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Question of the day

Why should we take care about current climate change
when much greater changes have occurred in the past?

And Is It better to mitigate the negative impacts of climate
change or to adapt to them?



Climate change and global warming



Climate change

* Any long-term changes caused by both natural climate
variability and human activity

 The main impacts of the recent climate change — global
warming and related processes:

— global increase in mean air temperature,

— rise in global sea levels,

— change in the frequency and distribution of precipitation,
— increasing number and intensity of natural disasters,

— changes in phenological phases, etc.



Recent climate change

 The most serious current environmental problem

* Caused primarily by the enhanced greenhouse effect from the
increase in greenhouse gases emitted by the burning of fossil
fuels and land use change

* Acceleration of air temperature rise since the 1970s

e 1988: climate change viewed as a major public, political and
environmental issue (testimony of J. Hansen before the US
Senate)



Global warming

s Decadal global mean surface temperature change (°C) over industrial era
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Global mean temperature change
Global temperature change (1850-2021)

1920 1950 1980 2010

showyourstripes.info, 2020



Greenhouse effect

* Natural process warming the Earth’s lower atmosphere by ca.
33°C — beneficial

* Transmission of shortwave solar radiation through the
atmosphere, increasing the Earth’s surface temperature and
inhibiting backward longwave radiation by greenhouse gasses
(GHGs)



The Greenhouse Effect

Some solar radiation
is reflected by the Some of the infrared radiation
@  Earth and the passes through the atmosphere.
‘ 4 atmosphere. Some is absorbed and re-emitted
- in all directions by greenhouse
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Wikimedia Commons 2015



Global warming

* One of the main impacts of recent climate change
 Enhanced greenhouse effect

— increased concentration of GHGs as the result of human activities

— amplified inhibition of backward longwave radiation by GHGs —
warming effect — disadvantageous

— change of the global energy balance of the atmosphere



Global warming — sources of anthropogenic CO,

Agriculture, Forestry
and Other Land
Use (AFOLU) Industry
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Global warming

* A1.2°Cincrease in global mean air
temperature since the start of the Industrial
Revolution

* About 93-97% of heat trapped by the world's
oceans, the remaining 3% by greenhouse gases

e Significant human contribution (fossil fuel
burning, industry, transport, agriculture,
deforestation, population growth, etc.)

Mundo desconocido, 2017



Deviation of mean air temperature

Temperature difference 2021 and 1991-2020
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Other causes of climate change

e Solar activity
— 1.3-14% effect on temperature change

* Volcanic activity

— short-term effect
* Milankovitch cycles
* Feedbacks
* Ocean-atmosphere interaction (ENSO)



Negative impacts of recent climate change



Extreme climate conditions
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Cascading global
climate failure
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Selected Significant Climate Anomalies and Events: July 2023

([} GLOBAL AVERAGE TEMPERATURE
Jul 2023 average global surface temperature ranked highest for Jul since global records began in 1850.

ARCTIC SEA ICE EXTENT
Arctic sea ice extent this Jul ranked 12th lowest on record.

CANADA
Jul was record warm for
many locations in eastern

and northwestern Canada\(@
CONTIGUOUS U.s.

The contiguous U.S. had its 11th-warmest.
Jul'in the 129-year record. \ﬂ’

NORTH AMERICA
North America had its M
warmest Jul on record.
CARIBBEAN REGION
The Caribbean region had
its warmest Jul.

SOUTH AMERICA

South America had its warmest Jul and/®
highest monthly temperature anomaly
(nearly +4°F or +2.2°C) of any month
on record.
PERU

Peru recorded its warmest
Jul on record.

EUROPE

Europe had its eighth-warmest Jul.
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Asia had a record-warm Jul.

IRAN
On Jul 16, the Persian Gulf
International Airport in Iran

reported a heat index of

HURRICANE DON 152°F (66.7°C).

Hurricane Don became the first
Atlantic hurricane of the season,

and with a duration of 10 days
including its time as a subtropical
storm, Don became the fifth longest-
lasting Atlantic storm for Jul.

ISRAEL
Israel had its second-warmest
Jul on record.

AFRICA
Africa had its warmest

BRAZIL Jul on record.

Jul in Brazil was record warm.

GLOBAL OCEAN
For the fourth-consecutive month, global ocean surface

temperature hit a record high, and marked the highest
monthly sea surface temperature anomaly (+1.78°F or
+0.99°C) of any month on record.

ANTARCTIC SEA ICE EXTENT
Antarctic sea ice extent for Jul hit a record low.

TASMANIA/’(@

The island state of Tasmania in
Australia reported its warmest
Jul on record.

0

OCEANIA
Oceania had its 11th-
warmest Jul.

NEW ZEALAND
New Zealand recorded its
fourth-warmest Jul.

Please note: Material provided in this map was compiled from NOAA's State of the Climate Reports. For more information please visit: https://www.ncei.noaa.gov/access/monitoring/monthly-report/global/



Climate-related impacts and risks

(a) Number of reported disasters (b) Number of reported deaths (c) Reported economic losses in US$ billion
Total = 1 672 disasters Total = 159 438 deaths Total = US$ 476.5 billion
o -
6% 3% 1%-207% 19, 4%  10%

'y

32% 36%-

38%

M Drought Extreme temperature M Flood I Landslide M Storm B Wildfire

Source: Atlas of Mortality and Economic Losses from Weather, Climate and Water Extremes (1970-2019) (WMO-No. 1267)

WMO

WHO 2020



Economic
Impacts relating
to the recent
climate change

Heat stress
Lost labor productivity
from extreme heat

Sea-level rise
Lost productive land, both
agricultural and urban

Damaged capital
Stalling productivity
and investment

Human health
Increased incidence of
disease and mortality

Lost tourism
Disrupted flow of
global currency

Agriculture loss
Reduced agricultural
yields from changing
climate patterns

Delloite 2022



Retreat of mountain glaciers

Alpine glaciers have lost
up to 30 m in thickness
between 1997 and 2021

Aletsgletscher (the largest
mountain glacier in the
Alps, Switzerland)
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Antarctica
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Antarctica

Future?

wikimedia.org, 2004; National Geographic Society, 2013



Arctic

|

Arctic Warming and Global Warming
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Arctic Warming
+0.87 °C / decade

Global Warming
+0.20 °C / decade

12-month moving averages. Temperature change relative to the 1951-1980 average.
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Melting
permafrost

S Center for Ecosystem
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Northern Arizona University illustration by Victor O, Leshyk




Melting
permafrost




Sea level rise

« Until 1870: 0.4-1 mm/year
* Since 1870: 1,4 mm/year

e Total increase since 1901:
approx. 1/8 mm

* Probable scenario in 2100:
100 cm increase (T = 3 °C)

Gobal Mean Sea Level Rise
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Sea level rise

Contributors to global sea sea level rise (1993-2018)

10
added water + thermal expansion
8
n added water
% 6 (mostly meltwater)
E
=
g 2 global sea level
(from satellite)
2
thermal expansion
0
1995 2000 2005 2010 2015 2020
year NOAA Climate.gov

Adapted from SOTC 20718



Sea level rise

up to 50% of sandy beaches
disappear by 2050




Hurricanes in Atlantic

WARMING TROPICAL ATLANTIC

HURRICANE SEASON WATER TEMPERATURES (°F)

9°

1910 1940 1970 2000 2019

June-November departures (*F) from 1910-2000 average in the Main Development Region (MDR)
Source: NOAA NCEI Climate at a Glance CLIMATE OO CENTRAL




Hurricanes in Atlantic

ATLANTIC HURRICANES

GETTING STRONGER

PERCENT OF ALL HURRICANES AS MAJOR STORMS
60%
50%
40%
30%

2% EARLIER TROPICAL STORMS

Date of first Atlantic named storm

10%

(1
" 1979 1989- 1998- 2006- 2015- SEP 01
1981 1991 2000 2008 2017

tions for major tropical cyclones (Cat 3-5
pical cyclones). Data collected into 3-year periods.
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Drought

* Drying up of source rivers (Himalayas, Tibet) supplying regions
in Pakistan, northern India and China

* |Increasing frequency of drought episodes in the
Mediterranean, the Middle East and the Gulf of Guinea

* On the continents, 15-20% of areas with drought in 2100
without human contribution, up to 50% with human
contribution

* |Increasing risk of conflicts over water



Change in
precipitation
totals 1986-
2015
(compared to
1901-1950)

Annually-averaged Precipitation Trends
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robability of future conflicts over water
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Positive impacts of recent climate change



Change in tundra greenness

Positive Impacts 2000 to 2075

Browninci; No change Greenini
< Y
b)Y o

Spread of new (economically beneficial)
species

* Greening: acceleration of vegetation growth
(tundra)

scitechdaily.com 2017



Positive impacts

e Mid-latitudes:

— faster development of deciduous forests

— increase in crop yields (effect of increased CO, (+12%)

— extension of the growing season (+ approx. 18 days/30 years)

— decrease in the number of frost, ice and arctic days
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80 1

(days)

Frost days

Trend .., .o —4-1 days/10 year™
Trend —1.0 days/10 year**
Trend -9.1 days/10 year**
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2001-2019"

Trnka et al. 2021



Positive impacts

* Reduction in winter heating costs
* Lower road maintenance costs (milder winter seasons)
* Extension of the (summer) tourist season

blog.ecohotels.com, 2023



Positive impacts

* |Increased availability of water in glacial rivers

* GHG reduction — decrease in SO, and air pollution

* Higher fishing catches
in the north Atlantic as a
result of species migrating
north

* Glacier archaeology

Glacier Archaeology Program, 2022



Positive Impacts

* Extending the use of sea routes by ships without icebreakers
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discoveringthearctic.org.uk, 2023



Positive impacts

* New mineral deposits in the Arctic:

— expected oil and gas reserves in the Arctic (2018):
* 97 billion barrels of oil
* 47 billion m3 of gas (80% in territory claimed by Russia)

* Decline in some parasites and pests?

* New mammoth deposits under
melting permafrost in Siberia

Anjar 2014



Future outlook
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Precipitation *.
change
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situation in the period 2071-2100 compared to 1980-2016
IPCC, 2013



Predictions
of global
mean air
temperature
by 2200

Historical Data from HardCRUT 4.6.0.0 and
NASA/GISS/GISTEMP v.3
A

Projections based on CMIP5 RCP scenarios
(RCP2.6/RCP4.5/RCP6/RCP8.5)
A

Projections based on extensions of CMIPS
RCP scenarios

A

1850
stylised global mean temperatures 1850-2200
design by @alxrdk based on warming stripes from @ed_hawkins
data and methodology on wwwwarningstripes.com

~

N

RCP 4.5 (shifted to 2019)
Emissions peak by 2049,
+2.7°C by 2100/+2.8°C by 2200

RCP 6 (shifted to 2019)
Emissions peak by 2089
+3.1°C by 2100/+3.7°C by 2200

Climate Action

RCP 8.5
Emissions peak between 2100-2150
+4.8°C by 2100/+7.8°C by 2200

2200

IPCC, 2021



Sea level changes

Possible future sea levels for different greenhouse gas pathways
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Change of climate zones according to the Koppen-
Geiger climate classification
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Climate change: more frequent and intense extreme events

For events that had a probability of occurring once every 10 years before the onset of
climate change (1850-1900), the increase in the probability and intensity:

Today In the case of global temperatures rising:
Temperature increase N . . N . .
compared to 1850-1900: +1°C 1.5°C 2°C 4°C
E@0 EEEE EDE@Ea DDENEDEREE]
2.8 X more often 4.1X 5.6X% 9.4X
EXTREME
HEAT - +5.1°C
+1.2°C o +2.6°C
— + 5 = =
I more intense J 1.9°C T B
| ] B EN gEe
e 1.3X more often 1.5X 1.7X 2.TX
PRECIPITATION +30.2%
+6.70/0 +10.5% +14% I
more precipitation
. I O
DroUchTs g P\ @& OEEE
1.7X more often 2X 2.4X 4.1X

Source: Intergovernmental Panel on Climate Change (IPCC)



Question of the day

Why should we take care about current climate change
when much greater changes have occurred in the past?

And Is It better to mitigate the negative impacts of climate
change or to adapt to them?
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Thank you for your attention
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