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Why is snow albedo important?

Albedo is the fraction of incoming solar radiation that is reflected.
Snow plays an important role in controlling surface temperature
and global energy budget because it covers up to 47 million square
km of Earth’s surface (NSIDC 2019) and has high albedo.

Small changes in albedo can result in significant surface warming
and snowmelt due to the positive snow albedo feedback processes.
Many different metrics such as snow cover extent (see Figure 1),
sea ice extent, and glacial recession show that snow and ice are

melting.

Figure 1: From IPCC
5th Assessment
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What factors affect snow albedo?

Figure 2: From Kim et al.
(2018). This figure is
showing the percentage
of time that the snow is
wet within the shown

region of Northern
America.

® The two main intrinsic factors that have been studied
which affect snow albedo are grain size and impurity
content (Tedesco et al. 2015).

® Other factors such as packing arrangement (He et al.
2018), surface roughness (Larue et al. 2020), snow
thickness, and grain shape (Dang et al. 2017) affect albedo.

e The presence of liquid water in snow also affects albedo,
but this factor has been studied less despite frequent
liquid water presence (Figure 2).

Which models are we studying?

Analytical

One of the models we are investigating is an analytical

model from Kokhanovsky et al. (2018).

The goal of the model is to calculate broadband albedo

(350-1500 nm) based on measurements of albedo at 3

wavelengths.

Fundamental impact parameters of albedo:

o density (c)

o grain diameter (d)

o pollution type and concentration (ko, m)

o property of ice (imaginary part of the index of
refraction)

Summer 2020

Ray Tracing

The ray tracing model from Kaempfer et al. (2007) tracks a
photon’s trajectory (Figure 3) through a simulated
snowpack based on fundamental snow properties and
optics.

Understanding Controls on Show Albedo through Multiple Modeling Approaches

= ST.OLAF

How are we implementing these models?
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Analytical

e We have explored the equations describing the
relationships between albedo and changing snow
parameters including pollution factors (m,ko), density
(c) and grain diameter (d). Figure 4 and Figure 5 show
two of those relations, which match our expectations.
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Figure 4: Analytically calculated spherical albedo (rs) vs.
wavelength at different grain sizes (d=1mm, 2mm, 3mm).
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Figure 5: Analytically calculated spherical albedo (rs) vs.
wavelength at different pollution conditions (m=3, m=4, m=5).

Ray Tracing
We are recreating the ray tracing model using Matlab.
So far we’ve worked on generating snow samples and
modeling a light beam to travel through the samples.
We simulated a snowpack by randomly generating
spherical snow grains and assigning coordinates of the
snowpack as air or ice (Figure 6).
To implement ray tracing, our team is also creating a
program that tracks a light beam and dictates its path
using fundamental optics (Figure 7).

Figure 6: Randomly generated
snowpack made of spherical snow
grains. lterations of the model
allow for variations in grain size
and prevent overlapping of snow
grains (representative figure, not
to scale).

Figure 7: A simulation of a photon
(represented by the blue line)
reflecting from a spherical snow
grain. This will eventually be

V/k T\ : :
= | m\ applied to a simulated snowpack
like the one in Figure 6.
(representative figure, not to scale)
| | | | | [ ¥
0 1 1 2 25 3 35 0

How will we improve these models?

e Both the analytical and the ray tracing models only simulate dry snow. Our goal is to improve these models by

including liquid water content.

® Analytical: the total absorption (k ) in the model is due to pollution and ice, and we plan to add an absorption

term due to liquid water contentinto k__ .

e Ray tracing: to incorporate liquid water in this model, we would need to update the snowpack simulation to
include a layer of liquid water around the snow grains, and change the light-tracking physics to interact

appropriately with the newly added liquid water.
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Why is show albedo important?

® Albedo is the fraction of incoming solar radiation that is
reflected.

® Snow plays an important role in controlling surface
temperature and global energy budget because it covers up to
47 million square km of Earth’s surface (NSIDC 2019) and has
high albedo.

® Small changes in albedo can result in significant surface _
warming and snowmelt due to the positive snow albedo 1920 1940 1960Year1980 <000 2020
feedback processes.

® Many different metrics such as snow cover extent (see Figure Figure 1: From IPCC 5th Assessment Report. Snow Cover

1), sea ice extent, and glacial recession show that snow and EXte.”t a_”Omé'V in the Northern Hemisphere showing
co are melting decline in spring and summer.

June

SCE anomaly (10° km?)




TRI 0 Understanding Controls on Snow Albedo through Multiple Modeling Approaches

P y
4 - )
\ - ) , )Y (i ,'
\‘.A i Ly Y :! [} ! ezt !,: ura r._.’::;
- >y Vo X N '/‘ |1 ‘:‘. : [
rhwS N > o —— [y LN——3 Senrd ldr—>
o7

~ Samip Karki, Peter Larson, Jiayi Wang, and Alden Adolph
MCSN'I?IEDLXILOL?SLTEOCQBENI Physics Department, St. Olaf College

What factors affect snow albedo?

® The two main intrinsic factors that have been
studied which affect snow albedo are grain size
and impurity content (Tedesco et al. 2015).

® Other factors such as packing arrangement (He
et al. 2018), surface roughness (Larue et al.
2020), snow thickness, and grain shape (Dang et

al. 2017) affect albedo.

+ ® The presence of liquid water in snow also affects

4 albedo, but this factor has been studied less

despite frequent liquid water presence (Figure
2).

Figure 2: From Kim et al. (2018). This figure is showing the
percentage of time that the snow is wet within the shown
region of Northern America.
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Which models are we studying?

Analytical

® One of the models we are investigating is an analytical model from Kokhanovsky et al. (2018).
® The goal of the model is to calculate broadband albedo (350-1500 nm) based on measurements of
albedo at 3 wavelengths.
® Fundamental impact parameters of albedo:
o density (c)
O grain diameter (d)
O pollution type and concentration (k,, m)
O property of ice (imaginary part of the index of refraction)
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How are we implementing these models?

Analytical

® \We have explored the equations describing the relationships between albedo and changing snow

parameters including pollution factors (m,kO), density (c) and grain diameter (d). Figure 4 and Figure 5 show
two of those relations, which match our expectations.
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Figure 4: Analytically calculated spherical albedo (rs) vs. wavelength Figure 5: Analytically calculated spherical albedo (rs) vs.
at different grain sizes (d=1mm, 2mm, 3mm). wavelength at different pollution conditions (m=3, m=4, m=5).
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Which models are we studying?

Ray Tracing
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(2007) tracks a photon’s trajectory (Figure 3) . adATo) N .“ R LW
through a simulated snowpack based on ‘\"‘5-_%_ \ L { ¥ % &¢
fundamental snow properties and optics. Sule a W DY e
e When done on a large scale with many AL CANA O o § A
photons, the albedo of the snowpack is R '\'\7. ......\ e N <8
found by recording how many photons were L), \ T Oy e
absorbed and reflected. ?I\‘ iy a0 1 X
AN % ERE
- . S NP &4

Figure 3: From Kaempfer et al. 2007. Red line
shows trace of photon at 1000 nm and
vellow line shows trace of photon at 470 nm.
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How are we implementing these models?
Ray Tracing

® \We are recreating the ray tracing model using Matlab. So far we've worked on generating snow samples and
modeling a light beam to travel through the samples.

® \We simulated a snowpack by randomly generating spherical snow grains and assigning coordinates of the
snowpack as air or ice (Figure 6).

® To implement ray tracing, our team is also creating a program that tracks a light beam and dictates its path
using fundamental optics (Figure 7).
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Figure 6: Randomly generated snowpack made
of spherical snow grains. Iterations of the
model allow for variations in grain size and
prevent overlapping of snow grains
(representative figure, not to scale).

Figure 7: A simulation of a photon (represented by the
blue line) reflecting from a spherical snow grain. This
will eventually be applied to a simulated snowpack

like the one in Figure 6. (representative figure, not to
scale)
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How will we improve these models?

® Both the analytical and the ray tracing models only simulate dry snow. Our goal is to improve
these models by including liquid water content.

® Analytical: the total absorption (ktOt) in the model is due to pollution and ice, and we plan to add
an absorption term due to liquid water content into k. _ .

® Ray tracing: to incorporate liquid water in this model, we would need to update the snowpack
simulation to include a layer of liquid water around the snow grains, and change the light-tracking
physics to interact appropriately with the newly added liquid water.
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Why is snow albedo important?

Albedo is the fraction of incoming solar radiation that is reflected.
Snow plays an important role in controlling surface temperature
and global energy budget because it covers up to 47 million square
km of Earth’s surface (NSIDC 2019) and has high albedo.

Small changes in albedo can result in significant surface warming
and snowmelt due to the positive snow albedo feedback processes.
Many different metrics such as snow cover extent (see Figure 1),
sea ice extent, and glacial recession show that snow and ice are

melting.

Figure 1: From IPCC
5th Assessment

4 Report. Snow Cover
Extent anomaly in
the Northern

4 Hemisphere showing
decline in spring and
Junex I summer.

SCE anomaly (10¢ km?)

-6 | : . . :
1920 1940 1960 1980 2000 2020
Year
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Figure 2: From Kim et al.
(2018). This figure is
showing the percentage
of time that the snow is
wet within the shown

region of Northern
America.

® The two main intrinsic factors that have been studied
which affect snow albedo are grain size and impurity
content (Tedesco et al. 2015).

® Other factors such as packing arrangement (He et al.
2018), surface roughness (Larue et al. 2020), snow
thickness, and grain shape (Dang et al. 2017) affect albedo.

e The presence of liquid water in snow also affects albedo,
but this factor has been studied less despite frequent
liquid water presence (Figure 2).

Which models are we studying?

Analytical

One of the models we are investigating is an analytical

model from Kokhanovsky et al. (2018).

The goal of the model is to calculate broadband albedo

(350-1500 nm) based on measurements of albedo at 3

wavelengths.

Fundamental impact parameters of albedo:

o density (c)

o grain diameter (d)

o pollution type and concentration (ko, m)

o property of ice (imaginary part of the index of
refraction)
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Ray Tracing

The ray tracing model from Kaempfer et al. (2007) tracks a
photon’s trajectory (Figure 3) through a simulated
snowpack based on fundamental snow properties and
optics.
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Analytical

e We have explored the equations describing the
relationships between albedo and changing snow
parameters including pollution factors (m,ko), density
(c) and grain diameter (d). Figure 4 and Figure 5 show
two of those relations, which match our expectations.
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Figure 4: Analytically calculated spherical albedo (rs) vs.
wavelength at different grain sizes (d=1mm, 2mm, 3mm).
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Figure 5: Analytically calculated spherical albedo (rs) vs.
wavelength at different pollution conditions (m=3, m=4, m=5).

Ray Tracing
We are recreating the ray tracing model using Matlab.
So far we’ve worked on generating snow samples and
modeling a light beam to travel through the samples.
We simulated a snowpack by randomly generating
spherical snow grains and assigning coordinates of the
snowpack as air or ice (Figure 6).
To implement ray tracing, our team is also creating a
program that tracks a light beam and dictates its path
using fundamental optics (Figure 7).

Figure 6: Randomly generated
snowpack made of spherical snow
grains. lterations of the model
allow for variations in grain size
and prevent overlapping of snow
grains (representative figure, not
to scale).

Figure 7: A simulation of a photon
(represented by the blue line)
reflecting from a spherical snow
grain. This will eventually be
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= | m\ applied to a simulated snowpack
like the one in Figure 6.
(representative figure, not to scale)
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How will we improve these models?

e Both the analytical and the ray tracing models only simulate dry snow. Our goal is to improve these models by

including liquid water content.

® Analytical: the total absorption (k ) in the model is due to pollution and ice, and we plan to add an absorption

term due to liquid water contentinto k__ .

e Ray tracing: to incorporate liquid water in this model, we would need to update the snowpack simulation to
include a layer of liquid water around the snow grains, and change the light-tracking physics to interact

appropriately with the newly added liquid water.
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