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Key questions

What is climate How is energy
and climate balance
change? maintained?

Are there climate
change deniers?

What are the
impacts and
associated risks of
climate change?

What are the
causes of climate
change?




Sir David Attenborough's Address
to World | eaders at COP26

https://www.youtube.com/watch?v=qjq4VWdZhq8



https://www.youtube.com/watch?v=qjq4VWdZhq8
https://www.youtube.com/watch?v=qjq4VWdZhq8

Energy balance

How surface temperature (energy) is maintained?

heat lost from the Earth

heat input from the Sun by radiation

Earth Warms

| Eart_hC(;Is_ -

* Average temperature of the Earth is determined by the balance between
incoming solar radiation and outgoing ‘heat’ radiation. Difference between

incoming and the outgoing radiation energy in a given climate is Net irradiance.

 When there is balance, the Earth’s average temperature will be stable
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Greenhouse effect

Solar radiation powers
the climate system.

Some solar radiation
is reflected by
the Earth and the
atmosphere.

P
gé About half the solar radiation

is absorbed by the
Earth’s surface and warms it. Infrared radiation is
emitted from the Earth's
surface.
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Radiance balance: Incoming and Outgoing radiation
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FAQ 1.1, Figure 1. Etimate of the Earth’s annual and global mean energy balance. Over the long term, the amount of incoming solar radiation absorbed by the Earth and
atmosphera is balanced by the Earth and atmosphere refeasing the same amount of outgaing bngwave madiation. About half of the incoming solar radiation is absorbed by the
Eartf’s surface. This eneigy is fransferred fo the atmasphere by warming the air in confact with the surface (thermals), by evapotranspiration and by bngwave radiation that is
absorbed by clouds and greanhouse gases. The atmosphere in fum radiates longwave enargy Back fo Earth as well as out fo space. Source: Kighl and Tranberth (1997).




Climate
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Climate Change Clouds

Greenhouse

— a change in the state of the c/imate that can be identified Gasas
(e.g., by using statistical tests) by changes in the mean
and/or the variability of its properties and that persists for
an extended period, typically decades or longer.

— ‘a change of climate which is attributed directly or indirectly
to human activity that alters the composition of the global
atmosphere and which is in addition to natural climate
variability observed over comparable time periods. 350 324
[UNFCCC] Back

Radiation
: T 390
Climate Variability Surface

- Climate variability refers to variations in the mean state and tadiation 324

other statistics (such as standard deviations, the occurrence Absorbed by Surface

of extremes, etc.) of the climate on all spatial and temporal
scales beyond that of individual weather events. Variability
may be due to natural internal processes within the climate
system (internal variability), or to variations in natural

or anthropogenic external forcing (external variability).




In most surveyed countries, majorities
see climate change as a major threat
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http://wallblog.co.uk/files/2011/04/sceptic_tshirt.jpg
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Climate change Skepticism is holding of doubts about
climate change (due to humans)

Type of skepticism arguments
— Conspiracy theories
— Fake experts
— Impossible expectations
— Misrepresentations and logical fallacies
— Cherry picking

The types are either relating to doubts about

- the status of climate change as a scientific and physical
phenomenon - Epistemic skepticism or

- the efficacy of action taken to address climate change -
Response skepticism.

B politics @ =

Two former Trump officials to be
investigated for posting papers
denying climate change

By Daniella Diaz, CNN
Updated 0021 GMT (0821 HKT) January 24, 2021

DR. DAayar

David Legates is pictured.

(CNN) — The Commerce Department's
Office of Inspector General said it will
investigate how two former Trump
officials posted dubious papers
questioning man-made climate change
using government logos but without the
approval of the Trump administration.
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Science of Climate Change

1898: Swedish scientist Svante Ahrrenius warns carbon dioxide from coal and oil burning
could warm the planet

1987: Montreal protocol, an environmental treaty (for CFCs)

1988: NASA scientist James Hansen tells U.S. Congress global warming "is already
happening now"

Exceptional drought hits the USA
Creation of the IPCC [Inter-governmental Panel on Climate Change)

1992: UNFCCC aims at stabilising atmospheric concentrations of GHG

1997: Kyoto Protocol mandating emission cuts by industrial nations (took effect in 2005-
2020)

2016: Paris Agreement

Warmest years (NOAA, 1880-2021): top 10 - 2016, 2020, 2019, 2015, 2017, 2021, 2018,
2014, 2010, 2013 (2013-2021, 9 continuous warmest years)




Increasing understanding of complexity of climate system
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All Figures © IPCC 2013

Climate warming at unprecedented rate in at least the last 2000
years due to human influence

Changes in global surface temperature relative to 1850-1200

a) Change in global surface temperature (decadal average) b) Change in global surface temperature (annual average) as observed and
as reconstructed (1-2000) and observed (1850-2020) simulated using human & natural and only natural factors (both 1850-2020)
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TIME SERIES: 1884 TO 2020

Data source: NASA/GISS
Credit: NASA Scientific Visualization Studio

Global Temperature Trend
[1880-2020]

Credit: NASA Scientific Visualization Studio

2020



https://mashable.com/video/nasa-video-climate-change

Temperature change relative to 1850-1900 (°C)
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Globally averaged LSAT has risen faster
(1.53°C) than the global mean surface
temperature (0.87°C) from the preindustrial
period (1850—-1900) to the present day
(1999-2018).

| Land and Ocean Temperatures 1850 - 2019

http://berkeleyearth.org/2019-temperatures/ - - bv

Evolution of land surface air temperature
(LSAT), Global mean surface temperature
(GMST), and Ocean average

Temperature anomalies relative to 1850-1900 averége and 95% confidence intervals
Land data from Berkeley Earth, ocean data adapted from HadSST after interpolation
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Observed warming is driven by emissions from human activities

Observed warming Contributions to warming based on two complementary approaches
a) Observed warming b) Aggregated contributions to ¢} Contributions to 2010-2019
2010-2012 relative to 2010-2019 warming relative to warming relative to 1850-1900,
1850-1900 1850-1200, assessed from assessed from radiative
°C attribution studies eC forcing studies oC
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Figure SPM.2 All Figures © IPCC 2013

Observed change in annual precipitation over land
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Sea level

7 inch over the past 100 yrs
Latest measurement, May 2019: 94 (£ 4) mm
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Antarctica mass (5t)

Ice Sheets

ANTARCTICA MASS VARIATION SINCE 2002 RATE OF CHANGE GREENLAND MASS VARIATION SINCE 2002 RATE OF CHANGE

Data source: lce mass measurement by NASA's GRACE \l/ 1 48 O Data source: lce mass measurement by NASA's GRACE \l/ 2 79 0
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AVERAGE SEPTEMBER EXTENT RATE OF CHANG

Data source: Satellite observations. Credit: NSIDC/NASA 1 2 85
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lce melting and plant life spreads

Mt. Everest

Vegetation on the Rise in the Himalaya
Analysis of satellite data shows an expansion

of vegetation in the high elevations of the
Himalaya Mountains from 1993 to

https://earthobservatory.nasa.gov/images/149312/everest-area-plant-life-spreads?src=eoa-iotd; 12 Dec 2022



https://earthobservatory.nasa.gov/images/149312/everest-area-plant-life-spreads?src=eoa-iotd

Warming of Oceans IThe Oceans Are Getting Warmer
* Ocean warming by 0.302° F of top 700 Jor ey sersssisonors
m ocean since 1969
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 Ocean warming dominates the increase ~*°
in energy stored in the climate system, ..
accounting for more than 90% of the M
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PROXY (INDIRECT) MEASUREMENTS | DIRECT MEASUREMENTS: 2005-PRESENT

Data source: Reconstruction from ice cores.

Data source: Monthly measurements (average seasonal cycle

Credit: NOAA removed). Credit NOAA
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https://climate.nasa.gov/vital-signs/carbon-dioxide/
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Observed changes
in weather and
climate extremes

a) Synthesis of assessment of observed change in hot extremes and

confidence in human contribution to the observed changes in the world's regions
Type of aoboerved change
in hot extremes
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b} Synthesis of assessment of observed change in heavy precipitation and

confidence in human contribution to the observed changes in the world's regions
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c) Synthesis of assessment of observed change in agricultural and ecological drought
and confidence in human contribution to the observed changes in the world's regions
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Causes of climate change

1) Natural processes

2) P

Atmosphere-ocean interactions
Ocean currents

Volcanoes

Tidal forces

Continental drift

Sunspots and solar activity

ersistent Anthropogenic causes

AR6 WG .. It is unequivocal that human influence has warmed the atmosphere, ocean and
land. Widespread and rapid changes in the atmosphere, ocean, cryosphere and biosphere
have occurred.

All 3 major GHGs have increased. Each of the last four decades has been successively warmer
than any decade that preceded it since 1850.

Global surface temperature, in 2001-2020 was 0.99 [0.84-1.10] °C higher than in 1850-1900.

It was 1.09 [0.95 to 1.20] °C higher in 2011-2020 than 1850-1900, with larger increases over
land (1.59 [1.34 to 1.83] °C) than over the ocean (0.88 [0.68 to 1.01] °C).

Globally averaged precipitation over land increased since 1950, with a faster rate of increase
since the 1980s due to human influence.




Anthropogenic GHG emissions accelerate

Total Annual Anthropogenic GHG Emissions by Groups of Gases 1970-2010
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Figure SPM.5

Radiative forcing estimates in 2011 relative to 1750
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Future emissions cause future additional warming, with total
warming dominated by past and future CO, emissions

a) Future annual emissions of CO; (left) and of a subset of key non-CO, drivers (right), across five illustrative scenarios |Dcc 0o IPCC Working Group | (WGI): Sixth Assessment Report
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https://interactive-atlas.ipcc.ch/

GHG emissions from different sectors

Electricity
and Heat Production Energy
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Figure SPM.2| Total anthropogenic GHG emissions (GtCO,eq/yr) by economic sectors. Inner circle shows direct GHG emission shares (in % of total anthropogenic GHG emissions)
of five economic sectors in 2010. Pull-out shows how indirect CO, emission shares (in % of total anthropogenic GHG emissions) from electricity and heat production are attributed
to sectors of final energy use. "Other Energy’ refers to all GHG emission sources in the energy sector as defined in Annex Il other than electricity and heat production [A.11.9.1]. The
emissions data from Agriculture, Forestry and Other Land Use (AFOLU) includes land-based CO, emissions from forest fires, peat fires and peat decay that approximate to net CO,
flux from the Forestry and Other Land Use (FOLU) sub-sector as described in Chapter 11 of this report. Emissions are converted into CO,-equivalents based on GWP,® from the
IPCC Second Assessment Report. Sector definitions are provided in Annex 1.9, [Figure 1.3a, Figure T5.3 upper panel]

= AT




30

Emissions from country categories and sectors
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Figure 5.18 | Regional and sector distribution of GHG emission trends. Regions are defined in Annex I.2 | The figure shows annual GHG emissions for the six key sectors discussed in Sections 5.3.4 and 5.3.5 | The
left-lower panel presents global sector emissions to assess the relative contribution. Decadal growth rates are projected on the charts for emissions exceeding 0.2 GtCO2eq / yr. The direct emission data from JRC /
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Policies and Measures
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https://www.ipcc.ch/site/assets/uploads/2018/02/ipcc_wqg3 ar5 chapter5.pdf

Drivers of
GHG emission

Figure 5.1 | Interconnections among GHG emissions,
immediate drivers, underlying drivers, and policies and
measures. Immediate drivers comprise the factors in the
decomposition of emissions. Underlying drivers refer to
the processes, mechanisms, and characteristics that
influence emissions through the factors. Policies and
measures affect the underlying drivers that, in turn, may
change the factors. Immediate and underlying drivers
may, in return, influence policies and measures.
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Takeaway

Science is very certain that climate change is happening with widespread
Impacts in climate system, environment, and ecosystem human system

Anthropogenic cause as the major cause of climate change

Degree of climate risk depends on socioeconomic development pathways
and climate change responses we adopt

@ ap—

The different futures that lie ahead.
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