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Abstract

In this paper, potential distribution of natural vegetation in Japan is estimated using a modified
model of BIOME3, which is a process-based biogeographical model. The estimation was performed
using 1 X 1 km” mesh data of monthly climate (temperature, precipitation, solar radiation), soil class
(modified from the data attached in BIOME3) and minimum temperature for the year, calculated
from the AMeDAS data. The type of plant vegetation distribution in the model was modified to that
of ordinary classification in Japan. In this model, NPP contributes to determine the vegetation type.
Comparison with NPP calculated by the Chikugo model showed that this model could simulated NPP
distribution in Japan successfully. The hitting ratio for estimated the vegetation type was similar to
that estimated by other statistical models (Tsunekawa et al, 1996; Nogami, 1994) in comparison
with vegetation survey data (Ministry of the Environment) and potential natural vegetation map
data (Miyawaki et al., 1994).
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(1 ) Data input
(monthly climate data, soil data)
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Interpolation of monthly data to daily

(2) data

=~

Calculation of the coldest month,
(3) growth degree days (GDD) and
minimum temperature

e
Calculation of potential
(4) evapotranspiration and day length

X
Selection of plant functional types (PFTs)
(5) using coldest month temperature and
minimum temperature
O
Calculation of optimal LAI and NPP for

(6) each selected PFT
(Coupled carbon and flux model)

s

(7) Determination of dominant PFT which
gives the highest NPP

(8) Classifying vegetation type from dominant
PFT and its LAI

Fig. 1. The outline of simulation.
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Fig. 2. The flowchart of coupled carbon and water
flux model. The number in the figure shows the
mathematical expression in the Appendix.
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- Alpine plant/subalpine conifer forest

- Conifer/broad-leaved mixed forest

- Broad-leaved deciduous forest

Broad-leaved evergreen forest

Fig. 3. Estimated potential natural vegetation distribution in Japan using BIOME3.

NPP (gC/(m’*yr)) NPP (2C/(m>-yr))
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Fig. 4. Distribution of calculated NPP by (A) modified model and (B) Chikugo model.
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Table 1. The minimum temperature conditions of before and after modification for each PFT in
BIOMES3. The blanks mean no limit of minimum temperature for that PFT.

Before modification After modification -

PFT Minimum Maximum Minimum Maximum

© 49) ©) €9)
Tropical evergreen 0.0 250
Tropical raingreen 0.0 R0

Temperate broadleaved evergreen —10%0 0.0 578 2.2

Temperate summergreen —45.0 0.0 T5255 272

Temperate evergreen conifer —45.0 0.0 —325 2.2
Boreal evergreen =600 —60.0

Boreal deciduous —10.0

Temperate grass
Tropical/warm-temperate grass
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Fig. 5. Comparison between the estimated NPP by
the modified model and the Chikugo model. The
solid line shows a linear regression of the
modified model against the Chikugo model.
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- Alpine plant/subalpine conifer forest Broad-leaved evergreen forest
_ Conifer/broad-leaved mixed forest - Subtropical forest

- Broad-leaved deciduous forest

Fig. 6. Results of simulation after (A) changing the grid size and (B) changing thresholds of the
minimum temperature and NPP for PFTs.

@ ¥ ®

- Alpine plant/subalpine conifer forest I Broad-leaved deciduous forest

B Conifer/broad-leaved mixed forest Broad-leaved evergreen forest

Fig. 7. Data for calculation of hit ratio. (A) is the vegetation survey data and (B) is potential natural
vegetation data.
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Table 2. Hitting ratio of model estimations based on (A) vegetation survey data and (B) potential
natural vegetation data.
(A)
Result of modified model
lan?/lfing ine l(s :\rlléf:rr;li))r(ggd- Broad-leaved Broad-leaved
Panl onsab deciduous forest evergreen forest
conifer forest forest
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Vegetation R 26.9% 65.0% 8.0% 0.0%
survey data t]}road-leaved deciduous 10.8% 22.5% 66.0% 0.7%
orest
Broad-leaved evergreen 0.0% 0.8% 21.5% 77.8%
forest . (7] . 2 . 0 . (7]
(€3))
Result of modified model
Alpine Conifer/broad-
: - Broad-leaved Broad-leaved
plant./ subalpine  leaved mixed deciduous forest evergreen forest
conifer forest forest
Alpine plant/subalpine o o o o
it foreit 51.3% 37.5% 11.2% 0.0%
Potential Conifer/broad-leaved 9 9 9
Lt el e 24.5% 68.2% 7.3% 0.0%
vegetation Broad-leaved deciduous 9
st Frbe: 3.4% 8.8% 78.4% 9.4%
Broad-leaved evergreen 0.0% 0.0% 11.3% 88.7%
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S : Supply function
APAR : Absorbed PAR D : Non-water stressed evapotranspiration
PAR  : Photosynthetically active radiation Ey : Daily total equilibrium evapotranspiration
FPAR : Fraction of PAR @ : Empirical parameter
K : Extinction coefficient gm : Empirical parameter
R, : Daily net short wave radiation Melt : Snow melt
LAI  : Leaf area index Rain  : Rainfall
Ang : Daily net photosynthesis Perc  : Percolation from the upper layer to the lower
2 : Co-limitation parameter Bi : Extraction of transpired water from upper layer
Ry : Daily leaf respiration rate B : Extraction of transpired water from lower layer
acs : Intrinsic quantum efficiency for CO, uptake W, : Soil water content for the previous day
o7 : Scaling parameter for a W, : Soil water content for the previous day
Cumass @ Molar mass of carbon W, : Average soil moisture in the rooting zone
/R : CO, compensation point AWC, : Available water holding capacity of upper layer
T : CO,/0; specific ratio AWC, : Available water holding capacity of lower layer
[O:] : Partial pressure of oxygen 7 : PFT specific parameter
Kc : Michaelis constant for CO, T : Quasi-daily temperature
Ko : Michaelis constant for O, S : Degree day factor
Di : Internal partial pressure of CO, R : Total annual plant respiration costs
Pa : Ambient partial pressure of CO, Ri.r  : Annual leaf respiration
A : Parameter R ransport : Annual maintenance respiration costs
Prcs  : Effect of low temperature on C3 photosynthesis Riineroor : Fine root respiration
I : Monthly temperature (in degrees Celsius) Rgown @ Annual growth respiration
Dc : PFT specific parameter (6 : Total sapwood carbon content
[ : Values for Rubisco capacity @] : Parameter for sapwood carbon per unit LAI
bes ! Rq/Vy ratio K, : Sapwood respiration rate at Thr
Ames @ Optimal ¢;/c, ratio for C3 plant E, : 308.56 K
d, : Daily length (in hours) i : —46.02°C
Aat : Total day time net photosynthesis Tt : Reference temperature (10°C)
g : Average day time canopy conductance a : Empirical parameter
&min : PFT specific canopy conductance Ly : Annual litterfall carbon
(i : Potential maximum canopy conductance Ln : Total annual litterfall per unit leaf area
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APAR =0.5FPAR X PAR (1)
PAR=(0.5/0.27)R, (2)
FPAR =1—exp(—«LAI) (3)
ide W AT s
nd (2 6) d
(4)
JE:C1c3APAR (5)
et e
Clei=@c Drcs Cmnssaaacz,—gﬁ (6)
Je=C2:Vn (7)
(Pi_F*)
Coni—
= Ke(1+ [0 /Ko)) i
DPi=Apa (9)
rre=10] (0
2t
Drcs= 1 11

1+exp[0.2(10—T.)]
Vo= (1/bc3) (Clcs) [(20—1)s— (C2c3—05)]APAR

12
0=[1—(C2c:—5) (C2c3—065)1" 13
s=(24/dt)bcs (14)

Ro=bc3 Vi

Aau=An+ (1—dt/24)R,

Ag=[(gc —gmin)/1.6] [c.(1—2)]
ge=8mint 1.644/ [ca(1—2)]
8p=&min T 1.64a/ [ca(1—Ame3)]

W,= (Melt +Rain —Perc —31)AWC,
AW,= (Perc —3,AET) /AWC,
B\=ZW\/W,

Br=10—-2)W,/W,
W.=[zw,+(1—-2)W,]
Perc=KW,*

Melt= (Ty—2)Sn

S=EnxW:
D=E,a,[1—exp(—g,/gm)]
Ricta=Riear TR transport T Rfineroot TR growth

m=12

Resaspon= ), K CoexplBf(TD]
m=1

C,=LAIXC,

T =TT = (LT

R fine-root :aLf

L¢=LAI'XL,

— 133 —

(15)
(16)
an
(18)
(19
(20
)
@2
@3
(24)
25)
26
20
(28
29

(30
3D

(32
(33




