Present day and near future climate (change)

Wolfgang Gurgiser, University of Innsbruck

23/11/2023 1



Recap Current changes Attributions Scenarios

- Greenhouse Gases: How is the world tackling them?

Causes | Effects | Solution

https://www.pranaair.com/blog/what-is-greenhouse-effect-its-gases-causes-solution/
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https://www.pranaair.com/blog/what-is-greenhouse-effect-its-gases-causes-solution/
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https://www.researchgate.net/publication/2172122_Environmental_Physics_Physical_Principles_and_Applications/figures?lo=1
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https://skepticalscience.com/Past-and-Future-CO2.html
https://climatescience.org/advanced-climate-future-temperatures
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https://skepticalscience.com/Past-and-Future-CO2.html

Todays topis

* Near past and current climatic changes
e Attribution of the changes

* Future perspectives
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Current changes

Near past and current climatic changes
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Current changes

On what variables do we focus?

e Essential climate variables

Definition:
An Essential Climate Variable (ECV) is a physical, chemical or biological variable or a group of linked variables
that critically contributes to the characterization of Earth’ s climate.

|dentification:
* Relevance: The variable is critical for characterizing the climate system and its changes.
» Feasibility: Observing or deriving the variable on a global scale is technically feasible using proven,

scientifically understood methods.
* Cost effectiveness: Generating and archiving data on the variable is affordable, mainly relying on coordinated

observing systems using proven technology, taking advantage where possible of historical datasets.
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https://gcos.wmo.int/en/essential-climate-variables

Current changes

On what variables do we focus?

Essential Climate Variables

For table version click here
What are Essential Climate Variables (ECVs)?

Surface Ocea
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https://gcos.wmo.int/en/essential-climate-variables

Current changes

Global temperature change

A World of Agreement: Temperatures are Rising
Global Temperature Anomaly (relative to 1951-1980, *C)
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https://earthobservatory.nasa.gov/world-of-change/global-temperatures

Current changes

Why 5 different curves?

* Reconstruction based on instrumental data
* Uncertainties due to
* Measurement quality
* Spatial coverage
* Moving stations
* Changes in the surrounding of stations (e.g. urban heat effect)
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https://earthobservatory.nasa.gov/world-of-change/global-temperatures

Current changes

Spatial coverage of T measurements

Global Climate Network Temperature Stations

* Active sites
- Historical sites

0 10 20 30 40 50 70 90 110
Length of Station Record (years)
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https://en.wikipedia.org/wiki/Global_Historical_Climatology_Network#/media/File:GHCN_Temperature_Stations.png

Current changes

Global temperature change recent values

Monthly Mean Global Surface Temperature

—a— Land-Ocean Temperature Index
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https://data.giss.nasa.gov/gistemp/graphs_v4/

Current changes

Attributions
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Rate of temperature change

“As the Earth moved out of ice ages over the past million
years, the global temperature rose a total of 4 to 7 degrees
Celsius over about 5,000 years. In the past century alone, the
temperature has climbed 0.7 degrees Celsius, roughly ten

times faster than the average rate of ice-age-recovery
warming.”
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https://earthobservatory.nasa.gov/features/GlobalWarming/page3.php

Current changes
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Global change vs. regional change
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Current changes

Regional temperature and P change Southern Ukraine*
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https://doi.org/10.3390/su14095664

Current changes

Regional T change on a global scale

——— —— =

Temperature Anomaly ("C

=
< -] -2

23/11/2023 17


https://youtu.be/haBG2IIbwbA
https://earthobservatory.nasa.gov/world-of-change/global-temperatures

Current changes

Consequences of Regional T change

Average Monthly Arctic Sea Ice Extent
October 1979 - 2023
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http://nsidc.org/arcticseaicenews/

Current changes

Consequences of Regional T change

Arctic Sea Ice Extent
(Area of ocean with at least 15% sea ice)
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http://nsidc.org/arcticseaicenews/

Current changes

Consequences of Regional T change
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http://polarportal.dk/en/greenland/mass-and-height-change/

Current changes

Evolution of precipitation globally

(@) GPCP (90°N-90°S; land+ocean)

1985 1980 1998 2000 2008 2010
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https://www.researchgate.net/publication/324427078_The_Global_Precipitation_Climatology_Project_GPCP_Monthly_Analysis_New_Version_23_and_a_Review_of_2017_Global_Precipitation

Current changes

Precipitation globally:

 Much more complex to assess than temperature
e Satelites provided strong improvements although there are still substantial
uncertainties
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Current changes

Evolution of precipitation regionally

GPCP (v2.3; 1979-2017)

Linear trend of GPCP precipitation
2017.

(mm day -1 decade -1 ) from 1979-
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https://www.researchgate.net/publication/324427078_The_Global_Precipitation_Climatology_Project_GPCP_Monthly_Analysis_New_Version_23_and_a_Review_of_2017_Global_Precipitation
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Current changes

Abweichung (mm/Jahr)
o

Evolution of precipitation regionally

Niederschlagsabweichung Bozen relativ zum Mittel: 714 mm/ly
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https://wetter.provinz.bz.it/klimadiagramme.asp

Current changes

Evolution of sea surface temperature

Sea Surface Temperature Trends 1993 2021)
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https://marine.copernicus.eu/access-data/ocean-monitoring-indicators/global-ocean-sea-surface-temperature-trend-map-observations
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Evolution of sea surface temperature

The Oceans Are Getting Warmer

Annual divergence of global ocean surface temperature
from 20th century average

2022: +0.69°C

B 1880:-0.02°C

1880 1890 1900 1910 1920 1930 1940 1950 1960 1970 1980 1990 2000 2010 2020

ational Centers for Environmental Information (NCEI)

statista %
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https://www.statista.com/chart/19418/divergence-of-ocean-temperatures-from-20th-century-average/

Current changes

Evolution of ocean vs. land surface temperature

Temperature Anomalies over Land and over Ocean

o Land Surface Air Temperature
Land Lowess Smoothing

o Sea Surface Water Temperature
Sea Lowess Smoothing

Recap Block 2:
90% of additional heat
absorbed by the ocean
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https://data.giss.nasa.gov/gistemp/graphs_v4/

Current changes

Attributions
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Attributions and contributions
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Current changes  Attributions

Attributions natural/anthropogenic: Example glaciers
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https://www.science.org/doi/10.1126/science.1254702

Current changes  Attributions

Contribution: CO2 from comparing curves (recap Block 2)
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https://www.realclimate.org/index.php/archives/2016/11/record-heat-despite-a-cold-sun/
https://www.realclimate.org/index.php/archives/2016/11/record-heat-despite-a-cold-sun/

Current changes  Attributions

Contribution: Individual gases

(a) Effective radiative forcing (b) Change in global surface temperature
1750 to 2019 1750 t0 2019

Emitted Components

Co,

CHa

N-O ' Climate effect through:

Carbon dioxide (CO4)
CFC + HCFC + HFC | N2O

NO, _{_._' ‘ ] EE'E + HCFC
NMVOC 4+ CO | + 3 C

; ! Methane (CHy)
S0; 4_ Ozone (0s)
Organic carbon —.— mm H;0 (strat)

Aerosol-radiation
B Aerosol-cloud
Ammonia 4+ Sum

Black carbon

15 -1.0 ), : K . i ~1.0 —05

(c) Aerosol effective radiative forcing

ARS
assessment

ARE

I assessment

Energy
|—| balance

constraints

i Observational

evidence

CMIP5 3 XXX XX X | Combined
| . madel
CMIPE KA K evidence
—_—r———————————
-1.0 -0.5 0.0 0.5

23/11/2023 ) Wit



https://www.ipcc.ch/report/ar6/wg1/figures/chapter-6/figure-6-12
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Attributions

Scenarios

23/11/2023

Future scenarios
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Current changes  Attributions

Scenarios

2°C scenario
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issions (tonnes/sec) 1.5°C scenario
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https://www.mcc-berlin.net/forschung/co2-budget.html

) Per capita CO, emissions S Ve
Scena ros Carbon dioxide (CO,) emissions from fossil fuels and industry®. Land use change is not included.

How big is a country’s carbon budget, when divid «

Country carbon budget fmr|,ﬂxu5tria 4t

Limit warming above pre-industrial levels to | 1.5%C V|'

G I 0 I:] d | Ca rb on Bu d E] et: 400 GtCO 2 o 1980 1985 1990 1995 2000 2005 2010 2015 2021
G ICI ba | FCISSi | Ca rbﬂ N E'I-le gE‘t: 360 GtCO 3 OurWorldinData arg/ead-and-greenhouse-pav-ermissions | CCBY
Per Person Fossil Carbon Budget: 45.57 tCO, T o GO o o g, 1 e s

Country population: 9,006,398
Fossil Country Carbon Budget: 410.42 MtCO;
Country Carbon Emissions (fossil fuels and cement production) per year (2019): 67.96 MtCO;
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https://carbonbudgetcalculator.com/country.html?country=Austria

Current changes

Attributions Scenarios
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Policies

ctln 2030

et targets
only

Pledges &
targets Optimistic
scenario

+2.05c ¥ C
T +1.8°C

+2.4°C

+1.5°C
1.5°C PARIS AGREEMENT GOAL

; WE ARE HERE

Warming

PRE-INDUSTRIAL AVERAGE

I Real world action based on current policiest
2030 targets only
Based on 2030 NDC targets* 1
Based on 2030 NDC targets* and
submitted and binding long-term targets

Optimistic scenario

Best case scenario and assumes full
implementation of all announced targets
including net zero targets, LTSs and NDCs*

CAT warming projections
Global temperature
increase by 2100

November 2022 Update
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https://climateactiontracker.org/global/cat-thermometer/

Current changes Attributions Scenarios

2100 WARMING PROJECTIONS

Emissions and expected warming based on pledges and current policies

Historical
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https://climateactiontracker.org/global/cat-thermometer/

Current changes Attributions Scenarios
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https://unfccc.int/documents/632334

Current changes Attributions Scenarios

Carbon budget for a 50 per cent Carbon budget for a 67 per cent
chance of limiting warming to 1.5 °C chance of keeping warming below 2 °C
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https://unfccc.int/documents/632334

Current changes

Attributions Scenarios
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Global CO2 emissions from energy combustion and industrial processes,
1900-2022

1900 1910 1920 1930 5] 970 980 1990
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https://www.iea.org/reports/co2-emissions-in-2022
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Attributions Scenarios
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Global temperature change

Every tonne of CO, emissions adds to global warming

Global surface temperature increase since 1850-1900 (°C) as a function of cumulative CO, emissions (GtCO,)
°C

2

SSP5-8.5

The near-linear relationship 55P3-7.0
between the cumulative ’
CO, emissions and global

warming for five illustrative

scenarios until year 2050 SSP1-2.6

Historical global
warming

Cumulative CO, emissions since 1850

3000 4000 4500 GtCO,

Future cumulative

CO, emissions differ
1 — — SSP1-2.6 across scenarios and

determine how much

N —— —— —— SSP3-7.0 warming we will
o O e S S P 5 -5 5 experience.

HISTORICAL PROJECTIONS
Cumulative CO, emissions between 1850 and 2019 Cumulative CO, emissions between 2020 and 2050
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https://www.ipcc.ch/report/ar6/wg1/figures/summary-for-policymakers

Current changes Attributions Scenarios

Global temperature scenarios

(a) Global surface temperature change relative to 1850-1900

°C
> SSP5-8.5

SSP3-7.0

Currently realistic
SSP1-2.6

2000 2015
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https://www.ipcc.ch/report/ar6/wg1/figures/summary-for-policymakers/
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Regional temperature/precipitation scenarios RCP 8.5
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https://www.eea.europa.eu/soer/2015/europe/climate-change-impacts-and-adaptation

Current changes Attributions Scenarios

Regional temperature scenarios Alps

Alps NE

Annual mean
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RCP 4.5:
* +1.5° compared to current conditions (approx. +4°C compared to
preindustrial)
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https://doi.org/10.1007/s00382-022-06303-3

Attributions Scenarios

Current changes
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https://doi.org/10.1007/s00382-022-06303-3

Attributions Scenarios

Current changes
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https://doi.org/10.1007/s00382-022-06303-3
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Current changes

Attributions Scenarios
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Regional water balance

Climatic Water Balance
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https://nhess.copernicus.org/articles/23/2749/2023/
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Current changes Attributions Scenarios

Future Precipitation characteristics Alps
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https://link.springer.com/article/10.1007%2Fs00382-018-4339-4

Recap Current changes  Attributions Scenarios

Regional Uncertainties: Frequencies of weather patterns

strong jet
stream ¢

warm air
moves
Air pressure and winds north
around the Arctic switch between
these two phases (Arctic Oscillation)
and contribute to winter weather patterns.
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https://www.severe-weather.eu/global-weather/strong-polar-vortex-unusual-weather-united-states-cold-forecast-pattern-fa/

Current changes Attributions Scenarios

Regional Uncertainties: Frequencies of weather patterns

Surface air temperature anomaly for April 2023

\'{ 3

(Data: ERAS5. Reference period: 1991-2020. Credit: C3S/ECMWF)

n THE EUROPEAN UNION  (_OernicUs
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https://climate.copernicus.eu/surface-air-temperature-april-2021

Current changes Attributions Scenarios

Regional Uncertainties: Frequencies of weather patterns

Editorial Type: Article

Article Type: Research Article

More-Persistent Weak Stratospheric Polar Vortex States Linked to Cold Extremes

berman, and Judah Cohen

Print Publication: 01 Ja
Interaction between polar vortex and arctic sea ice (decrease)

not well understood yet

DOI: https://doi.org/10.1175

Page(s): 49-6

Full Text
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https://journals.ametsoc.org/view/journals/bams/99/1/bams-d-16-0259.1.xml
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Uncertainties /Risks for evolution 2100+: Tipping points

RAISING THEALARM

Evidence that tipping points are
Domino effects have also been proposed.
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A. Amazon rainforest D. Boreal forest H. Permafrost

Freguent droughts Fires and pests Thawing
changing

B. Arctic sea ice I. West Antarctic

Reduction in area F. Coral reefs ice sheet
Large-scale die-offs lce

C. Atlantic circulation
In slowdown since G. Greenland ice sheet  J. Wilkes Basin,
1950s Ice loss accelerating East Antarctica

lce loss accelerating
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https://climatescience.org/advanced-climate-climate-tipping-points

Recap Current changes Attributions Scenarios

Uncertainties /Risks for evolution 2100+: Tipping points

Atlantic
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https://www.eurekalert.org/news-releases/691405
https://news.mongabay.com/2022/09/how-close-is-the-amazon-tipping-point-forest-loss-in-the-east-changes-the-equation/#:~:text=Scientists%20warn%20that%20the%20Amazon,of%20the%20forest%20is%20lost

Recap Current changes  Attributions Scenarios

Uncertainties /Risks for evolution 2100+

Holocene

Anthropocene
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https://www.pnas.org/doi/full/10.1073/pnas.1810141115
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Current changes

Attributions Scenarios

,Hothouse Earth” — will Geoengmeermg safe us?

arbital mirrors and _
sunshades (sr)

23/11/2023

sulfur aerosols from volcanoes,
balloons, and aircratft (sr)

bioc.'har- produ;:iio__'n
genetic engineering (cc)

of deep-rooted crops

genetic engineering

whitened cloud (sr)

of reflective crops

(cc) increases surface albedo (sr)

carbon capture and storage = cc

solar reflectance = sr

(co)
© 2012 Encyclopaadia Britannica, Inc.

liquefied CO2 -transferV"

to spent oil reservoirs

.

_and deep ocean

‘kdissoived salts
from seawater

pumping station
transfers CO2
to the ground
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https://www.britannica.com/science/geoengineering

Scenarios

,Hothouse Earth” — will Geoengineering safe us?

OPEN LETTER

We Call for an International Non-Use
Agreement on Solar Geoengineering

r g €

ctive political ¢

Initiative von 50 Wissenschaftlern 18.01.2022

Sollte Geoengineering verboten werden?

Ob die Klimaerwarmung bei 1,5 Grad gestoppt werden kann, ist zweifelhaft. Doch was dann?

Einige Wissenschaftler schlagen vor, das Klima mit Aerosolen zu kihlen. Andere fordert jetzt ein
Abkommen, um das Dimmen der Sonne zu verbieten. Ein Konsens ist nicht in Sicht.

von Christoph Muller, Jorg Staude o o o @ <
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https://www.klimareporter.de/technik/soll-geoengineering-verboten-werden
https://www.solargeoeng.org/non-use-agreement/open-letter/

Summary

Globally, temperature has increase around 1.3°C compared to pre-industrial values
Regionally and/or over land, the temperature increases are stronger (e.g. currently ~2.5°C
in Innsbruck compared to pre-industrial)

It‘s human greenhouse gas emissions that are causing the exceptional fast temperature
Increase

Future scenarios strongly depend on future emissions — current politics might yield almost
+3°C (compared to pre-industrial) warming until 2100

Regionally, changes in temperature are expected to still be amplified — e.g. +4°C (compared
to pre-industrial) in the Alps expected (similar for parts of Ukraine)

Multiple feedbacks between the components of the climate system — risk of crossing tipping
points!
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