
CLIMATE CHANGE IS REAL! 

ARE HUMAN SINGLE-HANDEDLY CAUSING 
IT?

• learn why there is a “Climate Debate?” 
• make informed decisions by interpreting raw data presented to 

us
• calculate the "energy budget" of Earth - and why humans are 

throwing it off-balance
• see data presented as contrary to the claim of climate change, 

and learn how to interpret these using science
• develop a molecular level understanding of what causes "the 

change"
• calculate the amount of energy produced by different fuels we 

use for civilized living using the first law of thermodynamics
• discuss the second law of thermodynamics, and interpret 

claims that the idea of climate change is against this law so it 
must be wrong

• discuss some existing and futuristic alternative energy 
sources, and calculate their efficiencies



Please watch the following video by clicking on the image.

“Global Warming 101” 

http://www.youtube.com/watch?v=ffjIyms1BX4&feature=youtu.be


POTENTIAL IMPACTS OF CLIMATE 
CHANGE

...why use Earth’s temperature 
variations to assess if climate is 
changing
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The volume of the Atlantic Ocean is 
about 300 million km3. 

The heat required to raise the 
temperature of the Atlantic Ocean by 
1°C is 1018 J = 1 Exajoule (EJ).

If all the sun’s energy is absorbed, it’d 
take 174 days to raise the temperature 
of Atlantic Ocean 1°C.

How large is the energy we are talking about?

The 2011 Tōhoku earthquake and tsunami 
in Japan had 1.41 EJ of energy. 

Energy in the United States used per year 
is roughly 94 EJ.



IS THE CLIMATE REALLY CHANGING? 

CAN WE DECIDE BY LOOKING AT THE DATA ON 
TEMPERATURE VARIATIONS?

...given time dependent data, draw the 
best fitting line and apply this analysis 
to published data on Earth’s 
temperature variations to assess if 
climate is changing



Evidence 1: Changes in the average surface 
temperatures

http://csep10.phys.utk.edu/astr161/lect/earth/atmosphere.htm
l

Satellite data were analyzed by two independent 
groups—the Global Hydrology and Climate 
Center at the University of Alabama in Huntsville 
(UAH) and Remote Sensing Systems (RSS) 

– confirmation of data

This graph uses the 1901–2000 
average as a baseline



Opposing view: Global warming has stopped, 
according to average surface temperature data

No significant warming has been 
observed since 1990’s???

When dealing with real data, it is 
important to decide on...
• how to fit the data (what functional 
form to use; i.e., what is your model?) 
• how to choose the data range to fit 



independent variable (x) vs. dependent variable (y)

yi  =  a xi + b + (random deviation)i

Estimated 
line:
y’ = a x + b

Data
:
 y

Error
:
y-y’

So, how should one analyze data?

Let’s start with the simplest model that proposes y depends linearly on x:



Evidence 2: Has climate change stopped?

No significant warming has been 
observed since 1990’s. 

Ok.. Even if surface temperatures are not changing significantly 
for the last 20 years, does it mean climate change has stopped?



Where does the extra heat accumulate? 

http://onlinelibrary.wiley.com/doi/10.1029/2009JD012105/abstrac
t

Heat content: The amount of heat that is stored 

Which dependent variable has 
stronger dependence on time? 



Sea level changes

Absolute sea level change refers to the height of the ocean surface

http://www.epa.gov/climatechange/science/indicators/oceans/sea-level.html
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IS THE CLIMATE REALLY CHANGING? 

CAN WE DECIDE BY LOOKING AT THE DATA ON 
TEMPERATURE VARIATIONS? PART 2

... more evidence and data on Earth’s 
temperature variations to assess if 
climate is changing



Evidence 3: We are losing arctic ice

Arctic Sea Ice melt contributes to 
climate change by reducing the 
Earth’s overall reflectivity

This figure shows Arctic sea ice extent 
from 1979 through 2013 using data from 
September of each year, which is when 

the minimum extent typically occurs.

http://www.epa.gov/climatechange/scien
ce/indicators/snow-ice/sea-ice.html 

Albedo:  Fraction of solar 
energy reflected back into 
space

http://www.epa.gov/climatechange/science/indicators/snow-ice/sea-ice.html
http://www.epa.gov/climatechange/science/indicators/snow-ice/sea-ice.html


Opposing View: Antarctica is gaining ice  -  
Why?

Satellites measure Antarctica is gaining sea ice, but it is losing land ice at 
an accelerating rate which has implications for sea level rise.

http://www.accuweather.com/en/weather-blogs/climatechange/is-antarctic-ice-melting-1/67365



Land vs. Sea Ice

http://www.teachoceanscience.net/modulepopup/barrier_islands_and_sea_level_rise/melting_ice/



Land vs. Sea Ice

http://www.yaleclimateconnections.org/2014/11/loss-of-land-ice-n
ot-sea-ice-more-sea-level-rise/



Evidence 4: Effect of carbon dioxide (CO
2
)

http://www.skepticalscience.com/empirical-
evidence-for-co2-enhanced-greenhouse-ef
fect-advanced.htm 

Humans have increased the 
amount of carbon dioxide 
(CO2) in the atmosphere by 
about 40% over the past 150 
years.

CO2 levels and 
average 
temperatures on 
Earth have followed 
the same trend for 
400000 years

http://www.skepticalscience.com/empirical-evidence-for-co2-enhanced-greenhouse-effect-advanced.htm
http://www.skepticalscience.com/empirical-evidence-for-co2-enhanced-greenhouse-effect-advanced.htm
http://www.skepticalscience.com/empirical-evidence-for-co2-enhanced-greenhouse-effect-advanced.htm


Opposing View: Earth is in its cooling cycle



Human 
impact

None of the successful models is able to predict recent 
warming without taking rising CO2 levels into account! 

Good scientific models have ‘predictive power’. If the theory’s any good, the predictions 
will come true.

Here’s an example: When the Table of Elements was proposed, many elements were 
yet to be discovered. Using the theory behind the Periodic Table, the Russian chemist 
Dmitri Mendeleev was able to predict the properties of germanium, gallium and 
scandium, despite the fact they hadn’t been discovered.

http://www.skepticalscience.com/empirical-evidence-for-co2-enhanced-gr
eenhouse-effect-basic.htm 

Models vs. Observations

http://www.skepticalscience.com/empirical-evidence-for-co2-enhanced-greenhouse-effect-basic.htm
http://www.skepticalscience.com/empirical-evidence-for-co2-enhanced-greenhouse-effect-basic.htm


CAUSATION VS. CORRELATION

DOES A DEFINITE CORRELATION BETWEEN TWO 
DATA SETS ALWAYS MEAN ONE CAUSES THE 

OTHER?

... given the effects of parameters on the 
outcome of an experiment, be able to 
determine the correlation or causation 
between two parameters and calculate the 
correlation coefficient to determine the 
correlation degree between these 
parameters.



Please watch the following video that describes correlation and causation:

You can read more about 
correlation/causation here. 

http://www.demondemon.com/2014/12/17/correlation-or-causation/


Is the correlation between data 
significant?

http://circ.ahajournals.org/content/117/13/1732/F1.expansion.htm
l

Fit implies significant correlation Fit implies insignificant correlation

 Ice cream consumption is 
correlated with temperature. 

 Ice cream consumption is 
NOT correlated with income. 



Correlations
Positive correlation:  

Negative correlation: 

High 
albedo

Low 
albedo

http://www.icr.org/research/index/researchp_lv_r05/
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Slide from: Statistics for Managers Using Microsoft® Excel  4th Edition, 2004 Prentice-Hall
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Degree of relationship 

How can we quantify correlation?


