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Background

• Climate Change in general and what we already known

• Human activities cause the rise of CO2 Concentration in the 
atmosphere. 

• Correlation between CO2 and rising temperature ?



Real Data (*)



Real Data



Where is the 
Real Data 
from?

Met Office Hadley Centre 
observations datasets

Dataset: HadCRUT5



First Model

• 𝑇𝑖 = 𝛼 + 𝐸𝑖 , 𝐸𝑖~𝑁 0, 𝜎2

• 𝛼 = 𝑚𝑒𝑎𝑛 𝑡𝑒𝑚𝑝𝑒𝑟𝑎𝑡𝑢𝑟𝑒

• 𝜎 = 𝑡𝑒𝑚𝑝 𝑣𝑎𝑟𝑖𝑎𝑛𝑐𝑒

𝛼 ~ − 0.0085

𝜎 ~ 0.3





Comparing to Real Data

• Different from Real data.

• Produce too much year-to-year variation 

• Need an alternative model



Second Model

• Random Walk

• 𝑇𝑖+1 = 𝑇𝑖 + 𝐸𝑖 , 𝐸𝑖~𝑁 0, 𝜎2

• 𝜎 = Δ𝑇 (Δ𝑇 = 𝑇𝑖+1 − 𝑇𝑖 )

𝜎 ~ 0.12







Compare

• First Model: too much variation

• Second Model: too little year to year variation

• Unbounded and walk to any end.

• We need a model between the First and the Second Model

• Using Auto-regressive method



Third Model

• Auto-regressive

• 𝑇𝑖+1 = 𝛼 + 𝛽𝑇𝑖 + 𝐸𝑖



𝑓 𝑥 = −0.01407 + 0.91062𝑥



Third Model

• Auto-regressive

• 𝑇𝑖+1 = 𝛼 + 𝛽𝑇𝑖 + 𝐸𝑖

• 𝛼 ~ − 0.014, 𝛽 ~ 0.91

• 𝜎~ 0.013



But how close is beta and alpha?

• Since we use np.polyfit and it doesn’t ensure us what method it used 
to compute alpha, beta.

• To make sure, we need to use least square estimation



Third Model

• Auto-regressive

• 𝑇𝑖+1 = 𝛼 + 𝛽𝑇𝑖 + 𝐸𝑖

• Least square method

𝛼 ~ − 0.014, 𝛽 ~ 0.91, 𝜎 ~ 0.013
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Using Least Square Method



Compare

• Still different 



Fourth Model

• 𝑇𝑖 = 𝛼 + 𝛽1𝑇𝑖−1 + 𝛽2𝑇𝑖−2 + 𝛽3𝑇𝑖−3 + 𝛽4𝑇𝑖−4 + 𝛽5𝑇𝑖−5 + 𝐸𝑖

𝛼 𝛽1 𝛽2 𝛽3 𝛽4 𝛽5



Fourth Model

• 𝑇𝑖 = 𝛼 + 𝛽1𝑇𝑖−1 + 𝛽4𝑇𝑖−4 + 𝐸𝑖

𝛼 𝛽1 𝛽4



If the models are very similar and the “optimal goal” is using least square to fit it and the slope 
would be 1. One of the run trial for this model resulting the slope to be 0.82 (which is very close)



But it is not always fit



If we run this 1000 times

There is higher chance that the graph has 
a negative correlation with the real data 
compare to positive and close to 1 
correlation.



Longer Temperature Record

• Through tree ring and ice core



Fifth Model
• 𝑇 = 𝛼 + 𝛽𝑤 + 𝜆𝑑

- Find 𝛼, 𝛽 and 𝜆 using the data of temperature, tree ring and ice 
deuterium from 1900-2000

- Find temperature from 1400-1900





How does rising temperature related to?

• Human activities -> Release CO2 into the atmosphere –> the amount is 
more than which can be removed by natural processes

• CO2 ”traps heat at the bottom of the earth’s atmosphere” -> rising 
temperature

• Skeptic: CO2 does not change the temperature.

• Need to investigate in correlation between CO2 and rising 
temperature.

• Using Vostok ice-core!



Vostok’s Ice 
Core

• Gases can be trapped during the 
formation of ice.

• These gas pockets can be 
analyzed for its CO2 
concentration content.

• Up to the last 414,000 years (1)

• Snow on ice contains record of 
temperature because of the 
formation of snow (2)





Noticing

• The oscillation pattern after ~100,000 years.

• CO2 level never past 300 ppm comparing to today 414 ppm (3)

• To view better, use linear fit by least square method to find the 
relationship.



beta = 0.09



How sufficient is beta?

• Let's shuffling the co2 data to see





Occurrence of beta = 0.088



Conclusion

• Rising temperature is not random

• With these models, we now know a significant connection between 
CO2 and the global mean temperature.

• Also means the recent abnormal increase of CO2 (due to human 
activity) correlate Earth’s rising temperature.

• Plenty of models are used to simulate but failed in the long-term run, 
which mean human activities are the addition factor into the equation.
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