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Abstract

The global warming caused by greenhouse gases such as carbon dioxide is one of the major environmental
issues. Because forest vegetation absorbs carbon dioxide from the atmosphere through the process of
photosynthesis, the assessment of carbon uptakes by forest vegetation is important for controlling the global
warming. The net primary productivity (NPP) is one of indices for the assessment. The estimation of NPP
under future climate conditions will change when the assumption of vegetation distributions are different.
Therefore, in this study, we examined how the estimated NPP of forest vegetation in Japan is affected by
the difference in vegetation distribution, using a modified model of BIOME3 (Ishigami et al., 2002).

The process-based model, BIOME3 (Haxeltine and Prentice, 1996) enabled us to simulate NPP and the
potential natural vegetation, i.e., the vegetation distribution that is in equilibrium with a given climate
condition. By this model, the estimated total annual NPP of the current forest vegetation, 0.15 Pg C y™
was about 11% lower than NPP of potential natural vegetation. This difference is caused by the difference
in vegetation distribution. It follows that the effect of the difference in vegetation distribution on NPP needs
to be considered for the future projection. To verify the model validity, we also compared the calculated
NPP with the Chikugo model and the observation.
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Coupled carbon-water flux model

1) Soil hydrology
+ Calculation of water balance .
2) Photosynthesis model
+ Estimated daily net photosynthesis and canopy
conductance as a function of the calculated
optimal photosynthetic rate and water stress.
3) Optimization algorithm
- Estimated the leaf area index (LAI) that maxi-
-mized net primary production.

1L

Output

Estimated NPP value

Fig. 1. The outline in our simulation.
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Table 1. PFT parameters used in the BIOME3.

P: Phenology (E=Evergreen, R=Raingreen, S=Summer-
green)

®: The rate of reduction of the photosynthetic rate
by leaf longevity

g,.,; Minimum canopy conductance

PFT p @ S
¢ (mm s™)
Tropical evergreen E 1 0.5
Tropical raingreen R 1 0.5
Temperate broadleaved evergreen E 1 0.5
Temperate summergreen S 1 0.5
Temperate evergreen conifer E 08 0.3
Boreal evergreen E 08 0.3
Boreal deciduous S 1 0.5
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Table 2. Comparison of NPP database with NPP estimated by this research

NPP data base

NPP estimated by this reserch

PFT Minimum Maximum Minimum Maximum
(gC m?y") (g€ m?y") (gC m?y") (g€ m?y")
Temperate broadleaved evergreen 485 1177 638 1014
Temperate summergreen 194 974 200 986
Temperate evergreen conifer 138 1159 310 742
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Fig. 2. Estimated NPP in Japan based on current vegetation data (A) and the potential natural vegetation simulated
by BIOME3 (B).
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Fig. 3. Distribution of PFT based on current vegetation data (A) and the potential natural vegetation estimated
by BIOME3 (B).



BESER G (J. Agric. Meteorol)) 63 (1), 2007

RAEICBO T EDT — 2N REL TN/, HE
PUREEIE IS e LTz, Fig. 4 1CZ DZEBN AR T,
BAY Y BT BT HL, KRS OHEERIRII
Chikugo €7 I)VOHEER R D 1.04 575 >7z, HAWE
DAL OHEERE RO /TR EL, Fe, WA NIER
R JEHEE D F S IR « KZE AL 7 EDAHIZE OHEE
FEROSDNEL B E, EEDEMNELTVS, TT
T, Fig. 3 (A) ICRd HMBSHEE R A T DL Fig. 4 &
DI G, REVIBEER 17T L DIEIND S % D Tldix
WhEEZ Tz, HYIBEES AT D TE, HATEES
BRI ARSI L 25T B D, WE NI SR
BRI U 72 2 HEOC R B R EH ER bR & 725 T
Who JUNSROPURE - A 0D R IS TR B A S A RA
DAL TS, Fiz, JHEEH LR ClE A S S,
REINETE, EHEREHAD ML T0E, MEX
0, WYIKsHE R A7 T LICARTREDOHEERE R E Chikugo
ETFNVORERREDIEZE DB L, ERELTE, &
W HARRILIERIAR - TR AR A CIE AT L OHEERE R D
FiDKEHELTEY, Fie, W HREH R - %
T4 TERTAR CIIARTFZE DRE R DT WV NE HEE T HHER
&7z, Seino (1992) 1& Chikugo €7 VI THEE T
BRI, AR - Ml - JKH - BERLD 4 DOt HFI T
CIC, R R TS DR ZI T T %, RRTHZ A
212 T NPP HEEZIT> TV B ARHIZEE DRI BT,
JRIATICIE R Y > 2.8 & O L] R DR GE DE DD

The ratio of estimated NPP
(BIOMES3/Chikugo)

I )

1.0

AEEEEH 5720, —HHCCOMEAMBELNEIETER,
LWL, FACRIEZEMETHILHICBNTE, Rz
VIRSRER A T DN E RS BT EICK > T NPP #EE(H
NZELT 2105 BIOME3 ORD HEbNIAE TR E %
ZbN%,

Alexandrov et al. (1999) &, NPP ZzH#tEL7z LT,
A RE SRR E ) 2 Bl 2 B FRIC ANTE T IVICTHEE L
Teo TORR, HAREWNOHMD NPP HEE IR
179 B HROFAFT 0.14Pg C y ' 750, KHIZEOHEE
EEEMEE otz EBIC, Tto (2003) ICHBWT, H7
U7 O NPP ZREAERDREIEZHET S 0
ZEF IV Sim-CYCLE I THERE (57 Av s/ 2 Bifl) LT
WBHHIT, HAD NPP #EEIHICDWTERIRA B, 0.24
Pg Cy' LHEEENT VA, Thid, ABIZEOHEEME
b 60% IZEFIEBH, TOENE, Tto (2003) DHEEN,
AMAEETZ T TEL, HHEIREE S, BARMAEENRL
LT, #ELTWAILEHELTWAEEZLNS,

4. £L&

BIEOMAERET —2Z2AWT, FllameEz 17
DX 5 T BEKIBEEZ A T D SIPIBERER AT D AT
TR HTET, BUEDHARDHMAEE DT,
3 XAV Y a AN KB BIAURSEAT R TD NPP HEERR
23T, BEERMA S ICEED S NPP HEEEE Dk
721757z, BUED HARD BRI D NPP #EEHRI,

Fig. 4. Comparison of NPP estimated by modified BIOME3 with Chikugo model.
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