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Technigues Commonly Used in Ecology and Carbon Cycle Research

for Quantifying GHG and Energy Fluxes

Liukang Xu, 20220818



Discussion topics

1. Climate change & carbon cycle research

2. Techniques commonly used for studying GHG gas and energy
fluxes and their theories
a. Leaf level (stomatal conductance and gas exchange)
b. Soil surface
c. Canopy level



Evidences of global warming and climate change
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Evidences of gIobaI warming: Glacier retreat

Muir and Riggs Glaciers, Alaska. August 13, 1941; August 4, 1950; and August 31,
2004.

Credits: 1941 and 1950 photographs by William O. Field, NSIDC and Glacier Bay National Park and Preserve
Archive. 2004 photograph by Bruce F. Molnia, USGS.



Loa

Dadicagon June 28, 1956

CHARLES DAVID KEELING

Climate Science Pioneer
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Global CO, Sources

100% anthropogenic

Quere et al., 2014. Earth System Science Data Discussion



Significance

Global CH, Sources
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Dlugokencky et al., 2012. Philosophical Transactions of the Royal Society A



Global N,O Sources

Anthropogenic 38%



Global energy balance: Greenhouse effect
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Major Greenhouse Gases

Current

: Atmospheric Global Warming Radiative
Greenhouse Gas Atmospheric e ux : ) 5
: Lifetime (year) Potential Forcing (W m™)
Concentration
CO, 405 ppm 50-200 1 1.66
CH, 1852 ppb 12+3 21 0.48

N,O 328 ppb 120 310 0.16



s global warming a hoax ?

At 2018 AGU

e,

One Degree Centigrade Since 1970

But, greenhouse warming theory is mistaken!

it is not even

A blanket of greenhouse %
gases can slow cooling
but cannot cause heating

A body of matter cannot be heated
by absorbing its own radiation

Hotter bodies contain
Matter can only be' much higher amplitudes
heated by absorbing D and frequencies of
radiation from a = oscillation of all the bonds
hotter body holding matter togethe:
as shown by Planck's La

Warming from 1970 to 1998 was caused by humans depleting the ozone layer,
allowing more very hot solar ultraviolet-B radiation to reach Earth
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Is the global warming due to human influence or natural
variation?
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Concentrations of Greenhouse Gases from 0 to 2005
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Globe: 10,000
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Leaf/Needles: 0.01 - 0.1 m; millimeter + centimeters

.| Stomata: 10° m

(Courtesy of Dr. Baldocchi)



Global Carbon Cycle

Atmosphere 730

Global Gross Primary F M Fossil Fuel
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Source: Intergovernmental Panel on Climate Change, Climate Change 2001: The Scientific Basis (UK., 2001)



Carbon cycle related research topics

What are the sources, sinks of CO,, CH,, N,O?
Factors that regulate these source and sink strength
Atmospheric CO,, CH,, N,O trend

What kind of impact on climate and ecosystem

a A~ LD

Research approach
Atmospheric background, like Global Atmosphere Watch of WMO

Remote sensing, large scale modeling

Ecosystem level study

6. Mitigation strategies
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Net The terrestrial carbon cycle
photosynthesis

Soil CO, Flux
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(Courtesy of Subke)



Technigue to measure gas and energy flux at
different spatial scale for ecological study

> Leaf level: Stomatal conductance and Photosynthesis
measurement

> Soll surface: soil flux measurement
> Canopy scale: EC method for GHG and energy flux
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Leaf level gas exchange instruments and theories
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Leaf level

Stomatal conductance

Cuticle

<+ Upper epidermic

' |: L./« Palsade mesophyll

Spongy mesophyll

<« Lower epidermic

Size: 20-50 um

w

H,0 o

Density: 10-80/mmZ2on upper surface g
25-330/mm?Z2 on lower surface

1190 pienyy -
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Leaf level

Stomatal conductance

Only need 4-5 s to finish
the g,, measurement

» g S m

_ UiWsam—Wref)

S(1-Wsam)

transpiration (mmol m-2s1)

flow (mol s?)

water mole fraction (mmol mol)
leaf area (m?)



Total Conductance (g,,) and stomatal conductance (g,

E = gtw(Wleaf — Weam)
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Leaf level

Leaf gas exchange measurement

LI-6800

< » Reference —
Flow

—_—
Meter Sample

Console
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Mass balance in an open system

Uj
. 2
CuW -l S: leaf area (_m )
E= - E: transpiration (mmol m-2s?)
o u: flow rate (mol s?)
A4=—" o W: concentration of water vapor (mmol mol-)

A: carbon assimilation (umol m-2s-1)
C: concentration of CO, (umol mol-?)



Leaf level

What else can we determine with gas exchange?

_ _HO (., _
E= Erotal (Wi Wa)

_ CO (. _
A= Erotal (Ca Ci)




Other chamber options for the LI-6800
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Leaf level

A (umol m'zs'l)

A-Ci and light response curve

May 17, 2001 Oak tree at Tonzi Ranch
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Soll surface

CO, profile in the soil

CO, concentration

FCOz =g X (Cozsoil - Cozchamber)



Soll surface

Barometric pressure
pumping

l

{ Soil GHG flux J

-------------------------------------------

[Diffusion gradien’J Dlsplace_njen’.c s
: from precipitation :

-------------------------------------------




Soll surface

dC/dt SE of dC/dt R? Flux Flux CV
|Exponential: 0.5420 0.0010 0.9994 2.860000 1.100000
Linear: 0.3760 0.0030 0.9950 1.9900 1.3000
Details | Guidance |
o 470
= 460
ERPTE
= Faio
J &) ]
— 4304
2 490
0 ]
41[ll_-l'"'|""|""|""|""|
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t (secs)
V Chamber volume, m3
P: Pressure, Pa
R: Gas constant, Pa m3 k-lmol!
S: Soil area, m?
VP (]__W ) dC' T: Temperature, K
_ 0 0
co2 —
RS (To + 273-15) dt dc' Slope, umol mol-1st
dt
W, H,0, mol mol-!
Feop: Flux, umol m-2s-t
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Requirements and considerations for chamber-based
soll GHG flux measurement

1. Measure amount of GHG from the solil accurately
2. Minimize the influence on soil GHG “Transport”
3. Minimize the influence on soil GHG “Production”

4. Deal with temporal and spatial variation

L1/-COR



Large spatial variation

Characteristics
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Soll surface

Survey Chamber




Long-term chamber system




Understanding control of soll respiration

[ Photosynthesis ]

[LAI] [etc?]
N/

[ Soil Respiration

M0|sture / \ Ram event

SO|I OM content SoHTemperature




Canopy level
Eddy covariance (EC) method

Sonic anemometer

CH, ‘ €O, /H,0
analyzer _ analyzer

Solar Power Supply




Canopy level

Eddy covariance:

F=wC

Reynolds Decomposition

F=W+w)(C+C)

F=w'(C

In statistics, w’C’ is covariance between w, CO,

L/1/COR



\VERY
<©> EC for energy flux measurement

_ air m W
H:panWfT’:g X ] x_xC:L:_

—— J gair m gH,0 ] W
LE = Lp,w'q’ = X X — X =L _
Pattid gH,0  m? s gair m?s m?

T Aaw

- ‘ =
/ r.x-\‘v,ﬁ,lvgﬂ' W' »pf % Shick

-l N




Canopy level

Canopy scale: eddy covariance (EC) method

Footprint for eddy covariance flux: > 10,000 m?



Ecology, Carbon Cycle
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Flux= f(precipitation, temperature, soil moisture, VPD, radiation,
diffuse radiation, LAI, vegetation type, etc., ).

N

model validation, upscaling, ground truth, and remote sensing
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Summary

1. Relationship between climate change and rising of GHG
In atmosphere

2. Theory of flux measurement at different spatial scale

a. Stomatal conductance and leaf level gas exchange (porometer,
photosynthesis system)

b. Canopy scale (EC)
C. Soil surface (Closed-chamber Based Method)
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Two important advices

1. Understand the theory of the method you are using in your
research will help you to get much better experimental data.

2. Look at your data as soon as you download from the
instrument. If you see something wrong, try to fix the issue.
Otherwise, you could lose more data.
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