Eddy Covariance Experiment
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Topics will be covered

1. Eddy covariance applications, K
2. Concept of flux footprint and fetch requirement, &&EFIXERX

3. Designing and implementation of EC experiment, i&it

«  Tower height 155 E

e Location of the tower, &



Questions scientists are trying to answer are

" What are the sources, sinks of CO,, CH,, N,O (BE#0iR)?

" What are the factors that requlate these source and sink strength
(ffE)?

" Atmospheric CO,, CH,, N,O trend (Z{t#435)?

" What kind of impact on climate and ecosystem, esp for the case
of CO2 (¥0m)?

" Research approach (BAZEAiE)

® Atmospheric background, like Global Atmosphere Watch of WMO
® Remote sensing, large scale modeling
® Ecosystem level study

" Mitigation strategies (NXJ$& i)
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Applications, R

® Climate change research S1&3%1t

Global Carbon Cycle

® Agricultural applications, il
Other GHG fluxes, N,O, CH,, 3CO, etc

® Industrial applications, Tl
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Global Carbon Cycle , £ BkEx EER
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Source: Intergovernmental Panel on Climate Change, Climate Change 2001: The Scientific Basis (UK., 2001)
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Ecology, Carbon Cycle, £5& GBI
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Typical setting for a flux station
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ET or NEE = f (precipitation, temperature, soil moisture, VPD,

radiation, diffuse radiation, LAI, vegetation type, etc., )

A4

model validation, ground truth, and remote sensing




Wetland: CH,/CO, and H,O budgets
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Laurila T. et al., 2012. Eddy covariance measurements over wetlands.



LI-COR

Biosciences

Agriculture

Yield research

Plant light and water use
efficiencies

Irrigation and water usage
Agricultural carbon
sequestration

Bio-fuel investigations
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Verma et al., Agri For and Meteorol. 128:141-162.



Rice field, CO,, ET, and CH, flux (IRRI)

Courtesy of Dr. M. Alberto



® Carbon capture & sequestration

® Carbon budget

® Leak detection
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Midwest Geological Sequestration Consortium
lllinois Basin- Decatur lllinois Site. One million tons
of CO, will be injected over a three year period at a

rate of 1,000 ton/day. The pure CO, will be
captured from a nearby ethanol plant, then

injected into the 1,500 ft thick Sandstone, at a

depth of 6,000 to 7,000 ft.




Urban studies

Grimmond et al., 2002. Env Pollution, 116: S243-254



Q' +Q=Q,+ Q. +4Q;

(b)

p+F+I1=E+ AW+ Ar

(c)

Fc+AS=C+R,-P

Q*: net radiation
Qg: heat from human activities
Q,: sensible heat flux
Qg: latent heat flux
AQ.: storage term

P: precipitation
F: from combustion
[: irrigation
E: evaporation
AW: storage term
Ar: runoff

F.: net CO, flux
As: storage term
C: combustion
R,: respiration
P: photosynthesis

Feigenwinter et al., 2012




Urban CO, flux depends on vegetation cover

Baltimore Cub-Hill, USA (38°N) Basel - Klingelbergstrasse, Switzerland (48°N)
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FLUX FOOTPRINT CONCEPT
FOR
EC EXPERIMENT DESIGN



Fetch Requirement



http://www.licor.com/env/products/eddy_covariance/LI-7500A

Typical wind profile

Smooth surface and neutral stability

Friction Velocity — u*
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Uy = n n 2
U, — horizontal wind speed at z
u* - friction velocity
k —von Karman constant (0.41)
z—height

z,—roughness length

2 — 2
Wl = [u'w” +vw Y

Rosenberg, et al., 1983, Microclimate: The Biological Environment
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Friction Velocity — u*
Typical wind profile
-Rough surface and neutral stability
u*, z-d

U., = In
(2) k Z,

U, — horizontal wind speed at z
u* - friction velocity

k —von Karman constant (0.41)
z—height

z,—roughness length

d - zero plane displacement, (d = 0.66 h)

H- canopy height

It

Roseberg, et al., 1983, Microclimate: The Biological Environment
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Instrument height 1.5 m, and canopy height 0.6 m
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Adopted from Leclerc and Thurtell (1990)
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For near-neutral conditions:

MODELS

CNF(x, ) =—j

“U(z—d) -
ukx?

0

U (z—d) U (z-d)
UekX dX — @ UekX |

CNF is Cumulative Normalized contribution to Flux measurement, %
x, is distance from the tower, m

U is mean integrated wind speed, m s
z is measurement height, m

U, is friction velocity, m s U* =+ —u'w
d is zero plain displacement, m

k is von Karman constant (0.4)

Schuepp, P.H., Leclerc, M.Y., Macpherson, J.I., and R.L. Desjardins (1990)

‘Footprint prediction of scalar fluxes from analytical solution of the diffusion equation’
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i) Flux Footprint Depends on:

Measurement height
Mechanic mixing (dU/dz)
Thermal stability (dé/dz)
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Top of atmospheric boundary layer

1000-2000 M
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(layers are based on Stull, 1988; Denmead et al., 1996; and Oke, 2007)
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Constant flux layer
(Inertial sublayer)

RULES OF THUMB

y+d>2 - h
y+d>1.5- m
Fetch>100 -y

Roughness
sublayer

Short canopy, < 2-3m



| L/COR RULES OF THUMB

Constant flux layer
(Inertial sublayer) il 1

y+d>1.5 - h (
Roughness  Fetch>100 -y

Tall canopy, > 2-3m
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Tower Location



http://www.licor.com/env/products/eddy_covariance/LI-7500A
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Biosciences

ower Location?

WIND



http://www.licor.com/env/pdf/eddy_covariance/Gill-WindMaster-Spec-Sheet.pdf
http://www.licor.com/env/products/eddy_covariance/LI-7500A
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Look through all channels to make sure output values
in reasonable ranges?

«- A 0O ® 6 & & = 8 B & 6

Disconn...Site Setup LI-7200 LI-7700 Biomet SMARTF... Settings Diagnos... Charting Config F...Download  Help

CO2 (pmal/mal)
Connected to: LERS-72H-0181 IRGA: OK 4 1 9 1 1
Instrument type: LI-7200 LI-7700: None
Serial number: 72H-0181 Biomet Station: LERS BIOMET
CO2 (mmol/m?3)
SMARTlux: smart-0294 1 7 3 08
Logging
Start / Stop:
P 8.7 GB Free

Temperature In (°C)

8.20

200
150
100

a0

CO2 (mmol/m?3)

17.308

-a0
-100
-150

H20 (mmol/m?3)

|Rea|'|'|me| Wind | ResLits

243.8

16 Feb 00:00 17 Feb 00:00 18 Feb 00:00 19 Feb 00:00 20 Feb 00:00 21 Feb 00:00 22 Feb 00:00 Box Pressure (kPa)

Duration (days): Field: ’H (WW/m2) 2 97 . 50




Compute flux with EddyPro

as soon as you get back from the field

A

Do all the flux values make sense?
Do all the variables values make sense?
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Instrumentation, data collecting, processing,
transmit, monitoring, & managing

&, Internat

View and download data



™ Biosciences

Analyze your data right away!



Summary

> Applications
> Footprint and fetch concept
» Tower location

» Some practical advices
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Questions ?



