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Abstract : Measurements of net ecosystem exchange (NEE) of CO, based on the eddy covariance

technique provide reasonable carbon balance estimates in response to local environmental

conditions. In South Korea, the forest ecosystems cover approximately 64% of the total area, thereby

strongly affecting regional carbon balances. Cultivated croplands that cover about 17% of the total

area should also be considered when calculating the carbon balance of the country. In this study,

our objectives were (a) to quantify the range and seasonal variation of NEE at forest ecosystems,

including deciduous, coniferous, and mixed forests, and agricultural ecosystems, including rice

paddies and a potato field, in South Korea and (b) to compare NEE at ten Fluxnet sites that have the

same or similar ecosystems as found in South Korea. The results showed that the forest and

agricultural ecosystems were carbon sinks. In Korea, NEE at the forest ecosystems varied between

-31 and -362 gC/m?/yr, and NEE at the croplands ranged from -210 to -248 gC/m?/ growing season.

At the deciduous forest, NEE reached low values in late spring, early summer, and early autumn,

while at the coniferous forest, it reached low values in spring, early summer, and mid autumn. The

young mixed forest was a much stronger carbon sink than the old-growth deciduous and coniferous

forests. During each crop growing season, beet had the lowest NEE value within six crops, followed

by wither wheat, maize, rice, potato, and soybean. These results will be useful for designing and

applying management strategies for the reduction of CO, emissions.

Keywords : Carbon Sink, Eddy-Covariance Flux Tower, Fluxnet, Forest, Agriculture, Net Ecosystem

Exchange

LAE

1992well A AE 2 A7) %43} oF(United
Nations Framework Convention on Climate
Change: UNFCCC) ], 2472 Zhao] A 4
A 97 A" FAE S S a3 AR W
AT, 19979 0] A E wE YA oA S-Efeh=
Mo s fiREo] A=t Fibe = 24
7hs A4S 12F o did=oll A Al 9= AL AR 2l
SATIE A 71eo] gt 28y 20209
o] dxl= B Aol IA 7|5 Hstol| thA
o strh= 20154 1] A (Paris Agreement)o]|

wet gelutet oA A0l LAVLA 4EB

93 o] gt AAoltt
A g e 9 AR 7eS 7o R gk e
2 49U (Carbon Sink) 9] E-g-o] =] 2A7kA 7
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S 2 e SATEE 5 dig S S8l
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2 e A s R dvd =
2oz wa 4 U oEd] g A4 e
AT AR A R 5498 e vlaEAo] A
oo Bt} (Ciais et al. 2009; Ceschia et al.
2010)

7F 3 AR A U 9l HeHA] HHZA EX|0]
A2 A4/ AaLo] daZo|},

AEA €k 422 (Carbon Balance) 4] HH 20
&S 49 (Son et al, 2004)2} ot} F-EA 7
HE o] &3 g 284 ZA W (Saigusa et al,
2005), MODIS(Moderate Resolution Imaging
Spectroradiometer) YA FA 52 T-23F LAl
71" (Running et al, 2004), A - E2]8}4 ndl=] 7]
H(Ito & Oikawa 2002; Yoo et al, 2012) 5] it}
ol W & At} FAA, 24|, 54 5 AR &
& AHAE FCE AR E =2 A X
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(Wang & Polglase 1995; Baldocchi et al, 1996). ©]
o A RS 2| oA 9] oy x| et 540 &gt
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b, TUAAE, A S S & 4 4
@A 6507071 Ei= o] FAt 7]ke) S8 A '
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& A A o]iksleta wEF(Net ecosystem CO;
exchange)& HW5oto] AejA A 9] T4 ST
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T2 Bl S 71 )% Wsh BA ol A1 5
off w2 AejA g4 A9 Al - 1SS 245t
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Respiration: R, )& M gholtt, NEP= NPPoJlA] -
NEs Eddte THITEEY 25
(Heterotrophic Respiration: R, )& A|gt gho]t}, <=
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Autejo]| 9)ol] A2 E2 2 Bl HSARE
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=9 2w 7|5 2 AY, 94 54 240] &
uetel Hls=gh 219 & AEsilet, 7|3 of e
KGCC(KOppen—Geiger climate classification)o]]
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AmeriFlux, T2 A3} 7] 09 »A A= 1L 731_]-\;% _,]
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Figure 1. Daily variation and uncertainty of NEE values with precipitation of the forest sites from 2006 to 2008; A.
Gwangneung Deciduous forest (KR-GDK), 2006, B. KR-GDK, 2008, C. Gwangneung Coniferous Forest (KR-
GCK), 2007, D. KR-GCK, 2008, and E. Seolmacheon Mixed Forest (KR-SMK), 2008, in South Korea.
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o ot & A AINE 7HA L A= T} AFe]
= ol7]olle SAE Jlol, AR A 23kl
e 9] @4 S5 Aol & WA Wel7] Sl
FF F7F A7t Zasi,

Qi 842 (JP-TKY, JP-MBF)9] %9 —225

gC/m?/yro| A —488 gC/m2/yre] ¢17F NEE Z+&
Houj QJf& eutete] Eg Rt oF 1009
ol4f ozl 30| eflA] 50 Ato]ojtHTable 1, 2). ¥
B ow g 94 (JP-MBF)2| 4<% t}rtolu} &
A (IJP-TKY)R e} ¢F 20 o]d Akgolc}, 1A

g 942 2] 2004d3}+ 20059 A7 NEE7} 242
—488 gC/m?/yr, —432 gC/m?/yr, t}7}oku} &l

9] 200497} 2005 AZF NEE&= 2F2F —225
gC/m?/yr, —404 gC/m?/yro & ojd HAlg] &Y
o] trtont GYpgEn g F4 50| o
Ak, FEo JArE B9 —154 gC/m?/yrol A
-315 gC/m?/yre] %17k NEE gH& 29t} o|= &
ArFEct AR 28 gholl shAt, 4% &
g0 e v eefe ARIS Aelksof ek,
= ZdrE F

=
2o} 4ol

Table 2. Annual net ecosystem exchange (NEE) for the forest study sites. The unit of NEE is gC/m?/yr. For detailed

information on each site, please refer to table 1

Site

Year KR-GDK | KR-GCK | KR-SMK | JP-TKY | JP-FJY | JP-MBF | US-UMB | US-MMS | FR-Fon | FR-Hes
2000 -477 -195 211 -367 -623
2001 -301 -227 -164 -381 -607
2002 -386 -228 -188 475 -616
2003 -266 -154 -232 -433 -464
2004 -225 221 -488 -208 -534 -363
2005 -404 -282 -432 -323 -515 -578 =277
2006 -31 -445 -315 -312 -476 -600 -382
2007 -222 -308 276 -320 -517 -710

2008 -274 -193 -362 -259 -260 -444 -693

2009 2272 -330 -658

2010 -224 -473 =731

Mean -153 -208 -362 -352 -240 -460 -247 -450 -662 -476
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4 4=H(FR-Fon) 1TA17| € dA7HA] A ©
2 HAREA o]l UREE weAL7H2] of 2 Al
7} & o]g xjekar 9Jck(Pontailler et al. 1997).
o] &9 A7 NEE g2 —578 gC/m?/yroll Al
—731 gC/m*/yr& W =& o4 5 585 7HA
I UoATk ZEkA SA|e] EY4H (FR-Hes)2 7
$ 217 gC/m2/yr°ﬂ A 623 gC/m?/yre] A7
NEE gto] ¥5591aL, AL 7|17 5t #55 NEE
= 37t ZEH% AR ol A Bt
1973d -2|uet 7148 ol &2 20064 A=
A k7|7 59t 7P W w7k Sk afjojot, B8
"e‘* o] & 20064 F5 ARE AlLlst S-2uet, o
o= Y] AFF NEE ghe 2H2 —274
gC/mZ/yr (KR—GDK), —352 gC/m?/yr (JP-TKY),
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oj=of Hlaf S-Evet HeE A oR g
T4 HETF SO, SEuhet AR S] A9 AeE
Api2] 7)7ko0] ot 24712 ] vl il o]}, 3
g0 ZHER Y A = S
B} ek S5 A7t A9 2v) 7o 2, o=
af}-9- 2.2 AR O] -9 U Lol e A F
8 A%E ok BEY, 495 ol A e gk
o] £7] HjE o & defA lrh(Luyssaert et al,
2008). A A SHedr SEuEket dE R
EE(-476 gC/m?/yr)& 7HA|=Y],
759 FEY =T (Fagus

o

Nl‘l

sylvatica) 2.2 92 AH E4
a4 qloh A

o NEE ZH& —208 gC/m?/yr (KR-GCK), 4&2
—240 gC/m?/yr (JP—FJY)o]t},

2. SBX| MefA 2] NEE

Table 32 57 A4 2] NEE %= Yebdct 7
He F FQtH A EAE A7 L] NEE 4
2 210 gC/m?/growing season (KR—HAP)o|L},

mxjo] 7 el W] 7|7} Zal FHol w7 9k
3 g et 2] e weke Aow

Holth, A rE ks BlaA WAlo] Wil FA%h
FENQ] Gt SQHH ] = E3E 1 o2 Aoy
A7} obd vE EXFE O] 7H Al 3

= 7}% A5 WA & = AT, Gt SjEE Y]
NEE:= —248 gC/m?/growing season (KR-—
HAR)= 317} =ollA AgAshe A7)0l =0l ol4kst

(52 off oft

%%ﬂ o qhst9] 3t 717 27lolt 501
soke] A wart 7hssioh, 429 w=(JIP-

Mas)ol| A= —356 gC/m?/growing seasono|A] —
487 gC/m?/growing season® WH ¢S Hth

Table 3. Net ecosystem exchange (NEE) for the cropland study sites (R=rice, B=beet, W=winter wheat, P=potato,
S=soybean, M=maize). The unit of NEE is gC/m?/growing season. For detailed information on each site, please

refer to table 1

Site
Year KR-HAR KR-HAP KR-HFK JP-Mas BE-Lon US-Ne3
2002 369 (R) 43(9)
2003 359 (R) 354 (M)
2004 487 (R) -504(B) 36(S)
2005 356 (R) -S14(W) 494 (M)
2006 -101(P) -16(S)
2007 494(W) 428 (M)
2008 229 (R) -808(B) 38(9)
2009 650 (M)
2010 248 (R) 210 (P) 79(S)
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Figure 2. Daily variation of NEE and precipitation at the rice paddy site (KR-HAR, 2010) in Haean, South Korea. Note that
NEE of the rice paddy site was estimated during the period of rice growth (from the transplanting to the harvest).
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Figure 3. The growing-season average values (+SD) of NEE for the six crop types, including beet (Day of Year (DOY) ca.
90 to 273), wither wheat (DOY ca. 268 to 249 (+1 year)), maize (DOY ca. 116 to 290), rice (DOY ca. 140 to 290),

potato (DOY ca. 116 to 273), and soybean (DOY ca. 140 to 285).

(Table 3). Y& npAlo A S4H AEE H1LE = (2010)°]l TEH, AH19] =of|A= NEE7} ¢F —
HA o] Y1 HFsto] thE ArEolL} = 0]9] 9] EX] 300 gC/m?/growing season®] A —700 gC/m?/

% 9ol mlu|stttal & 4= I}, Ceschia et al, growing seasonO = o230 =2 o|AlElEtA &
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A
=9 Bt gak AlA F8 A

ol &, HE, 245 ALY 59 NEE gH& v]as]
H B EV} 7bg W& NEE % (-656 gC/m?/
growing season)< 2o, 11 th3-& ALU(-504
gC/m?/growing season)¥} £424>(-482 gC/m?/
growing season)”} H]5:3F AL o] NEES Ho|1l,
= 27+ A% (-341 gC/m?/growing season), 7+
A= —156 gC/m?/growing season, 52 NEE= —
10.8 gC/m?/growing season® 0°] 7} 7} 9 t}
(Figure 3). S<=2] NEEE th2 2H2E59] NEER
o Aoz Wel=d, ol St CA A 5
SPHZA OE 2aEo] vl FEA asol w7 v
wo e AetEn F aal A gl 4
vl et P F0i(Lee 2015), C3 A]Eo|2te w o}
ol o WA A7k 2 AES 4RI S Hlw

V.2 &

& Gl A oy F2At B 719k NEE &
A& Sl Al FA A AeAY ga S 4
FHOR 24T 5 Al B HS T 29
5, 7R, AgeE 53 2948, 7HEe
2 HA F5 S B vBa Z4 5o A
1 £ A710l okt A& oS eI o= AT
E3F Aol & EYedHolu Jded B2 e
HE dgo] oldl £a Y ©a F4 5ol ¢
Aok, I =] whet AR A7 Az, AR
59 wel W, 8 A7) ol Eet s A A9
Sa R FAo] Habstal sfAo] of Ak
(Wattenbach et al, 2010), oft] ZEAF 1

S4€ NEEE §3f 5744 AuAE 22 4

ot FE4t E82 el ti7]ek A Aol
oz e} olitaleta o] 5L SHste AlLFoR
A A AA AR =2 ARE B Q=
H 2 sluo]th(Thomas et al. 2008). AsiaFlux2}
AmeriFlux, CarboEurope 5 Z+ A|<¥ 4 EQ|=7}
shke] U E =19l FluxnetS o], thoksh A48 2
Ex|o]go A o] FAF S8 A EF99] Ego] 7}
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