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Key Questions

Science

• What is climate 
change and how 
do we know it is 
happening?

Causes

• What is causing it?

Impacts and 
vulnerability  

• Why does climate 
change matter to 
us? What are the 
associated risks?
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What is climate change and how do we know it is happening?



Radiation 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



Radiance balance: Incoming and Outgoing radiation
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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 
(of surface variables 
– temperature, 
precipitation, wind) 
over a period of 
time, classically 30 
years, as defined by 
the WMO [IPCC]
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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 in composition of global atmosphere in 
addition to natural climate variability, persisting for an 
extended period – decades or longer, attributed 
directly/indirectly to human activities [UNFCCC, Article 
1]



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, 1880-2022): top 10 warmest years since 2013 so far

Climate Change timeline
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Increasing understanding of 
complexity of climate system

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



Human influence warmed climate at 
a rate that is unprecedented in at 
least the last 2000 years

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

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


Global Temperature Trend
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[1880-2022]

https://earthobservatory.nasa.gov/images/150828/2022-tied-for-fifth-warmest-year-on-record

2022

https://earthobservatory.nasa.gov/images/150828/2022-tied-for-fifth-warmest-year-on-record


Observed change in Annual Precipitation over land

All Figures © IPCC 2013



http://climate.nasa.gov/keyIndicators/
13

85.1 mm on 
25 Apr 2018

7 Aug 2022: 

102.5 mm (± 4)

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

17.8 inch over the past 100 yrs

Sea level rise
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Arctic Sea Ice Summer Arctic sea ice 

extent is shrinking by 

12.6% per decade as a 
result of global warming.



Antarctica and Greenland Ice sheets

Antarctica is losing ice mass (melting) at an average rate of about 150 billion tons per year

Greenland is losing about 280 billion tons per year, adding to sea level rise.



Ocearn warming

• 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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What is causing it?



Radiative Forcing is 

change in net irradiance at the 

atmospheric boundary between 

the troposphere and the 

stratosphere (the tropopause)

amount & feedback effect (too 

Radiative forcing due to anthropogenic cause

Effective radiative forcing 1750 to 2019 Change in global surface temperature 
1750 to 2019 



Observed warming is driven by emissions from human activities, 
with GHGs warming partly masked by aerosol cooling
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Human activities have 

raised CO2 content by 
50% in < 200 years.



Carbon dioxide 

concentration
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https://climate.nasa.gov

419.53 ppm 
(18 Nov 2022)

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

https://climate.nasa.gov/vital-signs/carbon-dioxide/
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Global GHG emissions by sectors in 2019

Boehm, S., L. Jeffery, K. Levin, J. Hecke, C. Schumer, C. Fyson, A. Majid, J. Jaeger, A. Nilsson, S. Naimoli, 
J. Thwaites, E. Cassidy, K. Lebling, M. Sims, R. Waite, R. Wilson, S. Castellanos, N. Singh, A. Lee, and A. 
Geiges. 2022. State of Climate Action 2022. https://doi.org/10.46830/wrirpt.22.00028. 

~20% 
increase

https://doi.org/10.46830/wrirpt.22.00028


Global net 

anthropogenic 

GHG emissions 

(GtCO2-eq yr-1) 
1990–2019 
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Global net anthropogenic GHG emissions by region (1990-2019)



Countrywise CO2 emission

http://www.globalcarbonatlas.org/en/CO2-emissions
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Why does climate change matter to us?



Climate change is 
already affecting every 
inhabited region with 
many observed 
changes in weather 
and climate extremes
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People attend a monument unveiling at the site of Okjökull, 
Iceland's first glacier lost to climate change, in the west of 
Iceland on August 18, 2019.

https://truthout.org/articles/alaskas-sea-ice-completely-melted-for-first-time-in-recorded-history/

Alaska’s Sea Ice Completely Melted for First Time in 

Recorded History

Rain on Greenland's Summit For The First 
Time in Recorded History, 20 AUGUST 2021

27https://www.sciencealert.com/it-rained-on-greenland-s-summit-for-
the-first-time-in-recorded-history

https://www.sciencealert.com/it-rained-on-greenland-s-summit-for-the-first-time-in-recorded-history


https://www.downtoearth.org.in/news/agriculture/summer-crops-may-be-damaged-this-year-due-to-temperature-rise-
experts-82458?utm_source=Mailer&utm_medium=Email&utm_campaign=Down%20To%20Earth-5115

https://www.downtoearth.org.in/news/agriculture/summer-crops-may-be-damaged-this-year-due-to-temperature-rise-experts-82458?utm_source=Mailer&utm_medium=Email&utm_campaign=Down%20To%20Earth-5115


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


Observed impacts of climate change on ecosystem



Observed impacts of climate change on human systems



Projected future emissions cause future additional warming
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https://interactive-atlas.ipcc.ch/

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


Projected impacts



Risk Level with
Current Adaptation

Potential for
Additional 
Adaptation to 
Reduce Risk

Risk Level with
High Adaptation

Risk-Level

Very
Low Med

Very
High

4°C

2°C

Present

Long Term
(2080-2100)

Near Term (2030-2040)

Projected impacts



Impact on Agricultural Yield [2007-2080]

Farmland 

desertification

Crop damage by 

storm and 

intensity

Crop damage by 

flood and 

increased 

disease 
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Climate change vulnerability
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Extreme MediumHigh

Low



Takeaway

37

• Science is very certain: Human influence on the climate system is now an established fact (AR6)

• Climate change has widespread impacts in climate system, ecosystem and human system

• Future climate risk depends on socioeconomic development pathways and climate change 

responses we adopt, which calls for higher efforts 

Climate change cause-effect chain

CO2 and 
Non CO2

GHGs
emissions

Human 
activities

Radiative 
forcing

Increased 
concentratio

n in 
atmosphere

Extreme 
climate 
impact 
drivers

Global 
warming ???

Impact on 
ecosystem 

and 
humans
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