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Topics

» Basic concepts
* Accuracy (F5/%) and precision (RMS, 43 #%)
» Theory of operation for EC instruments

« Sonicanemometer G XJHA)

« CO,/H,0 analyzer (CO2/H20 43 #11%, LI-7500A, RS, DS, LI-7200A)
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» Accurate & precise
» Fast (at least 10 Hz)
» Aerodynamic design of instruments and structure

» Forlong-term measurements in remote areas

robust to environmental challenges

low power consumption
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Accuracy (FEFE) & Precision (43¥E%R)
Y

Accurate, No Accurate, Yes Accurate, No Accurate, Yes
Precise, No Precise, No Precise, Yes Precise, Yes




Accuracy, HiE

CO2_measureda — CO2_Trye % 100%

Accuracy = CO,
_Ture
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RMS: Root Mean Square, 7R

Time series data, Xy Xy Xg X+ ===+ - - , X,

[=n
1
RMS = Ez(xi — %)2
i=1
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Precision (RMS) vs. averaging time

RMSlOHZ - RMSlHZ X V10

10 Hz 0.293
0 _ RMS1h, 1 Hz 0.094

—e— 0.1 Hz ) ,\/-E 0.1 Hz 0.029

Sampling rate | RMS
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Specification for LI-840A, LI-850

Cco,

Measurement range: 0-20,000 ppm
Accuracy: Better than 1% of reading
RMS noise at 370 ppm with 1-Hz sampling rate: <1 ppm

H,O

Measurement range: 0-8o (mmol mol?, ppt)
Accuracy: Better than 1.5% of reading

RMS noise at 10 ppt with 1-Hz sampling rate: <0.01 ppt
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Specification for LI-7500RS

co,

H,O

Calibration Range

0-3000 ppm

0-60 mmol/mol

Accuracy Within 1% of reading Within 1% of reading
(nominal) (nominal)

Zero drift (per °C) +0.1 ppm typical +0.03 mmol/mol typical
+0.3 ppm max. +0.05 mmol/mol max.

RMS Noise: 5Hz 0.08 ppm 0.0034 mmol/mol

@370 ppm CO,: 10 Hz 0.11 ppm 0.0047 mmol/mol

and 10 mmol m™ H,O: 20Hz | 0.16 ppm 0.0067 mmol/mol

Gain drift (% of reading per °C)

+0.02% typical
+0.1% max.
@370 ppmv

+0.15% typical
+0.30% max.
@20 mmol/mol

Direct sensitivity to H,O (mol
CO./mol H,O)

+2.00E-05 typical
+4.00E-05 max.

Direct sensitivity to CO, (mol
H,O/mol CO,)

+0.02 typical
+0.05 max.
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A is a 3x3 coordinate transformation matrix
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d 1+1
C=—|—+—
Z[to tb]
CZZVdeTs

vq: the ratio of specific heat of moist air at
constant pressure to that at constant volume.

R, 1s the gas constant for dry air

1. the sonic temperature

CZ

T, = —273.15

YaRa




Virtual temperature, &, T,(K)

the temperature that dry air would have if its pressure and density
were equal to those of a sample of moisture air.

T=T(K)*x(1+0.61q)

g: Specific humidity: g H,O per g moist air

Sonic temperature, HFEERE, T/(K)

T=T(K)*(1+0.51q)

Air temperature, =<iRE, T
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Sonic anemometers

W WindMaster Pro | CSAT3 |
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CO,/H,0 kA ix

[CO,]~a ~f(e, L, c)

Where: ao: absorbance

e: molarabsorbtivity of CO,
L: optical pathlength
c: density of CO,




F % CO,/H_O Fr M A ) TAE 7 #E

## 0.1 m pathlength

i 1 atm pressure
25°C
400 ppm CO,

(Io-1)

Absorption = 0.10




2% COL/H,0 7 Hr A 1Y

I, —1

Density = f( )

0]

Dirt or dust will block light, how do we
deal with this issue?
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Advantages of open-path CO,/H,O analyzer

Low power consumption (~4-8 W) for the analyzer. The whole flux site can
be operated with solar panels. Designed for remote field sites where AC s
not available.

Professor Baldocchi’s Vaira site in California. Courtesy of Youngryel Ryu at UC Berkeley
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Other advantages of open-path configuration

> High Speed: up to 40 Hz

» High Precision: RMS noise of 0.11 ppm CO,,
0.0047 ppt H,O at 10 Hz sampling rate

» No pump needed, easy to setup

» Absence of tubing eliminates delays, no

tubing attenuation for CO, and H,O

» Excellent stability, suitable for harsh

environments

> Easy to do maintenance




Limitations of open-path analyzer

If there is any obstruction to the infrared
beam in the optical path, the analyzer will
not properly operational. So during rain,
snow, fog weather conditions, the data
will be invalid.

Therefore, if a study site has high
precipitation or frequent foggy weather, a
closed-path analyzer is preferred.




The enclosed-path alternative




Advantages of LI-7200A

* Weatherized closed path configuration

* Lower power consumption than typical closed path
analyzer

Disadvantage of LI-7200A

* But need more maintenance




Main difference between NDIR-based analyzers and laser-
based analyzer

Absorption (arbitrary unit)

The waveband LI-COR

CO2 analyzer sees

A

2250

2300

Wave ngmber (cm™)

4.34 um

2350

il
T

240C

4.20 um




Summary

Accuracy, precision

Theory of operation
* Sonic anemometer
* CO,/H,O gas analyzer (LI-7500A, RS, DS,

7200A,RS)

LI O/



Thank you !
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