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I. Ice Breaking
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I. Ice Breaking
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I. Ice Breaking

Maxine Bentzel @MaxineBentzel - 84| 71 7
It's so cold the iguanas are freezing and falling out of trees @CBS12
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I. Ice Breaking
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I. Ice Breaking

Atmospheric CO2 concentration (1958-2017)
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From Climate Lab Book Open Climate Science of Ed Hawkins' Blog
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I. Ice Breaking -
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Global temperature change (1850-2017)
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I. Ice Breaking

Arctic sea ice volume (1979-2017)
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I. Ice Breaking

WHY CONSENSUS MATTERS: THE CONSENSUS GAP There is a large
gap between the public perception of consensus on anthropogenic
global warming (AGW) and the reality of 97% agreement among climate
scientists. This “Consensus Gap” has real-world implications. Research
into climate change attitudes has found that a correct perception of
scientific consensus is linked to support for climate policy. In other
words, when people don't realize there's a scientific consensus, they're

less likely to support climate action. This underscores the importance of
closing the Consensus Gap.

OF CLIMATE
SCIENTISTS
AGREE WITH
AGW

OF US MEDIA %
COVERAGE

SUPPORTS
OF US MEDIA
AGW  COVERAGE
GIVES
SKEPTICS
A VOICE
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Introduction
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II. Introduction: IPCC AR50{|A{Q] =

a) Wettest consecutive five days (RX5day)
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II. Introduction: IPCC ARG6OjJ|A{2S] =

< IPCC AR60J|A St Chapter €0} | GC

INTERGOVERNMENTAL PANEL oN GlimaTe chanée

Chapter 11.:
Weather apd cllmate extreme events | FORTYSIXTH SESSION OF THE IPCC
in a changing climate

® Extreme types, encompassing weather and climate timescales and
compound events (including droughts, tropical cyclones)

® Observations for extremes and their limitations, including paleo

® Mechanisms, drivers and feedbacks leading to extremes

® Ability of models to simulate extremes and related processes

® Attribution of changes in extremes and extreme events

® Assessment of projected changes of extremes and potential surprises
® (Case studies across timescales
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II. Introduction: WCRP Grand Challenges

® Melting Ice and Global Consequences GRAND
A~
® Clouds, Circulation and Climate . CHALLENGES

Sensitivity
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® Carbon Feedbacks in the Climate = = e
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- cLoups,
" CIRCULATION AND
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® Weather and Climate Extremes

® \Water for the Food Baskets of the
World

® Regional Sea-Level Change and RS S
Coastal Impacts
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® Near-term Climate Prediction
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II. Introduction: WCRP Grand Challenges

The Extremes Grand Challenge is organised around four over-arching
themes (Document, Understand, Simulate, Attribute) with a main focus
on four core events (Heavy Precipitation, Heatwave, Drought, Storm).

Are existing observations sufficient What are the relative roles of

to underpin the assessment of (\\ y U,; N large-scale, regional and local scale
extremes? & ((\e \eatwaves O’@/.~ \ processes, as well as their
| C}> Sx . interactions, for the formation of

AW % extremes?

Are models able to reliably
Simulate extremes and their
changes, and how can this be
evaluated and improved?

What are the contributors to
observed extreme events and to
changes in the frequency and
intensity of the observed extremes?
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II. Introduction: WCRP Grand Challenges

Specific Scientific Questions from the White Paper

1.

2.

1

APCC Seminar 2018 / |

How can we improve the collation, dissemination and quality of observations
needed to assess extremes and what new observations do we need?

Can models be further improved to better simulate, predict and project
extremes?
What do we understand about the interactions between large-scale drivers
and regional-scale land-surface feedbacks that affect extremes and how can
these processes be improved in models?

To what extent can detected changes in extremes be attributed to forcing
external to the climate system and/or to internal factors such as modes of
variability?

What factors have contributed to the risk of a particular observed event?
How has drought changed in the past and what were the causes, and how
will it change in the future?

Are changes in the frequency and intensity of extremes predictable at
seasonal to decadal scale and if so, how can we best realize that potential,
and how can society best use such forecasts?

How will large-scale phenomena such as monsoons and modes of variability
change in the future, and how will this affect extremes?
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(1) Literature Survey

® Stephenson(2008): "=3t EM AFAS COIX|SE A2 M2
*'XID* Ho57|= O#7| WZ0", =3¢ EM ArHdES et
OO ANAS ot B FE EEgols S8 E HHEE2 8=
® Beniston et al.(2007): &M (7|2) AFH0| 2st™ 0|2t AlH
ot7| sl gt o =z AEE= 371K 582 (i) 348
ol

(rairity), (ii) Z X (intensity), (iii) & Zf-d(severity) &l.

® Miuller & Kaspar(2014) & Miiller et al.(2015): =3+ 7|4 &
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Question
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(4) Results: Sokcho vs Gangneung
Sokcho
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Sokcho

Event P(mm) o Z/Zeq (95%)  Z/Ze (99%)  X/Xeir (95%)  X/Xerr (99%)
1 Nov 2015 463.5 4.492 1.46 1311 1.348 1.241
2 May 1997 355.6 4.334 1.409 1.265 1.286 1.191
3 Dec 1991 2259 3.668 1.192 1.071 1.15 1.057
4 Apr 1977 238.3 3.528 1.147 1.03 1.097 1.02
Gangneung
Event P (mm) Valzue 7/Z.:(95%)  Z/Z.:(99%)  X/X. i (95%) X/X i (99%)
1 Aug 2002 1137 4.65 1.512 1.358 1.346 1.25
2 Dec 1991 233.6 3.92 1.274 1.144 1.215 1.116
3 Jul 2006 757.3 3.851 1.252 1.124 1.163 1.083
4 Jan 1989 248.5 3.829 1.245 1.118 1.182 1.09
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=M 7|7}: 1972-2016 (45L=|)
DoE Dok
=R Nov 2015 463.5 1.358 1.251
u= Aug 2002 1137.0 1.324 1.230
= Jan 1972 81.8 1.128 1.042
2= Dec 1992 /8.6 1.071 0.997
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IV. O|AFX| 7|8Fo| M Ql= 7| S A|7| Hat: (1) ToE & TUCEF?

“+ ToE (Time of Emergence of Global Warming
Signal)

" ARATIA|= CHRIX[X] SHUE 7|2t L9 SSA|7|(ToE)0f Lkot
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Arel MERO| e U0 CrE9] =AM (Sui et al, 2014)

= CH7f Hawkins and Sutton(2012)2| SNR(Signal-to-Noise Ratio)
(S 25 F=AM, N L8 or Xt #HE ), S/NO| o £
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IV. O|AFX| Z|dlo| M= 7|=A|7] Hat: (1) ToE & TUCEF?
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Figure 2. The map shows the global temperature increase (°C) needed for a single location to undergo a statistically significant change in
average summer seasonal surface temperature (TAS), aggregated on a country level. The black line near the colour bar denotes the committed
global average warming if all atmospheric constituents were fixed at year 2000 levels. The small panels show the interannual summer-season
variability during the base period (1900-29) (+2 standard deviations shaded in grey) and the multi-model mean summer surface temperature
(red line) of one arbitrarily chosen grid cell within the specific country. The shading in red indicates the 5% and 95% quantiles across all
model realizations.
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IV. O|AHA| 7|HEO| MQle 7| A|7| MO (1) ToE & TUCER?

< TUC (Timing of Unprecedented Climate)

= TUCL ToEQ| 2CHXQl Ao 2 O|sf= 4 9IS

* MM TUCE 585t HHE H ot EXoHX| H5
= TUCE g9olot7| 2ot fAwel U8 SEo| BEe = AS: oA
7| ZH0f LtEFE ZCHE(RIAIC) B2 2 L LX| &= O]2He] AlE

What Does “Unprecedented Climate” Mean?

Starting in just 30 years, the coldest year will still be hotter than any
year in the past 150 years

2357
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O|AHA| 7|HEO| MBSl 7|= A|7| Mtk (1) ToE & TUCER?

® Mora et al.(2013)2 CMIP5 HEA X|H7|E2 AIEE 0|25l IAHEROXIE

of H|Sligts BAULE 7‘1E1|81‘.: 7I A71E =g

¢ Historical experiment
5 RCP45

- < b

All consecutive years out
i
adl

il
RCP4.5: 20694 (+184)
RCP8.5: 20474 (+144)

1860 1900 1940 1980 2020 2060 2100
Year

Temperature (°C)

Figure 1 | Estimating the projected timing of climate departure from recent  Model 2G). b, ¢, Effect of using different historical reference periods (b) and
variability. a, Mean annual temperatures of an example grid cell (small square  different numbers of consecutive years exceeding historical bounds (c) on the

on map) exceed historical climate bounds (grey area) for three consecutive projected timing of climate departure from recent variability for global multi-model
years starting in 2012 (blue arrow) and for 11 consecutive years after 2023 averages under RCP85. d, Comparison of the projected timing of climate departure
(green arrow); after 2036 (red arrow) all subsequent years remained outside the  from recent variability under RCP85, using the ‘historical’ and the ‘historicalNat’
bounds (data from the Geophysical Fluid Dynamics Laboratory Earth System  experiments as reference to set the bounds of historical climate variability.
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Fig. 2. An illustration of timing of unprecedented climate defined as the first year when a predicted temperature exceeds the maximum tem-
perature record in a historical data and remains as such since then, The thick solid line represents the GISTEMP global and annual mean
time-series of surface temperature anomaly (°C) from January 1880 to December 2014 and the dashed line represents its linear regression
model. A maximum displ t from the regression line is defined as the magnitude of internal variability and a dotted-line passing
through the maximum displacement is drawn in parallel with the regression line as an upper/lower bound of temperature variation. The year
of unprecedented climate since 1880 as defined above is marked with an arrow. So is the projected year of unprecedented climate since the
400 ky BP that the global mean surface temperature will exceed the pre-industrial mean temperature by 2 degrees.
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IV. O|AHA| 7|HEO| MQle 7| A|7| MO (1) ToE & TUCER?

Background of Presentation in Dasan Conference 2016

® Now, weather develops in a different environment than before.

® Especially, most of the social and economic costs associated
with climate change results from shifts in extreme weather
events, such as intense heat and cold wave, large flood, and
long spell drought.

® As the climate has warmed, extreme weather events have
become more frequent and severe in recent decades.

® In the future, this extreme weather patterns will be likely to
be a new normal.

® Reducing the future risk of extreme weather requires reliable
projection for the future changes of the extreme weather
events in regional or local scale.
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. O] %] 7]vte] Hey|@l= 7|= A 7] HL: (1) ToE & TUCEE?
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IV. O|AbX| 7|HFO] ME|Qi= 7|Z A|7| Fat: (1) ToE & TUCER?

(a) Same X i & a;>a, (b) Same a & X_i11> X o

crit

TUC, TUC,

Time Time

(C) a1>a2 & Xcrit1> Xcrit2
A

Xcritl

><crit2

TUC, | | TUC,
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IV. o] & 7|&2e] HE = 71ZA7] EY: (2)

(@) TUC by Shin & Chang (2016)

Global mean unprecedented climate
period : 1880-2016
base period : 1951-1980
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(b) Outlier-based TUC in this study

Global mean unprecedented climate
period : 1880-2016
o5 base period : 1951-1980
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®  2AH outlier: crit_value = z_crit x sd + mean
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O] X 7[gke| HE = 7IZA 7] EY: (3) Xt =

s Datasets
MR ERF A EHI XEI|L : NASA GISTEMP

A
« M X SX Y A XHEZ|SL : CRU TS 4.00 [0.5°%0.5°]
& X|E 7|2 : HadGEM2-AO [1.25°%1.875°]

P KT Y

“* Analysis Periods
= NASA GISTEMP : 1880~2016 [137H]
= CRU TS 4.00 : 1901~2015 [115H]
= HadGEMZ2-AO Historical Run : 1860~2005 [1464]
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IV. O] &X| 7|8e| M Gl= 7I1ZA7| HB: (3) 24t

% TUC Response to Intensified GW (BP: 1951~2000)

Global Mean Temperature
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IvV. O] &%| 7]qte] HHRl= 7|1
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Supplementary

Moisture Flux
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Supplementary: GEVD 7|8t9| TUC =7
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Supplementary: GEVD 7|8t9| TUC =7
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Climate

Extremes Explanation of indices
Indices

Monthly minimum value of daily Let TNn be the daily minimum temperature in month k, period j.

TNn o ' ' The minimum daily minimum temperature each month is then;
minimum temperature TNn, = min(TNn,)
Monthlv maximum value of dail Let TXx be the daily maximum temperature in month k, period j.
TXx ety y The maximum daily maximum temperature each month is then;
maximum temperature TXxy = max(TXaxy,)
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Supplementary: GEVD 7|8to| TUC =M

« At20| Mgte GEVD &7 ]

« GEVDO| 504 X (R AZY) &7

- MY Qe 7ISA|7] &) ]

GEVD(Generalized Extreme Value Distribution)

_ —1/¢ 2| X[(location) 2= u
G(z) = erﬂp{— [1 +§( = )} }, K (scale) 2= 0
7 A A(shape) B 4= €
APCC Seminar 2018 -‘ ’ e e




Supplementary: GEVD 7|8t9| TUC =7
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Supplementary: GEVD 7|4t9| TUC =

TNn under RCP8.5 TXx under RCP8.5
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