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Key questions

2

What is climate 
and climate 

change?

How is energy 
balance 

maintained? 

Are there climate 
change deniers?

What are the 
causes of climate 

change?

What are the 
impacts and 

associated risks of 
climate change?



Sir David Attenborough's Address 
to World Leaders at COP26
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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 input from the Sun
heat lost from the Earth 

by radiation

• 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

Earth Cools

The Sun

6400 °C

Earth Warms



-18 °C

Average 
Surface Temperature 33 °C

Temperature for 
radiation balance

+15 °C

Greenhouse 
warming [effect]

Others <1°C

CO2 2°C

H2O 31°C
The Earth’s surface 
is 33 °C warmer 

than it would be if 
had no atmosphere

5

Greenhouse effect



Radiance balance: Incoming and Outgoing radiation

31%

49%
reabsorbed
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69%
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Climate map

Climate
– the “average 

weather”, or more 
rigorously, as the 
statistical 
description in terms 
of the mean and 
variability of 
relevant quantities 
(surface variables –
temperature, 
precipitation, wind) 
over a period of 
time, classically 30 
years, as defined by 
the WMO [IPCC]



31%

49%
reabsorbed
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69%

Climate Change
– a change in the state of the climate that can be identified 

(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.’ 
[UNFCCC]

Climate Variability
- Climate variability refers to variations in the mean state and 

other statistics (such as standard deviations, the occurrence 
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). 



Climate Change Skepticism
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“Climate change is a natural 
phenomenon that has occurred 
many times in the past”

‘Models are unreliable’ 

‘CO2 limits will 
harm the 
economy’ 

http://wallblog.co.uk/files/2011/04/sceptic_tshirt.jpg


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.
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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)

Science of Climate Change
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Increasing understanding of complexity of climate system
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1990 1995 2001 2007 2014
Special Reports (SR): Methodology Report - Refinement to 

the 2006 IPCC Guidelines for National Greenhouse Gas 

Inventories (MR), Global Warming of 1.5ºC (SR15); Climate 

Change and Land (SRCCL), Ocean and Cryosphere in a 

Changing Climate (SROCC



All Figures © IPCC 2013

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

https://www.ipcc.ch/report/ar6/wg1/#FullReport

https://www.ipcc.ch/report/ar6/wg1/#FullReport


Global Temperature Trend
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https://mashable.com/video/nasa-video-climate-change, released Jan 2021

All Figures © IPCC 2013

[1880-2020]

https://mashable.com/video/nasa-video-climate-change
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Evolution of land surface air temperature 
(LSAT), Global mean surface temperature 

(GMST), and Ocean average

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

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). 



Observed warming is driven by emissions from human activities
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Figure SPM.2
Observed change in annual precipitation over land

All Figures © IPCC 2013



http://climate.nasa.gov/keyIndicators/
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85.1 mm on 
25 Apr 2018Latest measurement, May 2019: 94 (± 4) mm

http://climate.nasa.gov/keyIndicators/

7 inch over the past 100 yrs

Sea level
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Ice Sheets
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Arctic Sea Ice



Ice melting and plant life spreads
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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

• Ocean warming by 0.3020 F of top 700 
m ocean since 1969

• Ocean warming dominates the increase 
in energy stored in the climate system, 
accounting for more than 90% of the 
energy accumulated between 1971 and 
2010. 
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Carbon dioxide 

concentration
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https://climate.nasa.gov

417.1 ppm 
(16 Dec 2021)

https://climate.nasa.gov/vital-signs/carbon-dioxide/

https://climate.nasa.gov/vital-signs/carbon-dioxide/


Observed changes 
in weather and 
climate extremes
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Causes of climate change

1) Natural processes 
– Atmosphere-ocean interactions
– Ocean currents
– Volcanoes
– Tidal forces
– Continental drift 
– Sunspots and solar activity

2) Persistent Anthropogenic causes
- AR6 WGI …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. 
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Anthropogenic GHG emissions accelerate
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Figure SPM.5
Radiative forcing estimates in 2011 relative to 1750

All Figures © IPCC 2013

Radiative Forcing
Change in net irradiance 
at the atmospheric 
boundary between the 
troposphere and the 
stratosphere (the 
tropopause)

Radiative forcing due to anthropogenic cause



Future emissions cause future additional warming, with total 

warming dominated by past and future CO₂ emissions
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https://interactive-atlas.ipcc.ch/

https://interactive-atlas.ipcc.ch/


GHG emissions from different sectors



Emissions from country categories and sectors

Figure 5.18 | Regional and sector distribution of GHG emission trends. Regions are defined in Annex II.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 / 
PBL (2013) and IEA (2012) (see Annex II.9) represents land-based CO2 emissions from forest and peat fires and decay that approximate to CO2 flux from anthopogenic emission sources in the Forestry and Other Land 
Use (FOLU) sub-sector. For a more detailed representation of Agriculture and FOLU (AFOLU) GHG flux see Section 11.2 and Figures 11.2 and 11.6.                           Chap 5, IPCC_WGIII_AR5
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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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Drivers of 

GHG emission

https://www.ipcc.ch/site/assets/uploads/2018/02/ipcc_wg3_ar5_chapter5.pdf

https://www.ipcc.ch/site/assets/uploads/2018/02/ipcc_wg3_ar5_chapter5.pdf


Observed 
impacts

WG II, AR5



Observed 
impacts



Risk Level with
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Additional 
Adaptation to 
Reduce Risk
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Climate Risk index
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Eckstein et al, 2020. GLOBAL CLIMATE RISK INDEX 2020- Who Suffers Most from Extreme Weather 

Events? Weather-Related Loss Events in 2018 and 1999 to 2018. German Watch

1999-2018 2018



Takeaway
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• 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

>
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