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What is the water telling you as it flows past you?
What story does it have to tell?
What can you sense in the water?
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Geologist might see:
“The gutters down which flow the ruins of continents...”
Luna Leopold (1964)
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Hydrologist might see:
“Rivers are just expressions of precipitation runoff and groundwater.”
“There are many paths to a stream, each is unique.”
“We all live downstream.”
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Ecologists and Biogeochemists might see:
“Everything, everywhere, all at once!”...Connectivity of ecosystems and streams
mixing and transforming organisms and materials from land and water
“The tortuous path of an atom during its downstream journey” - Aldo Leopold (1949)
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What a philosopher might see:
René Magritte — The Treachery of Images (“This is Not a Pipe”), 1929

“Water has memory”
Olaf (Frozen 2, 2019)
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"~ | “Writing” the story of Arctic change

as seen through stream water

Improving how we “tell” the stories
of water to society




* Permafrost landscape

* 15% of N. Hemisphere Land
* Massive C storage (2x ATM)
* ~30% of Global Organic C

e Rapid warming (2-4x faster)



Rapid changing seasonality and
hydrologic intensification

Major shifts in fate the of carbon,
nutrient and contaminant fluxes



Arctic Rivers Telling a Story:
Sentinels of Land to Ocean Changes

Mixed trends in discharge

Systematic increase in solutes

So, what are the key
mechanisms causing this
change in material flux?
Many potential drivers...

Toohey et al. 2016 (Yukon) Tank et al. 2016

Tank et al. 2016 (Mackenzie)
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e Arctic US LTER Watersheds

3 different landscape types

e 128 subwatersheds

e 5 years start to end of thaw season
(despite COVID!)

e >1800 unique sampling events

e >25 chemicals, including major
nutrients, carbon, ions, metals

* Goals:
* |dentify drivers of chemical signals
* Improve chemical and nutrient balances
e Enable new data-driven analyses and
ESM model validation




e Landscape matters!

e Lake and Alpine watersheds
controls operate at smaller
ecosystem patch scales than
in Tundra watersheds

* A “representativeness”
issue found

e Generated the first
intermediate spatial scale
benchmark data set for use
by ESMs

Shogren et al., Scientific Reports, 2019
Shogren et al., ESSD, 2022
Abbott et al., Ecology Letters, 2018



Late Gap

Shogren et al., ERL, 2020
Shogren et al., JGR, 2024



Shogren et al., ERL, 2020
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Improving how we “tell” the
stories of water to society




Society’s Largest Misconception: So much water to use
Only 3.5% of water is freshwater
And Only 0.5% is accessible and usable freshwater...and
that amount is decreasing each year!



1 loaf = 150 gal
Avg Car = 30-100k gal

1C coffee = 37 gal

2 |b cotton = 4,000 gal



Most widely taught Earth cycle and visual of mass balance.

So, what is missing in here?
What aspects are we most uncertain about?



Pools of cycle 102 km3 (x % uncertainty)

Abbott et al., 2019 Nature Geoscience

Abbott et al., 2019, Hydro. Processes



Released in 2023!



Abbott et al., Nature Geoscience, 2019 Abbott et al., Hydro. Processes, 2019









Learning Environment —
Audience wanted very
transferable and
accessible to K-12
students that parents
and teachers could use
inside or outside of a
classroom to help
students understand
water resources and their
connection to water
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