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Oct 12: Carbon Sequestration and Climate Change

Foci of the Day

• Group exercise (carbon monitoring)

• Carbon sequestration, credit, and market

• Carbon footprint

Reading

1) Global carbon budget: https://carbonmonitor.org/

2) World population: https://www.worldometers.info/world-population/

3) Primary energy consumption per capita (https://ourworldindata.org/grapher/per-capita-energy-use)

4) State and trends of carbon pricing dashboard: 

https://carbonpricingdashboard.worldbank.org/?utm_source=chatgpt.com 
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Carbon Cycle & Climate Change

Carbon Monitor: an open-access dataset (https://carbonmonitor.org/)

Carbon dioxide (CO2) emissions from the use of fossil fuels and the 
production of cement are the main driving force of climate change. Carbon 
Monitor is an international initiative providing for the first time regularly 
updated, science-based estimates of daily CO2 emissions. The data reveal 
the drop and re-growth of emissions during the COVID-19 pandemics.

Group Exercise: https://carbonmonitor.org/

https://carbonmonitor.org/
https://carbonmonitor.org/
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Global Carbon Budget

Solutions

1) Reduce CO2 emissions

2) Remove CO2 from the atmosphere
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Reducing Carbon Emissions for Climate Warming

1) Carbon Footprint and Energy Use
2) Carbon Sequestration
3) Carbon Credit & Stock: Policy Perspective
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1. Carbon Footprint & Energy Use

Transportation
5000 miles per year; 25 miles per gallon; 

19.6 lbs. CO2 per gallon of regular gasoline

200 gallons of regular gasoline 

3,920 lb. CO2 = 1069 lb. carbon (0.485 ton 
C) = ~0.97 ton dry biomass

This class of 20 students = 19.4 ton 
biomass

• A 24” diameter red Oak = 2.2 ton (dry biomass)
• Each driver need a large tree to support
• This class needs to cut down 20 large oak trees
• MSU has 5000 students and 20,000 employees, 

which needs ~70,000 trees
• This is equivalent to 700 ha (>1,764 acres)

World Population (https://www.worldometers.info/world-population/)
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Primary energy consumption per capita (https://ourworldindata.org/grapher/per-capita-energy-use)
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https://ourworldindata.org/world-population-growth

Complex Interconnections: Global Population – uneven distribution

People in 
developing 
countries 
wants the 
same living 
standards of 
Americans!

https://ourworldindata.org/world-population-growth
https://ourworldindata.org/world-population-growth
https://ourworldindata.org/world-population-growth
https://ourworldindata.org/world-population-growth
https://ourworldindata.org/world-population-growth


GEO409_FS2026 Carbon Footprint & Energy Use
Primary energy consumption per capita (https://ourworldindata.org/grapher/per-capita-energy-use)

https://ourworldindata.org/grapher/per-capita-energy-use
https://ourworldindata.org/grapher/per-capita-energy-use
https://ourworldindata.org/grapher/per-capita-energy-use
https://ourworldindata.org/grapher/per-capita-energy-use
https://ourworldindata.org/grapher/per-capita-energy-use
https://ourworldindata.org/grapher/per-capita-energy-use
https://ourworldindata.org/grapher/per-capita-energy-use


GEO409_FS2026

2. Carbon Sequestration

1. Natural C Sequestration

2. Artificial/Engineered C Sequestration
• Carbon Capture and Storage (CCS):
• Bioenergy with Carbon Capture and Storage (BECCS):
• Direct Air Capture (DAC):
• Others?

• Vegetation and Soils: Forests, grasslands, wetlands
• Oceans: Phytoplankton
• Bioenergy with Carbon Capture and Storage (BECCS)
• Others?
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Probability density function (pdf) of annual 
sums of net primary production (NEP) 

before and after 2008 (Baldocchi 2020)

NEP=GPP-Reco

The Power of Terrestrial 
Ecosystem in C Sequestration

https://scholar.google.com/citations?user=dJ8MMFoAAAAJ&hl=en&oi=sra
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2. Artificial/Engineered C Sequestration

Direct Air Capture (https://www.energy.gov/science/doe-explainsdirect-air-capture): The 

separated CO2 can then be permanently stored deep underground, or it can be converted into products. 

https://www.energy.gov/science/doe-explainsdirect-air-capture
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World’s largest Direct Air Capture and Storage (DAC+S) plant, 
Mammoth, starts operation in Iceland

(https://visionias.in/current-affairs/news-today/2024-05-10/environment/worlds-largest-direct-air-capture-and-storage-dacs-plant-mammoth-starts-operation-in-iceland)
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2. Artificial/Engineered C Sequestration

Renewable energy instead of fissile fuels (Wind, solar, thermal, etc.)
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2. Artificial/Engineered C Sequestration

Bioenergy with Carbon Capture and Storage: bioenergy crops at KBS
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3. Carbon Credit and Stock
State and Trends of Carbon Pricing Dashboard (https://carbonpricingdashboard.worldbank.org/?utm_source=chatgpt.com)

The State and Trends of Carbon Pricing Dashboard is an interactive online tool aimed at policymakers, businesses, 
and researchers. It provides the latest information on existing and emerging direct carbon pricing initiatives around 
the world.

https://carbonpricingdashboard.worldbank.org/
https://carbonpricingdashboard.worldbank.org/?utm_source=chatgpt.com
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3. Carbon Credit and Stock
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Take-home-messages

1) Carbon emissions driven by population growth and rising energy 
consumption vary across countries

2) Two primary approaches exist for carbon sequestration (natural and 
artificial), with multiple examples

3) Policies and implications are reflected through carbon credit programs
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Oct 14: Urban Heat Islands (UHI )

Foci of the Day

• Causes and consequences of UHI effects
• Major methods for quantifying UHI
• Strategies to reduce UHI effects

Reading: What Are Heat Islands? (https://www.epa.gov/heatislands/what-are-heat-islands)

Reference: Oke, T.R. (1973). City size and the urban heat island. Atmospheric Environment, 7(8), 769–779.
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