
Snow Flow and Grow: Ecohydrological 
Processes in the Rain Snow Transition Zone

Jim McNamara

Boise State University

Boise, Idaho, USA



Catchment Hydrology: 
Thinking Inside the Box

Receive

Partition

Store

Transmit

Release

We look inside the box to seek process 
understanding and provide  model “targets”

Rain and Snow
Streamflow
Evapotranspiration
Deep Infiltration

Q = f(P, S, T)



Long Term Research Catchments

Sebestyen et al., 2021



Long-term catchment research

oProvides a backbone of continuous water balance data to 
support focused campaign research

o Enhanced understanding that is undiscoverable in short-term 
funding cycles

oWill lead to Improved hydrologic prediction 

oHelps answer questions we haven’t yet thought to ask



Never decommission a datalogger!!



Dry Creek Experimental Watershed

Drainage Area: 27 km2

Years: 23
Soil moisture stations:   8+
Discharge stations: 7
Weather Stations: 5
Sapflow stations: 2
Flux towers: 1
Professional Technician  1
Deployed  loggers: 30+
Theses: ~50
Publications                    ~50

OBJECTIVE: To provide temporally continuous and spatially 
distributed hydrometeorological and geographical data from point 
to catchment scales for researchers and educators.



Dry Creek Experimental Watershed



Hydrologic Education

MS Hydrologic 
Science

MS Civil Eng

MS Geology

MS Geophysics

PhD Geoscience

PhD Geophysics

MS Mathematics

Other Universities

45 Dry Creek Theses

> 25 working hydrologists in Idaho 



Value in Place

• …PLACE refers to a felt value regarding the relationships between 
people and spatial setting (Vidon, 2015)

• …when we endow an undifferentiated space with value, space 
becomes place (Hidalgo and Hernadez 2001)



Outline

• Catchment Characterization
• Inputs and Outputs

• Catchment biophysical properties

• Processes inside the box
• Soil Water-Vegetation relationships across the RSTZ

• Evaptranspiration across the RSTZ

• Predictive modeling
• How will changing precipitation phase impact hydrologic partitioning?



The Catchment:
Elevation Imposes Precipitation and Temperature Gradients 



Straddles the Rain Snow Transition Zone (RSTZ)

711 mm
55% snow
Ele. 2114 m

385 mm
16% snow
Ele. 1036 m



Snow Fraction is Declining by ~1% per year

Low Elevation

High Elevation

Mid Elevation



Snowy Years Produce More Streamflow



Precipitation Seasonality Imposes Distinct 
Draining and Drying Hydrology

Draining Drying Recovery
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Chris Graham



How will changes in annual snow fraction across the rain-snow 
transition zone impact catchment partitioning between 
evapotranspiration and streamflow?

Partition

Storage

Transmission

Streamflow

Evapotranspiration

Changing S/P

What are the relevant internal processes that accomplish the 
transition for precipitation to streamflow?



Spatially variable vegetation-soil water relationships will 
regulate hydrologic response to precipitation phase transition

Image borrowed from McElrone et al., 2013 



The orientation of terrain imposes spatial 
variability on catchment properties



Topographically Moderated Soil 
Seasons Impact Vegetation Dynamics…

• 10 year Soil Moisture record
• Soil physical properties
• Landsat Normalized 

Difference Vegetation Index 
(NDVI)



Ten year record of…

Insolation

Soil Temperature

Precipitation

Soil Water

NDVI





For each site



North Aspects…

North aspects
South aspects

…get less sunshine



Aspect imposes highly heterogeneous snow 
accumulation and melt



Aspect imposes Spatially and 
Temporally variable infiltration

Kormos et al., 2014
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North aspects are more productive
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North Aspects have thicker and fine soils

Tesfa et al., 2009, Water Resources Research
Smith et al., 2011, Hydrological Processes

North aspects
South aspects



North Aspects…
…store more water

North aspects
South aspects



July Sept Nov Jan Mar May July

Dry Summer

Snowmelt

Winter Snow

Fall Rain

Dry Summer

Spring 
Dry-down

Characteristic Soil Water Year

Field Capacity

Wilting Point

High Energy High EnergyHigh Water



Soil Water Use Begins

Soil Water Use Ends

North Facing Slopes Growing seasons 
are later, but similar duration
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North Facing Slopes Use Water Faster

North aspects
South aspects



Evapotranspiration across the Rain-Snow 
Transition – Penman Monteith

𝐸𝑇 =
∆ 𝐾+𝐿 + 𝜌𝑎𝑐𝑝

(𝑒𝑠− 𝑒𝑎)

𝑟𝑎

𝜆𝑣(∆+ 𝛾(1+
𝑟𝑎
𝑟𝑠
)

𝑔𝑐
𝑚𝑜𝑑 = 𝑔𝑐

𝑚𝑎𝑥𝑓 𝑅 𝑓 𝑇 𝑓 𝐷 𝑓 𝑊

𝑟𝑠 = 𝐿𝐴𝐼 ∗ 𝑘 ∗ 𝑔𝑐
𝑚𝑜𝑑

Meteorological conditions

Plant conductance

Modified by soil water availability



ET, Snow Fraction, and Elevation
Below Rain-Snow Transition Zone Above Rain-Snow Transition Zone

Snow fraction and ET increase 
with elevation, but low 
correlations within a site

Snow fraction and ET increase 
with elevation, negative 
correlation within a site



Mid Elevation ET Optimum

Spearman Rank Correlation Coefficient
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ET is limited because soil 
moisture is available when 
energy demand is low – Clouds 
limit ET

Water and energy availability 
aligned

Snow truncates growing season 
in wet years



Soil Water – Plant Interactions

• Thicker, finer soils on high, north aspects 
enable higher productivity by storing water 
until periods when energy is available, 
which supports faster soil water use and 
growth rates

• Evapotranspiration is maximum in the 
RSTZ where energy and water are 
optimally aligned



• Isotopes reveal 
plant-soil water 
relationships



EcH2O-ISO Model

“…a dynamic, spatially explicit model that couples a 
vertical energy balance scheme (surface and canopy 
layer) to a hydrologic model and a forest growth 
component to capture the dynamic interactions 
between energy, vegetation, and hydrology at hourly to 
daily time scales.”

-Maneta and Silverman, 2013

Image from Douinot et al., 2019



Modeling Scenarios
• SSP2-4.5 scenario in the IPCC report

• +2 C for 8 months (Oct-June)

• Rain zone increases by 28%, Snow zone decreases by 10%



Streamflow

Evapotranspiration

28% increase in 
rain zone area

+8%

-14%

How will changes in annual snow fraction across the rain-snow 
transition zone impact catchment partitioning between 
evapotranspiration and streamflow?

Soil water –
Plant 
Interactions

EcH2O Model



Parting Comments

• Plant-moisture interactions vary across the rain-snow transition

• Plant-moisture interactions regulate how precipitation is partitioned 
to ET and Streamflow

• Precipitation phase is changing from snow to rain

• Changes in hydrologic partitioning in response to precipitation phase 
change is complex



Coevolution of 
function and form



North Aspects…
…are steeper and shorter

N (ish)

North aspects
South aspects



Dry Creek Experimental Watershed
MISSION: Improve  UNDERSTANDING and PREDICTION of interactions 
between Water, Rock, Plants, and Animals in the Past, Present and 
Future.

OBJECTIVE: To provide temporally continuous and spatially distributed 
hydrometeorological and geographical data from point to catchment 
scales for researchers and educators.

So that scientists can Think Inside the Box



North Aspects…
…have higher water holding capacity



Vegetation impacts streamflow



Simulated changes in each zone

2016 2017 2018 2019 2020 2021



Annual ET Declines with Elevation

High Elevation Low Elevation



Evapotranspiration Summer
• ET is controlled by the alignment of water availability and energy 

demand

• ET is water limited in low elevations, BUT wet years produce 
less ET due to cloudy conditions

• ET is energy limited at higher elevations, BUT more snow 
shortens growing season due to longer snow persistence in 
spring

• The rain-snow transition zone is in the energy-water optimum 
where more precipitation AND more energy lead to increased ET



ET Dominates Exports

High 
elevation 

Low 
elevation 

Annual Water Balance

Evapotranspiration

Deep Recharge

Streamflow



Characteristic Soil Water Spring-
Summer

Field 
Capacity 
End

Water Stress 
Begins

Plant 
Available 
Storage 
Capacity

Duration of Plant 
Water Use


