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INTRODUCTION



• Call me Dr. Lei

• I am a cat and motorcycle 
enthusiast

• I play League of Legends 
(Platinum) & Apex Legends 
(Apex Predator)

• On a 1250-day Duolingo streak

About Me (雷善言)

Chance

Lava



Teaching & Mentorship     

Middle and high school students performing hands-on 
science activities at community outreach events.

Student undergraduate interns performing research 
in the field, and presenting at research symposiums.



Introduction to Ecological & Micrometeorological Instrumentation



Building relationships!



WHAT IS ALBEDO?



Back to the Basics -

Opening Activity



Components of the climate system that would be expected to change in a warming world. (IPCC, 2021)

Some observed changes to climate 

Sometimes we forget that the 

sun is always shining!

When sunlight reaches the 

earth, it heats the land, ocean, 

and atmosphere.

This source of energy is 

constant!



How does the Earth respond to changes in climate?

The Earth-Atmosphere systems works in equilibrium
• Energy that reaches Earth from the sun 

• Energy that flows from Earth back to space

Variations can occur, but 

eventually returns to balance!



Climate change is happening all around us!



But how exactly can we see these changes to climate?



𝒂𝒍𝒃𝒆𝒅𝒐 (𝜶) =
𝑆𝑤↑
𝑆𝑤↓ Albedo

Changes of albedo with on different landscapes.

OSIRIS-Rex Mission: What is albedo?

What IS albedo?

The higher the albedo, the more light it reflects.

The lower the albedo, the more light it absorbs. 



When light hits an 

object, three things can 

happen:

Reflected (bounces off)

Transmitted (goes through)

Absorbed (stays in)

What IS albedo?



Importance of albedo



Any questions?



ALBEDO OF TERRESTRIAL 
SYSTEMS



https://scied.ucar.edu/learning-zone/how-climate-

works/albedo-and-climate

The surface of the Earth is a patchwork of colors



Albedo in real-life

AsphaltGrass

Forest Snow

Water

A Mirror!Earth

Sand

Earth 

Albedo = 0.30

Mirror 

Albedo = 1!



Fresh asphalt 0.04

Open ocean 0.06

Worn asphalt 0.12

Coniferous forest 0.08-0.15

Deciduous Forest 0.15-0.18

Bare Soil 0.17

Green grass 0.25

Desert sand 0.4

New concrete 0.55

Ocean ice 0.5-0.7

Fresh snow 0.8

Aluminum 0.85

Albedo in real-life

Stages of growth development of agricultural crops during the early growing period to peak growing season at KBS LTER. Lei et al., 2024



Albedo applies even to a planetary scale!

Which planet has a higher albedo? Why would this be important?

Albedo in real-life



Albedo at our poles!

Would fresh snow or dirt snow have a higher albedo? 

Which would absorb more sunlight?

Albedo in real-life



Why do school buses often have white-painted roofs?

Albedo in real-life



The bigger the stain, the more penguins there are!
Satellite photos of emperor 

penguin colonies

Albedo in real-life



Albedo in real-life

Chenetal.2024

What about diurnal changes 
in terrestrial systems?

What does the yellow bar on 
the figure represent?



Main Foci
• Changes in ice/snow cover

• Clouds

• GHGs

• Surface composition and color

• Urban heat island effects

• Urbanization

• Pollution

• Land use land cover change (LULCC)

• Vegetation crops & species

• Moisture (soil, air, vegetation)

• Temperature (soil, air)

• Surface & plant texture

• Atmospheric conditions

Factors affecting albedo



Solar radiation from the 

sun:

Solar radiation onto the 

surface:

Reflectance:

albedo (0-1) or 
𝑆
𝑤↑

𝑆
𝑤↓

(delta change; ±Δα) or 

∆𝛼 = (𝛼𝑖 − 𝛼0)

Change in climate:

SW↓

Converted to energy and 

CO2

Equivalent:

± albedo-induced

radiative forcing (±RF) or 

𝑅𝐹∆∝𝑠
𝑇𝑂𝐴= [𝑆𝑤↓ ∗ 𝑇𝑎∗ ∆𝛼]

𝐆𝐖𝐏𝐢 =
𝑅𝐹∆∝𝑠

𝑇𝑂𝐴

𝐴𝐺𝑊𝑃𝐶𝑂2

SW↑



Let’s calculate albedo of multiple systems

𝒂𝒍𝒃𝒆𝒅𝒐 (𝜶) =
𝑆𝑤↑
𝑆𝑤↓

Ex 1: If at 10:30am on September 16th, 2026, the incoming 

solar radiation (𝑆𝑤↓) for a Miscanthus site in Michigan is 1120 

Wm-2, and the outgoing solar radiation (𝑆𝑤↑) is 250 Wm-2, what 

is the average albedo for this site?

Ex 2: I now know the albedo of my miscanthus site and now 

am interested in analyzing the change in surface reflectivity 

(∆𝜶) to a reference forest site on the same day with the same 

𝑆𝑤↓, and a 𝑆𝑤↑ of 150 Wm-2. What is the mean albedo change?

∆𝜶 = (𝜶𝒊𝑵𝑬𝑾 − 𝜶𝟎𝑹𝑬𝑭)

(𝜶) =
𝑆
𝑤↑

𝑆
𝑤↓

= 
250

1120
Wm-2

= 0.223

∆𝜶 = (𝜶𝒊 − 𝜶𝟎)

= (0.223 – (
𝑆
𝑤↑

𝑆
𝑤↓

= 
150

1120
Wm-2 = 0.134))

= 0.089



Any questions?



HOW DO WE MEASURE 
ALBEDO?



Clemente-Orta, G., & Álvarez, H. A. (2019).

Plot Scale

Local Scale

Regional Scale

Different ways to measure albedo!



https://www.youtube.com/watch?v=uWZEvZ118DM

Plot Scale

Local Scale

Regional Scale

Satellites measure albedo by 

detecting the amount of sunlight 

reflected from Earth's surface 

and atmosphere across various 

wavelengths.

Satellite (remote sensing) 

measurement of albedo



Advantages of measuring with satellites

• Measure extremely large areas

• Less manpower

• Can have longer historical measurements

• Model albedo for the future

Satellite (remote sensing) 

measurement of albedo

Disadvantages of measuring with satellites
• Remote sensing instruments only indirectly 

measure albedo

• Calibration

• Sensors can break

• One pixel can cover multiple land 

surfaces

• Cost to launch a satellite in space



∆𝑎 = 𝑎 − 𝑎𝑟𝑒𝑓

𝑅𝐹∆𝑎= 𝑆𝑊𝑖𝑛 𝑇 ∆𝑎
USGS: January 2003. Credit: Grant Falvo (KBS)



∆𝑎 = 𝑎 − 𝑎𝑟𝑒𝑓

𝑅𝐹∆𝑎= 𝑆𝑊𝑖𝑛 𝑇 ∆𝑎
USGS: April 2010.Credit: Grant Falvo (KBS)



USGS: July 2015. Credit: Grant Falvo (KBS)

∆𝑎 = 𝑎 − 𝑎𝑟𝑒𝑓

𝑅𝐹∆𝑎= 𝑆𝑊𝑖𝑛 𝑇 ∆𝑎



Land-use land cover

Albedo

Carbon

Sciusco, P., Chen, J., Giannico, V., Robertson, G.P., Abraha, M., Lei, C., Shirkey, G., Yuan, J. (Land, 2022). 

Sciusco, P., Chen, J., Abraha, M., Lei, C., Robertson, G.P., Lafortezza, R., Shirkey, G., Ouyang, Z., Zhang, R., & John, R. (Landscape Ecology, 2020). 

Satellite (remote sensing) 

measurement of albedo



https://www.kbs.msu.edu/2020/01/brandon-dsouza-reu/

Plot Scale

Local Scale

Regional Scale

Unmanned Aerial Vehicles & Towers

Measuring albedo using drones 

and towers combines mobile 

high-resolution aerial data 

with continuous stationary 

baseline measurements to 

bridge the gap between 

ground plots and coarse 

satellite observations.



Local Scale: Unmanned Aerial 

Vehicles



Portable albedo tower:(n= 7)

Referencealbedo tower:(n= 1) (totaln= 44)

2018 –2022, data retrievedweekly

Towers raised tomaintainedconsistent fieldofview

KBS BCSE Block 1.

Local Scale: Towers



Advantages of measuring with 
drones/towers:

• Measure large areas

• Less manpower

• Model albedo for the future

• No clouds in imagery

Disadvantages of measuring with 
drones/towers:

• Lots of calibration 

• Sensors can break

• Can be expensive

• Must have an person flying the 
drone / maintaining towers 

(at least for now!)

Red = Warming

(Low reflectivity)

Green = Cooling!

(High reflectivity)

Unmanned Aerial Vehicles & Towers

Average monthly albedo from May to October for all replicates (R1, R2 and R4) over three consecutive seasons from 2018 

to 2020.



Instantaneous (Survey) measurements

Plot Scale

Local Scale

Regional Scale

Measuring albedo using survey 

points involves recording incoming 

and reflected solar radiation at 

specific field locations using net 

radiometers or pyranometers.



Longwave Shortwave

Incident 

(Incoming)

Reflected 

(Outgoing)

apogeeinstruments.com

SN500 

(Apogee)CNR4 

(Kipp & Zonen)

SRA01 

(Hukseflux)

NR01 

(Campbell Scientific)

Instantaneous (Survey) measurements

CNR1 

(Kipp & Zonen)



Advantages of measuring with field 
sensors:

• Measure smaller areas

• Better temporal resolution

• No missing data from clouds

Disadvantages of measuring with 
field sensors:

• Intensive manpower

• Cost of instrumentation

• Smaller areas may not fully represent 
larger region

Instantaneous (Survey) measurements



Any questions?



ALBEDO AND GLOBAL 
WARMING POTENTIAL



Solar radiation from the 

sun:

Solar radiation onto the 

surface:

Reflectance:

albedo (0-1) or 
𝑆
𝑤↑

𝑆
𝑤↓

(delta change; ±Δα) or 

∆𝛼 = (𝛼𝑖 − 𝛼0)

Change in climate:

SW↓

Converted to energy and 

CO2

Equivalent:

± albedo-induced

radiative forcing (±RF) or 

𝑅𝐹∆∝𝑠
𝑇𝑂𝐴= [𝑆𝑤↓ ∗ 𝑇𝑎∗ ∆𝛼]

𝐆𝐖𝐏𝐢 =
𝑅𝐹∆∝𝑠

𝑇𝑂𝐴

𝐴𝐺𝑊𝑃𝐶𝑂2

SW↑



Framework for using albedo and GHGs to determine global warming impact 

(GWP/GWI).

Radiative 

transfer

AlbedoCO2

CH4

N2O

GHG 

Emissions

∆ albedo

Land Surface Properties

Radiative Forcing

Irradiance at the 

TOA
Atmospheric 

transmittance

Global Warming Impact

Ta constant,

Ta / K
T 

calculations

Seasonal, Diurnal, 

Monthly, Annual means
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Unique ecosystems, Polices,

Spatio-temporal changes 

CO2𝑹𝑭∆∝𝒔
𝑻𝑶𝑨

𝑮𝑾𝑷∆∝𝒔 =
𝑺 ∗ 𝑹𝑭∆∝𝒔

𝑻𝑶𝑨

𝑨𝑭 ∗ 𝑹𝑭𝑪𝑶𝟐

𝟏

𝑻𝑯

Global Warming Potential



Symbol Name Description

CO2 carbon dioxide A colorless gas that occurs naturally in Earth's atmosphere.

pCO2ref reference of partial 

CO2 pressure

Reference of partial CO2 pressure in the atmosphere, approximately at 389

ppmv or 0.383 g kg-1.

Ta upwelling 

transmittance 

constant

Upwelling transmittance can be used as a constant based on a clear day

(0.854), sunny day (0.73) or cloudy day (0.48), or it can be calculated

based on zenith angle from time of day (Chapter 1).

TH time horizon The time horizon used when calculating GWP. The IPCC usually refers to

TH 20 years, 100 years, and 500 years.

α albedo The proportion of incident light to total solar radiation that is reflected by a

surface. It is usually unitless but can be expressed as a percentage (i.e. 0.2

= 20%).

TOA top of the 

atmosphere

The place where solar energy enters the Earth system, and where reflected

light and thermal radiation from the sun-warmed Earth exit.

Sw shortwave Shortwave radiation (UV/visible light) from solar energy within the

atmosphere.

rfCO2 radiative forcing of 

CO2

Marginal RF of CO2 emissions at the current atmospheric concentration. It

is the derived radiative forcing from 1 kg of CO2 at a constant of 0.908 (W

kg CO2
-1).

AF airborne fraction Proportion of human-emitted GHG that remains in the atmosphere after a

certain period of time. AF is 0.69, 0.48, and 0.32 for time horizons of 20,

100, and 500 years, respectively.

S local area The area affected by the change in surface albedo (m-2).

∆αs delta albedo The local change in albedo in a region at a specific time. Calculated by

subtracting a reference albedo.

RFΔα albedo-induced 

radiative forcing

The change in net radiative flux from the surface driven by surface albedo

changes (Δα).

∆RFTOA delta radiative 

forcing at the top of 

the atmosphere

The RF at the TOA due to surface albedo changes. It is usually a function

of latitude and it is related to changes in α.

GWPΔα global warming 

potential

Also called global warming impact (GWI), it is a quantified measure of the

relative radiative forcing impact of a variable, specific to CO2.

MCO2 molecular weight of 

CO2

The atomic weight of carbon is 12, while oxygen is 16. Therefore, the

molecular weight of CO2 is 44 g mol-1 (Table 5-4).

mair atmospheric mass The total mean mass of the atmosphere, which is 5.1480×1018 kg.

SEarth area of Earth The surface area of the Earth, which is ~510 million km2 (5.1×108 km2).

∆F2x forcing of CO2

concentration

Radiative forcing resulting from a doubling of current CO2 concentration

in the atmosphere, at a current rate of +3.7 W.m−2.

Mair molecular weight of 

dry air

The weight of dry air (28.95 g mol-1). It is composed of Nitrogen (78%),

Oxygen (20.85%), Argon (0.93%) and other gases (0.04%).

For your viewing pleasure.

Parameters of GWP



28 kg of CO21 kg of CH4𝑹𝑭∆∝𝒔
𝑻𝑶𝑨

??

Advantages of using GWP:
• Highly efficient method

• Can be done for many GHGs

• Allows landscape effects to be 

converted into CO2 equivalences (CO2-

eq)

• Emissions of CO2 required to have the 

same climatic effect as the change 

being investigated.

• Use in policy

Disadvantages of using GWP:
• Very sensitive to short-lived GHGs

• Calculated in different ways

• Many constants/formulas

• Does not represent actual temperature 

change from gases

• Difficulty in monitoring sources/sinks of 

most gases

What is global warming potential (GWP)?

Global warming potential is a measure of how much heat 

a greenhouse gas traps in the atmosphere over a 

specific time period, relative to the same mass of 

carbon dioxide.



Typical atmospheric decay of CO2 and CH4 over time. 

Different gases have vastly 

different heat-trapping 

abilities.

The United States primarily uses the 100-year GWP as a 

measure of the relative impact of different GHGs. 

Other metrics may differ based on timeframe, the climate 

endpoint measured, or the method of calculation.

What is global warming potential (GWP)?



𝑮𝑾𝑷∆∝𝒔 =
𝑺 ∗ 𝑹𝑭∆∝𝒔

𝑻𝑶𝑨

𝑨𝑭 ∗ 𝑹𝑭𝑪𝑶𝟐

𝟏

𝑻𝑯

TH: Time Horizon

20 years

100 years

500 years

Take a look at direct contributions to GWP from conversion 

of forest to biofuel crops from surface albedo and three 

most common THs (20, 100 and 500 years) at the Kellogg 

Biological Station.

Understanding each component



Understanding each component 𝑮𝑾𝑷∆∝𝒔 =
𝑺 ∗ 𝑹𝑭∆∝𝒔

𝑻𝑶𝑨

𝑨𝑭 ∗ 𝑹𝑭𝑪𝑶𝟐

𝟏

𝑻𝑯

RF∆∝s
TOA = −

1

N
Ta ∗ SW↓ ∗ ∆αs where:

Ta: the upwelling transmittance derived from estimating thermal radiant fluxes 

within the environment

SW↓: is local incoming solar radiation incident to the surface (W m−2)

N: the number of temporal period (i.e. hours/days/years)

∆αs: the local change in albedo between two specific surfaces:

RF∆∝s
TOA

(𝑾m−2): Direct radiative forcing at the top-of-atmosphere (TOA) level due 

to the change in the surface albedo

∆αs = αiNEW − αoREF



𝑻𝒂: The Upwelling Transmittance 

Accepted constant of a clear-day: 0.854 (Lenton and Vaughn, 2009)

• 𝑇𝑎 depends on multiple factors:

• Cloudiness

• Time of day

• Solar and zenith angle

• Latitude

• Manually calculating 𝑇𝑎 can reduce error and bias up to 30% 

of 𝑅𝐹∆∝𝑠
𝑇𝑂𝐴

• Manual 𝑇𝑎 ranges: 0.475 < 𝑇𝑎 > 0.854

Ta = 0.854

Understanding each component
Remember this figure?



Understanding each component 𝑮𝑾𝑷∆∝𝒔 =
𝑺 ∗ 𝑹𝑭∆∝𝒔

𝑻𝑶𝑨

𝑨𝑭 ∗ 𝑹𝑭𝑪𝑶𝟐

𝟏

𝑻𝑯

AF: Airborne Fraction - percentage of 

emitted CO2 that remains in the atmosphere 
after a period of time.

• Value has been disputed by many 
researchers:

• 0.53 (Joos et al. 2013)

• 0.55 (Akbari 2009)

• 0.52 (Bright et al. 2015)

AF: 0.52

S: the local area subjected to albedo change 

(m−2).

• AF differs for different emissions in the  

atmosphere:

• CO2: 0.52

• CH4: 0.13

• N2O: 0.68

S: 1 m−2



Understanding each component 𝑮𝑾𝑷∆∝𝒔 =
𝑺 ∗ 𝑹𝑭∆∝𝒔

𝑻𝑶𝑨

𝑨𝑭 ∗ 𝑹𝑭𝑪𝑶𝟐

𝟏

𝑻𝑯

𝑹𝑭𝑪𝑶𝟐 (𝑾𝒌𝒈𝑪𝑶𝟐
−𝟏): Derived radiative forcing from 1 kg of CO2.

ln 2 ∗𝑝𝐶𝑂2𝑟𝑒𝑓∗𝑀𝐶𝑂2∗𝑚𝑎𝑖𝑟

𝑆𝐸𝑎𝑟𝑡ℎ∗∆𝐹2𝑋∗𝑀𝑎𝑖𝑟
where:

𝑝𝐶𝑂2𝑟𝑒𝑓: a reference of partial CO2 pressure in the atmosphere (389ppmv or 0.383 kgg−1) 

𝑆𝐸𝑎𝑟𝑡ℎ: the area of the Earth’s surface (5.1*1014 m2)

𝑀𝐶𝑂2: the molecular weight of CO2 (44.01 gmol−1) 

𝑚𝑎𝑖𝑟: the mass of the atmosphere (5.148*1018 kg)

∆𝐹2𝑋: the radiative forcing resulting from a doubling of current CO2 concentration in the atmosphere (+3.7 
Wm−2)

𝑀𝑎𝑖𝑟: the molecular weight of dry air
𝑹𝑭𝑪𝑶𝟐 = 0.909 WkgCO2

-1



Ex. 3. Find the GWP for CO2 for a switchgrass (Panicum 

virgatum) site with the following known components: 𝑆𝑊↓: 478 

Wm-2 and 𝑆𝑊↑: 134 Wm-2, when the reference native grasses 

have a 𝑆𝑊↓: 482 Wm-2 and a 𝑆𝑊↑: 83 Wm-2. 

The 𝑇𝑎 of the day is 0.854.

Switchgrass 𝜶𝒔 =
𝑆
𝑤↑

𝑆
𝑤↓

=
134

478
Wm−2

= 0.28

Native Grasses 𝜶𝒔 =
𝑆
𝑤↑

𝑆
𝑤↓

=
83

482
Wm−2

= 0.17

RF∆∝s
TOA = -

1

1
∗ 478 Wm−2 ∗ 0.854 ∗0.11 

= -44.903 Wm−2

AF = 0.52

RFCO2= 0.909 kg m-2 CO2 yr-1

GWP∆∝s =
1∗ −44.903Wm−2

0.52∗0.909 kgm−2CO
2
yr−1 ∗

1

100

= -0.949 kg m-2 CO2 yr-1

Let’s calculate the GWP of an ecosystem

𝑮𝑾𝑷∆∝𝒔 =
𝑺 ∗ 𝑹𝑭∆∝𝒔

𝑻𝑶𝑨

𝑨𝑭 ∗ 𝑹𝑭𝑪𝑶𝟐

𝟏

𝑻𝑯

∆𝜶 = (𝜶𝒊𝑵𝑬𝑾 − 𝜶𝟎𝑹𝑬𝑭)

= (0.28 –0.17))

= 0.11



Too much to remember? Never fear!



Any questions?



LAND USE AND ALBEDO



What does this mean for a changing landscape?

Annual average albedo suggesting potential cooling of the localized climate due to a conversion of bare ground landscape (reference) to another candidate crop.

Lei et al., 2024



Chen 2021. Applications of Biophysical Models in Ecosystem Studies.

Notice any differences in 

magnitude if we change our 

reference landscape?

What does this mean for a changing landscape?

Forest to maize = -0.04 CO2eq MgCha-1

Forest to sorghum = -0.10 CO2eq MgCha-1

Forest to switchgrass = -0.18 CO2eq MgCha-1

Some crops provide more or less cooling 

depending on the reference landscape and 

the one we are trying to convert to!





Mean albedo of the growing season (GS) (a), non-growing season (NGS) (b), and 
the entire year (c) for the seven crop types: including a reference forest at KEF.

Differences between 

landscapes during the growing 

season and annually were 

statistically significant (p ≤ 0.05)



What does this mean for a changing landscape?



• Seven major cropping 
ecosystems:

• Row crops, native grasses, 
genetically modified crops

• Annual vs Perennial:
• Corn, Soybeans
• Restored Prairie, Native 

Grasses, Miscanthus, 
Switchgrass

• Agronomic Management:
• Fertilization vs non-

fertilization
• Stover reside vs non-stover 

residue

Biofuel Cropping System Experiment – Changes in farmer input and agronomic management on surface reflectivity

Mapping out a 5-year 

agricultural cropping 

rotation:

What does this mean for a changing landscape?



Current land cover of the Kalamazoo watershed, which includes 127 sub-watersheds.

The watershed was examined

• Using Landsat/Sentinel data 

• For changes of CO2 during a 40-year period (1978–2018)

• Including ancillary data (i.e. climate, human activities)

What does this mean for a changing landscape?



Albedo observations for agroecosystems. Lei et al., 2024

Albedo observations with colored 

vertical lines and boxes indicating 

regions of:

• Early establishment differences 

between crops (red)

• Flowering stage between 

perennials and annual row crops 

(green)

• Maturity phase where crop 

canopies are homogenous (grey)

• Harvest (black)

• Cover crop establishment (yellow)

One final example



Wrapping up

Albedo is the ratio of change in solar radiation reflected to that which comes from the sun 

onto the earth surface. 

Albedo in agriculture can be affected by multiple parameters including:

• Planting of different crop species 

• Harvest and planting at different times during the year

• Cover cropping

• Fertilization and irrigation

• Sunlight, clouds and atmospheric conditions

This leads to varying cumulative effects of seasonality and agronomic management on 

albedo in terrestrial ecosystems.

These factors can feed into the magnitude of radiative forcing

• to determine how much energy from the sun is being absorbed or reflected from a 

landscape through climate modelling such as GWP. 

Subsequently, these effects can influence the global warming potential of a system, and 

the warming/cooling of the atmosphere.



Any questions?
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