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Hands-on exercise (paired): Constructing models in Excel!
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Two terms for quantifying temperature increase (warming)

1) Radiation forcing (RF) directly captured by GHG and others

RF — ﬂ[Ein — E{ml) — ﬂEin _ ﬂEuul

2) Feedback (g)
|=PxAXT [Eqn. 8.1]

T=ElIxCl [Eqn. 8.2]
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Atmospheric CO; at Mauna Loa Observatory
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Fig. 2.8: Ocean temperature anomaly (°C) of
top 2 km of world ocean.
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In 10,000 BCE the
world population

The average growth rate
from 10,000 BCE to 1700

The size of the world population over the long-run

UN demographers expect the world
population to peak at 10.3 billion in
2084 and to decline thereafter.

The pink line shows the projection
by the UN Population Division
(medium-fertility variant).
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The purple line shows the
size of the world population
over the last 12,000 years.

In the mid-14th century the
Black Death pandemic killed
between a quarter and half
of all people in Europe.

2,000 years ago, the
world population was
around 232 million.
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Data source: HYDE (2023); Gapminder (2022, 2023); UN WPP (2024)
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OurWorldinData.org — Research and data to make progress against the world's largest problems.

Global life expectancy before
1800 was less than 28 years

Global life expectancy
in 2023 was 73 years

Licensed under CC-BY by the authors
Max Roser and Veronika Samborska
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https://ourworldindata.org/population-growth-over-time

Global primary energy consumption by source
Primary energy is based on the substitution method and measured in terawatt-hours.

Our World
in Data
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Data source: Energy Institute - Statistical Review of World Energy (2025); Smil (2017) - Learn more about this data

Mote: In the absence of more recent data, traditional biomass is assumed constant since 2015, X
OurWorldinData.orgfenergy | CC BY
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Exercise

1) Understand the data (identify changes)

2) Quantify the rate of change (A) using both absolute and relative values
3) Compare linear vs. non-linear patterns

4) Construct linear and exponential models using Excel

5) Report the results back to the class

Dataset 1: Annual CO, concentration (CO2_annmean_mlo. xlsx)

Dataset 2: GDP per capita (US$) of 4 administrative entities since 1960 (GDP_pc.xlsx)
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Demonstration 1: class population

Class Population Class Population
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Demonstration 2: CO, concentration (ppm)

CO2 Concentration (ppm)

440.0
420.0

rd

400.0

380.0
360.0 /
340.0
320.0

300.0
1950 1960 1970 1980 1990 2000 2010 2020 2030



GEO103_SS2026

Chapter 10: Exponential Growth

Take-home-messages based on group exercise
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