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__ The Earth...

How do we affect the global climate ?
How do we affect extremes and water on regional scale?

Greenhouse gases, land use, water management...
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ement: 1.5C vs 2C
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Nations urnies
Conférence sur les Changements Climatiques 2015
COP21/CMPI]

Paris_-France =
v )

@ United Nations FCCCicprao1sno
<C Framewoark Convention on Distr.: Limited
Climate Change 12 December 2015

1. This Agreement, in enhancing the implementation of the Convention, including its objective, aims to strengthen
the global response to the threat of climate change, in the context of sustainable development and efforts to
eradicate poverty, including by:

(a)  Holding the increase in the global average temperature to well below 2 °C above pre-industrial levels and
to pursue efforts to limit the temperature increase to 1.5 °C above pre-industrial levels. recognizing that
this would significantly reduce the risks and impacts of climate change:
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Cumulative total anthropogenic CO; emissions from 1870 (GtCO;) DireCt link
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Cumulative total anthropogenic CO; emissions from 1870 (GtCO;3) Direct link
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“s=—.Event attribution

Extreme events In 2016 Majorlty of these events hve been made
more probable by greenhouse gas forcing

' Drought . Heat @ Fire ’ Dry @ Marine Heat . Marine Life
.Cold “'E‘l‘ Frost }p Snow @ Precipitation . Air Quality
‘5‘ Ecosystem/Vegetation Function Q El Nifio ® Coral Bleaching

(Herring et al. 2018, BAMS)
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SW|st alIn ttt fTh IgyZ h

Human-induced climate change likely
increased the chances of the observed
precipitation accumulations during
Hurricane Harvey in the most affected
areas of Houston by a factor of at least
3.5 (Risser and Wehner 2017, GRL)

Global warming made the precipitation
about 15% higher and the experienced
rainfall extreme event about 3 times more
likely (van oidenborgh et al. 2017, ERL)
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Human-induced climate change likely
increased the chances of the observed
precipitation accumulations during
Hurricane Harvey in the most affected
areas of Houston by a factor of at least
3.5 (Risser and Wehner 2017, GRL)

Global warming made the precipitation
about 15% higher and the experienced
rainfall extreme event about 3 times more
likely (van oidenborgh et al. 2017, ERL)

Climate change is happening now!
It has impacts now!

7.5.2018 Sonia Seneviratne / IAC ETH Zurich GEWEX OSC «Extremes and Water»



ETH

Eidgenossische Technische Hochschule Ziirich
Swiss Federal Institute of Technology Zurich

gF€O,.budget for 1.5C?

Remaining carbon budget for a 66% chance of less than 1.5C warming
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Final update: see upcoming IPCC SR15 report! (https://ipcc.ch/report/sr15/) (https://www.carbonbrief.org)
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Temporal dimension of «1.5C scenarios»

Because we are so close to the 1.5C thresholds, all scenarios currently considered

compatible with a 1.5C target include an overshooting phase before returning to 1.5C
until the end of the 21st century (prcc 2014)

Requires «negative CO, emissionsy, i.e. reforestation and carbon capture and
storage, in addition to strong and immediate reduction of CO, emissions.

ATglob
gipeeil

1.5°C e d 3 :

0" ' —
Pre- Present day First Peak 2100 After several
industrial (~2007-2026) occurrence  temperature  (66% chance millennia
time frame of 1.5°C > 1.5C of being (higher sea
(~1850-1900) climate (overshoot) <1.5°C and level)
33% >1.5°C) (Seneviratne et al., in press)
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Final update: see upcoming IPCC SR15 report! (https://ipcc.ch/report/sr15/) (Tollefson, Nature 2018)
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Cumulative total anthropogenic CO; emissions from 1870 (GtCO;3) Direct link
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(IPCC 2013)
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(Seneviratne et al. 2016, Nature)
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Warming of minimum temperatures in the Arctic

Arctic warming, coldest night of the year (° C)
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Does a 2C global warming target implies a 2C warming
everywhere and all the time?

No! Stronger warming of land extremes compared to global
temperature. Why?

(Seneviratne et al. 2016, Nature)
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e __SoilFmoistire~demperaturéfeedbacks: Projections

Scaling for GLACE-CMIP5 experiments (GEWEX-GLASS activity)

CEU CNA

10

Soil moisture-

© | : temperature feedbacks
are the main driver for
the projected
temperature extremes
o : amplification in mid-

ol \ | / latitudes!

0 1 2 3 0 1 2 3 4

TXx anomaly relative to 1951-1970 [°C]
4

Tgiobe @nomaly relative to 1951-1970 [°C]

- mean CTL
mean SM20c without soil moisture feedbacks
range CTL
range SM20c
(Vogel et al. 2017, GRL)
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Some potential co- beneflts or trade-offs (no-t|II
farming, irrigation, afforestation)
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Present-day impacts of irrigation
(Human water use also new theme within Water GC!)

1981-2010, IRR - CTL

30°N

30°s

60°S

(Thiery et al. 2017, JGR)
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e __Land-Use"and.-climate change=Biophysical impacts
Contribution of deforestation to trends in temperature (extremes)
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(Lejeune et al. 2018, Nature Clim. Change)
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SYWERP strategic plan)

Model evaluation, observational constraints

OBS UNDERSTANDING MOD
New observations and New and improved models
observational syntheses
GDAP Precipitation and radiation GASS
GHP Land processes, land and water use, carbon-water coupling GLASS
— ] —
Cross-| | Water and energy feedbacks in the Earth system ) Cross-
- [ I I -
cuts I Extremes ] cuts

|
PREDICTABILITY

Closing water and energy

balances across scales Human dimension
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mes»A unifying theme

World Weather World Climate
Research Research Future
Programme Programme Earth
(WWRP) (WCRP)
GEWEX ILEAPS
CLIVAR

HiWeather
(High-impact Weather)

Extreme Events,
Ecosystems and
Society (E3S)

Extremes Grand
Challenge (GC)

Some common themes: compound events, documenting extremes, modeling
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IPCC ARG
« Coordinating lead author on extremes chapter (11) from Working group 1
together with Xuebin Zhang, Env. Canada (05/18-04/21)

Chapter 11:

Weather and climate extreme events in a changing climate
Executive Summary

o Extreme types. encompassing weather and climate timescales and compound events
(Including droughts, tropical cyciones)

Observations for extremes and their limitations, including paleo
Mechanisms, drivers and feedbacks leading to extremes

Abiity of models to simulate extremes and related processes
Attribution of changes in extremes and extreme events

Assessment of projected changes of extremes and polential surprises
Case studies across timescales

Frequently Asked Questions

WCRP Grand Challenge on Extremes
« (with L. Alexander, G. Hegerl, X. Zhang): NB new crosscutting activities!
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Relusions and outlook

We are substantlally affectlng climate through CO, emissions
(already global warming of 1C). Aiming for a stabilization of global
warming at 1.5C-2C by 2100 requires immediate efforts to reduce
emissions.

Regional warming of extremes is much larger than global warming
in many regions (e.g. up to 4C in US and 6C in the Arctic at 2C
global warming)

Other human activities are also key in affecting regional climate, and
in particular extremes: land use, water use (irrigation)




Melusions and outlook

. We are substantlally affectlng climate through CO, emissions
(already global warming of 1C). Aiming for a stabilization of global
warming at 1.5C-2C by 2100 requires immediate efforts to reduce
emissions.

« Regional warming of extremes is much larger than global warming
in many regions (e.g. up to 4C in US and 6C in the Arctic at 2C
global warming)

« Other human activities are also key in affecting regional climate, and
in particular extremes: land use, water use (irrigation)

Thanks for great time with GEWEX SSG! Looking forward to an
exciting conference!
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THE BIG CONTRIBUTORS

A irly sl number of Countries are resporsible
for the bulk of OO, redeased annually, But emissions

from the rest of the world are on the rise

European Union

we United States = China
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SEEDS OF A
REVOLUTION

4

he SOt of slectinicity generated by solar

moduies has decined signihcantly in

the past 20 years

(Tollefson, Nature 2018)
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“global climate change

Also scaling found for warming of minimum temperatures and
changes in heavy precipitation

Ty, relative to 1861-1880 (°C)

Arctic warming, coldest night of the year (° C)
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Also scaling found for warming of minimum temperatures and
changes in heavy precipitation

Ty, relative to 1861-1880 (°C)

7.5.2018

Southern Asia, changes in heaviest 5-day

Arctic warming, coldest night of the year (° C) precipitation (%)
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NB: Regions with large spread in regional responses are found in locations of known
large soil moisture-temperature feedbacks
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