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ABSTRACT

Calibration experiments were executed to document pertinent calibration methods for open-path
infrared gas analyzer (OP-2) in field operations and to quantify their performance characteristics in
continuous long-term flux measurements. Based on our results, we concluded: (1) flow rate of 2.0 L min™!
can be used for calibration instead of the recommended 0.5 L. min™', Such faster flow rate brings the
sampled air in the calibration hood at equilibrium within 5 min for CO, and 10 min for H,0; (2) after
reaching equilibrium, two-minute average sampling for related variables per each concentration may
be sufficient; (3) use of four concentration is needed to derive the nonlinear calibration equation for
water vapor with 1% uncertainty of flux measurement; and (4) the resultant calibration interval for
OP-2 for both CO, and H,O is approximately one month.
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Fig. 1. Eddy cevariance measurement system: OP-2(left)
and three-dimensional sonic anemometer(right).
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Table 1. Physical characteristics of OP-2
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Table 2. Summary of OP-2 calibration experiments
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Place Period Serial number Concentration of CO, and H,O Flow rate (L min™)

Outdoor 6.12~6.22 2012 CO,: 297, 400, 488 (ppm) 0.5

Laboratory 8.4~8.17 2012 CO,: 298, 391, 487 (ppm) 0.5,1.0,20
2016 H,0: 11~25 (mb)

Laboratory 8.21~8.24 2012 CO,: 298, 391, 447, 487(ppm) 0.5,1.0,2.0
2016 H,O : 11~25 (mb)

Field 9.7~12.3 2016 CO,: 298, 391, 447 (ppm) 2.0
2008 H,O : 6~18 (mb)

Laboratory 12.3~3.20 2008 CO,: 298, 350, 391, 447 (ppm) 2.0

H;O : 6~10 (mb)
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Table 4. Parameters relevant to the yield of barley cultivar Olbory for two years of bad harvest and 27 years(1974~2000)

mean.
Growth stage Parameter 1977 1980 1974-2000
mean
Period (day) 10 10 10
Mean air temperature (°C) 14.9 14.1 14.8
s Precipitation (mm) 193 0 23
sowing date to (110 days Sunshine hour (hr) 66.3 583 603
after sowing cate Saturation deficit (hPa) 33 36 43
Potential evapotranspiration (mm) 15.3 15.0 18.0
Period (day) 30 28 39
SII Mean air temperature (°C) 84 12.7 9.3
[0 days after sowing date toend ~ Precipitation (mm) 67.4 18.6 64.8
of growing season of year Sunshine hour (hr) 180.6 197.1 2179
of sowing Saturation deficit (hPa) 29 37 3.1
Potential evapotranspiration (mm) 51.2 484 64.3
Period (day) 121 125 105
Mean air temperature (°C) -2.8 -1.5 -1.2
SIII Precipitation (mm) 68.2 87.4 83.1
: winter rest Sunshine hour (hr) 696.5 736.5 5824
Saturation deficit (hPa) 1.8 1.7 1.8
Potential evapotranspiration (mm) 156.6 150.8 131.5
Period (day) 61 57 57
Mean air temperature (°C) 11.0 9.3 94
beginning O?gr’owing weacoy | Precipitation (mm) 300.5 274.4 1284
to heading date Sunshine hour (hr) 4497 370.5 3935
Saturation deficit (hPa) 3.6 3.7 4.1
Potential evapotranspiration (mm) 109.2 111.3 117.9
Period (day) 36 37 36
Mean air temperature (°C) 19.3 18.6 17.9
SV Precipitation (mm) 71.3 173.2 113.1
: heading date to maturity date Sunshine hour (hr) 296.9 278.6 260.1
Saturation deficit (hPa) 6.1 5.6 6.2
Potential evapotranspiration (mm) 75.5 78.8 81.0
No. of spikes per m? 307 304 609
No. of grains per spike 52 61 49
Yield component 1000-g§ain wgght () 392 351 32
Yield per ha (ton) 2.13 1.47 3.71
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Table 3. Difference of calibration coefficients and flux with averaging time(OP-2016, flow rate: 0.5 L/ min., gm™ = a+bV+cV?)

orati ; Averaging time (minutes
Date Calibration cgefﬁcwms £ne ) Difference of fluxes
(gm™) 5 4 3 2
Aue. 6 a 13.411 13.410 13.409 13.409
2":)%1 i b 4.959 4.959 4.960 4,960 <1%
0.405 0.406 0.405 0.405
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Fig. 4-1. Linear regressions for standard CO, gas with
different flow rates.
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Fig. 6. Comparison of latent heat flux using OP-2 with that
using KH20.
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Fig. 7. Diurnal variation of CO, flux at a broadleaf
deciduous forest in Kwangneung researh forest.
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A7t M ¢ S Bl F7] wFo] B2 Ao
HIEA] HAgo] fafE|ojop 5 oujgitt. BAY Al
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Table 4. Variability of slopes and fluxes with operating time of OP-2008 (Flow rate: 2 L min"', Two-minute averaged)

Date CO, (mg/m3) H,0 (g/m3) Operated time Difference
Slope Offset a b ¢ (Days) of latent heat flux

Oct. 6, 2001 12248 399.03 7.191 3539 0.391 O(Reference)
Oct. 20 12256  365.33 7.689 3544 0339 10 +2%
Oct. 29 12254 37293 7223 3532 0351 19 +1%
Nov. 9 12585 37472 7.136 3214 0.288 30 1%
Nov. 16 12379  374.07 7285 3210 0.240 47 6%
Dec. 3 12803 36641 7.141 3272 0.338 54 1%
Dec. 24 12948 35696 7.072 3.192 0257 75 6%
Jan. 16, 2002 13126  369.22 7.049 3.448 0328 98 0%
Replacement of OP2008 with OP2016 (Jan. 25, 2002)
Jan. 31 | 13035 34005 | 6984 3.296 0353 | 112 6%
Replacement of OP2016 with OP2008 (Feb. 1, 2002)
Feb. 8 | 1312 33502 [ 7021 3369 0438 | 7 8%
Replacement of OP2016 with OP2008 (Feb. 22, 2002)
Mar. 20 | 12574 36673 | 7249 3.504 0422 | 26 2%
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