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Development of non—invasive eddy covariance
technique for estimation of net ecosystem metabolism

in barren ground of Jeju Island
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SUMMARY % KEYWORDS
(4 & 2 o &)

The net ecosystem metabolism of coastal area was estimated using the eddy
covariance method in situ in Jeju Island, Korea. Four eddy covariance
instruments were deployed under water on hard bottom surface and measured
current 3D velocities and oxygen concentrations. Based on the measurements,
the correlations of the dynamic variables (light intensity and mean current) and
the productivity were examined and then estimated the ecosystem trophic
condition. Substantial variability within a day in metabolic rates was found due
to wvariations in irradiance and mean current. The relationship between
photosynthetic rates and light intensity was non—linear (O, flux = 66.3 tanh
(=PAR / —54.5) —31.4) and did show maximum photosynthetic rate of 66.3
mmol O2m—2d—1with saturation irradiance of 54.5(E£SE = 23.7) ymol photons
m~?s”!. The daily oxygen flux showed liner relation with mean current and the
degree was higher during a day than night. This was likely due to the active
photosynthesis of benthic plants. Additionally, different oxygen flux rates were
found between the Eddy covariance instruments because of the different DBL
thickness by different surface types. At the study site, the net ecosystem
metabolism rates indicated that the ecosystem was slightly heterotrophic in end
of the summertime (NEM = —6.23%3.20 mmol m ?s™!, Mean*SE).

(KEYWORDS : 7]%¥3} (climate change), Aot AENA (coastal ecosystem), 7}

=
e
S, =AY AE (net ecosystem metabolism), eddy covariance method, A4} A4

Z 2~ (benthic 02 flux))
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7} &% 54 (in—situ field measurements)

A=l AFE 98 AL% eddy covariance ZH] (KIOST ECID <+ acoustic doppler
velocimeter (ADV; Nortek AS, x=¢]o]) 2 4kA F4lA  (Pyroscience, 54)7F 71
T FAdo=Z, 1 2 A4 optode (Aanderaa) @F Als 53%7] (Pyroscience) 7} $H)
FAEY (29 1. dl o (Bddy 1, 2, 3, 4 (2% 2) 9] KIOST ECIZ} 4843t 9]
AT e Ak AnE B #9(33.54° N, 126.85° E)ol HAHAL, ¥
2ow 3D 5% Ax &, 7, 722 7S ADVE AbA FAAE 32 HzR
1%54 715381999, 4k4 calibrations 98] A4 optoded =3 gkol AFE-3FSIL
-1

Wl g e FResEve] 4EA WA 79L& 918, PAR 449 CTDE &

1% 1. The underwater set up and deployment of the Eddy instruments at the study
site (Eddy 1). (a) An Eddy correlation instrument on benthic sediment. A PAR—HOBO
sensor (A—1) and an amplifier (A—2). (b) Oxygen optode (B—1) and PAR-DEFI (B—2)
sensors. (¢) An acoustic doppler velocimeter (C—1) and a retractable needle—type



oxygen microsensor (C—2), the tip of the C—2 is adjusted to the measuring point of

the C—1 sensors (approx. 16cm distance).

NI e T e -~ 54

1% 2. The underwater deployment of the Eddy instruments and the surrounded
benthic surface conditions. (a) Eddyl, (b) Eddy2, (¢) Eddy3 and (d) Eddy4. The Eddy
2 was installed on rocky surface covered by coralline algae and underwater
macrophytes. The Eddy 1, 3 and 4 was installed on sandy surface covered with benthic

diatoms and surrounded rocks partially.
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KIOST ECIE &3l 574% dlo]H+= Matlab, Microsoft Excel 2007, Minitab 173}
SigmaPlot 10.02 AM&3ll, O, sensor calibration % O, fluxE AAFsEL 7 QQ1E9]
FAAAE =23 AAZ e e raw ADV data® Matlab§ SJA ez A
7131 32 Hz9 4135 8 Hz®E ¥H+3}9 signal to noise ratios ZFAAIF T o] A
E]&= ‘Acceleration Thresholding Methods (Despiking)’ & AFg£3}o] H|o|
= AASIEL (Goring®} Nikora, 2002), WAl 1 HzZE low pass filter A|Zlt}.
S-2&3 AbA%E T Reynolds® decomposition €2 (Flux = u,C!

3D
Flux = 3% A& B2, 0, = 37 74 8% §%, O = 37 WF AaFE

9] 5k, 75”"}9 e *E—‘V\ e A&l PAR
AME ol FA SAF FHFES o] £3}9], hyperbolic tangent equation (P =
Prax tanh (=7 /L) + Ruas Pret = THFAE, Poax = HWl A3 E, 1= FF L =
¥3 B, Ry = &% (Jassby® Platt, 1976)S 53] ©23} ¥ 3ith

3D % (Vx, Vy Vz; Vxot Vy = 38 7% Vz = 54 7§59 HFd¢ (mean
current, MC)Z 32+ 35 F&d SARAZE A #A 9SS S A=A

Ho

b Wem TEB BAEAAS 98 o9 ARUE olBake] AL (4 1)

1 |ZF1UX i htl
GPP=E (ZFluxda},—P H—"“g D ¢ DA

night

1 2 Flux ;o
R=— E FIux o + ———ett . g
24 ( night Hnight day

Loy b R
NEM = — (Z Flux o, + Z FIUX pight

o] 7] 4 GPP (gross primary production)+ Z7|ZAAHF R (respiration) < 355,

Z18]31 NEM (net ecosystem metabolism) < <=4 Bl thAFE S vheRI T
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KIOST ECIE &3l =% 3D % (V. Vy, V) e B —21.36~22.46 (-0.21 *
6.57), 23.46~19.19 (—0.34£5.02), 2811 —4.63~4.09 cm s ! (-0.02+1.21 cm

5
s (mean®tSD)o]Qlt} Atx FEE 189~257 ymol L7! (21019.62 ymol L7, n
= 70,737) (mean = om, Hyr dY ALEYAE 19.04+145.8 mmol

m ?d”! (SD, n = 791) o]} (28 3).

S0 (A) e e (Eddy 1)
e 75 - Iy
- 0 ;
=& asf ' '
50 L L L L L L 1 L L ]
0 5 o 15 20 25 £ 35 40 45
_ 250 (B) — Dopth == 02 0
o200 _g
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130 Iy 0 il i .
0 5 0 15 20 25 30 15 an a5
=~ W
g E (3= i
g e Sl {
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:u..-' E — 1 \: 0 = T ‘ 'R ]
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il 5 1 Is eli] 25 W0 5 ] 15 -
- . 3
o~ 000 F Ty e PAR 0 flux £
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] 500 B o
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i _= ——— - - - =
o= 0~ e A e o) -'\. r'i‘r""""'l"‘"""‘-h"'v %
£ 500 ot ﬁ'“ e
o 5 10 i5 i 35 30 15 i3

Time (hr)

Z1¥ 3. The eddy correlation data from Eddy 1 instrument in Matlab. The time starts
from 13:30, 02 September 2016 to 10:30, 04 September 2016. (A) 3D current
velocities (cm s7!; horizontal coordinates: V(black) and V,(blue), vertical coordinate:
V,(red)), (B) oxygen concentration (ymol L7', blue) with depth (metre, red), (C)
cumulative oxygen flux (every 15 minutes) (mmol m™?), (D) daily oxygen flux (mmol

m~2 d7 ! blue) with PAR (y mol photons m~%s7!, red).



2. In—situ P—I curve &4 F4
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SASHcR=E A 2R gtk W Fete] At
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1% 4. The correlations of Hourly Oxygen Flux (HOF) and Photosynthetically Active
Radiation (PAR) at Eddy 2, 3 and 4. The starting values of x—axis (time) ‘0O’
indicate actual '2016—09-02 18:00' for Eddy 2 and 4, and '2016—09—-03 6:45' for Eddy

3. (Error bars for HOFs are standard errors.)

t}. In—situ P—1I curve A

ZAA A o] AL (P) # FF (D AP AR P-1 curved BT (2¥ 5).
Z Eddy 3914 nonlinear regression equatione O, flux = 66.3 tanh (—PAR /
—54.5)-31.4 ©%, P 66.3 mmol O, m2d™!, 4, = 545 (* 23.7) ymol
photons m™?s™! I8 Ryms —-31.4 (£ 7.1) mmol m?d! o2 FAHYCH
(estimate £SE). H3F o] F2o & AAbe Aol Fge] wmE 7] A&
1.220]9, B P2 27.9 ,mol photons m %s™ o2 FGE T},

O flux (mmol m? d-1)

O flux = 66,3 tanh (- PAR / -54.5) - 31.4
b | 104 150 100 250

PAR (umol photons m2s°1)

1% 5. The relationship of oxygen flux and PAR at Eddy 3. The grey dots are hourly
averaged daily oxygen fluxes by the PAR, and the fitted line is a non—linear regression
model of the data. The hyperbolic tangent equation of the fitted line is ‘Oz flux=66.3
tanh (-PAR / —54.5) — 31.4° . The estimated parameters are 66.3 mmol O, m 2d~! of
Prax, 54.5 (£ 23.7) ymol photons m ?st of I, —31.4 (+ 7.1) mmol m ?d 'of R,

and27.9 | mol photons m %s7! of I. (estimate Testimated SE).



T 57 net Oy flux 7+ #A
a9 6ol dY AtA EYAE YERth B etells 49 gk v Bt 59 @
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% 6. Daily oxygen flux changes by Mean current at Eddy 2 and 3. The white and
black circles indicate day and night oxygen fluxes. The fitted lines represent binned

DOFs and the error bars represent the standard errors.

4. =AY PAE 4 (Ecosystem trophic condition: R, GPP and NEM)

ZAA A AA AEA P dEE Foaks UEHORA FEHISLEE UER
o (" 7). B FANE (GPP)H 3EF (R 19.27£3.22 3 —25.50£3.72
mmol m?d™? (Mean*SE) 22, =AHAFE: (NEM)> -6.23+3.20 mmol m *d™!
(Mean £ SE)°. 2 FH ¥}
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% 7. Average daily net production of the Eddy 2, 3 and 4. The R, GPP and NEM
represent respiration, gross primary production and net ecosystem metabolism (error
bars represent SE). The average R is —25.50 (* 3.72) mmol - m 2d™!, GPP is
19.27(£3.22) mmol m™*d™' and NEM is —6.23(£3.20) mmol m *d"".

374. KIOST ECIY #8484 AF

ECIC 7] AHol ¥+ 3439 WEHF% (three dimensional characteristics of
turbulence) @ &4 38X HAES 3 Reynolds numbers of the turbulence flows
HAEE "43Aolth (Tennekes®t Lumley 1972; Pope 2000). &) 714 Askst 7
SO 2= spectrum (frequency) Aol 7F HAZA O =R AgEH 1 t; (Berg 9
2003, 2013; Chipman ¢ 2012, 2016; Hume 2008; Long % 2012; Lorrai ¢l
2010).
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1% 8. Examples of the spectrum of oxygen concentration (a) and power spectrum
density of vertical velocity (b) using eddy correlation instruments (Eddy 3) at the
study site. The red lines are the —5/3 best—fit of Kolmogorov’ s theory of turbulence

which indicate inertial subrange of turbulence energy.



A FE9 F2AH%59 normalized cumulative co—spectrum< Z+2+°] spectral
density® YWERHC® gz yehds AHUERS e F2 EYA9 uekd
eddy frequencies?] 7|95 E HAFEH (Lorrai & 2010; Reidenbach £ 2013). 1
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1% 9. Normalized cumulative co—spectrum of the oxygen concentration and the vertical

velocity for a 1bmin interval from four eddy correlation instruments at the study site.
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