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Abstract

Valuation of ecosystem services through organic carbon distribution and cycling in the Pinus densiflora forest at Mt.
Worak National Park were investigated from January 2013 through December 2013. The amount of carbon allocated
to above and below ground biomass was 32.17 and 8.04 ton C ha™'. Amount of organic carbon in litter layer was
5.55 ton C ha™'. Amount of organic carbon within 50cm soil depth was 58.62 ton C ha ' 50cm—depth™. Total
amount of organic carbon in this Pinus densiflora forest was estimated to 104.38 ton C ha™". The estimated amount of
won in this Pinus densiflora forest in terms of total organic carbon was about 10.44 million won ha™'. The amount of
carbon evolved through soil respiration was 4.44 ton C ha™ yr''. The amount of carbon evolved through microbial
respiration and root respiration was 2.18 and 2.27 ton C ha™' yr™', respectively. The amount of organic carbon
absorbed from the atmosphere of this Pinus densiflora forest was 0.44 ton C ha™ yr™' when estimated from the
difference between net primary production and microbial respiration. This amount will come to about 44,000 won
ha™ in Korean currency.
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g ade] digt 7= COt 7H
= Atk COE AAA, A4 5=
Sl di7l e TEHE 2A%E F9 sttold, 7]
3

379 ppmo.2 F7FetAA, A%F CO, F7Hee] i 109
S¢t 7P Eob W 1.9 ppm yr '9 712 Holw rh
(IPCC 2007). ololl w2t M AAH = 7|THtERE &
off galEd, ATasA4d, =474, vz 47 59
WS Fdste] 2ATAE Fole AAA WekE =9lof
I 9led, 20129 A 182 F<l7]FHSFFF (UNFCCO)ell
A 2013~20209717] A= AZLA O R AE5S
Aote WEPA iAol =T

Fole EFozRE TR COE Aoty 4t
AR A Y] ga +8-E As] AS5ctE = A7 AP E
I 9Jey (Nakane 1995, Raich and Tufekcioglu 2000,
Lee and Mun 2001, Lee 2012), $-2lutate] A=A &
ol g 7t A gA AFF 9 o]E Aol §5%
I gALfte] BWEE AGs BA ¥ AAott (Han
2002, Pyo et al 2003, Lee and Mun 2005). 3+ e A
AH A9 it e BEsts pedor 7] wAd
HE3 Q1 (Gitay er al 2001, Kremen 2005), ©]¢} &
o] AR JNEALAZo| Yol 7| ¥R opr|E A
B % ZAztA o] AAA AR HSHE FASEAU, 71 RSt
2 Qls] st AHRlA H]§-& F4tete 3 AAIEHA
A7F FAEHI o, AEAAEIAY oA olF Tt
oret A= MRS AAoltk (Brandera er al 2012,
Wattage 2011, Wunder 2005). ZolA= S E)A 2l
A Auj2o Tt AT (Jeong er al 2013)e}F A4t
T gaggto] et AEAAEIA AT (Won et al
2014)7F o]Folx H} Qlrh.

2 ATs S7PTIAEATAIE Y 4o e goat =
dofl FAH = AT sa g E ol4t
& FrgS AFHOR mofste] 7| SHHItE opr|d
A0 ALRA H-8-S AHEAA B ALY SeFollA mhet
stazt skt
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doitatg 3o WErigte] AuARS 2y &LEjito g
AA=E Sl HAAstH, FATIY FHET AHA
FFA, S AAEE BAAC A e Aoz F
B (F8)9] Zol: ot 1,097 mo|th. Dot 2]
FQ AL GESEsY 32.4%, AR 16.7%,
DR 124% Fo=2 o]Fox 9t (Oh er al,

2005). 2 AFA A AR (Pinus densiflora Forest)-2
FHAEE AAA FeE SAR Y] GAAAHOZH,
S 380 m (N 36° 517 177, E 128° 64" 417)9] <]]5}
I ik PR O] SR Kol f1xIste] ti54d 7159

SAS Mo, 2ARA2HE 20 km Goj7l tof fx|gh
A3 7187 R wad ARG 30E%E
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W 129) Bt d¥Ed 7122 10.17C, A B4 1,445.0
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dEolA e dEF IAAS e 2ol Aot et
T Aot HnAd B2 Aoz HE dHF It (Schmitt
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et al. 2011)& olgste] AR} A5}l BEFL AR
Sheieh. £ Qo)A AHEE ArhAAe chewt 2.

2RO A4 (Son er al 2011)
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log Wi = 1.305 + 2.008 log(D)
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T A7 §7IEkA & A (AC = G, - C)o& At
shsict.
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SIS B gAo 2 S {oetAasS Aeks)
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B} 502 RS o 60°C Ax7|oA 48A17F oY =
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20139 195E 20139 12€9714] 1270 &<t F7142
2 o 1314 11:00~13:00 Arele] 1071 25 ellA 2+t 3
3 EGOEE Aot i@t Hags AQlE AdE
o] Batzks Agotlch. S T Ao A
EA7] (IGRA; EGM-4 PP system, UK)S AL&5}o]
dynamic closed chamber method& ©]-&3stct. S|4
7re) ea+E Eol7] feliA £ g Jefsto] o]
AR HAe d499 AN EFEES S99, &4
H ESSEFAAN 49%E HezgFFoR FASAo
(Nakane er al 1996).

2.8 F7IEta AYHS S dENA MHE[Z 13|
ot
sfl¢jof A= Brown and Pearce (1994)7} Behdo]l dAdj
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I
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3.1 AEAe] R7|6ta BRI U & ML

2 AR frigta EExsk2 201297 20134
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ha BRge £7] ) Bel ) 74z > A3k A7 &
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Table 1. Standing carbon (ton C ha™) in 2012 and 2013, and net
increase of carbon (ton C ha™ yr'') of the Pinus
densiflora forest in the study area

Standing carbon Net
Component 2012 2013 increase
Stem 1.64 2.03 0.39
Branch 6.60 6.77 0.17
Leaf+Rep. Organ 22.81 23.38 1.78
Root 7.76 8.04 0.28
Total 38.81 40.22 2.62
ZAZIE F AURREY fU1EA & LS 2.62
ton C ha ' yr'o]9lal, Satoo (1966)= YB AR %Y

oA el fr1eta = S 6.10~7.50 ton C ha’
yr!, HAGo) L 7.43~7.89 ton C ha ! yr'® B
Hf Qlo] 2 AR A9 §718 A & AiteFo] tha WA
BTl ol RARAA E dEEE, £F, EYY HSE
59 ztolof 2 Zo g WHTh (Lee and Mun, 2005;
Choi et al, 2006).

AP Bt
42 2.02 ton
718 grletA Bxske 9 (53.5%) > 7IEF (23.7%) >

=
5HF (16.2%) > A7 (6.5%)°] o]tk
2 2Reold G 5o doR feise $7]
ebawRl olHA Y AUEE (Namgung and Mun 2009)
] 3.08 ton C ha ' yr 'Hr} W Uehda, Aoy
supRee] Yol ofgh whA §90%F 1.66 ton C ha ' yr!
08 1 0 Misc.  m Rep.organ @ Branch & bark O Leaf
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Fig. 1. Seasonal organic carbon of litterfall in the Pinus densiflora
forest in the study area (Rep. organ : Reproductive organ,
Misc. : Miscellaneous).

(Lee et al 2013) Ho= oA =7 YeEigtE=d], o4 d z+

242 8 ARl fYEE 7IRagY Aol £
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E
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2 2%, JABLE, £, sdaze] oet Bt AL
= gddn

3.3 Ao HdHE9| RIIEtL T

B AyRgoA AT 59 94 Sl Exste
B §718AZS 555 + 0.6 ton C ha ! o]t =94
G7e A LZo0] 1.95 £ 0.17 ton C ha™!, FZo] 3.60
+ 0.51 ton C ha '2 Ueh} FZo] LEKTh tha =4
EFTh (Table 2). 94 9959 frlease L5 Y44
Airo] At 7HSEH o] 5dl Bl 11, FE2 g
Loy 7k Wtttk 94 GEE] fr1eAHe Y
o] Bxautr Adz|shed oA Yo ¥o] werE
G71EtA0] oFo] Wy mEQl Aow WdEW, o554
T2 FeEt 52 2L o8 Eofjztet #Re] 2ol
ol esl 2af7t wEA APsr] e Aoz o
Aot Mun, 2004). AUFH ] A4 W F7IgtATL AH

21 A Lee et al (2013)7F ZAFet 4.99 ton C ha ™', Lee
(2011)7} Bag W4+ 215de] 450 ton C ha” Hrh

thi B2 FOE e, ole} Zo| AT U
Y 5 ) BEoHE RRaFY Aolt A& et 2
of AYABE T SHE BE FIPNF L o
Qe Aolol s 71Qle Ao P,

Table 2. Seasonal changes of organic carbon (ton C ha™) in litter
layer of the Pinus densiflora forest (mean + SD) in the

study area.
Date Layer
L F Total
Jun. 2012 239 £ 025|599 £ 1.33 | 838 + 1.57
Sep. 2012 202 £ 033 | 225 £ 0.54 | 445 + 0.85
Dec. 2012 1.17 £ 0.15 | 3.72 £ 0.77 | 489 + 0.87
Mar. 2013 201 £ 0.21 | 247 £ 0.80 | 4.48 = 0.99
Mean 1.95 £ 0.17 | 3.60 + 0.51 | 5.55 + 0.60
L: Litter layer, F: Fermentation layer
3.4 EY9 fU|EA ZEZ
EY U 2Xxsh= frgad2 7128, EY 7
%, AEdF 52 oot FAste W] dntdo=w
o] o] &5 Qo™ (Arnold, 1995), EY W F71et4 T
< ditog Zlol7t FojdaR ApHor HAadsh= A
o7 & At} (Bswaran et al, 1995). o] dxpH oz
Wger e frled dwelo] Sl
2 42Uy W EF 50cm Zol7tA|o] Bt fr|etAasF
2 58.62 ton C ha! 50cm-depth™'o]glom, AZE

(Fig. 2). G714kl A=EoA 7FE =4 Ut AL
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Fig. 2. Variation of organic carbon along the soil depth of the
Pinus densiflora forest in the study area. Bars indicate SD.

AARZEE 9H U sl £7] ge §7]Bo] B
s=lo] EEZoz JUEAZ wEolH  (Armson,
1977), Al T RES Zolo] 2 Eisto] (Park

and Yim, 2004; Ruess et a/, 1996) AEHs}o]| wt2 B
22 AR A8 BEF W S71EF Skl 71Qlshs AL
2w

EFoEe A nA2eE5T FEoge] dor yE
oAt (Hanson er al, 2000). ¥ A7 Oﬂ/\i 2 A7)
4 22 (.18 g CO, m ™ hr'olgleh
2 899 0.56 g CO, m™” hr'&
01 g CO; m™ hr''2 71 Yo},
s EJeETol Skte B
Fig. 3). ol EF2Let ESFSRY] St ot
U]*ﬁ% g5o] @EsHA o]Folx mAETES F9
COx9 F7F & A%l e #eoss F
02—4 17]'01] 715t Aew T’J‘:}%E‘r. o]
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(Son and Kim, 1996, Lee and Mun, 2001; Han, 2002;
Lee and Mun, 2005; Dulohery er al, 1996; Moon et
al, 2001; Kim et al, 2009).

2 AR B EFSEHFS Singh and Gupta(1977)
7 2 Age] ol A=A AN S AE Fotst
o] K5 EFsEaF (0.01~1.00 g CO; m™2 hr )#9d]
o2 Yyebgth Ryan and Law (2005)= At Q]

Z2=E= A

EFeE2 Bl vlSs Y Rrle@el sars SN
ot Bugh vp glo], 2ARA ¥ BT gl Aol 4
AAE Fdste A, SRR el Zolof ofgt
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Fig. 3. Seasonal soil respiration of the Pinus densiflora forest in

the study area.

EY A1 50 22 A= a9 EYRLES E
e T &EF aQlo] g AR waHET (Lee er
al, 2013).

AHEAEA Y] & AEARAES ST v E
5ol ool AAEHER & HHAYLES S5 9l
A PAESETY #esgo] Aot =4o] Dagk Ao
2 o4 A Qt (Lee er al, 2003). B AR o|A E9F
35S 5ol th] T2 HEHE COrxE oF 49%E ®
SE52Fo g 7t6t9S o (Nakane er al 1996), H|YES
0 B Ee Foll WEHE fI9ARE 747 218,
2.27 ton C ha™' yr'o=2 FA=r}

3.6 2LI2Ee |IEa B2 U &3S
EfA| MHE|A k2"t

B AR 7 eaA T H {r)eA Raet £2)8
Fig. 40l sttt ZAPIRE BF ZF FAYE f7leta
Haero AR gEEF] 32.17 ton C ha™' (30.8%), A
St QEF| 8.04 ton C ha! (7.7%) & AEA Aol
39.52 ton C ha '7} 2250 9loit}. Tl 4 U=
o 5.55 ton C ha' (5.3%), E%°] 58.62 ton C ha™
(56.2%)2 EFo| 7b w2 ghart Bxsta ol =
FEEE Sote] AEAl 1HE fUIEaEE 2.62 ton
C ha'! yr'olgl1, EF55e Folo] EHE g4z
4.44 ton C ha™ %
3 WEEE gaske 247 218, 2.27 ton C ha ' yr!
ek 471t o & AateF (NPP) 2.62 ton C ha™' yr
7} uYEFEF 2.18 ton C ha ' yr o] Afolg FA5}Y
S o B AR & A (NEP)2 0.44 ton
C ha™ yr'olgdth. Won et al (2014)-& Yotat AR
o] & AeEABAES 161 ton C ha'! yr''2 B 15k
B AR A0 avRgo] AZuRg e g tha @ttt
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Atmosperic CO:
I

Ecosystem respiration

Photosynthesis
NPP 2.62C

NEP 0.44C

NEP = NPP - MR
044C =262C -2.18C

plant

fool = e —

Below ‘
ground

Fig. 4. Compartment model showing the distribution and flow

organic carbon of the Pinus densiflora forest in the study area

Box: standing carbon (ton C ha™), arrow: flux (ton C ha™ yr™).
Parenthesis indicate NPP (ton C ha™' yr'™).
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(2,100 ha)& vigto 2 A4 Au|A 712]S FAGEE,
Yotite] AR Feo) AAE v49 7= oF 2199
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