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Catchment Hydrology:
Thinking Inside the Box

Receive Q=A(R,S,T) Release
“ ) Store > j\

Transmit Streamflow

Rain and Snow Partition Evapotranspiration

Deep Infiltration

We look inside the box to seek process understanding



' Reynolds Creek and Dry Creek

Since 1998

Dry Creek Experimental Watershed
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Rain to Snow
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- Dry Creek Experimental Watershed
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Spring is taking water from summer

Average Change in
Proportion of Annual Flow Proportion of Annual Flow
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Change in Contribution to Annual Flow

Chris Graham (unpublished)



Temporal
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Motivation

Ee
4/

nature climate change

Explore content ¥  About the journal ¥ Publish with us v Subscribe

nature > nature climate change > letters > article

Letter | Published: 18 May 2014

A precipitation shift from snow towards rainleadsto a
decrease in streamflow

W. R. Berghuijs ™ R. A. Woods & M. Hrachowitz

Nature Climate Change 4, 583-586 (2014) ‘ Cite this article

Snow-dominated catchments
produce more runoff than rain-
dominated catchments.

Question

Do snow-dominated years produce more

streamflow than rain-dominated years within a

catchment?

* Analysis of Long-term observations in
experimental catchments

If so, why?

 Models as virtual laboratories
* Cold Regions Hydrology Model
e ECH20



Water Balance Basics

-

ET

| ©

ET

:  Precipitation

ET: Evapotranspiration

Q: Streamflow (discharge, runoff)
GW: Groundwater

P =ET + Q + GW,or + AS

_ET Q

TR

Rain + Snow

Runoff Fraction

o
|

Rain Snow
1= +

P P \

Snow Fraction
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Runoff Fraction (Q/P)

Snow Dominated Years Produce More
Streamflow than Rain Dominated Years
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Do Higher Snow Fractions Years Produce Less

Evapotranspiration?

If this is true...
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Catchment Evapotranspiration
Catchment Scale

Point Scale
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Streamflow Fraction (Q/P)

Do Higher Snow Fractions Produce Less
Evapotranspiration?
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Rain-Dominated Zone
Generally water-limited

450 —

400 -

330

300

230 -

ET (mm/yr)

200

150

Site ] .
LW
L o [ -
] SH #Jff
e TL - ®
P
L] .;;’HEHF
o
1l »
] [ ]
L ®

| I
0.10 0.13 0.20 0.23 0.30 0.33 0.40

Snow Fraction

« Snow fraction and ET increase
with elevation

* No correlation within a site

ET (mm/yr)

Kraft and McNamara (2022)

Snow-Dominated Zone
Generally energy-limited

600 Site
s ER
550 - LDP
500 e
" "'\-,_\_\_H.

450 -9

HH ®
400 ~ .
350 - -:i .

I I I | | | |
0.30 0.35 0.40 0.45 0.50 0.55 0.60 .65
Snow Fraction

Snow fraction increases and ET
decreases with increasing elevation

ET decreases within and across sites
with increasing snow fraction



Why Does Showmelt-driven Streamflow
Response to Warming Vary?
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Soil Moisture and Temperature
Sensor Array Layout
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Increasing Elevation

Soils, Aspect, and Growing Seasons

Northern Aspects
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Average growing season durations are similar at all
elevations and aspects, but shifted in time

Low elevations and south aspects start growing earlier
but run out of water 30-60 days earlier

High elevations start growing when snow melts but
run out of energy

Enhanced soil water storage
capacity at high elevations and
north aspects IMPROVES energy-
water synchrony and promotes
high intensity water use

Poulos et al. (2021)



Why Does Snowmelt-driven Streamflow Response to
Warming Vary?

Beatrice L Gordon et al 2022 Environ.Res. Lett. 17 053004

Mechanism 1: Mechanism 2: Mechanism 3:
Snow Season Water Vapor Fluxes Intensity of Liquid Water Inputs Energy-Water Synchrony
Higher snow season available energy Earlier, higher intensity LWI Increased asynchrony between LWI &
driven by Rn with decreased fs with decreased fs PET with decreased fs
T

.....

PET, LWI

Net Radiation

Water Year Water Year Water Year
""" Net Radiation (Rn) ---Potential Evapotranspiration (PET) — Liquid Water Inputs (LWI) === Physical Threshold

------

Historical, snowy climate —— Future, rainy climate



Annual Snow Fraction

CRHM as a Virtual Laboratory
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Can we reproduce Snow
Fraction — Runoff Ratio
relationship with CRHM?
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Cold Regions Hydrologic Modeling Platform (CRHM)

Global
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Progress — MS Student Jamie Turner
Created hydrologic response units in RME where CRHM has been run previously

L
=
=
[

challow-east

cshallow-north

cshallow-south

challow-west

cteep-east

steep-north

steep-south

steep-west
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Progress — MS Student Jamie Turner
Produced SWE and Streamflow curves to learn CRHM structure.
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Summary

Snow fractions are declining at all elevations, but not as significant in higher elevations.
Years with low snow fractions produce less runoff
High snow years limit growing season at high elevations, reducing ET and increasing runoff

Catchment-scale changes in ET are dominated by the impact that snow has on growing season length
at high elevations, which is enhanced by greater soil water holding capacity

Variability in streamflow response to snowpack may be related to the role of snow in aligning water
and energy availability
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=== Fraction Precipitation as Snow Snow truncates growing season,
2000- Annual Precipitation Energy-limited zone becomes
water limited

Water and energy
availability aligned
for optimum ET

Elevation (m)

Cloudy days reduce ET,
Water-limited zone
becomes energy limited

Kraft and McNamara (2022)
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