Korean J. Ecol. 19(1) : 9~ 19, 1996

L7 FHH| 9] of4tstEts mE B

M oAl B
ol ol ot <l o oo o 43 % 8}

A Model for Carbon Dioxide Exchange of
Pinus densiflora Population
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ABSTRACT

The model PINUSCO2 based on physiology was created to simulate carbon dioxide budget in a
population of red pine ( Pinus densiflora) which is one of the dominant species in Korea.

Driving forces of PINUSCO2 are global radiation, maximum and minimum air temperatures.
State variables of the model are standing crops of leaf, branch, trunk and root of the red pine
population. PINUSCOZ2 calculates net photosynthesis of canopy and respiration of each organ with
1 hour time step.

PINUSCO?2 estimated the annual gross productivity, respiration and net productivity of the red
pine population as 43.99, 24.55, and 19.44 ton CO; - ha™! - yr™}, respectively, at the study site (35
58'00"N, 128° 35'35"E). PINUSCO2 showed that the red pine population grew mainly in spring
and fall, and that in summer daily net population productivity frequently became negative,
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Fig. 2. Flowchart of the computer program (Fig. 2).

PINUSCO?2 to simulate the carbon dioxide

budget of a red pine population. (Abbre- .
viations are shown in Appendix.) i 3xIHY S (PPFD)
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Table 1. Constants and coefficients of respiration equations (R=EXP(a-+bT)) in PINUSCO2 (r?, co-
efficient of determination: n, sample 51ze)

Organ a b 7 r? n

Leaf —2.0911 0.07207 0.9713 334
Branch —4.0984 0.06318 0.9676 310
Trunk —5.8184 0.06864 0.9238 287

Root —3.3863 0.07052 0.8224 243
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60~70%7} 10.81%, 2™ PPFD 70~80%7} 9.88%, th PPFD 80~90%7} 8.85%, “3ui
PPFD 90~100%7} 5.83%, 12l a2 4t PPFD 0~10%7} 0.63% ¢ 2 2 JVepudtl, A4 3
o} Qo] W= A PPFDO] #H7F2 50.9% 2 A A= ol nj= A9 oA By
40% .ok & gholdtH(Valentini et al. 1995).
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AgBE2NA 19040 HE FRUAAZ, QHT % HA71L So) Ny 3%
W ogae Ao & %‘011 N 299 ARE 9EGn, AL Y 2 FRAS
1 = PINUSCOZ” 4 3!3’\1 7 AR v RAE e

_},:\/]-F,’— 7Hiﬂ*?°] A 7]Ljﬂ d "g He EE ‘31'21, —;F“l‘vi‘ X .‘Ex]oﬂ Z+2} 74.1, 80.5, 86.2 & 41.6
kg CO, - ha ! - day'& A2rg|dch 4% ¢ NPPe 2 9 A& z+z 59 1999 135.48
kg CO,-ha'-day? @ 79 2199 —187.24 kg CO,- ha™' - day'el¢lc}. 2+ d7jel
NPP+= v ’\i—r ZA oA 499 HF o NPPE wiH 66 kg CO;- ha™!-day! (150
mmol CO, - - day el A gab) 2 f5-AFEE ghol i) (Valentini er al. 1995).

E R 14]6}91 71 A FANe £, A, FE L FA9 217 102.48, 154.35, 162,
77 2 66.05 kg CO, - ha ! - day'= #A k. dE A GPP9 a9 A= 72+7 549 30
o 9} 206.26 kg CO, - ha' - day ™' ¥ 79 2199] —1.30 kg CO; - ha! - day'Ql A& e}
woh AU A ¥ GPPE 206.26 kg CO, - ha™t - day '2A] wj=2] AR Hoj
A &3h= A2 VLS (Quercus durata 2 Q. agrifolia) @) 3ol 213 649 Hi A GPP <l
230 kg CO, - ha™! - day '8t} &L gkolith (Gamon et al. 1995).
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Fig. 3. Daily gross population productivity (GPP), net population productivity (NPP), and population
respiration (PR) at the study site (35° 58'00"N, 128° 35'35"E) in the year 1994. (Abbreviations
are shown in Appendix.)



February 1996 Suh : Model for CO, Exchange of Red Pine 15

Table 2. Monthly carbon dioxide budget (kg CO; - ha™!- month™') of the red pine population at the

study site
Month GPP (%) NPP (%) PR (%)
Jan. 1,271 2.9 656 3.4 615 2.5
Feb. 1,935 4.4 1,290 6.6 645 2.6
Mar. 3,094 7.0 2,205 11.3 889 3.6
Apr, 4,565 10.4 2,875 14.8 1,690 6.9
May 5,024 11.4 2,840 14.6 2.185 8.9
Jun, 5,271 12.0 2,511 12.9 2,760 11.2
Jul. 4,760 10.8 22 0.1 4,738 19.3
Aug 4,809 10.9 436 2.2 4,373 17.8
Sep. 4,642 10.6 1,818 9.4 2,824 11.5
Oct. 3,913 8.9 2,063 10.6 1,849 7.5
Nov. 2,963 6.7 1,737 8.9 1,226 5.0
Dec. 1,740 4.0 983 5.1 757 3.1
Sum 43,986 100.0 19,435 100.0 24,550 100.0

24.50 kg CO, - ha'-day'2 A4=Ach A% A PRel A1 9 HA= zd 749 2149
185.94 kg CO, - ha™! - day™! 2 19 2392} 12.16 kg CO, - ha ! - day 84 7]20] A& A1
2 HAZ Vet F 3 A3k

AR JiA 9] A GPP, o NPP ¥ A PRE 942 3 3lo] Table 20 €7 stdct 4
NPP2| Htf ¢ HAe 492 2,875 2 798¢ 22 kg CO, - ha™! - month™'&, 18|31 4 GPP
Hr) @ HA= 699 5271 2 199 1,271 kg CO; - ha"! - month & #2+k= it 3¥aM 10
4 Ale] 8704 E<9t] ¥ NPP7F ¢4 NPP2] 75.6%09) ol2 1 giled, G342 BA&71<l 12
94, 1€ 2 29 F2ke] 2 NPPx ¢ NPP9 15.1%E8 AAsta 2ddnh gH 79 2 8€el= 7]
22 Aol 9 552 Z71et v o o] o mE FgA e AL LAvE AT o
eteka =R E AA 271 Bekel NPPE ¢ NPP9 2.3%0) 2343k 2o g A4ts ),
b Al AR AR o] ARG B hg o] Ao 9dte] FREE AR Bt

AV A el 91 GPP, 4 PR @ < NPP+ 43,986, 24,550 2 19,435 kg CO, - ha™! - yr™!
o2 4 PRe] 4 NPPR Y oF 26% @& wsivh, AuF MAe] J GPPl tigh 4 PRY
Hl& 44.2%% 29 F 6 o] dd 3V FEANA 2IE 43~45%9 dA Py (H B
1988), 2], HLA R % A #8te] 71~85% i Wt} (Kim ef al. 1986).

1994 F v Aol 2AHE GRS F% 5,060.10 M] - m™2 - yr712 11,314 mol - m~2 -
yr712] PPFDe) sigsln, Ak 779 93 GPPE 43,986 kg CO, - ha™! - yr'24] 99,97
mol CO; - m™2. yr12 $atdk 4= ok olo] ulel Yo7} GPP ¥ #d &S 7A4tsid
0.00884 mol CO, /mol PPFD 7} €t} o] New England®] 4@olA B o® o x] o] &8
£ 0.01 mol CO, /mol PPFD2} #-A}ak gho]dth (Ruimy ef al. 1994).

A go] #RFAdor B3 1 g COE 0.65 g2 AZF715 % sigst2 2 (Larcher
1980), AU AlA 2]l o NPPQl 19,435 kg CO»- ha™! - yr & A& 712302 3itsid
12.63ton DM - ha™! - yr-lo] @t} 78y &8y oz A8 I NPP+ 9.62ton DM - ha™! -
yrotel Ak webA] 2 A7l A PINUSCO2E HaAIZ! 295 £33 A4Foz gig o
NPP& 8oz 3% Axc) 31.3%%E #rld Aoz veigth 2d PINUSCO27)
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Term Units

C Klm?®-s!
GPP

GR MJ - m™@-day’!
H hour

I MJ -m™ - day™!
I MJ -m™ - day™!
K mg CO,-.g DM™" -
NPP

P, mg CO,.g DM -
PPFD

PR

Q mmol - m™?- s
Qo mmol - m™@ - s™!
Rs mg CO,-g DM -
R mg CO,.g DM -
R mg CO,.g DM ™!+
R mg CO,. g DM -
T T

TDN C

DX C

TSR hour

7SS hour

W, kg DM /ha

W, kg DM /ha

w, kg DM /ha

W, kg DM /ha

a radian

hr!
hr!
hr™!
hr™!

Appendix. Definition of symbols and abbreviations with their units.

Definition

Solar constant

Gross population productivity
Global radiation

Time of a day

Actual global radiation

Potential global radiation
Maximum photosynthetic rate
Net population productivity

Net photosynthetic rate
Photosynthetic photon flux density
Population respiration

PPFD in canopy

PPFD on a horizontal surface
Respiration rate of branch
Respiration rate of leaf
Respiration rate of root
Respiration rate of trunk

Air temperature

Minimum air temperature of a day
Maximum air temperature of a day
Sunrise time of a day

Sunset time of a day

Standing crop of branch

Standing crop of leaf

Standing crop of root

Standing crop of trunk

Elevation angle of the sun




