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Outline

Changes in snow and ice cover

Snow cover extent (SCE)

2 Albedo
Snow water equivalent (SWE)
Melt season
3 Future changes in snow and ice cover



Seasonal snow and ice
cover is an important
part of the global climate |
system

* Snow and ice have high
albedo (reflectivity)

- Darker snow-free and ice-free
surface absorbs more solar
radiation

* Snhow and ice cover Iinfluences
Earth’s energy budget

Image courtesy Jacques Descloitres, MODIS Land Rapid
Response Team at NASA GSFC
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Changing snow cover affects our
everyday lives

Flooding f

Tourism

Road maintenance

Water
&
O s shortages .
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Using satellite data for snow and
ice cover monitoring

» Sparse In situ measurements in the Arctic

- Snow cover monitoring at the continental
scale is only possible from satellites

- Satellite-based estimates are constantly
Improving

* Both optical and microwave satellite
methods can be used to monitor snow and
ICe Cover | Pulliainen et al. (2020)




Optical satellite method

No snow on the ground Snow on the ground




Passive microwave satellite method

No snow on the ground

Snow on the ground
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Outline

Introduction

1 Why studying snow cover is important?
Basics of microwave and optical satellite methods

3 Future changes in snow and ice cover



Snow cover extent
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Mean snow cover extent in spring
1982-2018
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Statistically significant negative
trend exists in May
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Negative trend is more prominent

in Eurasia

North America
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Trend in SCE varies seasonally

SCE Trend (108 km? (43 years)")
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Hernandez-Henriquez et al. (2015)
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Albedo
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Mean surface albedo in spring
1982-2018
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Statistically significant negative
trend exists in April and May
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Negative trend is more prominent

in Eurasia

North America
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Area with negative trend moves
northward in spring
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What is the snow and ice albedo

feedback (SIAF)?

Top-of-atmosphere
““““““ (TOA) 7=

P S

a~0.3-0.8

.leading to a change in the

top-of-atmosphere energy

balance, modulated by the
atmosphere

A change in snow and ice
cover alters the surface
radiative energy balance...
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So we need to quantify surface albedo
changes and the modulating effect of
the atmosphere...

* Enter the radiative kernel technique:
SIAF = Z k * A W m~]
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mean SIAF vs. 1982-91 baseline

Combined

Annual global

-0.25-
1984 1988 1992 1996 2000 2004 2008 2012 2016
Time
b) Arctic

SIAF
[W/m?]

1084 1988 1992 1996 2000 2004 2008 2012 2016
Time

Antarctic

LLNE 0.25{ " A
~= k_7¥_/\/—v

g -

1984 1988 1992 1996 2000 2004 2008 2012 2016
Time Riihels et al., 2021

ILMATIETEEN LAITOS
METEOROLOGISKA INSTITUTET
FINNISH METEOROLOGICAL INSTITUTE



Antarctic reversal in 2016-2018 -
Arctic snow/ice losses continue
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SWE

SWE is the height of the water layer (in units of mm) that would result
from melting the whole snowpack instantaneously.

e
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Mean SWE in spring 1982-2018
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Global SWE has been decreasing
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SWE (1012 kg)

SWE has decreased in North
America, but not in Eurasia

North America
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Spatial SWE trends in March
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Melt season
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Melt onset in Northern Hemisphere

Mean albedo-based MOD 1982-2015
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Mean microwave-based MOD 1982-2015 150
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Microwave-based
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Kouki et al. (2019)
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Outline

Future changes in snow and ice cover
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Snow cover
extent will
decrease In
the future
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% change relative to 1995-2014

% change relative to 1995-2014
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10 -
0 -
_10 -
_20 .
_3G -
_4{:' =)
— 55585
—5( o w—55p370
55p245
—60 | m—55p126 ™
1960 1980 2000 2020 2040 2060 2080 2100
Year
(b) NH October-December snow cover extent
20 1
D -
_20 -
—40 -
m— 55585 1
| m—s5p370 ’
%0 ssp245
— 55D 126
1960 1980 2000 2020 2040 2060 2080 2100

Year
Mudryk et al. (2020)

34



SWE will
10 1

decrease but
spatial
variability =

—40 1 55p245 L _

exists — s
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Year Mudryk et al. (2020)

Projected relative change in
mean SWE in spring (% relative
to 1986—2005 reference period)
by the CMIP5 ensemble for
RCP8.5
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Summary
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