidic 
droplet trapping circuits featuring static droplet arrays with 
60 interconnected loops (15 nanoliters) and 720 loops (1.5 
nL) were fabricated to simulate cloud droplet–relevant sizes. 
Freezing properties of Snomax®, illite NX, nanocrystalline 
cellulose (NCC), and Alaskan soil samples were examined 
to reproduce previous laboratory results with microliter 
freezing assays within marginal uncertainties for different 
droplet volumes. Results indicated consistency in the high-
est freezing temperature and efficiency of Snomax® as well as 
the lowest freezing temperature and efficiency of NCC for 
both techniques. Positive controls with known suspension 
samples were established, affirming the microfluidic device’s 
reliability. The microfluidic device demonstrated an INP 
detection limit per unit mass of 105 to 1013 per gram over 
the temperature range of 5 to 35°C, verifying its applica-
bility to atmospherically relevant freezing conditions and 
providing accurate data for parameterization development. 
Lastly, the tools and approaches developed in this work are 
intended to be integrated into science teaching at a primarily 
undergraduate Hispanic-serving institute, contributing to 
disseminating knowledge and fostering a deeper under-
standing of ice nucleation processes among students.

Environment-Microbiome-Plant Interactions 
Drive Root Microbiome Assembly Outcomes 
and Impact Conifer and Shrub Seedling 
Performance in Post Wildfire Soils
Tanya E. Cheeke1* (tanya.cheeke@wsu.edu), Geoff 
Zahn2, Brittany LeTendre3, Kevan Moffett3, Emily Graham4, 
Stephanie S. Porter3

1Washington State University–Tri-Cities, Richland, WA; 2Utah Valley 
University, Orem, UT; 3Washington State University–Vancouver, WA; 
4Pacific Northwest National Laboratory, Richland, WA

Temperate conifer forests are faced with unparalleled 
challenges from anthropogenic climate change. Rising tem-
peratures contribute to increasing frequency of wildfire, 
and prolonged drought can result in shifts from forest-to- 
shrub-dominated ecosystem states. However, few studies 
explore ecoevolutionary hypotheses to predict how soil and 
root microbiome attributes shape the growth and drought 
tolerance of conifer and shrub seedlings, two traits that 
are critical to early competitive dynamics during revegeta-
tion after fire. In a greenhouse, researchers grew Grand fir 
(Abies grandis) and Snowbrush (Ceanothus velutinus) with 
live soil inocula from native conifer forests after various 
numbers of recent, high-severity wildfires (zero, one, and 
three wildfires within 25 years), with and without a drought 
treatment. The team used plant performance data and ampl-
icon sequencing (16S, ITS, 18S) of root microbiomes to 
test predictions of how root microbiome attributes, such 
as guild abundance, microbial network connectivity, and 
the source of inocula, influenced early conifer and shrub 
seedling performance. Researchers hypothesized that 
environment- microbiome-plant interactions would play a 
key role in driving root microbiome outcomes and plant per-
formance. The team found that root microbiomes from soils 
that experienced very different recent fire impacts had con-
trasting effects on root microbiome community assembly 
after one year of growth and soil microbiomes from different 
sites resulted in contrasting effects on seedling growth. The 
proportions of mutualistic and pathogenic fungi predicted 
stronger and weaker growth for Grand fir, respectively, but 
not for Snowbrush. Bacterial pathogens had a negative effect 
on the growth of Snowbrush, but only under drought con-
ditions. Root microbiomes with greater fungal network con-
nectivity were associated with stronger plant performance. 
This study shows that changes in microbiome assembly pro-
cesses can impact microbiome function and may translate 
into changes in seedling performance in post-wildfire soils.
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Pinpointing the Unlikeliness of Ida’s New 
York City Hourly Intensity: Climate Change, 
Non-Stationarity, and Extreme Precipitation
Naresh Devineni1,2* (ndevineni@ccny.cuny.edu), 
Carolien Mossel1,2, Spencer Hill1,2, Nihar Samal3, 
James Booth1,2

1The City University of New York Graduate Center, New York, NY; 
2The City University of New York–City College, New York, NY; 
3New York City Department of Environmental Protection, New York, NY

The remnants of Hurricane Ida caused major damage and 
loss of life in the northeastern United States on September 1, 
2021. Over 40 people died in the storm across the United 
States, 11 of whom died in flooded basement apartments 
within New York City. The storm was so catastrophic 
because the maximum hourly precipitation intensity, 
recorded as 3.47 inches at Central Park, was unprecedent-
edly high for the region. The team contextualizes this storm’s 
unprecedented nature within the historical record and proj-
ects its risk in terms of likeliness of occurrence and conse-
quences in the near- to medium-term future using stationary 
and nonstationary hazard analyses techniques. The project 
shows that there is a multifold increase in the expected 
future risk when nonstationary models conditioned on 
future temperature projections are used as opposed to sta-
tionary models that assume no climate change. These results 
can be translated to potential future damage costs to the city 
by planning for events that would be expected under climate 
change. The results also reinforce the pressing need for 
improved urban stormwater management systems that can 
handle higher intensity rainfall as climate change continues 
to impact the weather and subsequently urban cosmos.

Virtual

Effects of Global Warming and Elevated 
Carbon Dioxide on Peatland Ecosystem 
Productivity and Greenhouse Gas 
Emissions: A Modeling Study
Dafeng Hui1* (dhui@tnstate.edu), Jaekedah Christian1, 
Xiaoying Shi2, Daniel Ricciuto2

1Tennessee State University, Nashville, TN; 
2Oak Ridge National Laboratory, Oak Ridge, TN

https://www.tnstate.edu/doe-rdpp

Peatlands are important ecosystems storing more than 20% 
of the global soil carbon. However, the impacts of global 
warming and elevated atmospheric carbon dioxide (CO2) 
concentration on peatland ecosystem productivity and soil 
greenhouse gas [GHG, such as CO2, methane (CH4), and 
nitrous oxide (N2O)] remain unclear. In this study, research-
ers simulated the dynamics and controls of peatland soil 
CO2, CH4 and N2O emissions using a process-based model 
(Forest Denitrification-Decomposition; Forest-DNDC) 
under different temperature and CO2 conditions. The simu-
lations were based on the long-term DOE Spruce and Peat-
land Response Under Changing Environments (SPRUCE) 
experimental study where spruce peatland ecosystems were 
exposed under five temperature levels (i.e., +0, +2.25, +4.5, 
+6.75, +9°C) and CO2 conditions (+0, +500 parts per mil-
lion). Data measured at the experimental plots from 2015 
to 2021 were used to drive and parameterize the DNDC 
model. Preliminary results showed strong seasonal and 
interannual variations of net ecosystem exchange (NEE) of 
CO2 and GHG, especially soil CO2 and CH4. Both CO2 and 
CH4 emissions increased with temperature increase. With 
global warming, NEE shifted from carbon sink to source. 
Elevated CO2 had limited impacts on NEE and GHG emis-
sions. Results of this study could improve understanding of 
the magnitudes and controls of peatland productivity and 
soil GHG emissions.
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Advancements in Urban Heat Island 
Dynamics: Integrating Remote Sensing 
and Ground-Based Measurements
Hamid Norouzi1,2* (hnorouzi@citytech.cuny.edu), 
Reginald Blake1,2, Kip Nielsen3,4, Jacqueline Ashley Grey4,5, 
Taseen Islam6

1New York City College of Technology, City University of New York, 
Brooklyn, NY; 2The Graduate Center, City University of New York, New York, 
NY; 3University of Kansas, Lawrence, KS; 4NASA Goddard Institute for Space 
Studies, New York, NY; 5Baruch College Campus High School, New York, NY; 
6Macaulay Honors College, City University of New York, New York, NY

The Urban Heat Island (UHI) phenomenon continues to 
pose significant environmental challenges in urban areas, 
exacerbating heat-related health issues. Building upon the 
previous work on the urban surface energy budget and 
land surface temperature (LST), this study presents novel 
insights into the dynamics of UHI and its impacts on urban 
environments. Researchers leveraged a combination of 
remote sensing satellite observations and ground-based 
measurements, including flux towers, Unmanned Aerial 
Vehicles (UAVs), infrared cameras, and handheld devices. 
Advancements were made in downscaling LST data, achiev-
ing a 5-minute temporal and 30-meter spatial resolution 
over New York City (NYC). Furthermore, collaboration 
with Brookhaven National Laboratory (BNL) under the 
DOE Research Development and Partnership Pilot (RDPP) 
facilitated community field data collection in Manhattan 
and Brooklyn, engaging local communities in understand-
ing UHI’s health and societal impacts. The team’s recent 
study extends these efforts by analyzing the relationship 
between air and surface temperatures in urban settings from 
2002 to 2022. Data were sourced from Automated Surface 
Observing Systems (ASOS), the New York Urban Hydro- 
Meteorological Testbed (NY-uHMT), and high school stu-
dent collections. Analysis of 227 ASOS stations worldwide 
revealed discrepancies between air and surface tempera-
tures, particularly notable in urban areas during summer. 
Field campaigns conducted in the summer of 2023 yielded 
crucial data, underscoring the heterogeneity of land-surface 
temperatures at a microscale level, a detail not captured by 
satellite data such as NASA’s MODIS. The results demon-
strated a weaker correlation between air and surface tem-
peratures in urban settings, emphasizing the complex nature 
of UHI. The findings highlight the critical need for urban 
land-cover mitigation strategies, such as green infrastruc-
ture and reflective roofing, to combat the effects of extreme 
heat waves. This research contributes significantly to the 
understanding of UHI dynamics, providing a foundation for 
future urban planning and public health initiatives.

Evaluating the Impact of Hydrologic 
Variability and Land Use on Stream 
Ecosystem Health in the Piedmont Region
Deandre Presswood1* (dpresswood2@student.gsu.edu), 
Sarah H. Ledford1, Marie Kurz2

1Georgia State University, Atlanta, GA; 
2Oak Ridge National Laboratory, Oak Ridge, TN

Land use and land cover change have strong impacts on 
aquatic metabolism in streams and rivers through changes 
in hydrologic regimes, light, nutrients, and other factors. 
However, efforts to quantify these relationships are difficult 
because of the disparate and convolved impact multiple 
changes can have on metabolism. This study utilizes a com-
prehensive dataset of stream metabolism modeled from 
dissolved oxygen from 2008 to 2021 across 11 sites in the 
Piedmont region of the U.S. southeast to investigate the 
response of aquatic ecosystems to fluctuations in hydrology, 
using resistance and resilience as key indicators. Resistance 
is defined as the degree to which production and respiration 
rates are altered by flow events, while resilience measures the 
time required for these rates to revert to their baseline levels 
following such events. The analysis further incorporates 
watershed land-use characteristics and a riparian vegetation 
index to categorize each site providing insights into the 
interplay between watershed characteristics and stream eco-
system health. This study is expected to reveal the dynamic 
responses of stream metabolism to fluctuating hydrologic 
conditions with a particular focus on how varying watershed 
characteristics and the presence of riparian vegetation might 
influence these interactions.
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Evolution of Moist Static Energy During 
Madden-Julian Oscillation Using Tropical 
Western Pacific Atmospheric Radiation 
Measurement Observations
Nirmal Alex1, Pallav Ray1* (pray@fit.edu), 
Steven M. Lazarus1, Michael Splitt1, Samson Hagos2

1Florida Institute of Technology, Melbourne, FL; 
2Pacific Northwest National Laboratory, Richland, WA

The evolution of moist static energy (MSE) is intimately 
associated with the organization and propagation of the 
Madden-Julian oscillation (MJO). Past studies on MJO- 
associated MSE, for the most part, were confined to the 
open ocean or large tropical islands and relied primarily on 
reanalysis data or model simulations. This research team 
presents a systematic analysis of the intraseasonal variation 
in MSE in the tropical western Pacific (TWP) using long-
term, high-quality, ground-based observations from two 
Department of Energy Atmospheric Radiation Measure-
ment (DOE-ARM) sites located over small islands: Manus 
and Nauru. Researchers use 14 years (2000 to 2014) of 
value- added radiosonde and microwave radiometer prod-
ucts, and researchers routinely measured surface meteoro-
logical variables to estimate vertical profiles of MSE during 
MJO propagation across the western Pacific. The team used 
large-scale precipitation tracking to identify MJO propaga-
tion (instead of usual MJO tracking using Realtime Multi-
variate MJO; RMM) since it can provide the exact location 
of the MJO precipitation centroid (unlike the RMM index). 
Therefore, composites of MSE vertical structure can be 
developed as a function of the location of the MJO precip-
itation centroid, and the distance between the ARM sites 
and the MJO. The results show (1) the humidity dominates 
the MSE profiles during active MJO phases, while tem-
perature plays a role in suppressed and transition phases; 
(2) the mid-tropospheric moistening from the transition to 
active phases is consistent with the moisture-mode theory; 
and (3) MJO events propagating closer to the TWP-ARM 
stations show an abrupt increase in MSE at the beginning 
of active phases instead of a gradual increase in MSE seen in 
the composites of all MJO events. This result may reconcile 
the differences found in past studies that differ from each 
other related to slow and fast evolution in MSE in the TWP.

Examining Microbial Respiration 
and Chemical Signatures of Urban 
Rivers Differing in Flow History
Allison M. Veach1* (allison.veach@utsa.edu), 
Mariana Vergara1, Brian Laub1, Vanessa Garayburu-Caruso2, 
James Stegen2

1University of Texas–San Antonio, TX; 
2Pacific Northwest National Laboratory, Richland, WA

Intermittent rivers and ephemeral streams (IRES) com-
prise up to 60% of the total length of all river networks on 
the globe. Due to both climate change impacts and water 
abstraction, stream intermittency is predicted to become 
more widespread in the future. Water and sediment chem-
istry in IRES may differ from perennial streams due to the 
occurrence of hot spots or hot moments of biogeochemical 
activity caused by drying and rewetting of streambed sedi-
ments in IRES. This project examines how stream water and 
sediment chemistry in intermittent and perennial stream 
reaches differ spatially in the San Antonio River (SAR) 
watershed, which is located in the metropolitan area of San 
Antonio, TX. This work is in collaboration with staff sci-
entists at Pacific Northwest National Laboratory and is, in 
part, using protocols developed by the Worldwide Hydro- 
biogeochemistry Observation Network for Dynamic River 
Systems consortium to gain a mechanistic understanding 
of organic matter recalcitrance and quantity across streams 
with varying flow history. Initial results indicate variable 
dissolved organic carbon (DOC) and total nitrogen (TN) 
concentrations across sites in the SAR watershed. During 
dry periods, intermittently flowing sites generally yield 
greater DOC (9.7 ± 3.3 mg L-1) but lower TN (1.2 ± 0.5) 
than perennial (DOC: 6.7 ± 0.9, TN: 7.1 ± 5.0 mg L-1). This 
effect is likely due to perennial sites having baseflow main-
tained by high N-sourced water such as treated wastewater 
or impounded reservoirs with fertilizer runoff. Identification 
of specific microbial taxa via amplicon-gene sequencing 
(16S rRNA) in variable flow streams are in progress. Addi-
tionally, wet-season sampling and targeted in situ respiration 
measurements of candidate intermittent and perennial sites 
are planned for 2024.
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Feedback Loops and Abiotic Determinants 
of Biomass Growth and its Impact on 
Chromium Reduction in the Hyporheic Zone
Marc Berghouse1,2, Rishi Parashar1* (rishi@dri.edu)

1Desert Research Institute, Reno, NV; 2University of Nevada, Reno, NV

Within the hyporheic zone, a complex interplay of abiotic 
processes dictates the growth conditions of biomass. Factors 
like soil heterogeneity, stream conditions, temperature fluc-
tuations, and nutrient availability all converge to shape this 
environment. Given the hyporheic zone's potential to biore-
mediate contaminants through biotic and abiotic reduction, 
decoding these growth determinants has broader ecological 
significance. In this study, the team presents a numerical 
exploration of how varied initial conditions influence 
biomass growth and its impact on modeling of chromium 
reduction through Monod kinetics. The modeling approach 
simulates a two-dimensional cross-section of the hyporheic 
zone, integrating surface water-groundwater interactions 

through river stage changes. To effectively capture bioclo-
gging dynamics and soil respiration, researchers enhanced 
the reactive transport model, PFLOTRAN, to account for 
biomass decay influenced by fluid velocity and the depen-
dency of biomass growth on temperature. The diverse sim-
ulation conditions, augmented by sensitivity analyses for 
pivotal abiotic factors, offer holistic insights into microbial 
growth dynamics and chromium reduction through PCA 
and correlation heatmaps. Comprehensive comparisons of 
mean values over time, and spatial variability distributions 
of key parameters, serve as the foundation of the analysis. 
In addition to investigation of correlated features in our 
simulations, researchers also present a deep-learning-based 
upscaling model. The team tested 5x and 10x upscaling and 
showed that the method offers accuracy and considerable 
speed up compared to Monte-Carlo simulations. The team 
investigated the nuanced relationships between abiotic ele-
ments and bacterial proliferation and highlight how these 
relationships impact chromium reduction in the hyporheic 
zone. Through this multifaceted study, the team offers a fresh 
perspective on the modeling of reactive transport in the 
hyporheic zone.

Watershed Sciences University Project
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