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Abstract By using process model Sin CYCLE based on dry matier production theory this paper
estmated the gross prmary productivity (GPP), net prinary productivity (NPP), net ecosystem
productivity (NEP), ecosystem caibon storage (WE); total plant catbon storage (WP), and total
soil cathon storage (W S) of broad -leaved Korean pine forest ecosystem in ChangbaiM ountains fram
1982 10 2003, and analyzed the variations of these indices under present climate condition and car-
bon equilibriun state as well as the responses of these indices to clmate change scenarios in the fu-
wre Under present clinate condition the estmated GPP. NPP, and NEP were 14.9, 8.7, and
2.7TMgC- hm e a being 2.8 Mg C » hm “«a  lessand 1.4 and 0.2 MgC- hm e oa
higher than the measured values respectively The NEP in June—August occupied more than 904
of the annual NEP. and the maxinum monthly NEP appeared i July (1.23 Mg C « hm ‘.

month | )- The estinated WE, WP and WS were 550.8 183.8 and 367.0 Mg C « hm * re-
spectively  very close to the measured values Fram present clinate condition to cathon equilibrium

state the estinated catbon storages of the forest ecosystem increased to sane extent with the GPP

* P E BB AR QR TR E Sy W H (KZCX2-YW 416)%H) -
* % FWIEE - Email hansf® iae ac cn
2008<12 021 f& - 200903 304557 .



1286 MR A

5 % W 20%

and NPP being 17.7 and 7.3 Mg C » hm “ea

respectively  suggesting that the wle of the for

est ecosystan as a catbon “sink” declined gradually with the increase of catbon storage A 2°C -in-
crement of air ttmperature did not benefit the ncrease of GPP, NPP and NEP, while doubling CO;
concentration was in adverse The effects of the canbination of doubling CO; concentration and
2°C ~increment of air temperature on the GPP. NPP, and NEP were sinilar to those of doubling

CO; concentration The clinate change scenario n the future had the same effects both on the car-

bon storage and on the productivity of the forest ecosystem: which was mamly correlated to the

effects of prinary productivity on the catbon storage

Key words ChangbaiMountains broad-leaved Korean pine forest net prinary productivity, car-

bon budget clinate change smulation
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Tab 1 Site-specific parameter values in samp ling site of broad-leaved K orean p ine forests at ChangbaiM ountains

AL 25 LA Z B [TV 25 B AL ER Q]
Model parameter Unit Pamameter value Model Unit Parameter value
parameter
ALF - 0.15 SARM . MgCeMg 'Cod 0.0101
cv — 0.85 SARM MgCeMg 'Ced’ 0.3536
KA, — 0.46 SLF X10° MgCe Mg 'Ce d ! 1.20
KM, - 0.25 SLF¢ X109 MgCe Mg 'Ced? 0.0368
KM¢p - 40 SLFy X107 MgCe Mg 'Co d 0.2212
PCsaro Hmol photon « mZes ! 14 Topr C 20
QKo mol COs + mol * photon 0.05 Tun c —2
QT - 2 Tyvax C 40
SARGy MgC- Mg 'C 0.38 KM g — 0.15
SARG Mg G- MgﬂC 0.20 KMy, 0.08
SARGy MgC- Mg 'C 1.44 SHR;, MgCeMg 'Ced* 1.08
SARM MgCeMg 'Ced " 0.1160 SHRy MgCeMg 'C+d* 0.72

ALP. M RS2 A bbedo of leaf surfaces CV. Z& B AJ I 7K 3 2 ify & ', 3 Convexity of water availability-evapotranspiration rate curve KAg: THCER
Light attenuation coefficient KM, KM¢y: M ichelis TFEZ %L Pammeters in M ichelis-type equation parametes PCgypo: JEIMAEZE Lightsaturated
photosynthetic rate QEy: MEFE Quantum yield QT IS 15 Y5k A5 e e Temperature sensitivity of respirations SARGy: T B A < o I 3 R
Specific grow th respiration of leaf SARG: F T He A K o g g = Specific grow th respiration of stan and branch: SARMpy . R Bl AR K I 1% 33 2% Specific
grow th respiration of root system; SARM . TH-F- Lb 4 e )% 538 % Specific maintenance respiration rate of leaf SARMg: AT b G o g 3 R Specific
maintenance respiration rate of stem and branch; SARMy . 1R 2 b Y3 P R 3 Specific maintenance respiration of ot system: SLFp. -7 b YA %
E Specific litter fall rate of leaf SLF. T VR Specific litter fall rate of stan and branch; SLFy . MR EL YA & 3 % Specific litter fall rate of oot
system: Topp: YA FEIRE Optinum temperature for photosynthesis Ty n: JEEHAKIEE M ininun temperature for photosynthesis Tyax: &5
FHILE Maxinum temperature for photosynthesis KMgy: M ichelis 7FEZ%L Parameter in M icielistype equations KMy ,: M ichelis 7224 Parmameter
in M ichelis—type equations SHR . V&¥%4) tb FEFEIREE K Specific litter heterotrophic respiration rate SHRy: ¥ )& 132 b B IER I E  Specific

m ineral soil heterotrophic respiration rate

1.3 HdEabs

K F M icrosoft Exce BRAH5E 1982— 2003 Z=4fF
R S TR L IEFE R IR SH WAL
BB B B S AS B -

2 GRES

2.1 MErEdE R T KA LRSS RS
TR Bh 2 ARAUL

2.1 VIR B Ll 2D AR R AR 25 R G ik B 2S5 ) A
L Wk 2AJLLE W, 1982— 20034F (4], K [H (L FE

LT AR WA A B (WP ORI 146.9 Mg C -

hm s Fo TR R (WP ) AR B 8 & (WP, )1
MakfE & (WP )R BEIUE 73 7% 2 120.9, 23.9 Fn
2. 1Mg Ce hm - ARYEK T L FE LD R MR S
MMk A B R A B R R B R
(0.45)F7, B PFgE X WPy 147.94 Mg C -

hm " A WP, WP, Al WP, 4351 120.91, 23.87
F13.16 Mg Ce hm - gL AT BFFEIX. WP f 1)
EHENMEERE RSN — B %X - E kR
(WSYBERUE S 287-8 Mg C» hm  TIARIEAFZTIX
RS S e M I8 RV IR £ -}
B3] - R as oy 319.9 Me C o hm - BFFRIX 1AL

BB 4.7~5.5 5pEmas R LATSLIE R
AR—E AT ISR RAME Y 32.8 a HHRH
o145 U o R A 3L

HiE 1AJRLE H K B R 2D AE S R 5
NEP R 8 F A= K 2 1) B R B, Hodh, 6- 8 AR
AR e R 900, TH NEP &,
ik 1.23MgC- hm * « month > 7 B JE RS2 %A
K CRELE 7873 A AT REARAE A, AR I P g TR
AR (B AR I R T IEOE R 1%
EHHAR A B Ll LD AR MO B <9

A F AR X SR L) (GPP )Yy 0.1 Mg C»
hm *« month 3 TR FE AR R T O Ct
H—Ere e R BFRIX 7H GPP iR K
(5-62 Mg C » hm ° « month | ) RERIR N 8 H
(3.11MgCe hm ~« month ' YFI 6 5 (2.90MgC -«
hm >« month | )M LLHZERIE 35, % A GPP
¥y O Bl B IR AR A AT SRR -

KB LR A S RS NPP Y22 LA
5 GPP E:AHHIE. X 7 F NPP K,y 3.53
MgC- hm month | (& 1). NPP H a2 T4
SARGAEAAERETA —EYERFIR AN L3 7
FRIEIR I 5
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Tab 2 Simulated values of carbon dynam ics of broad-lkaved K orean p ine forest ecosystan at ChangbaiM ountains under
present climate condition and at the equilbrium time of the present clmate

i H LA BEREAE AR
Ttem Unite Sinulated valie Simulated value
= M FRFE L Leaf area index (LAI) — 4.7~5.5 5.5~6.9
Caibon storage FEL B 1 i IR fig B MgCe [I— 2.1 2.5
(WE) Vegetation catbon Leaf catbon storage (WP )
stocks(WP) BTk i & MgC- [I— 120.9 153.5
Stem (branch) catbon storage (WP )
R G B MgCe hm ° 23.9 27.8
Root cathon storage (WPy )
b VR b Mg Ce 7.6 8.7
Soil catbon storages Litter soil catbon storage (WS )
(WS) B - i MgCehm®  287.8 358.3
M ineral soil catbon storage (WSy )
T B A= 7 BB MgCehm “oa ' 149 17.7
Catbon effluxes Vegetation Gross prinary productivity (GPP)
productivity AR ETE T MgC- hm Zea t 8.7 7.3
Net prinary productivity (NPP)
ERRGEET MgCehm “oa ! 2.7 0
Net ecosystem productivity (NEP)
NPP /GPP — 0.58 0.42
IR T R B MgCehm Zoa 6.2 10.4
Respiration Autotiophic respiration (AR)
TR IR & MgC- hm e a ! 6.7 7.3
Hetertrophic respiration (HR)
Hib % T R a 16.9 25.2
O ther parameter Efficiency of dry matter production (WP /NPP)
WA 4 R ¢Co kg 'H,0 158 1.66
W ater use efficiency of diy matter production (WUE)
TR a 32.8 51.5
Soil retum rate (WS/NPP)
Y= MgCoehm 2o a 3.6 1.3
Litter quantity (LF)
R b % 19.4 17.8

Ratio of oot and shoots

a)fmﬁﬂ‘{% E L FE 2 AR S B B R The smulation on the broad-leaved K orean pine forest under present clinate cond ition; I’)Eﬁﬁi@fﬁﬂ‘ﬁ =R
2T MRS EBLHE The simulation on the broad-leaved K orean pine forest at the equilibrium tine under present clinate cond ition

6r BFEFRE (HR)N 0.04~0.18 Mg C + hm °
s month ', Jft 4 HHELE K 0-18 Mg €+ hm
: 4 month”'s LTI 2 IR 592 0.04 Mg C o *

1“3*_5 wh month - ARFI HRSEE 2 ﬁf‘:@]fl:*ﬁ?é?ég[u] £

20 .| TR TR SR (R K 1 1 e 24 Ak

2 | ARG AR FHEA TR ST HR ELAT# A i
5, P REE R

R KB LA ARA AS R 4E GPPy 14.9

1 2 3 4 5 6 7 8 9 10 11 12 Mg C hm ,12?%5 Zhang%[zz]}ﬂﬁ%gﬂ‘ﬁ%‘ﬁ&

A # Month N -
B 1 U B 1 A WEMTE (12.16~14.89 Mg €+ bm *+ 2 )—
Fig 1 Sinulation of seasonal dynam ics of catbon fluxes in the B PR IXAE NPPAI NEP 4358 8.22 MgC- hm72

sy aea at the present A1 2.67 Mg C ol * 3L kB 5 25
NEP. =X AR EET ) Net ecosystem productivity GPP: MR [20] 4T RN =
7271 Grss prinary productivity NPP; ##]Z% 7777 Net prinary pro- %ZIK ﬁ -[:(E IJ'”\{ELH» I* *}liﬁzm»/% fi”“\uj}u&%
ductivity  AR; FEHE & Autotrophic respirations HR. -3 7 7 jy 12.62 Mg Ce h[n s HL EF‘, HRjﬂ 7.25 Mg C
% & Hetertophic respiration N[ The same below: hrniz — lﬁﬁ%‘ ;F,‘_ /_:L‘*Héiﬁﬁi E]/] HR@;?D‘H
® ’ FIAN H N A

TEFRXARER Y (LLARIR4E 37 ).kl {H (621 MgC- hm ©ea )AL
L i 2T R 25 R SR AT B (ARDFA L, o 20 1.2 AR AR R IR F B B B AU TR
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AAEE R T KA RIS RS T 498 a
A REIR T B 57 0 3 25745 Y. IR B B 3 25 T4
KA ESZRERBEE (WE)N
550.8 MgC -« — Hrer, WP WS45h 183.8
1 367.0Mg Ce hm * P4 B HHEA A RS0
iy 33.4%0F0 66.6%0 (F 2) TEAEBBRGE B,
e I FOAR B Bl i 5 43 nl A 153.5, 2.5 27.8
Mg Ce hm 435 AR Mg B 83.500, 1.3%
1520 JAE A T LSRRGSR B 8. THN
358.3 Mg Ce hm - BB, XX TAIE 5.5~6.9,
KFIET TAWEHUE ., B B i 2 A= 2S
F G0 B BRI ST o R 2 I TR AR 8 RO W 38 A o
2.

IR L A 2 AA AR GPP B ULE Bb i i 32
PR GPPREHME/N 2.9 Mg Ce hm ~+ a L {H
B NPPAEAUE (8- TMgCe hm ~+ a DEHIKTHR
WSz A B ) NPPAERUME (7.3 Mg C» hm
a ) FEWI N IAE S B4 10 1 PR K 1 L R 4
IMAER RS NPP R 2 72 - SRS S - A
e 1 L R 214 AR T 5 A SR B BB
0. AZ AL F BB T4 B AE P2 R R AR (0.58),
1 BH MR B 1) 1A ) o RS 3 L R 2L A AR A
BEGTYIFRA TR E R SR AT R
ST RA RN 0. 420F, gl B R O
RIS SR 21 302 B A RS - i i e IX 1
BEREEAR Ny 37.7 o LWILRY 13 B # R B HUE £
3.1 a YLK A 1L B LIAA R AE 25 R 50 38 SR 4 R
W) ZZ AL SR 18 118G N i B H R A o] s 2 IR
FiR-FisR o R, HIEmAE R INE R TAS R
SrH A A o A fitg = B IR AR, ISR T A VLY
[ R 43 Bt ]

mE 2 RVEH, KA MRS RS
TRENAS FiiiT NEP, GPP Al NPP A4 Bh A M0 [a] 2
I L R 2R NEP, GPP il NPP 3h4A 254K
FAEAR ] - AR 3 1 e 2D R AE K 2R H
GPPEUEI KR F I ARG/ GPP ARG : 11
PTG 3 LR 2D AR FE A K FR 5 B NPP
PMERFILES NPPEERUME, EK & H NPP B
{E/NTFELES NPPESUME - K B LR LI A S &
Gt P P AR I B (AR )AL 38 S R PR B
(HROM SR S IR A 2D R AE TS &
SN SIEAR R (BT KF BUAS B FE 204
PNESE G

[ = NEP

= GPP
[ a NPP
} &~ AR
- HR

« month™)

Bl i

C flux Mg C * hm™
o — N w »H w (=} ~

P T S G S (RS (R oy

9 10 11 12

1 2 3 4 5 6 7 8
H 1% Month

2 P B BT I ORI B 1 2= B S A

Fig 2 Sinulation of seasonal dynam ics of catbon fluxes in the

study area at the equilibrium of catbon cycles

2.2 SR TR LIRS R
RS

KFRFRTI R S e S BRASL A T 45 5 L)
R, RS R R TR CO, e R A
AR SRR A R R S, 1)
LERFERAIN (G ), BRYR RSN 2°C | O, ¥R EEANEE
2)HLl CO, WRBEREE EEAE (G ). B CO VKR
FEA 50 af] )k 360 Hmols mol HEANE] 720 Hmols
mol WHIHRIER &AL 3) CO, YR A5H4 TR 1
(G Ty ), BRYREERS N 2°C | CO, WA 50 afa] A
360 Imols mol HEHIZ] 720 mols mol -

B SATLVEW. 7 G ER N KA
STHABK WS (303.9£18.0) Mg C» hm - US4
RAERESIMT (3.250.5) Mg C+ hm s WP

* 3 KAWEAHINRHRESREXNSBETLAIMmE
Tab- 3 Regonse to climate change of broad-leaved K orean
pine forest ecosystan at ChangbaiM ountains (mean+9SD)

= | S fEfE S Clinate scenario
Ttem Co'Ty CzTo Cy Ty
WP WPy 2.3+0.3 2.540.5 2.610.6

WP 128.143.1 135.445.2 139.4-+5.6

WPy 26.1+2.1 26.84£2.0 27.0£2.3
WS WS, 8.1£1.0 8.2+1.1 8.240.9
WSy 295.8+16.7 304.9419.1 309.5420.7
W e S GPP 15.24+2.1  17.94+1.7 18.0+1.9
Plant NPP 8.5+1.6 8.8£1.8 9.0%1.5
productivity NEP 2.5+0.5 2.840.6 2.940.7
NPP /GPP 0.56 0.55 0.55
I 1 AR 7.140.9  6.84+1.0  7.1+1.2
Respiration HR 7.0£0.8 6.940.7 7.0£0.9

To: REAZE No change in tempenmture To: JEFEHHN 2°C Temper-
ture with 2°C increment Co: COy WRJEARZS No change in CO2 con-
éemtmtiqn, | Cos  COp KRG Doubling CO2)qoncei tation:



1290

N

AR SO S

20%

7 (0.540.1) Mg C+ hm *: NPPHESUE Ny (8.8+
1.4y MgCe+ hm *+ a » NEPAERIE K (2.610.6)
MgC- hm “a -

#CTERT KAWL OMKRES RS
WS (313.1£21.1) Mg C« hm . WPH (164.5
+8.5) Mg €+ hm * P4 B A2 5t 4
BT 23.750 26.31 Mg C+ hm ~: NPPRDUE RS AN
T 1.13MgCe hm “+ a - XEHT COWKEHIM
A TERRE, SBUESRGR M- iz
WAk R ARBRAE 25 0T B AR 3
THAT YRGS T RS ESRAR L))
PRE T IR AE & SR NPP RLIUE 1Y IR /N T OTC
Al FACESS CO: fif il s (38000 5Ol 5291 CO, £
R BL R AT T CO: BB A0

16 CLASRFFLE 50 alf b T K i nt
CLAMPRAEAS RS WSH (292.9418.6) Mg C e hm
BONF] (309.5420.7) Mg C» hm % WP M (151.2
+4.5) Mg C« hm % (172.44+9.7) Mg C +
hm - NPPESSU{E Y (9-0£1.5) Mg C o hm ~ «
a ' NEPRERUE N (2.9H0.5) Mg Ce hm “+ a -

3% @

ACHA Sin CYCLE AR FI 4347 7K H
ULy ) P 2T AR AE 25 2R A 24 R AN S AU S i
fitg AN B A2 AL - 25 SRR IR A ] & B AR
K L R LT AR A 25 R G ik B A I B 1 313
MLHL ; HACILA B AT NPPE 55 52 hn W 7k )
RER S —BUE. KB IR A RAETS RS 2
Bl X G SRR T kA
R 2L MRAEZS 248 6 8 H NEP H&F B8R
90PLA L: 4 A GPPHERES 0-1 Mg C+ hm ~ -
month X T RESE BT T4 MR IR R T 0 Cak
B EER IS

TE CO IR HE 5 B AR 1 S A e
A LR 2R A S 22 S0 NPP RSB LL LS NPP
BEUERN T 2000 2247 AUmg & Tk = U
PEER, HWRE TR B TAPF R CO. W fEH
K 720 tmole mol > k= HG]&%E/‘J CO. WK JE
534 625 Pmols mol - FEYREH AN 2C | €O, ¥
JE AR 00 AR S, BT R IX. NPPk 21404247, 36
Tk B R X TTRE R T ks
Zo VST RaD iy 38 0 7 2006 [ 7k B 1 e T 4
AR T AR, S im0 SRR FIAEY) e ), P

THES RGN AT AR - CO, U 38 A 54
HARN TR BEREAR B G 3 BIRIL S FEmK
SRR, Nt s A= 77, R+ 5 €O,
WET MAREEHRESZEHKERNEF K
U 0O, Y TR IR R AR 5 —
A= IR RS B 2% TR B RO AR S VE B R A B B —
PEAE 77 0 R fifh 2 1) 5 M AN 2 B — 52w %) A o
EEFRFRNFF -

Big ITAFHEFCaRERBRPITRERSS
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