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Measuring photosynthesis: chamber-based at leaf level (snapshots)

LiCor6400 (LI6800)
CO, & H,0 concentration
PAR, temperature




Measuring photosynthesis: chamber-based at leaf level (continuous)
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Eddy Covariance (EC) Technology for direct measurement of net exchange
of trace gases, momentum, energy, and other materials at ecosystem level

~2000 EC towers since the first one at the Harvard
Forest in 1989

Lots of experience, tools, maintenance protocols,
data process, etc.

Many orchestrated networks (FLUXNET, ChinaFLux,
AmeriFlux, USCCC, ICOS, etc.)

Beyond CO, and H,0: CH,, N,0O, CO, NOx, aerosols,
Albedo, etc.

Goodwill for data sharing => global synthesis and
knowledge development

Communication and coordinated efforts (e.g.,
FLUXNET, AmeriFlux, USCCC, etc.)

Many more

J-Rover tested at the Kellogg Biological
Station (KBS) in 2003




Among the Challenges are

1) 2000* EC towers are not enough to cover all ecosystems, with their
distributions seriously skewed

2) Most tower sites are not large enough

3) Our understanding of the regulation mechanisms on C fluxes is
based on a few biophysical models, often empirical, such as Q10,
Michaellis-Menten, Farquar, Penmen-Monteith, etc.

4) There lack reliable models for CH, and N,O fluxes

5) Life Cycle Assessment (LCA) of carbon flux is urgently needed
because in situ NEE DOES NOT reflect C sequestration



https://fluxnet.org/sites/site-summary/

Among the Challenges are

e 2000* EC towers are not enough to cover all ecosystems, with their
distributions seriously skewed



https://fluxnet.org/sites/site-summary/

A switchgrass cropland at the Kellogg Biological Station
Among the Challenges are

Forest 1

* Most sites are not large enough
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Spatial information
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Among the Challenges are

* Our understanding of the regulation mechanisms on C fluxes is based on a

few biophysical models, often empirically tried, such as Q10, Michaellis-
Menten, Farquar, Penmen-Monteith, etc.

a -PAR - P,

P, = « PAR+ P, — R, 3 parameters —

These are based on
PAR & Ta, with many
other potential
drivers not used!

—

2:a-PAR/Pm

i

4 parameters
PAR \/(1+ ﬂ)z 4-aPAR/pm P

Chen 2021



Yet, we have dozens of other variables collected at an EC tower, but not used
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Opportunities

1. Rich data

EC Towers
Ta, VDP, Soil,
turbulence,

Biometric
LAI, height,
species,
density;, ...

RS
EVI, cover,
spatial Ms,

DEM, ...

All contribute to the magnitude and dynamics of fluxes

Accurate predictions of fluxes and underline regulations

2. Evolving analytical tools

Mechanistic
models

Computing
Power

Machine
Learning

Mechanistic and/or empirical explorations




A conceptual framework to understand EC fluxes with footprint models and
spatial databases (RS) using Deep Learnings (RNN and GNN)
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Among the Challenges are

* There lack reliable models for CH, and N,O fluxes

Knox et al. 2019; Delwiche et al. 2021). The growth in available CH4
data can help improve bottom-up estimates of regional-to-global
wetland CH4 sources (Treat et al. 2018; Peltola et al. 2019; Rose-
ntreter et al. 2021) but this requires data processing standards that
ensure eddy covariance CHy flux data products are of the same quality

and provenance as carbon dioxide (CO2) and energy tluxes (e.g.,
FLUXNET2015; Pastorello et al. 2020). Gap-filling is a particularly

Irvin et al. 2021. https://doi.org/10.1016/j.agrformet.2021.108528



Contributions of major warming/cooling species (IPCC 2013)

Radiative Forcing relative to 1750 (W m2)
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Contributions of major warming/cooling species (IPCC 2021)

Change in effectlve radlatlve forcmg from 1750 to 201 9 ERF (W m™?)
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As a last resort, Andrew Yang proposes space mirrors
to save the planet

The plan is already raising some eyebrows

¢ Justine Calma | @justcalma | Aug 26, 2019, 5:26pm EDT

f W (7 sHare

That last part is where Yang's plan starts to \

get a little wonky, but it's totally on brand for l'.ﬂﬂKl'NG INTﬂ HEMNT
the sltar'tup entrepreneur. He's the -:m.lz\.»r FHHMBIE SPAEE MIHRHRS"
candidate whose plan to avert the climate ”_M]' Wﬂ"lﬂ REH E“‘ THE

crisis banks on geoengineering (aka !

developing technologies to manipulate the SUN S ”EHT ﬂWAY HmM THE
environment). His plan would invest $800 EARTH

million™ in researching geocengineering

methods like space mirrors. That's right, he’s looking into “giant foldable space mirrors” that
— would reflect the Sun’'s light away from the Earth as a “last resort.”
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COMMUNICATIONS

ARTICLE ) Crace tor vl |
It tp: // doloeg/ W0 IUBE/ S M S0 T2 -F 5582 OPEN

Albedo changes caused by future urbanization
contribute to global warming

Zutao Quyang® 128 piatro Sciusco® 2 Tong Jiao3, Sarah Feron'4~, Cheyenne Lei, Fei Li®, Ranjeet John(® 7
Peilei Fan® &, Xia Li® ?, Christopher A. Willams® 3, Guangzhao Chen® ", Chenghao Wang® ' &
Jiquan Chen(® 2z

The replacement of natural lands with urban structures has multiple envionmental con-
sequences, yet little is known about the magnitude and extent of albedo-induced wamming
mntributions from urbanization at the global scale in the past and future. Here, we apply an
empinical approach to quantify the dimate effects of past urbanization and future urbani-
zation projected under different shared socioeconomic pathways {S5Ps). We find an albedo-
induced warming effect ot urbanization for both the past and the projected futures under
three illustrative scenarios. The albedo decease from urbanization in 2018 relative to 2001
has yielded a2 100-year average annual global waming ot 0.00014 [0.00008, 0.00021] *C.
Withaut proper mitigation, future urbanization in 2050 relative to 2018 and tha in 2100 relative
to 2018 under the intermediae emission scenario (S5P2-45) would yield 2 100-year average
warming effect of 0.00107 [0.00057,0.00179] °C and 0.00152 [0.00078,0.00259] *C,

respectively, through altering the Earth's albada.



ENVIRONMENTAL RESEARCH
LETTERS

LETTER - OPEN ACCESS

Albedo-induced global warming impact of Conservation
Reserve Program grasslands converted to annual and
perennial bioenergy crops

Michael Abraha’22 (), Jiquan Chen'23 (1), Stephen K Hamilton®*3, Pietro Sciusco™? (),
Cheyenne Lei*?3, Gabriela Shirkey®?, Jing Yuan® and G Philip Robertson?#8
Published & August 2021 » © 2021 The Author(s). Published by IOP Publishing Ltd

Environmental Research Letters, Volume 16, Number 8

Citation Michael Abraha et al 2021 Environ. Res. Lett. 16 084059

* We converted three 22 year old CRP smooth brome grass fields into no-till corn,
switchgrass, or restored prairie bioenergy crops

 The corn and perennial fields had higher annual albedo than the grassland they
replaced—causing cooling of the local climate

* The cooling of the corn field occurred solely during the non-growing season—especially
when surfaces were snow-covered, whereas the cooling of the perennial fields was more
prominent during the growing season

 The annual albedo-induced climate benefits add ~35% and ~78% to the annual
biogeochemical benefits provided from the switchgrass and restored prairie fields,
respectively, and offset ~3.3% of the annual greenhouse gas (GHG) emissions from the
corn field



Albedo-inducted Global Warming Potentials due to land cover and land use changes (LCLUC)
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Future




Net Ecosystem Production (NEP) of a corn field in SW Michigan

NEP of a corn field from the flux tower and harvesting

5 -

~4.0 Mg C. halyr! e---—-
s L ~1.9 Mg C. hal yr? i
= !
£ 1 ;
o i
g’ :
_1 £ 1
= ——NEP Tower i
w i
= 3 L —e—Harvested ¥

The fate of harvested

=2 ] biomass determines

2009 2011 2013 2015 2017 2019 20‘.& the real NEP of the

™ Y.
Year ~— ecosystem -
- -

Careful spatial and temporal “life cycle assessment (LCA)” is needed for
realistic estimates of GWP (i.e., it is about the differences!)

Abraha et al. in prep.



Questions

1) Did IPCC Underestimate This Contrition?

2) Was this due to intensified land use and land cover changes that
elevated albedo (i.e., more cooling effects)? or

3) Is it within the uncertainty of estimate of IPCC?

Further questions

1) What are the albedo-induced RF values of different terrestrial ecosystems?

2) What are the direct implications for land management, such as credit claims?




Machine Learning in flux studies?

Speech Recognition

Human expertise does not exist

Models must be customized

Huge amounts of data

Credit: Dr. Jiliang Tang



Crash Course :

me How do l... as a beginne

‘O- 4

Capabilities

"Expla 1in Remembers what user said
earlier in the conversation

"Got any creative ideas for a 10 Allows user to provide follow-up



Deep Learning vs Traditional Machine Learning

Common Knowledge
In flux studies

Machine Learning Ta, VPD, Ms, PAR,

W Rn,DOY,G,Ts, ..
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Input Decision tree Output FC

Partial knowns & unknowns
In flux studies
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Input Feature extractlon 1) Classification Output ﬂ
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Proposed architecture of GNN & RNN for estimating model parameters with
partially known, or unknown mechanisms by assuming missing values of
@;;(t) and VI(t) at any giving time (t) and space (i,j) (i.e., nodes)

RNN

(a) —
——
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D(t) —mp
VI(t) w—t

B(2) w—)
VI(2) ==—b

Hp(1)

D(t) (1) mp
VI(1) =

H

Hy, (t)

— zﬂclbserved D(t)
=P ynobserved VI(t)

—p unobserved ?(2)
— 0(t)(2)

— (0 (t)(1)

P unobserved VI(2)
Hy; (1)
— E@bserved(b(t)(l)

=P ynobserved VI(1)

i

GNN
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In sum,

* Holistic approach by including all warming species (CO,, N,O), CH,, albedo, etc.)
 Best use of all spatial and temporal data

ﬁ, MICHIGAN STATE UNIVERSITY

Landscape Ecology & Ecosystem Science Lab

HOME RESEARCH PEOPLE PUBLICATIONS RESOURCES COURSES NEWS USCCC CONTACTY

The United States and China are the top two emitters of carbon dioxide, a strong greenhouse
gas that significantly contributes to global climate change. Our ecosystems take up this carbon

dioxide as they grow and are sources of clean water for human use. Therefore, researching

how climate change will Impact our ecosystems s the first slep 1o safely maintaining forests,



Higher Education Press (HEP)

* Book series with a strong focus on ecology/environment/climate change
 Dr. Yan Guan has a desk
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Biophysical Models and
Applications in Ecosystem
Analysis
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