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How Might Marmot Creek Change?

3 Forest disturbance
Pine Beetle
Salvage Logging
Clearcutting
Burning
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3 Climate Warming
Warming in forest
Warming in alpine




CRHM Modules

3 Prairie Blowing Snow Model (PBSM;:Pomeroy: & Li, 2000
Blowing snow transport
3 Saltation + suspension

Blowing snow sublimation

3 f(particle size, radiation, turbulent & latent heat exchange, vapour
density)

Vegetation partitions wind shear stress on snow surface
3 f(stalk characteristics, drag coefficients)

3 Snobal (Marks et al., 1998, 1999)

Snowpack melt and sublimation/condensation
Two layers

3. Canopy module (Ellis et al., 2010)

Canopy radiation adjustment (Pomeroy et al., 2009)

Snow interception, unloading, throughfall (Hedstrom & Pomeroy,
1998)

Intercepted snow sublimation (Pomeroy et al., 1998)
Enhancedlongwave irradiance to surface from the canopy
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Effect of Forest Removal on Snow
Accumulation
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Net Radiation to Forests:
Slope Effects
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Middle Creek

Subbasin

Marmot Confluence

Subbasin

2555 Alpine (rocks, talus)

Twin Creek

0 Alpine Larch and Spruce
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Clearcutting Impact on Snow Regime

log only north-facing forest cover

- CUrrent forest cover — 20% reduction — 40% reduction
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Forest Cover Disturbance Impact on
Snowmelt Quantity

Hpine beetle with dead trunk retention
Hpine beetle with salvage logging

A fire with burned trunk retention

Afire with salvage logging

# clearing on south-facing

¢ clearing on south-facing with 1.5 m stump
- clearing on north-facing

—clearing on north-facing with 1.5 m stump
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Forest Snow Regime on Slopes
. . o level .

——- 30 south-sloping

SWE [kg ]

Open slopes highly i
" X )

sensitive to irradiation 0
10/1/07 11/1/0o7 12/1/07  1/1/08 2/1/08  3/1/08 4/1/08

difference, forests are not

5/1/08  6/1/08  7/1/08  8/1/08

level

‘ 30° north-sloping
——— 30° south-sloping

[
o
1

SWE [kg 1]

0 T T T T T T T T T
10/1/07 11/1/07 12/1/07 1/1/08 2/1/08 3/1/08 4/1/08 5/1/08 6/1/08 7/1/08 8/1/08




O L 6002/60/10
U
m | 6002/20/10
e L 6002/20/10
S_ | 6002/90/10
(- - 600Z/50/10
g |
O = € c 0
) 22%F
4= % 3373 - 6002/470/10
O o 2S5
a 2 558
> oo L 6002/€0/1L0
o s |||
W
—
m = L 6002/20/10
=
— ) )
- S e e
D o § 2.2 L 6002/10/1L0
o 6 S S
I __._..H T T
P g 5L
e o 53535 L 2002/21/10
b ' oﬂ
B L 200271 1L/10
n I T T T T T T T mDDN___-D_..___ﬂ_..D
o O O O O O O o o
» O M~ O uw = 0 o —
DI (p/cwiep) moyweans




q

Jr 600Z/60/L0
| 6002/30/L0
| 6002/20/10
| 6002/90/L0

vy - 6002/G0/10

& 6002/ 0/10

|
&__ 6002/20/L0

—— 20% reduction
60% reduction
——100% reduction

6002/20/10

|- 6002/10/10

reduction
—— 80% reduction

{+800zZL10

fire with salvage logging
Current forest cover

40%

- 800Z/1 L/1L0

=
O
(-
=
M
&
—
)
-
o
O
®
O
=
.
._IH

8002/0L/10

o o o o
w0 = o
(p/ewiep) mopwealg

T
o
o




(p/cwep) mopuwean)s

W 600Z/60/10
—— | 6002/20/10
0 -6002/20/10
L
i - 6002/90/10
- | 6002/50/10
e o cc 6 - 6002/40/10

] S 0 %
C o o 0 >
a o 33 0

" 2L 5 | 6002/S0/1.0
p (o)) X X o

c O O O
S :

5 _ 7 - 6002/20/10
| h

t
(@) o 5

c 0 - 6002/10/10
- > o
S o D S S

...,m o0

- o)) 2 3 3 - 2002/ZL/1L0
- o £ 00

— 1]
O E S5

0?3 Q00Z/L 1/L0
S | -
e [ [ ] [ [ [ [ [ [ | mODN____.O_..____.—.O
O OO0 0O 0 000000




Forest Cover Disturbance Impact
on Seasonal Streamflow

mpine beetle with dead trunk retained
mpine beetle with salvage logging

Afire with burned trunk retained

A fire with salvage logging

# clearing on south-facing slope

# clearing on south-facing with 1.5 m stump
—clearing on north-facing slope

—clearing on north-facing with 1.5 m stump
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Forest Cover Disturbance Impact
on Peak Streamflow

mpine beetle with dead trunk retained

Hpine beetle with salvage logging

A fire with burned trunk retained

A fire with salvage logging

# clearing on south-facing slope

¢ clearing on south-facing with 1.5 m stump

—clearing on north-facing slope

—clearing on north-facing with 1.5 m stump $
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Blowing Snow: Fisera Ridge
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Alpine Hydrological Model
derived from Cold Regions Hydrological Model

5 Model components
Snow wind redistribution, interception and melt
Actual evapotranspiration,
frozen soll infiltration,
unfrozen infiltration,
soll moisture balance,
routing
3 Ability to perturb the-model via temperature
changes
Affects precipitation phase
Affects hydrological processes



Winter Warming Impact:on
Alpine Ridge Snow Accumuiation

— reference simulation
+ 1°C
+2°C
+ 3°C
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temperature increase (°C)

Impact ofiWinter.-Warming on Date
of Snowpack Depletion
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Change in Actual Evapotranspiration
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mm water equivalent

Hydrology Change with
Temperature
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Change in Alpine BasinDischarge
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Next Steps: Integrated Observing
& Predicting Systems
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~ inadequate, need a
IR network of stations,

| remote sensing,

modelling, data
assimilation in order
to predict our cold
regions water
resources
adequately.



Canadian Rockies Hydrological Observatory

Initially the Upper.Bow River. Basin.
10 high altitude hydrometeorological stations T research basins
5 high altitude stream gauge stations I research basins
Portable detailed measurement system
Data management, information assimilation and water modelling system
Glacier hydrology, treeline ecology, climate modelling, snow physics




Primitive Snow Observations

Sami in Lapland Pomeroy & Guan in Alberta Scottish Snow Surveyor



Acoustic Show Measurement
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Acoustic Gauge Testing




Acoustic Resuilts-and Testing
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