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Extremes Are Relevant

U.S. 2013 Billion-dollar Weather and Climate Disasters
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World's largest collection of daily in situ data



Some Basics

About 30 source datasets

90,000 precipitation stations

40,000 snowfall and snow depth stations
Good coverage of many global land areas

Primary U.S. networks:
& COOP (Cooperative Observi




Record Length Varies
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Network Increases in Time
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Freely Available to All
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Daily Updates

U.S. Sources

HPRCC
CoCoRoNS
RAWS
Snotel
CRN

15D

Global Sources

Canata
GS0D

GCOS
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Weekly Reprocessing
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Sources Added Periodically

Winter 2008: U.S. Forts (30 new stations)
Summer 2009:  CRN (137 new stations)

Winter 2010: 13  African countries (129 new stations)
Summer 2010:  CoCoRaHS (~22,000 new stations)

Fall 2010: Australia (~17,000 new stations)
Fall 2010: Belarus, Ukraine, Uzbekistan (updates)
Fall 2011: 1270 new stations) -

 ECARD

- Summer 201.




Criteria in Adding a Source

Need for data in a certain place and time

Consistency with NCDC Mission and Strategic Themes
& 1.2 Sustain Assessments and Monitoring
¥ 1.4 Understand Extremes

Request from a specific customer base
Y Sponsor (%PO)




Quality Assurance

19 checks (most applied to most primary elements)

3 general types (integrity, outlier, consistency)

1-2% false positive rate (limits collateral damage)




Always a New Problem...

Precipitation at Balmaceda, Chile -
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National Climate Assessment

Convened workshops in 2011-2012
to assess the state of knowledge Global Climate Change Impacts

in the United States

& Document changes e
& Assess data suitability . FERR

& Explore potential causes

 Rate the evidence (strong,

moaerate,




Changes in Extremes

Focusing on three areas:
& Precipitation
& Temperature
& Storms

Emphasizing two attributes of extremes:




Three Papers Published

Monitoring and understanding changes in extreme storm statistics: state of knowledge
Kunkel, K., T.R. Karl, H. Brooks, J. Kossin, J. Lawrimore, D. Arndt, L. Bosart, D. Changnon, S. Cutter, N. Doesken,
K. Emanuel, P. Ya. Groisman, R.W. Katz, T. Knutson, J. O'Brien, C.J. Paciorek, T. Peterson, K. Redmond, D.
Robinson, J. Trapp, R. Vose, S. Weaver, M. Wehner, K. Wolter, and D. Wuebbles. 2013. Bulletin of the American
Meteorological Society 94:499-514, doi:10.1175/BAMS-D-11-00262.1.

Monitoring and understanding changes in heatwaves, coldwaves, floods, and droughts in the

United States: state of knowledge
Peterson, T.C., R.Heim, R. Hirsch, D. Kaiser, H. Brooks, N.S. Diffenbaugh, R. Dole, J. Giovannettone, K. Gurguis,
T.R. Karl, R.W. Katz, K. Kunkel, D. Lettenmaier, G.J. McCabe, C.J. Paciorek, K. Ryberg, S. Schubert, V.B.S. Silva, B.
Stewart, A.V. Vecchia, G. Villarini, R.S. Vose, J. Walsh, D. Wolock, K. Wolter, C.A. Woodhouse, M. Wehner, and D.
Wuebbles. 2013. Bulletin of the American Meteorological Society 94:821-834, doi:10.1175/BAMS-D-12-00066.1.

Monitoring and understandlng changes in extremes extratroplcal storms, wmds and waves
Vose, R.S., S. Ap : .C. F J. E .
DeGaetano, R




Precipitation
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Increase in Very Heavy
Precipitation
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Increase in Very Heavy

2

o

N 1901-2012

U.S. Average

Departre from Average (%)

-50
1900's 20's 40's 60's BO's Q0s
Decade

. z
s 1Y § [N\
3 50 -é 0 1 ~ 50
-3 - F 50 e s
g £ x 7 < g
£ & ,, Northwest g " :
g -50 2 £ %0 E 0
& 1900's 20s 40's €0's 80's 00s E 0 = £
& |Alaska g : §
X H . : £ __|Northeast
005205 405 60 805 00s § ., |Great Plains North £° > ol A oo
Decads 1900's 20's 40's B0's 80's 00's H ) Decade
Decade % o, Midwest .
1900's 20's 40's 60's BO's 00's
Decade

3

on

Southwest
900's 20's 40's G0's 80s 00's
Decade

v
-

.')ogmmo from Average (%)

o
Ceparture hom Averags (%)
g o

I \| I»l

& Hawaii

1900s 20's 40's 60s 80's 0051
Decade 2 50
Z %0 §
* : I ||
0.
?% E a -~ v g
g : % _ |Southeast |
D g Great Plams SOUlh T 19005205 40's 60's 80's 00's
19005205 48303605 20's 00's Decade

- 3 N 2




Increase in Extreme
Snowstorms
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Floods Consistent with
Precipitation

Precipitation

Least Squares Trend (Percent per Decade)
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Temperature

Extreme
lemperature
Experts
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Decrease in Record Lows
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Longer Frost-Free Season
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Northward Movement of

Planting Zones

Climate-Related Planting Zones
Based on New 1981-2010 Climate Normals

.

Average Annual Minimum Temperature by Climate-Related Planting Zone
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Zone Changes in Past 10 Years

In Color of New Planting Zone
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Fewer Cold Waves and More
Heat Waves

United States
+2.0




Long-Term Picture More
Complex

United States
+2.0







More Frequent and Intense
Winter Storms
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Increasing Coastal
Vulnerability

Storms drive winds, which
drive waves

& “Suggestive” evidence

& Shift toward offshore
storm activity (1950s)

& Increase in extreme
offshore winds (1980s)

¥ Increase in extreme
Pacific (
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Increase in North Atlantic

Hurricanes

Intensity, frequency, and duration have increased since the early 1980s

Observed Trends in Hurricane Power Dissipation
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Putting It All Together

/ Precipitation
'y Heat Waves
S
Qgﬁ/Cold Waves
@ Hurricanes @ Floods

t“";& Snow @ Droughts

Educated Guess

/a Ocean Waves

L ) Thunderstorm | &3 Winds &) Extreme
= Extratropical
Cyclones

Do We Know How Things Will Change?

ATrE thelbatalREI 1D ENOIFDEIECHING I Change?




