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ABSTRACT

Analysis of a long cycle or a trend of time series data based on a long-term observation
would require comparability between data observed in the past and the present. In the
present study, we proposed an approach to ensure the compatibility among the instruments
used for the long-term observation, which would allow to secure continuity of the data. An
open-path gas analyzer (Model LI-7500, LI-COR, Inc., USA) has been used for eddy
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covariance flux measurement in the Gwangneung deciduous forest for more than 10 years.
The open-path gas analyzer was replaced by an enclosed-path gas analyzer (Model ECI155,
Campbell Scientific, Inc., USA) in July 2015. Before completely replacing the gas analyzer,
the carbon dioxide (CO,) and latent heat fluxes were collected using both gas analyzers
simultaneously during a five-month period from August to December in 2015. It was found
that the CO, fluxes were not significantly different between the gas analyzers under the
condition that the daily mean temperature was higher than 0°C. However, the CO; flux
measured by the open-path gas analyzer was negatively biased (from positive sign, i.e.,
carbon source, to 0 or negative sign, i.e., carbon neutral or sink) due to the instrument
surface heating under the condition that the daily mean temperature was lower than 0°C.
Despite applying the frequency response correction associated with tube attenuation of water
vapor, the latent heat flux measured by the enclosed-path gas analyzer was on average 9%
smaller than that measured by the open-path gas analyzer, which resulted in >20% difference
of the sums over the study period. These results indicated that application of the additional
air density correction would be needed due to the instrument heat and analysis of the
long-term observational flux data would be facilitated by understanding the underestimation
tendency of latent heat flux measurements by an enclosed-path gas analyzer.
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Table 1. Information about the sonic anemometer
and gas analyzers

GDK
Sonic anemometer CSAT3A
Path length (cm) 11.6
North off-set (°) 220.0
Gas analyzers EC155 LI-7500
Tube length (cm) 58.4 --
Tube inner diameter (mm) 2.7 --
Nominal tube flow rate (L min™) 7.0 --
Northward separation (cm) 12.0 12.0
Eastward separation (cm) 10.0 10.0
Vertical separation (cm) 0.0 0.0
Path length (cm) 12.0 12.5

* The Reynold’s number of EC155 is about 4000
at 10 C and 1 atm.
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Fig. 1. Eddy covariance flux tower at the Gwangneung deciduous forest site.
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Fig. 2. Normalized ensemble cospectra of the sensible heat (w/7°), CO, (w/¢'), and latent heat (w¢q) fluxes
measured by the enclosed-path eddy covariance (EC) system (a) and the open-path EC system (b) in September
under the unstable condition (-650 < Obukhov length < 0). Natural frequency is a frequency normalized by
the observation height and the average longitudinal wind speed.
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Fig. 4. Median diurnal variations of CO; flux (Fcop, @) and latent heat flux (LE, b) measured by the enclosed-path

and the open-path EC systems.
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Table 2. The monthly sums of net ecosystem exchange (NEE), ecosystem respiration (RE), gross primary
production (GPP), and evapotranspiration (ET) and the retrieval rate after quality control of CO, flux (Fcoa)
and latent heat flux (LE) measured by the enclosed-path eddy covariance (EC) system and the open-path EC

system
Enclosed-path system Open-path system

Monthly sum Retrieval rate Monthly sum Retrieval rate

NEE RE GPP ET Fcoo LE NEE RE GPP ET Fcor LE

gCm? gCm? gCm?> mm % % gCm? gCm? gCm?> mm % %

Aug. 9 220 211 75 50 48 7 222 215 89 46 50
Sep. -12 166 179 56 56 50 -11 170 182 66 56 52
Oct. 16 113 97 25 47 44 3 108 104 36 49 44
Nov. 51 76 25 6 43 38 31 65 34 13 35 34
Dec. 43 67 24 4 33 29 -1 22 22 6 39 35
Aug. to Dec. 108 642 535 166 46 42 29 586 558 211 45 43
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