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A Perspective: Water Connects Us All
Photo: Ansel Adams, 1942
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Telling the “Hidden” Stories of Water

Streams as Sensors of 
Climate‐Land‐Water 

Interactions

Physics set the limits and Biology gets it done.

Method development:
Hydrology ∩ Biogeochemistry ∩ Ecology



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?

Stream 
Channel

Assessing the world from the perspective 
of stream water…

Subsurface
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Geologist might see:
“The gutters down which flow the ruins of continents…”

Luna Leopold (1964) 

Stream water is telling you where it has been… 
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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.”

Terrestrial
Inputs

Subsurface 
Inputs

Stream water carries and integrates signals 
that reveals terrestrial & aquatic processes…
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Streams also change materials…

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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Hence, stream networks can be used as sensors of environments. 
Telling us stories… 

But how do we “see” and “read” these stories???

What a philosopher might see:
René Magritte – The Treachery of Images (“This is Not a Pipe”), 1929

“Water has memory” 
Olaf (Frozen 2, 2019)



Two Quick Stories of Water From Our Group
Photo: Ansel Adams, 1942

“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
• Rapid warming (2‐4x faster)

Amazing and Vast Arctic: 
Permafrost controls most processes 



Rapid changing seasonality and 
hydrologic intensification

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

Arctic landscapes experiencing rapid changes



Tank et al. 2016 (Mackenzie) Tank et al. 2016Toohey et al. 2016 (Yukon)
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So, what are the key 
mechanisms causing this 
change in material flux?
Many potential drivers…

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

Mixed trends in discharge Systematic increase in solutes



Many hypothesized drivers of this story of change

Tank et al., Nature Geosci 2023



Why care about watershed 
spatial scale?
‐Most Arctic studies occur at the 
plot (<1 km2) or at the regional 
scale  (>10,000 km2).
‐Many conflicting results for the 
fate of permafrost carbon and 
nutrients in Arctic ecosystems.

Shogren et al., ERL 2020

Arctic Science stories have many blind spots 
What story will be told by streams?
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Lots of uncertainty in this story of change

Earth System Models
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The watershed unit is a critical scale 
where we can capture what is 

happening to a changing landscape 
and link scales of other studies

Streams are distributed sensors of drivers & change



New technology to read the “pulse” of river flows 
and the materials carried in the water



We developed new approach to use streams as sensors 
of detecting ecosystem change

Where are the specific signals 
originating? Is the structure and 

stability of material source and sink 
signals at the watershed scale??



Big team science observing Arctic watersheds



• Arctic US LTER Watersheds
• 3 different landscape types
• 128 subwatersheds
• 5 years start to end of thaw season 

(despite COVID!)
• >1800 unique sampling events
• >25 chemicals, including major 

nutrients, carbon, ions, metals
• Goals: 
• Identify drivers of chemical signals
• Improve chemical and nutrient balances
• Enable new data‐driven analyses and 

ESM model validation

New unique synoptic water chemistry data set



A few highlights of the stories discovered by using 
streams as sensors

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

• Landscape matters!
• Lake and Alpine watersheds 

controls operate at smaller 
ecosystem patch scales than 
in Tundra watersheds

• A “representativeness”
issue found

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



Also revealing huge “hidden” parts of the Arctic story
Most disciplines bias toward studying the middle of thaw 

season, ignoring rapid changes in the dynamic transition seasons

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

What ecosystem information are we missing by ignoring these 
transition “shoulder” seasons?

Late GapEarly Gap



A lot of the story is still hidden from us!

Shogren et al., ERL, 2020

~30% of annual DOC and NO3
‐ river export occurred during these 

poorly documented “shoulder” seasons!
*Together helping explain those large Arctic Ocean river changes*



Why is this important?

The Arctic is rapidly changing, and its 
inhabitants are at risk

It is vast and poorly documented

It is a major control on Earth and all of us

Need studies to bridge the huge gaps in 
our basic understanding of the 
ecosystems …





Second Quick Story of Water From Our Group
Photo: Ansel Adams, 1942

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!

Global freshwater is most limiting 
natural resource



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

2 lb cotton = 4,000 gal

1C coffee = 37 gal

Appreciate water, we need it!

Hidden water in our lives?



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

Are we telling an accurate story of the Water Cycle

Christopherson, “Geosystems”, Prentice-Hall

Most widely taught Earth cycle and visual of mass balance.



Are we telling an accurate story of the Water Cycle?

Pools of cycle 103 km3 (± % uncertainty)

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

Analyzed All Major Pools and Fluxes of 
Water & >450 Diagrams 

Major Gaps (Uncertainties) to fill:
Everything Groundwater

Everything High Latitude – Permafrost 
Misconceptions: 

People (<15%), Places & Climate (<2%)



New official USGS Water Cycle created thanks to 
our MSU research!

Released in 2023!



A Water Cycle for the Anthropocene

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

So much work to do.
So many stories to tell.

Many anthropogenic stressors creating water resource crises around globe



Need to improve our story telling…to 
achieve sustainability goals



Demystify the Science (and the Scientist!) 
More Accessible and Relatable



Transferable and Adaptable 
Learning Environments

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



Transferable and Adaptable 
Learning Experiences



Listen to the audience!

Impacts of Telling Better Water Stories?



Hope

Protection and sustainability efforts work 

Freshwater is limited and critical to sustainable futures and 
is part of a global cycle – it is infinitely recyclable

Water connects us all
Awareness wakes curiosity

Discover the many roles of water in your lives

Incredible people keep making discoveries and showing us 
how water connects the world around us and helps us get 

to a more sustainable future
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Thank you for your time…
…and your Questions


