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Rapidly changing cold mountains of Yukon



Research Questions

• What is the role of ecosystem and seasonality on the major of sources and sinks of water 

and solutes?

• How do runoff processes vary across a latitudinal/thermal gradient of alpine catchments?
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Last year……The EvapoTranspiration question
Buckbrush

1250 masl

Willow and Birch Shrubs <~1-3 m

Sparse Shrub

1450 masl

Willow and Birch Shrubs <~0.5m

Forest

750 masl

White Spruce ~12-20 m

Work of PhD student Erin Nicholls



Environmental Drivers and Limits on Transpiration

Transpiration at Buckbrush: 

Energy Limited  

Not limited by soil moisture

Transpiration at Forest:  

Limited by soil moisture (2019)

2019 (Drier, Warmer)

2019 (Drier, Warmer)

2020 (Wetter, Cooler)

2020 (Wetter, Cooler)

Early Green Green Senescence

Boundary Line Analysis 
Nicholls et al, 2023, HP



Soil and Vegetation Stable Water Isotopes

Forest Buckbrush Sparse Shrub

Evaporative Partitioning Species – Specific Differences
Seasonal sources of plant 

water uptake

np



What water is being utilized: 
Seasonal Origin Index (SOI)

Site and Year 
Specific

Evaporation
Line

Method of Allen et al. (2019). HESS

np



Seasonal Origin Index (SOI)

Snow

Rain

2019 – Warm, Dry 2020 – Cool, Wet



• forests are reliant on snow 

water inputs with the 

potential to become 

moisture stressed

• Species matter. 

Take home points



Ecosystem controls on runoff and solute generation



Ecosystem controls on runoff and solute generation



Introduction



Wolf Creek Runoff

• Greater runoff generation 

in alpine ecozones

• Considerable inter-annual 

variation

• Things get boring for the 

most part after freshet, but 

there are some curious 

patterns.  



Measured variability in flows

Spring 2021



Fall 2021

Measured variability in flows



Proportional Contributions by Sampling Event



Proportional Contributions by Sampling Event



Measured variability in salinity

Spring 2021



Measured variability in salinity

Fall 2021



Measured variability in dissolved organic carbon

Spring 2021



Measured variability in dissolved organic carbon

Fall 2021



Scaled concentrations of solutes per catchment area



Subcatchment Leverage

Subcatchment leverage is a spatially distributed mass balance for a particular solute.

𝐿𝑒𝑣𝑒𝑟𝑎𝑔𝑒 = (𝐶𝑆−𝐶𝑂) ×
𝐴𝑆

𝐴𝑂
×

𝑄𝑆

𝑄𝑂
(1)

Where the concentration of a solute at a subcatchment (C S) and the outlet (C O) is multiplied by the subcatchment:outlet ratio of; 

area (A) and specific discharge (Q). 



Synchrony and Spatial Stability

𝑆𝑝𝑎𝑡𝑖𝑎𝑙 𝑆𝑡𝑎𝑏𝑖𝑙𝑖𝑡𝑦 = 𝑚𝑒𝑑𝑖𝑎𝑛 𝑟𝑐𝑜𝑟𝑟 𝐶𝑡, 𝐶𝑡𝑖≠𝑡

𝑇𝑒𝑚𝑝𝑜𝑟𝑎𝑙 𝑆𝑦𝑛𝑐ℎ𝑟𝑜𝑛𝑦 = 𝑚𝑒𝑑𝑖𝑎𝑛 𝑟𝑐𝑜𝑟𝑟(𝐶𝑠, 𝐶𝑠𝑖≠𝑠)

- Spatial Stability: Consistency of spatial 
patterns between surveys.

- Synchrony: Correlation of 
concentrations between 
subcatchments.

- Temporal and Spatial CV indicates 
higher variability across space than 
across time.

- Spatial heterogeneity drives stable 
patterns in chemistry.



Synchrony and Spatial Stability

High spatial stability indicates the spatial patterns 

of chemistry remain consistent between surveys

Temporal synchrony quantifies correlation between sites among 

sampling events. High synchrony represents high correlation 

between subcatchments over time. 



Take home points

• High similarity in relative flow contributions, and high spatial stability for stream chemistry across seasons and 
flow conditions. 

• Higher intrinsic variability across space than across time, and high spatial stability in both flow and chemistry. 

• Seasonal patterns in flow and chemistry do little to alter the spatial patterns of flow and chemistry in WCRB.

• The high spatial variability suggests that catchment biophysical heterogeneity is critical in understanding and 
characterizing flows and chemistry in WCRB and presumably catchments in similar environments. 



Let’s move to the Tombstone Range



Let’s move to the Tombstone Range



Slavin – Km 99 





Can we utilize stable isotopes of water? 

“Young Water Fractions”



Snowmelt and Snowmelt Isotopes

SWEd2H

STARR model (Ala-Aho et al., 2017, HESS)



Mixing models



Storage Selection (SAS) Functions 



Ages and Sources of Water (from SAS functions)



Utilize high-frequency comparative data



Utilize high-frequency comparative data



Take home points

We are just at the beginning of understanding these catchments – stay tuned



Take home points

Winter processes, permafrost and geology continue to confound our understanding



@WolfCreekYT

www.wolfcreekresearchbasin.ca

CCRN
Changing Cold Regions Network
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