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Earth System Dynamics at Shifting
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- Next-Generation Ecosystem Experiments
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Many earth system models do nof
accurately represent fine-scale processes
4 thus we don’t understand how shifts in
- temperature, precipitation, and vegetation

iInfluence high latitude ecosystems
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NGEE Arctic is o
MODEL=-DRIVEN, MULTI-SCALE
research project that
leverages a
decade-long
foundation of
model-data
Infegration in Arctic
Alaska to understand
and predict
climate-ecosystem
feedbacks across the
Arctic.
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NGEE Arctic Project: Overview

12 year project
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Evaluating Against Pan-Arctic Data Across Scales




Why do we care aboutsnow in the Arctic?

AS ,
snow+rain, and shrubs
increase, deeper show
acts like a blanket over

Tsee THe laNd. This leads fo a
decrease in the
_ permafrost, with warming
of the subsurface and
Ko deepening of active
layers
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Kougarok Hillslope Teller Watershed
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Snow Observations & Modeling

Snow Water Equivolen’r\ : Snow Depth
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End-of-winter Peak Snow Depth Distribution
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Surface

Snow Sensor Monitring Network
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Peak Snow Distribution to Show Depth Time Series

S Ao  Builds on research to
estimate peak snow
distribution (Bennett et
al. 2022) using a
random forest
approach
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Random Forest Regression

Depth of .
trees

Prediction
1

Tuned hyperparameters

(K-fold cross-validation)

using random combinations
of hyperparameters
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Predictions
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We use random forest to
predict snow depths from
variability in Ground Surface
Temperature (GST)
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Random Forest Regression All Features are

derived from 4-hourly

O Random Forest frained on individual features Ground Surface
D
O < > Surrounding GST STD* Temperature (GST)
O 05 dafta.
g' 5 O Upcoming GST STD*

2 .
JORPS s Prior GST STD* GST isrecorded at the
0 O 5 snow-ground
5 O 0 GST Range* interface. The sensors
+— O .= .
502 GST STD* are not buried under
o C 3 the ground.
9 -g, 3 GST Maximum™*
Hale N Also tested air
Yk GST Minimum temperature-derived
[ N :
= GST Average™ Green = final features | [€atures, but these
) only marginally

00 o1 02 03 04 o5 06 07 08 ffected model
R? on Validation Set oerformance.

Next-Generation Ecosystem Experiments



Results — Seward Peninsula
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Results — Svalbard, Norway

Bayelva Station, Svalbard, Norway
Snow Depth Estimates (m)
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Seward Peninsula applied to Svalbard site
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Models - Hybrid snowpack model (Physics + ML)

Snow Distribution Pattern

Random Forest Snow Depth Pattern
ML
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Crumley, R.L., Bachand, C.L. and Bennett, K.E., 2024. Snow distribution patterns revisited: A physics-based and machine learning
hybrid approach to snow distribution mapping in the sub-Arctic. Water Resources Research, 60(9), p.e2023WR036180.
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Synthesis — Snow
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Physics Model - Show Improvements
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Snow Improvements 4 - Show and Vegetation Feedbacks

Topounits: Defined
only by atmospheric
forcing

Landunits: A single
vegetated land unit
per topounit

Columns: No
movement of water,
snow between
columns

Patches: Fixed PFTs
(shrub, grass)

- | iquid Water Transfer

DEerFAULT ELM

Topounit
1

Vegetated

land unit

Soil/snow
column

Topounit
2

Vegetated
land unit

Soil/snow
column

NGEE ARCTIC

Topounit

Topounits: Defined by
atmospheric forcing and
hillslope hydrology

Soil/Snow Soil/Snow
column column

Landunits: Defined by
topographic positions
that influence snow
accumulation

Columns: For each
vegetation community;
water, snow movement
between columns

Patches: Tundra-specific
PFTs

We will
represent
movement

of snow

across
topounits
and shrub

interactions.
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Al foundation and time-series models for earth system and
weather predictions: show case studies
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Questions?

Contact: Katrina E. Bennett kbennett@lanl.gov




