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Personal Introduction

Personal Introduction

Personal Introduction

* Research

— Orographic precipitation
Lake-effect precipitation
— High-impact mountain
weather
Weather analysis and
forecasting
Numerical weather prediction

* Teaching
— Synoptic Meteorology
— Weather Analysis and
Forecasting
— Mountain Meteorology

http://wasatchweatherweenles.blogsbot.com/

Fulbright Program

fulbrightaustria s

“The Fulbright Scholar Program is
designed to expand and strengthen
the relationships between the people
of the United States and citizens of
the rest of the world”

e
o

Introductions

* Name

* Where you are from

* Major and other relevant background
information

* Why you are interested in cool-season
precipitation
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Learning Outcomes

* At the end of this course, you should be able to:
— Characterize and explain the global and regional distributions of
precipitation and snowfall, including spatial variations in
complex terrain

— Diagnose the dynamic, thermodynamic, and microphyiscal
processes affecting cool-season precipitation and winter storms
in a variety of synoptic, mesoscale, and orographic settings

— Describe the strengths and weaknesses of precipitation
forecasts and projections produced by weather and climate
models

— Apply this knowledge for research in the atmospheric,
cryospheric, and related environmental sciences.

Format

* One class per week
— Tuesdays 14.00-15.30
— Except 12 March: 13.30-15.00
— Geologie Schausammlung, 2nd floor, room no.
218, Bruno-Sandner-Haus
* VU

— Mixture of lecture, discussion, and student
presentations + final exam

Text and Materials

* Readings as assigned from literature and
freely available electronically from campus IP
addresses

Course Web Site

350
B pniveritat * Syllabus

Expectations and
grading

* Schedule and
readings

Topics

* Introduction ¢ Cold-air damming
¢ Precipitation systems and * Atmospheric rivers
microphysical processes  « Orographic precipitation
* Global precipitation o Lake- and sea-effect
characteristics precipitation
* Precipitation
measurement
¢ Winter storm
fundamentals
* Clouds and precipitation
in extratropical cyclones

Student Presentations

* March 26: Climatology of cool-season
precipitation

* April 30: Precipitation measurement or
winter-storm fundamentals

* May 21: Extratropical cyclones, cold-air
damming, or atmospheric rivers

* June 18: Orographic precipitation or sea/lake-
effect precipitation

* June 25: Integrative or interdisciplinary
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http://www.inscc.utah.edu/~steenburgh/classes/CoolSeasonPrecip/

Assignment #1

* Send me an e-mail with your first and second

choice for date/topic area by Thursday, March
7

— jim.steenburgh@utah.edu
— william.steenburgh@uibk.ac.at

Group Discussion

What is Cool-Season Precipitation?

Cool-Season Precipitation

Hazards and challenges

— Floods and flash floods

— Landslides and debris flows

— Snow and ice storms and related impacts
— Avalanches

Benefits
— Water resources

— Ecology, Agriculture
— Winter sports tourism and activities

Henson (2018)

Floods: January 2018

“Record rainfall pushed rivers over their banks across France”
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Floods and Climate Change

m Science o the Total Environment 2 « Sitter Catchment, Switzerland
I0res with warin o 04°C e e @ * “There has been an increase in
- . the number of rain-on-snow

events since the early 1960s”

*  “The number of rain-on-snow
events could increase by close to
50% with temperatures 2—-4°C
warmer than today, before
declining when temperatures go
beyond 4°C”

« “Risks of flooding in a future
climate may indeed get worse
before they improve”

Beniston and Stoffel (2016)

Flash Floods

Flooding caused by rapidly rising water level level in streams, creeks, rivers, or other
waterways, normally dry stream beds, or in urban areas, usually as a result of
intense rainfall over a relatively small area or for moderate to intense rainfall over highly
saturated or impervious land surfaces, and generally occurring within minutes to several
hours of the rainfall event
- Glossary of Meteorology

Landslides and Debris Flows

Landslide — A mass of rock, earth, and debris moving down a slope
Debris Flow — A river of rock, Earth, and other debris saturated with water

—www.ready.gov

Oso Mudslide, Washington, USA
22 March, 2014

49 homes and structures destroyed
- | 43deaths

Snow and Ice Storms

'ﬁ?"“ * lIssues
y — Transportation maintenance,
delays, safety
— Public safety
— Power infrastructure
- — Structural collapses
Ohersin osnsson)dapd — Avalanches
A — Potential precursor to rain-
on-snow or spring melt
flooding

* Benefits
— Winter sports and tourism

— Natural reservoir for water
resources

Minnesota DoT District 1
2017/18 Cool Season

. 1 * Road lanes: 5979 km
Mean Annual Snowfal * Dist. mean snowfall: 200 cm
e Salt: 32,231 metric tons
¢ Sand: 16,791 metric tons
e Liquid MgCl: 78,952 L
e Salt brine: 1,208,932 L
e Liquid CaCl: 54,018 L
* Salt brine additive: 7090 L
¢ Potassium acetate: 15,668 L
* Cost per lane km: €1846

Average Annual Snowfall in the Contjuous U.S. @,
(based on NOAA NCEI 1981 - 2010 cimate normatsflaa) 4

Minnesota Department of Transportation (2018), NOAA/NWS

Avalanches

0 CHE,AUT, 5V yor 0502015 5 CHE,AUT, 5V o 9502015
i Conlodran - il ‘,,, .
- [ » * Mean ~100 fatalities per
PN year
i°1 i ® = Considerable variability
S g o Lo ® from year to year
= » o= = = Fatalities in controlled

terrain
(municipalities/highways)
have decreased

" T " " "o

- - . ° Fatalities in uncontrolled

- R . . terrain have increased
i° * * Note: Avalanches driven
" ° © by many factors besides

B o - precipitation

» w| fm »

Techel et al. (2016)
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https://youtu.be/48LEIlQUkS8

North American Ice Storm of 1998

January 5-9 1998
Northeast US and eastern Canada
100+ mm of freezing rain in some areas
$4+ Billion in damage
Channeling by orography critical

Roebber and Gyakum (2003)

Climate Change Vulnerability

Re==. “This growing and diverse literature has
projected decreased reliability of slopes
dependent on natural snow, increased
snowmaking requirements, shortened and
more variable ski seasons, a contraction in the
number of operating ski areas, altered
competitiveness among and within regional ski
markets and attendant implications for ski
tourism employment and values of vacation
property real estate.”

“The extent and timing of these consequences
depend on the rate of climate change and the
types of adaptive responses by skiers as well as
ski tourism destinations and their cc itors.”

— Steiger et al. (2017)

Steiger et al. (2017)

Benefits: Winter Tourism

ul

“Winter tourism...forms a major part of the

national economy in Alpine Europe”
— Andrew Denning, Author, Skiing into
Modernity

)i”“””i

Winter tourism in Austria generates €7.4 to

Austria €11.4 billion annually, or 3.9-4.2% of Austria’s
3 ;e smoe
Winter tourism highly sensitive to weather and
n -9 B climate variability
3028 m 5.9 e ks o e b 2.1 s vt e vttt
15 monoimom 16902 mmmnen L6 an i

Steiger and Abegg (2011), University of Kansas (2015), Vanat (2017)

Water Resources

* Snow comprises 37% of
the precipitation, but
accounts for 53% of the
runoff for the entire
western US

* Major mountain areas
even higher
— Rockies: 74%
— Sierra Nevada: 73%
— Cascades 78%

fo.snow 1
Fraction of snowmelt to total runoff

Lietal. (2017)

Climate Change Vulnerability

o ¢ Under RCP8.5, snow-
derived runoff for entire
west decreases from 53%

o

o2 £ 1030.4%
-0.25 §
o
-03 . .
03s * Formajor mountain areas
-04 — Sierra Nevada: 73% to 38%

— Cascades: 78% to 44%

— Rockies not specified, but
lower

Decrease of contribution of snowmelt
to runoff under RCP8.5

Lietal. (2017)

Conclusion:
Let’s Have a Fun Semester!
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