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• Albedo of terrestrial ecosystems
• Land use and albedo
• Albedo measurements
• Albedo and GWP

Reading

Chen, J., Lei, C., Chu, H., Li, X., Torn, M., Wang, Y. P., ... & Robertson, G. P. (2024). 
Overlooked cooling effects of albedo in terrestrial ecosystems. Environmental 
Research Letters, 19(9), 093001.

Sep 15: Albedo Effects on Earth’s Climate: Warming and Cooling
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Albedo-inducted Global Warming Potentials due to land cover & land use changes (LCLUC)
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Radiation Balance
Albedo (a) is a measure of how much light or radiation a surface reflects 
compared to how much it receives. It is expressed as a fraction (0-1) or 
percentage (%).

Examples

• Fresh snow: 0.8–0.9
• Grass: 0.2–0.3
• Asphalt: 0.05–0.1
• Ocean water: 0.06
• Coniferous forests: 0.08–0.15
• Deciduous forests: <0.18
• Corn fields: ~0.18–0.25
• Desert: 0.35–0.45
• Urban: 0.10–0.25

CNR net radiometer



Solar radiation 
pathways and 
estimation of 
radiative forcing (RF) 
resulted from 
changes in land 
surface albedo (Δα).

Chen et al. 2024.
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M
e
th
o
d
o
lo
g
y • Portable albedo tower: (n = 7)

• Reference albedo tower: (n = 1) (total n = 44)
• May 20th, 2018 – December 31st, 2020
• Data retrieved weekly
• Towers raised to maintained consistent field of view

Sites where towers are 

situated in Block 1.

Continuous measurements
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LULCC as a global phenomenon
Current land cover of the Kalamazoo Watershed, which includes 127 sub-watersheds. The watershed was 
examined for the changes of CO2

eq during a 40-year period (1978–2018) using Landsat/Sentinel with the 
climate and human activities.
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Diurnal changes and variations in land 
surface albedo under clear (a) and cloudy (b) 
sky conditions for seven bioenergy crops at 
the Kellogg Biological Station (KBS) in 
Southwest Michigan. The yellow shaded 
area on the bar graph represents the local 
time (~10:30 h) when the Landsat/Terra 
satellites pass over the study sites.

Chen et al. 2024
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(a) The average radiation force (RF) 
due to altered land surface albedo 
(∆α) during the growing season (GS) 
and non-growing season (NGS) was 
measured for eight major ecosystem 
types in southwestern Michigan in 
2021. (b) The global warming 
potential due to albedo differences 
(GWP∆α) was assessed for the native 
temperate forest ecosystem in the 
same region. 

Chen et al. 2024
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Average albedo for all land use types (conventional, no-till and reduced input 
CSW annual row crop rotations, and perennials switchgrass, early successional 
and restored prairie) at MCSE (Lei et al. 2024)

Stages of growth development of the study 
sites from early growing period to peak 
growing season at KBS LTER site
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Changed albedo: What does it mean for climate?
Albedo-Induced Global Warming Potential (GWP)

Chen 2021. Applications of Biophysical Models in Ecosystem Studies. 
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Albedo-Induced Warming/Cooling Effects on Climate
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Albedo-Induced Warming/Cooling Effects on Climate



Albedo-Induced Warming/Cooling Effects on Climate



In sum
1) Albedo-induced global warming potentials (GWP) has been overlooked?

2) GWP of intensively managed ecosystems/landscapes can be substantial and 
the credits had not been given to land owners like carbon

3) There remain serious technical challenges in collecting albedo data and 
calculate GWP, Especially Tk and 

4) Integrating GWP to Earth System Models (ESMs) and/or remote sensing models 
appears imperative
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Take-home-messages

1) What are the three major greenhouse gas (GHG) species other than water vapor?
2) Albedo-induced GWP is largely driven by land cover and land use changes.
3) Albedo values vary substantially across different ecosystem types (what are they?).
4) Albedo-induced GWP primarily relates to changes in shortwave radiation.
5) Albedo can change over time, from hourly to multi-year scales.
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Quiz #2:

Feeback from Students for Improvement

Tips for Making an Effective Presentation

Reading
Naegle, K.M., 2021. Ten simple rules for effective presentation slides. PLoS 
Computational Biology, 17(12), p.e1009554.

Next Lecture: Tips for Making an Effective Presentation 
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Quiz #2:

• Materials from Lectures on 9/3, 9/8/, 9/10, and 9/15
• How is global climate change quantified
• Physical Foundations for Global Climatic Changes
• GHG and albedo
• 5 questions, 2 points for each question

Next Lecture: Tips for Making an Effective Presentation 
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