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Notes

Detailed description for PFT specific features pacameters are found in the following
papers.

BoND (Boreal Needle-leaved Deciduous PFT): Sat.gP009)
TrBE1~TrBE4 (Tropical Broad-leaved Evergreen PF3igh): Sato (2009)
TrBES5~TrBEG6 (Tropical Broad-leaved Evergreen PHTioan): preparing

Other PFTs: Sato et al. (2007)

Overview

The simulation unit of the SEIB-DGVM is a 3030-m spatially explicit virtual forest (size
of virtual forest is specified by a paramet®tax _|oc), in which individual trees establish,
compete, and die. Grass layer cells, which dividesst floor by 10x 10, also exists in the
forest under the tree canopy. Appendix B1 showsripet and output of the model. Appendix
B2 summarizes the processes represented, whicbecealassified into three groups: physical,
physiological, and vegetation dynamics. The SEIBMMautilizes three computational time
steps: a daily time step for all physical and pblggjical processes, and an annual time step
for vegetation dynamics and disturbance. Append@Xifts the symbols used in the model’s
equations. Those that begin with a capital letter@nstants, while those that begin with a
lowercase letter are variables. Plant species &ssified into small number of plant
functional types (PFTs) to enable global-scale &atmn (Table 1). These PFTs can coexist in

the same simulation plot.



Plant properties

Woody PFTs are represented by individual trees oseg of three organs: the crown and the
trunk, both of which are cylindrical, and the firmots, which are formless (Fig. 1). The crown
is defined by biomassréss), leaf areal@), diameter ¢rowngameer), and depthafowngeptn);

the trunk, by biomassr@ss:unk), height fieight), and the diameters of sapwoablspwood)
and heartwood dphhearwood); the fine roots, by biomassnéss..) only. Trunk biomass
(massyynk) includes both branch and coarse root biomassid8gesthese variables, each
individual tree has a reserve resountassoc), Which is used for foliation after the dormant
phase (for deciduous PFTs) and after fires. Gr&3s Bre represented in a much simpler way,
consisting of leaf, root, and a reserve resourtefavhich are represented by biomass per
unit area gMmasSear, gMaSSoot, ANAYMAaSSyock, respectively). Grass layer divides forest flogr b
10 x 10 (A parametebivedG specifies this resolution). Grass cells of a altiorest can be

different in light intensity, while chare commorhet environmental factors.

Carbon cycles

Figure 2 provides an overview of the carbon cyderepresented in the SEIB-DGVM.
Atmospheric CQ is assimilated by the foliage of woody PFTs andsgr PFTs. This
assimilated carbon is then transferred to all & tther organs, where maintenance and
growth respiration occurs. All respired carboneasycled to the atmosphere as £@t the
same time, defoliation at the end of the growingssa, turnover of leaves and fine roots, and
tree death produce litter, which is added to ttterlipool. When the litter pool decomposes,
some portion of the carbon within it is recycledhe atmosphere, while the remaining carbon
is added to pools of soil organic carbon 1 (fasiodeposition rate) or 2 (slow decomposition

rate). Finally, decomposed soil organic carborecycled to the atmosphere asLCO



Water cycles

Figure 3 provides an overview of the water cyclegggesented in the model. The ground is
composed of 30 soil layers, of which depth is egu@llm. Hydrological and radiation
properties of soil is given by four grid-specifiarpmetersALBEDO, Wsat, Wi, andWwilt.
Each parameter indicates soil albedo, soil moisaireaturation point, field capacity, and
wilting point, respectively. Values for these paedens are taken from solil texture data in
BIOME3 (Haxeltine and Prentice 1996), which is lmhe& the FAO soil data set (Zobler
1986) (FAO 1991). Water can be pooled as snpool{o,) and as water in soil layeis
(poolwy). Soil liquid surface water that is not infiltrdtevithin a day is immediately removed

as runoff.

Daily water flow (in the order of computation)

Precipitation prec) is divided into rainfall frec..in) and snowfall frecson) USiNng empirical

function of the daily mean temperature of &) (Ito and Oikawa, 2002):

preCaow = prec/[ 1 + exp( 0.75¢< tmpyr — 1.5) ] (1)

Prec:ain = Prec — preCsnow- (2)

Snowfall is added to the snow popb6ls.ow), Which melts as a function of temperature at top

soil layer {Mpsii(1)):

ApPOO| ghow = Pre&Cenow — tw (3)



tw = poolsnow/[ 1 + €xp (0.3 (Mpsiiy — 10) ) ], (4)

wheretw is daily snow melting water. A portion of the railh is caught by leaves, and
evaporates before reaching the soil surface. Taetiom of this intercepted rainfall is a

function of leaf area indexgj in m? m™).

iC=min [precrain, 3.0x rain x ( 1.0 — exp(-1.& lai) ) |, (5)

where rain is expected number of rain in a day, which is waled using method in
Neilson(1995). From the above equations, the dajlyd water to reach the soil surface can

be obtained agrec;n +tw —ic.

Daily changes of the soil water storages (in the order of computation)

Daily input of liquid water on the ground surfacél ywenetrate into the top soil layer until
fulfill its saturation point, if temperature at tgoil layer is more than 0°C. The remaining
water immediately washes off the surface as rurkalf.each soil layer, soil water above field
capacity percolates to the next soil layer untifilfs its saturation point, while the remaining
stays in current layer. This soil water movemenintsibited when soil temperature at the
current or next layer is less than zero. Soil watebottom soil layer cannot penetrate or
runoff. Plants can absorb soil water from unfrozgmRootDepth soil layers (18RootDepth
cm depth) until these wilting points, and they saine absorbed water. HeiRgotDepth is a
PFT specific parameter. Evaporation occurs onlynfuater at top soil layer (0-10cm depth).
Daily amounts of transpiration and evaporation weadculated using Penman—Monteith

equation {Monteith, 1990 #584} (see Appendix A6 fmtail).



To control leaf phenology and the rate of photdsgsis as a function of soil water
availability, the physiological status of water #aility is defined for each PFTstat,ater,

0.0-1.0) as follows:

_ sum(pool,,;y, POl 5., POl mecrpepty )/ DEPEh / RootDepth —Wnilt

statwater - -
WA —Wwilt

. (Default)

max(pooIMl), OO, 595 -++» POO! L eooidentty )/Depth —\Whilt
Wr —Wilt

statater = . (for BONS)

When soil temperature is less than 0 8@t iS assumed to be zero.

Establishment of Woody PFTs

In the model, new individual trees establish on et day of each simulation year. It is
assumed that establishment only occurs if totatipiation of the current year (in mm)
exceeds 20 times the annual mean temperature Ji(Kgppen, 1936). Each woody PFT has
distinct of climatic range for establishment, feliog the LPJ-DGVM (Sitch et al., 2003): the
maximum coldest-month temperaturdCf,x), and the minimum growing-degree day
(GDDmin), as shown in Appendix B5. Both climatic limitat® are applied to the running

means of the last 20 years.

For some PFTs, we assumed that they can only ettathen the midday photosynthetically
active radiation (PAR, hereafter) that is computadeach 1x1-m grid cell on the surface of
the grass layer and averaged for the previouse@ededPARmin umol photon m? s™. For

some PFTs, we additionally assumed that they cagstablish when drought month (monthly

potential evapotranspiration is more than monthdiual precipitation) existed more than



DMmax month in the previous year. For BoNS, we assurhatidstablishment can only occur

during 50 years from forest fire.

All newly established trees have 0.01 mdbhspwood, 0.00 m ofdbhneartwoods, @and 0 m- of
lowest-branch height (i.eheight = crowngen). From these properties, tree heigh¢ight),
crown diameter foWngiameter), @and stem biomassnéssyyk) are calculated using allometric
and allocation formulas described in the sectidadiTree growth.' These newly established
trees initially lack leaves and fine roots, but é@®00 g DM of reserve resoura®aSSsock)-
The biomass of newly established trees is takam tiee litter pool of the same forest so that

total carbon storage of the forest remains the same

The floor of the virtual forest is divided into adyof 1.0x 1.0-m mesh (A parametBived
specifies this resolution), and each tree monopslione of the mesh boxes. The
SEIB-DGVM assumes that crowns of different treamod occupy the same space, and thus
mesh boxes in which a newly established tree iotenaith existing trees are not available for
further establishment. For each available mesh thexsame establishment raBsapiish, was

assumed.

There are 4 scenarios to allocate available meghidavoody PFT that can establish under
the given climate. Note, for changing establishms#nario, modifyEst_scenario in the

parameter file.

Scenario 1 (one specific PFT establish): only one woody PW®hich is specified by

Est_pft_OnOff in the parameter file, can monopolize availableimaox.



Scenario 2 (infinite seed dispersal): every woody PFTs tlzat establish at the given climatic

conditions share available mesh box equally.

Scenario 3 (no seed dispersal): Same as scenario 2 untilfepgear Est_year change in the
parameter file. After that, allocate available mbsk among each woody PFTs in proportion

to existing biomass at the forest stand.

Scenario 4 (Scenario 3 + long migrated seed): Same as sceantil yealEst year _change.
After that, some fractioist_frac_random of available mesh box was randomly selected from
all woody PFTs that can establish at the given alicnconditions, while remaining mesh

boxes are allocated in proportion to existing biegaf each woody PFT.

Establishment of Grass PFTs

For grass PFTs, establishment processes are matédrexplicitly. A small amount of grass
'seed' is always assumed to be present, even iktk@onment is unfavorable to grass
survival; densities of grass biomage@sses, gmMasSoo, aNdgMmassseck) Never decrease below

their minimum limits (0.1 g f for all).

The floor of the virtual forest is monopolized byeoof the two grass PFTs, namelyadd G
grass. On the end of each year, dominant grassigygetermined as follows: For each grass
growing month (mean air temperature is more th&@&.°, and precipitation is more than
25mm/month), advantageous grass type is decidedyr&%$ type is advantageous if monthly
mean air temperature is more than 1.0 / ( £-00(0) + 1/68.0 ), wheneis partial pressure of

atmospheric C® (Pa). C3 grass type is advantageous in other cd$es equation was



estimated from figure 1b of Collatz et al. (19984 advantageous month is larger than for

C3 advantageous month, C4 grass type will be damhinahe following year, and vice versa.

When the dominant PFT changes, the biomass prepdiinasse;, masSioor, aNAdgmasSgock)
of the two grass PFTs are exchanged so that thegrdss biomass of the plot remains the

same.

PAR Allocation

For each simulation day, the radiation module & 8EIB-DGVM calculates direct and
diffuse components of photosynthetically activeiaidn at midday far girect aNd par gisruse,
respectively) (see Appendix A2 for the calculatiadpw these PARs are distributed among

trees and grass primarily controls plant growth emihpetition.

Woody PFTs

Each tree crown is horizontally sliced into 10-ceefd 'disks,' for which photosynthesis is
calculated separately (Fig. 1). The midday PAR #émaers disk of individual n, parwoodq,n, IS
calculated as follows, wherpargirectg,ny and fparaimseqy represent the relative intensity of

direct and diffuse PAR of didkof treen compared to the forest top, respectively:

Parwood(,n) = fpardirectq,n X Par direct + fPar gitrusety X PA dgifuse- (10)

To obtainfpargirectn, @ virtual cylinder with a cross section equaldisk |, was extended

from the disk to the direction of the south withgkn0.86x Slyg, whereslyg is midday solar



angle (Fig. 4). The horizontal line of 0.868hy equally divides daily sum of solar radiation
into two, when daily changes of solar angle andrsadiation are sin and $jrrespectively.
Then, the total leaf area falling within the cylerdfpar girectq,n), Was summed using Beer’s law
as follows, wherdag, (in nf) is the sum of the leaf area of PRTwithin the cylinder,
Crownareany IS the cross section of the crown area of tme@nd EK(, is the vertical light

attenuation coefficient of PHT.

~1.0x Y (EK , * Ia,,)

crown

area(n)

1AL e,y = €XP (11)

In this calculation, the virtual forest was assunedepeat; i.e., if the cylinder exited the
forest edge at a lower position than the tallest,tthe cylinder would reenter the forest from
the opposite edge at the same position in a westvaatical plane. The calculation of
fpar girectq,n) 1S the most computationally power-consuming predesthe model. Thus, this

factor is updated in 14-day intervals.

Because diffuse PAR scatters in the sky, we ignbi@tzontal structures in the forest while
calculating its distribution in the forest; all Hssat the same height receive the same intensity
of diffuse PAR. The relative intensity of diffuséAlR on the disk layet, fparimuseq), IS
calculated every day as follows, whdeg ) is the leaf area index (in im), which is

calculated only for PFp and for leaves above disk layer

woody _ pft .
fbaraﬁﬁuse(l) = exp(—lO X Zp:ly ’ t(EKCD) x]al(f,}?)))' (12)



Grass PFTs

The midday PAR that reaches the grass cpHrias) is calculated every day as follows,

wherelai, is the leaf area index of woody PpTn grass celi:

woody _ pft .
P assiy = (pardirect + pardiffuse)xexd_ l-oxzpzl -r (eKy xlal(p,i)))' (13)

As shown in the equation beloeK(, is the light attenuation coefficient for the ditiea of
the sun at midday. It is calculated every day &snation of solar angle at middalsy (see
Appendix A2 for the calculation) and the light attation coefficient for vertical direction

EKp):

eKp) = EK(p)/{0.86 sin@lng:)}- (14)

The horizontal line of 0.88 sy equally divides daily sum of solar radiation it#eo, when

daily changes of solar angle and solar radiatiersar and sif) respectively.

Photosynthesis

To compute photosynthesis, the SEIB-DGVM assumatehvironmental conditions other
than PAR intensity (e.g. air temperature, ££@nd water) are equal among all the leaves, all
day. The single-leaf photosynthetic rate is forrredaas a simple Michaelis-type function of

the intensity of PARpar:

10



D = P Xluex par
single pw +Iue>< par

(15)

, Where p and lue are the light-saturated photosynthetic rate agtitduse efficiency,

respectively (see Appendix A4 for the calculation).

Woody PFTs

According to Kuroiwa (1979), a daily change in PA& be approximated by a sine square
function as follows, wherdlen is day length (hour), and andpar, are intensity of PAR on

crown diskl at timet (hour from sunrise) and at midday, respectively:

t
= xsin?| 7% _ 16
X = par;, Xsin ( d]enj (16)

By combining equations 16 and 15, and integratiegresultant equation into day length, the
daily photosynthetic production on crown diskyppg), is obtained as follows, where constant
12-107°3600/0.41505 is the unit converter fropnfol CO, m? s%] to [g DM m 2 hour m?

s andla is the leaf area within crown disk

dlen

gpp,, =12x107°x3600 x Iay) % | Dyjpe A
0

X
0.41505
(17)

=0.090936 x /a,, xdlenx p_,, x| 1- L
\/1 + luex par, | p,,,

Using 17, the daily photosynthetic production istanted for each crown disk of each

individual. These values are summed for each iddidi tree, and then added to the available

11



resource of the tre@asSayailaple-

Grass PFTs

Grass leaves are assumed to be uniformly distidbwtthin the grass cell. Thus, PAR of time
t (hour from sunrise) at cumulative grass LAKM? m™) is calculated as follows, where

pargassi) IS PAR at the surface of the grass cell midday:

. t _
X = par...., Xsin?| 7t x @ Y, 18
i) = P& grass(i) ( dlenj (18)

By combining equations 18 and 15, and integrathrey resultant equation intoandy, the
daily gross primary production of the grass ¢etippyg, is calculated as follows (Kuroiwa,

1979), wherdaiy is the leaf area index of the grass céth® m):

laig dien
9PP,;) = 0.090936x I Ipﬂng'edtdy
y=0 t=0
1+ \/1+ Py XK XU ) (1)
— 0'09093&m x|n Do
e 1+ \/1+ Pl yassy X €K X lue g =0
psat

The daily photosynthetic production is added to ilabble resource of grass ceil

gMasSSayailable()-

Canopy Conductance

To compute single-leaf stomatal conductagsethe SEIB-DGVM adopts a semi empirical

12



model by Ball et al. (1987), modified by Leuning®@b), whereco2,m, is atmospheric CO
concentrationcoZcm, is the CQ compensation point, angpd is the vapor pressure deficit

between saturated and actual vapor pressures:

(20)

GSBZ X psingle
=G .
gs=GS, + (02,4, — €02, L+ vpd / GS,,)

Here,GSy1, GSy2, andGS;3 are PFT-specific parameters. In the mougd,, c024m, andcoZemy
are updated every day, according to Appendix Al&hd-or each crown digkof each tree,
mean daytime stomatal conductang8nan(,n in mol HO m?s?) is obtained by combining
equations 15, 16, and 20, and integrating the taasuéquation into timg averaged over the

daytime:

X
gsmean(],n) = GSbl + Gsz Paat 1- 1
(6‘023¢m -co2,,, )(1 + Vpd/GSbg) \/1 +luex par, | p.,

(21)

Thus, mean daytime and whole forest stomatal coaduetof woody PFT&C0ON,00q (in Mol

H,O mi?s™), is calculated as follows, wheMREA is the area of the simulation plot{m

CCOn, g = ) Z]: 5 peant. % 125,,)) / AREA . (22)

The mean daytime stomatal conductance for grass, REG$yass (in mol HO m?s?, is
obtained by combining equations 15, 18, and 20, iatejrating the resultant equation into

daytime and cumulative LAL.

13



Forass X EK X1
1+\/1+ par .., X eK xlue

CCONy,, = G,y Xlai + G5 X P xixm Dax
g 9 (002, — €02, JL+VPd/GS,;) &K " \/1+ Pal s, X K XIUE s,

Pt

(23)

CCONgrass IS calculated for each grass cell, and averagedht® plot. We defined the sum of
CCONwood &Nd CCONgrass @S the mean daytime stomatal conductance of tbts(gcon in mol

H,O m?s™.

Growth Respiration

For plants to grow, they require carbohydrates lotttheir plant-body construction and for
biosynthesis. Here, we define construction coghasequired biomass per actual growth (g
DM g DM™). Thus, the amount of growth respiration of orgais (RGo — 1.0)Amass,,
whereRGo is the construction cost of organandAmass, is an biomass increment of organ
Construction cost can be estimated by combining dat the biochemical composition of
organs with knowledge on the biochemical costsywotisesis of all the major compounds,
including cellulose, hemicellulose, lignin, proteiipids, and organic acids (Lambers et al.,
1998). Applying this method, Poorter (1994) cokettbiochemical composition data on
various plant species, and then estimated the mmtisin cost of leaves (1.56, mean vale of
123 species), stems (1.44, mean value of 38 spe@rd roots (1.34, mean value of 35
species). Our model employs these parameters keatfotlowing two modifications: for grass
PFTs, leaves and stems are grouped together bsafimhd thus the two values are averaged
(i.e., their collective construction cost is 1.5@0)¢ above parameters of Poorter (1994) are

estimated mainly from grass species, so we empl@§ 4s the construction cost of a woody

14



stem, because lignin synthesis requires a highrelpee of energy. This value is taken from
Penning de Vries (1975), but modified by changimg mitrogen source to N@s in Poorter

(1994).

Forming and utilizing storage resourcesagssok for woody PFTs an@ymassy.k for grass
PFTs) incur metabolic costs such as the synthésistorage organ and remobilization of the
nutrients within it (Lambers et al., 1998). We a@bubt find any representative estimates that
could be applied to a wide variety of plant spediess, we assumed that 10% of the biomass
is consumed while forming storage structures, aradreer 10% of the biomass of the storage

structure is consumed while utilizing those reses8®Gsiockin = 1.1; RGgockout = 1.1).

Maintenance Respiration

In our simulations, maintenance respiration ocewexy day irrespective of phenology phase.
The carbohydrates required for maintenance respirag first charged to the available
resource and then the remaining requirements aeyetl to the stock resource. When the
sum of these two resources of carbohydrate is maigh to cover the amount charged, 1% of
the biomass of all of the living organs is removElde removed biomass of sapwood changes
to heartwood, while the removed biomass of othgaws enters the litter pool. Note that

maintenance respiration does not occur in heartveodle stock resource.

For a wide variety of plant organs, the maintenamspiration rate is linearly related to the
nitrogen content of living tissue (Ryan, 1991).dmmrating this tendency into our model, we
calculate the daily maintenance respiration of @yao as follows, where constaRM is the

specific respiration rate at 15.0°C (g DM g'Nay™>), PN, is the nitrogen content per biomass

15



of organ o, tmp is air temperature for aboveground organs and wiperature for
underground organs (average soil temperature forlagers at 0~0.50m depth), argt

represents the temperature sensibility:

RM x (mass, X PN, ) x exp[%(tmp —-15.0)]. (24)

The temperature sensibility was formulated accgrdim Yokota and Hagihara (1996), as

follows:

gt = 2.0x exp[ —0.009tfp — 15.0) ]. (25)

First, we estimated the nitrogen content of thedse®N; for each PFT (Appendix B6) based
on a data set from Wright et al. (2004). Then, @ssg that the relative proportions of
nitrogen in each organ for any particular PFT amedrly correlated, we calculatéNs and

PN; as follows, where the coefficients 0.145 and 0.8@employed by Friend et al. (1997):

PNs = 0.145x PN (26)
PNr = 0.860x PN;. (27)

In case of boreal needle-leaved deciduous treeBIDBoPN; was taken from an empirical
regression equation by Reich et al. (1997) assumilegf longevity of three months, because

data set of Wright et al. (2004) does not contamalae of BoND. FOPNs of BONS, an actual

16



measurement 0.0014 was used (Schulze 1995).

Turnover

To account for the turnover of organic matter, ¢ansfractions of leaves and fine roots are
transformed into litter, while those of sapwood aemsformed to heartwood. This turnover
occurs every simulation day irrespective of phegplgphase. Appendix B6 shows the
PFT-specific turnover rates of leavé&®;, the data set, which is taken from Wright et al.
(2004), does not contain a value for boreal netsileed deciduous trees (BoND), so the leaf
turnover rate of BoND is assumed to be 4 yefire., a leaf longevity of three months). The
turnover rate of fine root30O; is taken from Gill and Jackson (2000). The turmaate of
sapwoodTOs is assumed to be 0.05 yedior all PFTs, except for TrBE and BoNS. In case of
TrBE, a constant fraction adbh (ALMs) was assumed to be sapwood, and the remaining
fraction was considered heartwood. In case of Bod#pwood diameter is assumed to be

min[dbh, 0.0188] (in m).

Phenology

Every deciduous PFT in the model has two phenofdgses: a growth phase and a dormant
phase. Foliation and growth of deciduous PFTs augurs during the growth phase. The
criteria for switching between the two phases, #mel procedure of phase change, are

described below.

From Dor mant Phase to Growth Phase
Each PFT is classified into the following phenoldgpes, which differ in sub models. A daily

17



computational time step is applied to each sub mode

Summer green broad-leaved woods (TeBS, BoBS)
One of the phenology control variablegdel5,,,, which sums the daily mean air temperature
above 5°C starting on 1 January (for the northesmibphere) and 1 July (for the southern
hemisphere). Trees change from the dormant phabe tgrowth phase wheyuds;,, exceeds
—68 + 638x exp(-0.01x i), wherei is the sum of the days for which the mean air &enafore
iIs below 5°C, starting on 1 November (for the nerthhemisphere) and 1 May (for the
southern hemisphere). Thus, the number of cold digsts the number of days required for
phenology change. This sub model is taken from&ettal. (2000), which is based on the
distribution of leaf onset date estimated from r&@rgensing data. We also assumed that the
day of the yeardoy) of the switch is within the range of ‘latitude3®’ to ‘latitude + 130’ for

the northern hemisphere, and ‘212 - latitude’ tt23- latitude’ for the southern hemisphere.

Summer green needle-leaved woods (BoNS)
Foliation phase starts when sum of air temperadbme 4.1 degree Celsius from January 1
exceeds 65. This sub model is taken from Picardl.e(2005), which is based on the

distribution of leaf onset date estimated from resrsensing data.

Raingreen woody PFT (TrBR)
When 10 day running average sédt,qr €Xceeds 0.5, the dormant phase changes into growth

phase.

Grass PFTs (TeH, TrH)
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When optimum leaf area indedaipy; formulas described in the section titled 'Growth
Procedure of Woody PFTs') exceeds O for precedidgys, the dormant phase changes into

the growth phase.

For the first 14 days (7 days for BoNS) of the gitowhase, all of the stock resource is
consumed, transformed into available resource abrastant rate. For grass PFTs, this

transformation is paused when the optimal leaf aréex,laiqy, is reached.

From Growth Phase to Dor mant Phase

At day 60 after the leaf onset date, leaf phenolcgy change to the dormant phase. At the
beginning 14 days of defoliation phase, all leaaestransformed into litter at a constant rate.
When plants lost all leaves, if the stock resoutges not satisfy the minimum value (100 g
individual™ for woody PFTs, 50 g M for grass PFTs), the deficit is supplemented ftbm
litter pool. Each deciduous PFT have distinct cbadito change from the growth phase to
the dormant phase. When a deciduous PFT does tisflygdhe condition, it acts ade facto

evergreen PFT.

Temperate summer green broad-leaved woods (TeBS)
The phenology phase is declared dormant if theayOrdnning mean of air temperature falls

below 9°C or below the 10-year running mean ofdbleest month temperature + 5°C.

Boreal summer green broad-leaved woods (BoBS)
The phenology phase is declared dormant if soipenature falls below 2°C. This criteria is

from Arora and Boer (2005),
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Boreal summer green needle-leaved woods (BoNS)
When 10 days of running average of mean air tenyerdecomes less than 7 °C, leaf
defoliation phase occurs, which lasts 14 days. ®hie defoliation phase, all leaves are

transformed into litter at a constant rate.

Raingreen woody PFT (TrBR)
The phenology phase is declared dormant when 1@wtenyng average atat, e falls below

10.

Grass PFTs (TeH, TrH)
The phenology phase is declared dormant if optineaharea indexl&ioy) falls below 0 for

preceding 7 days.

Growth procedure of woody PFTs

The growth process of woody PFTs consists of thmeeedures with daily, monthly, and
annual time steps. Each procedure employs a dynaitocation scheme to reduce the

parameter requirements.

Daily Computation

During the growth phase, while resource availabi{inass.aianie) IS greater than 0, the

following procedures are executed for each indigldtee every simulation day.

(1) If the fine root biomassnm@ass..) is less than is required by the functional batanc
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(masse/FRratio), the deficit is supplemented fromasS,iianie: Here,FRratio is the ratio of

leaf biomass to fine root biomass satisfying thecfional balance.

(2) The stock resourcenésssock) IS supplemented until it becomes equal to theterg leaf

mass (nassex). However, this step is skipped for the first 28l of the growing season.

(3) Foliation. There are three constraints on tleximum leaf biomass for each individual:
crown surface arear@x;), cross-sectional area of sapwoadbX,), and available resource

(maxz). These maximum values (in g DM) are defined dsvi:

/
maxy = (CroWNarea + T X CrOWNgiameter X CrOWNgepth ) * LAMaX/SLA (28)
<
MaX; = CrOWNgrea X LAMaX/SLA (for TrBE, 28")
~
2 2
/ max, = AL MJ X dbbbeartwood + dbbsapwwd — ﬂ(dbbbeanwood j !/ SLA (29)
2 2 2
< max, = 330 X 50580dbh? (for BoNS, 29°)
\_ MaXs = MaSSavailanie/ RGr, (30)

where the constar8LA is the PFT-specific leaf area per unit biomassp@kulix B4).9.A is
primary taken from data of Wright et al. (2004) liudoes not include a value for boreal
needle-leaved deciduous trees (BoND); thus,3b& value for this type is derived from an

empirical regression equation from Reich et al.9{)9 assuming a leaf longevity of three
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months.LAmax is the PFT-specific maximum leaf area per unitiwereurface area excluding
the bottom soffitALM; is a constant that represents the required aré@mdport tissue per
unit leaf area (Shinozaki et al. 1964a, b). If therent leaf area is less than the mmiaxXy,

max,, maxs), the deficit is supplemented fromass,iianie, DUt Maximum daily increment of

leaf area is assumed to be 10% of crown surfa@e are

In case of TrBE, a constraint ofax, was abolished. In case of BoNS, a constrainmnafl
was abolished. In case of TrBE and BoNS, negataiy dNPP (net primary production) at

lowest crown layer suspends new foliation,

(4) Remaining daily computation (5~6) will be omittender following condition
® During the dormant phase and the first 3 weeks fimation.
® Annual NPP is less than 10 gDM/tree per year inptleeious yeatr.

® Available resource is less than 10.0 gDM/tree.

(5) Reproduction: If total woody biomass is morartti0 kg DM (, which defines minimum
tree size for reproduction), 10% of the availal#esource rfiassaiiane) IS transformed into

litter.

(6) The final step of daily growth procedure iskigrowth (except 10g DM/tree, which is for
a ‘buffer’ resource for other daily urgent metabgdrocesses). All of the remaining resource
(expect 10g DM/tree, which is for a ‘buffer’ resoarfor other daily metabolic costs) is

employed for growth of sapwood biomassa$Sypwod). There is no direct allocation to
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heartwood, which is produced indirectly by slowbngerting sapwood. In case of TrBE and
BoNS, resource for producing trunk is diminished royltiplying following diminishing

factor:

2
10 - MaSS,silaie x( dbh ] | (for TrBE]
IPPgaity DBH; ¢
10- dbh : [for BONS]
DBH i

where gppmontn IS monthly GPP for each individual treend DBHjni: is the PFT-specific
maximumdbh (m). This equation assumes that stem growth effacgidoecomes lower when
dbh approaches to their maximum limits. The reduesdurce is consumed by maintenance

respiration.

Increments of sapwood biomass are accompanieddwtiyin sapwood diametedifhsapwood)
and trunk height Height). These incrementsA@bhspwoods @nd Aheight) must satisfy the

following two trunk mechanics.
(A) Trunk mechanics 1: a relationship between krbiomass and trunk geometry.

Trunk biomass, a function of tree heighé@ht) and trunk diameter, is calculated as follows,

whereALMjs is dry mass per unit timber volume (in g DM3n
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dbh

MasSyuk = ALM ; X 77(7)2 x height [Default]

2
Mass,, = 7T (d—ghj x height x ALM , x [~ 0.0108x In(mass, ,, ) + 0.5941/0.7

[for TrBE]

Mass, ., = Min|1.5(367dbh? x10* —11300,190(100dbh)*** + 42.8(100dbh)*" +171(100dbh)**’ |

[for BONS]

The value ofALM3 for TrBE and BoNS were obtained from Huth and &it£2000) and
Schulze et al. (1995), respectively. For other Bxgaved PFTs and evergreen needle-leaved
PFTs were calculated by averaging 46 broad-leaveddw species and 24 needle-leaved
woody species from Japan; the data were obtaired & table inThe Handbook of Wbod
Industries (FFPRI, 1982). It should be noted that the tabldugled pioneer woody species,
which typically produce low-density timber, andtttize SEIB-DGVM assumes that the trunk
has a cylindrical shape that extends to the tape@trown (Fig. 1). Thus, the estimated trunk
biomass (from default equation) should exceed theshbiomass for the same trunk diameter
at bottom with tapered trunk shape; however, bexthes model includes branches and coarse

roots as trunk biomass, this simplification mightjbstified.

(B) Trunk mechanics 2: a relationship between Krdiameter and maximum tree
height for that diameter, calculated as followsgvehthe parametetdGTs andHGTmax are
the initial growth slope and the maximum tree heifr an infinite trunk diameter,

respectively:
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1 1
+
+dbh ) HGTmax

heartwood

height < (32)

HGTs x(dbh

sapwood

In the model, the crowns of different trees canootupy the same space. Thus, when the

crowns of neighboring trees interfere with treeghg&ionly the trunk diameter expands.

Monthly Computation

(1) Expansion of a cross-sectional area of the nrow

Crown expansion is calculated as follows, wheredstantALM, is assumed to be 100.0

for every needle-leaved PFT and 200.0 for everpdieaved PFT:

cro W‘narea < ALM2 X (dbbsapwood + db]lbeartwood )1.6 [DefaU|t]
CT OWN e =25 dlbh [for TrBE, dbh=0.2]
crown,, ., <80% (dbhg,e0s + AN o0d ) [for BoNs]

These equations for default, BONS, and TrBE aredas inversion of Reineke's rule (Zeide,

2001), forest inventory data (Yabuki personal comymand Koéhler and Huth (1998),
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respectively. The crown size has additional two constraints: an meither exceed its

maximum limit CDx) NOr expand into neighboring crowns.

Annual Computation

(1) Crown depth adjustment

On the last day of each year, the height of theekivibranch increases as a result of purging
crown disks, or self pruning of branches, at thédmo of the crown layer. This procedure is
conducted even if the tree is in the dormancy phAsaaximum of 10 crown disks can be
pruned at one time, each at a depth of 10 cm. Cuomesely, and because elongation of the
lowest branch is linked to crown pruning, the maxmmincrease in height of the lowest

branch is 100 cm yedr

To determine the number of crown disks to purgefivgé calculate the annual GPP for each
crown disk. Then, the mean of the GPP for eacthefl0 crown groups (1-10 successive
disks from the crown bottom) for each tree is clalted. These values are divided by the GPP
of the top crown disk of each tree, and then faacts used to select disks for purging. Those
with fraction less tha\LM, are selected for pruning; of these, the group ithetides the
largest number of crown disks is pruned. It shdagddhoted that pruning is also constrained by
CroWNgepth, Which must always exceed 10 (i.e., >100 cm) &atl dnce a crown disk is pruned,

it cannot reestablish (i.e., the height of the Isth@anch cannot decrease).

In case of TrBE, crown depth (m) is proportionakree height. The ratio of crown depth to

tree height ALMg) was derived from Huth (1998) for each PFT. Ineca$ BONS, crown
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depth (m) is assumed to be min[béight].

In case of BoNS, crown vertical depth was assurodzet10 cm. For trees less than 10m tall,

crown was assumed to start from 1.3m abovegrouighhe

(1) Crown horizontal location adjustment

On the last day of each year, the crown center sidwizontally toward the most open
direction. This crown movement represents the ttaat trees extend their branches into open
and bright spaces. Without introducing this plastidnterference among crowns severely
limits the number of tall trees, because crowndlifferent trees cannot occupy the same
space in the SEIB-DGVM. The maximum speed of crovavement is assumed to be 20 cm
year?, and the maximum distance of the movement is emuBélf of the crown radius (i.e.,

the distance between the bole and crown centégssghan half of the crown radius).

Growth Process of Grass PFTs (Daily Computation)

During the growth phase, while resource availabi{@massa.aianie) IS greater than 0, the

following procedures are executed every simulatian

(1) If root biomass dmassq.) is less than that required by the functional beda

(gmasse/FRratio), the deficit is supplemented.

(2) The stock resourcgrfasssock) is supplemented until it becomes equal to theteng leaf

biomass gmasses). This step is omitted for the first 30 days c# tirowing season.
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(3) The leaf biomassgnassex) is supplemented until the leaf area index of B (aig)
reaches a weekly running mean equal to the opti@adlarea indexaioy, Which maximizes
daily net primary productiorgppg — cost x laig/SLA (derived from equations 19 and 34). This
variable is calculated as follows, whesest is the cost of maintaining leaves per unit leaf

mass per day (see equation 34 for the definition):

ln pargrass _11'1 psgt (1 _ COSt/SLA )_2 -1
lue 0.09093 xdlenx p_,

lai,,, = e : (36)

(4) All remaining resourceg(nassaviianie) IS Used for reproduction, and then transformeéd in
litter. This step is omitted for the first 30 dagtthe growing season and when the stock

resource is less than 100 g DM’m

Mortality (except death by fire and gap formation)

Mortality is explicitly modeled only for woody PFT®n the last day of each simulation year,
the overall death rate is calculated for each ildial tree as a sum of mortality components,
which consist of background mortality, heat stresg] bioclimatic limit. These components
are basically derived from the LPJ-DGVM (Sitch ket 2003). It is also assumed that newly
established trees do not die in their first yeatre® also dies if the NPP of the previous year
is less than 10 DM g (But this rule is not applied BoNS). A tree also dies if the trunk

diameter is more than 1.0 m.

Background mortality is related to growth efficignevhich seems to be a sensitive indicator

of resistance to environmental stress (Warning3198lthough there is no standard formula
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for background mortality, the model assumes thiewohg, whereanpp is the annual sum of
net primary production (g DM)amean is the mean leaf area of the previous yed),(andM;

(<£1.0) andM; (>1.0) are PFT-specific mortality coefficients:

M,
anpp
I

2 Amean

[Default]

In case of TrBE, background mortality is modeledaainction of the annual incremental
increase otibh (Adbh in m yr?), which was regressed from Table 3 of Huth ana@di{2000;

r’ = 0.98) as follows:

max0.0178x exp(-24257x Adbh),0.0032 [for TrBE]

This carbon balance mortality is multiplied by 80 TrBE3. According to Huth and Ditzer
(2000), I distinguished five canopy layers (0~1.31n8~15 m, 15~25 m, 25~36 m, and >36
m) to determine whether specific overcrowded-miytahte will be applied. For each tree,
sum of crown area overlapped by other crowns withensame canopy layer was computed,
and if it exceeds crown area of the subjected thezhigher background mortality 0.04 (for

TrBE1, TrBE2, and TrBE4) and 0.08 (for TrBE3) appked instead of the above mortality.

Mortality by bioclimatic limit restricts the climatrange in which each PFT can survive. If the
20-year mean of the coldest month temperaturess tlean the PFT-specific limiC,,, all
individuals of the PFT die immediately. Boreal nleeldaved summergreen trees (BoNS)

have an additional bioclimatic limit: if the 20-yemean of (warmest—coldest monthly air
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temperature) is less than 43°C, all trees of th€ &iE. Biomass of dead trees is forming new

litter.

Disturbance by Fire

We employed the global fire model of Thonicke et(2D01), which was developed for the
LPJ-DGVM. On the last day of each simulation yéathe fuel load (litter + aboveground
biomass) satisfies the minimum threshold (200 g ©),rthe probability of fire is calculated

as a function of the moisture content of soil layers follows:

S Xexp s—1 ’ (39)
0.45(s —1)° +2.83(s —1)* +2.96(s —1) +1.04

, Where variabls is

2
365 ]
5= Z exp| — PoOlyy 1. 365. (40)
day=1 W.. x Depth,, m,

Variable me in equation 40, which takes into consideration difeerence in fire extinction

efficiency between woody and grass PFTs, is defiaed).3x (aboveground biomass of
trees/total aboveground biomass) + 8.deaf biomass of grass/total aboveground biomass).

The model also assumes that fire cannot occurancmsecutive years.

The fraction of individuals killed in a fire dependn PFT fire resistanc#lg, Appendix B5).
During a fire, all leaf biomass of grass, all Ie&@mass of dead and surviving trees, half of

the trunk biomass of dead trees, and half of titer [pool are released into the atmosphere as
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CO,, while the remaining biomass of dead trees issftamed into litter. In response to fire,
the phenology phase of all grass PFTs changesrtoasht (they reenter the growth phase as
described previously in the section titled ‘Pheggld If the stock resource of grass PFTs
(gmassses) does not satisfy the minimum value (50 g DM?mafter fire, the deficit is

supplemented from litter.

Disturbance by Gap formation

When biome type is tropical rain forest, followingmputation is conducted. When a large
tree peight > 25 m) dies, gap formation (healthy trees are kadcover by falling trees)

occurs at a probability of 0.20. When this occtirses within the gap will be killed at tree

height-specific probabilities: 0.3 for trees of 415 m height, 0.6 for trees of 15~25 m height,
0.8 for trees of 25~36 m height, and 0.4 for tre88 m height. These formulations are based
on those of FORMIX3 (Huth and Ditzer 2000). Hentmematch the 20 x 20-m square gap
size in FORMIXS, a circular-shaped gap of 11.3-uliua was assumed to appear in a random

location within the virtual forest.

Soil Respiration

The decomposition of litter and soil organic carli®alculated for each simulation day. The
SEIB-DGVM employs the soil respiration module oé tBEMETER-1 (Foley, 1995) with
some simplifications. The mean turnover rate déditat 20°C and ample soil moisture is
assumed to be 3/10 year 70% of the decomposed litter carbon is released the
atmosphere as GDand the remaining 30% becomes soil organic carfbbe partitioning
coefficients for soil organic carbon flowing intbet fast and slow decomposition pools are

0.985 and 0.015, respectively. According to FolE§96), the mean turnover rates for the fast
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and slow soil organic carbo@ag, TOgow) at 20°C and ample soil moisture are 1/15 Year

and 1/750 yeat, respectively.

Actual daily turnover ratesk{ day ™), which are adjusted according to soil environmené
calculated as follows, where g and f are functiohghe monthly mean soil temperature

(averaged for 0~0.50m depth) and moisture, respgti

kn = |:7;02H X g(tmpsoi] ) x f(poo‘lw(]) )} (42)

These functions are defined as follows:

1 1
(tmp_ ,) = exp| 308.56 x - 43
S P w0in ) = XD 66.02 tmp, +46.02 (43)

p OOJW( 1) )

f(pool ,,,) = 0.25+0.75(
p w(l) Wgat XDept]I(J)

(44)

In Foley (1995), the temperature effecttgsi) is an exponential function. However, this
underestimates the soil turnover rate for coldaegi and thus we employ the function of
Lloyd and Taylor (1994). All decomposed soil orgaoarbon is released into the atmosphere

as CQ.
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Appendix A

Al. Atmospheric environments (computed daily)

Atmospheric conditions were calculated daily bagednput climate data. Air pressur@p(in

hPa) was approximated by site altitude T in m) and air temperaturégps, in °C ):

ap:1013.25><exp( ~0.2838472x ALT j (A1)

8.3144(tmp,, +273.15)

where the multiplier 1013.25 is the control airgzare (in hPa) at sea level at 15°C, and the
multiplier 8.3144 is the universal gas constantXimol* K™). Actual vapor pressure/ in

hPa) was a function of air pressagand humidityhumid (g g7):

ap*xhumid

vp = — (A2)
0.62z+0.37€x humid

The saturated vapor pressum; (hPa) was given by Tetens' equation:

75tmpy;,
VP, = 6.1078x107%7Mar (tmpair > 0.0) (A3)
95tmp,;,
VP, = 6.1078x107%53Mar (tmpair < 0.0). (A4)

The vapor pressure deficipd (hPa) is the difference between saturated andabegapor
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pressures:

vpd = Vs —Vp. (AS)

The slope of saturated vapor pressliope,s (hPa °CY is:

6.1078 x (2500 —2.4¢mp_. ) . goarbar_
slope, = = ar= x 10T P (tmpgie > 0.0 A6
P s 0.4615(¢tmp,, +273.15)> (tmPair ) (A6)
9.6tmp,;,
6.1078 x2834.0 265.3+tmp,;,
slope, = = x10 Pair tmpair < 0.0). A7
P s 0.4615(¢tmp,, +273.15)* (tmPair ) (A7)
The density of aidnsa (kg m3) is:
dnsa=1203— AT« 1 0378 |. (A8)
tmp,, +ZAT 101325 ap

A2. Solar radiation (computed daily)

Angular solar elevation above the horizontal atdaid@ly) was calculated by the following

equations:

Sin(Slhgt) = SINLAT) X% Sin(Slgec) + COSLAT) x oSl gec), (A9)
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whereLAT is the site latitude (-98 LAT < 90 in degree) ande is the solar declination of
the earth's orbit in degreesqyc. has a maximum value of 23.4 on the summer so)stice a
minimum value of —23.4 on the winter solstice, andalue of 0 on equinox days; thus, it can

be approximated by the following equation:

e = 23.4 sin( 368(doy-81)/365 ), (A10)

wheredoy is the days of the year (1-365, ignoring leap $ed’singsl g, the hourly angle of
the sun from sunrise to midday can be calculatesr@ss( —tan(AT) x tan@l4e) ); thus, the

day length in hoursd(en) will be:

dlen = 2 [ arccos(—tah(AT) x tan@lgec) )/15 ]. (Al11)

Shortwave radiation at the top of the atmosphenraiatlay ¢adiyac in W ni?) is a function of

g hgt.

radinact = 1367% Sin@lhg) X (ESDrmea/ ESD)?, (A12)

where the multiplier 1367 is a solar constant (imi¥), ESD is the distance between the sun
and the earth (in km), anBSD.en represents the annual me&sD (=1.4610° km).

(ESDmear/ESD)? can be approximated by:
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(ESDimear/ESD)? = 1.000111 + 0.034221 cod(+ 0.00128 sin() + 0.000719 cosd +

0.000077 sin(®), (A13)

wherex is the seasonal angle of the earth's orkit(360% doy/365 ). In the troposphere, the
incident solar radiatiomadiaet (W m ) is attenuated by clouds and airborne particldss T
effect has been empirically formulated as a fumctodcloud cover (0.8 cloud < 0.8) by Itoh

(personal communication) based on NCEP/NCAR datéglbows:

rad = radinac X ( 0.8964 — 0.5392loud ), (A14)

whererad is the amount of solar radiation that reache&édsiosphere (in W ).

In addition to this attenuation effect on irradianscattering in the atmosphere optically alters

the ratio between direct and diffuse radiation:

rad gifuse = rad x [ 0.958 — 0.982r@d/radinaq) ] (A15)

rad giret = rad — rad gituse, (A16)

whereradgisuse andradgirect are diffuse radiation and direct radiation withad, respectively.
Diffuse and direct radiation differ in their fragtial content of photosynthetically active

radiation (PAR: 400-700 nm) in the total spectrudiffuse radiation contains 57%, while
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direct radiation contains 43%. Thus, photosynthphioton flux density of PAR is given by

the following:
par gfue = 4.2% 0.57x rad giffuse (A17)
par grect = 4.6% 0.43x rad girect (A18)
par = par diffuse T PAr direct (A19)

wherepar is photosynthetically active radiation at midday (mol photon m? s™), andpar
diffuse ANA par giret are the diffused and direct radiation componehigao. The multipliers 4.2
and 4.6 are for unit conversion from [W4nto [umol photons rif s] for diffuse and direct

radiation, respectively (Larcher, 1995).

A3. Net Radiation (Computed Daily)

To estimate the transpiration rate of leaves aacetraporation rate of soil, the net radiation at

vegetation (adnetyey in W m?) and at the soil surfaceafnets,;; in W ni?) were calculated as:

radnet yeg = [rad x (1 —albedo veg) + radnetong] % (1 —ir) (A20)

radnet o = [rad x (1 —albedo i) + radnet jong] X i, (A21)
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whereir is the shortwave interception by leaves:

Ir = exp(pzﬁi (— ek, xlai, )] (A22)

P

and albedoyyy andalbedog,i are the albedo of vegetation and the soil surfeespectively;
albedo,ey Was assumed to be 0.24 for forest biome and @116ther biome (Jones 1992). On
the other handglbedog,; was assumed be a function of soil albefloBEDO) and the amount

of snow on the ground:

albedo o = ALBEDO + (0.7 ~ALBEDO)/[1 + exp(-0.05600l¢0n~70.0))].  (A23)

The radnetiong is net long-wave radiation, which is estimated thg following empirical

formula:

radnetiong = 5.67% 107 x (tmpa; + 273.15 x (1 - 0.65cloud) x [0.39 + 0.058Ap +

1.0)], (A24)
where the constant 5.6710° is Stefan—Boltzmann's constant (in W ™).

A4. Parameters of Photosynthesis and Stomatal @tewaice (Computed Daily)

Appendix B7 shows the definition of PFT-specificopbsynthesis parameters. To estimate
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photosynthesis and stomatal conductance, dailyagesrof photosynthetic ratgs£ in pmol
CO, m? s was calculated for each PFT of each scale oftorten relative PAR intensity
(10%, 20%,..., 100% relative PAR intensity to the tdghe forest canopy of the day), using

equation (15):

P, Xluexx

, A25
Pe Tluexx (A25)

pave =

wherepg is single-leaf photosynthetic rate under lighusation (inumol CO m?s™%). x is
the daily average of PAR receiving for grass lafer grass PFTs) or for crown disk of trees
(for woody PFTs) (irumol photon m? s ). lue is the light-use efficiency of photosynthesis
(in mol CQ, mol photon?), which is formulated to conform to the data inn@sd et al.

(1980) as follows:

52 -tmp,,. co2.,

lue = LUE x x
3.5+0.75(52 —tmp,, ) 90 +0.6xcoZ2,,

(for C3 PFTs) (A26)

lue = LUE (for C4 PFTs), (A27)

whereLUE is the potential maximum value, anl. is the intercellular C@concentration
(in pmol molY). The single-leaf photosynthetic rapey; under light saturation (inmol CO,
m 2 s %), is calculated by multiplying its potential maxim of photosynthetic ratdP1AX)
by the coefficients of temperature, £{@vel, and soil water effectSey, Cec, andCeuater,

respectively):
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Doy = PMAX xce,,, % ce,, *ce (A28)

water *

Cenp, the temperature-dependent functionpaf, is a bell-shaped curve that reaches the
maximum (1.0) at the optimum temperature and tap#rs warmer or cooler temperatures

(Raich et al., 1991):

(tmpajr - Tmax )(tmpair - Tmin ) (A29)

Carm i (tmpair _Tmax )(tmpair _Tmin ) - (tmpajr _topt )2 '

whereTmax, Trin, andtyy are the PFT-specific maximum, minimum, and optintemperature
for photosynthesis, respectively (in °@)x increases with the intercellular @@oncentration

because of photorespiration:

whereTouo is the minimum value dfy: at a very lowcoZqq . For grass PFTég is assumed to
be a 20-year running mean of air temperature in dh@vth phase (maximum range
10°C-30°C for TeH and 20°C-40°C for TrH), becausasg PFTs includes a varieties of

species adapted to a wide range of climatic zones.

Thecey, the CO-dependent function @, is expressed by a Michaelis-type function:

co2,., — cchmp

ce,, =0.30 +0.70 x (for C PFTs) (A31)

+ 002 cell
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co2 , —coZ
ce,, =0.50 +0.50 x —~ cmp (for C4 PFTs), (A32)
KM + co2,,,

whereKM is the coefficient of C@concentration sensitivitygo2.yy, is the CQcompensation

point, which is adjusted by temperature farspecies (Brooks and Farquhar, 1985).

c02,,, = COZempll +0.0451(tmp,,, —20)+0.000347(¢tmp,, ~20)| (for Cs PFTs) (A33)

co2,,, = CO2cmp (for C4 PFTs), (A35)

where CO2cmp is the control value ofo2qy, at 20°C;cevaer, the water availability effect

coefficient ofps, is calculated as follows:

cewater = VS tatwater " (A35)

The mean daytime crown stomatal conductance »0f tsae (Mol HO m? s ), is obtained

by equation 20:

GSDZ X Pave
e , A36
OSae = G5 * 02,y — €02, 1+ vPd / GS,,) -

where GS,;, GSy,, andGS,3 are PFT-specific parametegsae affects the intercellular GO

concentrationqo2eq in pmol mol™?) following Leuning (1990):
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pave
gs,. /156’

ave

€02, =C02,., — (A37)

where 1.56 is a factor to convegginto CQ, conductance. Using equations A25 through A37,

we calculateaye, lue, andgsae of each PFT every simulation day.

A6. Evapotranspiration (Computed daily)

The potential evaporation e,) and transpiration t(,, are estimated by the

Penman—Monteith method (Monteith and Unsworth, 1998suming an abundant water

supply:
o = dlenx 0.5x slope,, x radnet,;, +24x1012x dnsaxvpd X C,, (Ad4)
pm 695sl0pe,, + 0.667(L0+Copro / Cy)f ’
dlenx 05x 5o x radnet,,, + dlenx1012x dnsax vpd x c
tr, = PChps = PC X Coro _ ic, (A45)
695sl0pe,, + 0.667(L0+ Coy / Cot )}

wheredlen is day length (in hour)slope,s is saturated vapor pressure (in hPa'P@nsa is
density of air (in kg rit), vpd is vapor pressure deficit (in hPa), ai@is intercepted
precipitation (in mm day). 0.5x radnet,eg and 0.5x radnety, are the daytime average of net
radiation on leaves and soil surface when dailyngeeof radiation was approximated bysin
The constant 24 is the day length (in hour dayl012 is the specific heat of air (in J kg
K™, 695 is the latent heat of vaporization (in Wh'kig,0), and 0.667 is the psychrometer

constant (in hPa K®). Cawo, Cxil, and G are aerodynamic conductance, soil surface
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conductance, and canopy conductance, respectively.

_10+0.537x wind

Caero (A46)
25(.1

This equation was delivered by substituting emaplriormulation of Penman (1948) into
equation Ad4cg,, soil surface conductance, is in proportion toftaetion of soil layer 1 that

is saturated with water:

2

ool

C.. = 0.0015x min| | —oow__ | 4| (A47)
Wi x Depth,,

where the multiplier 0.0015 is water-saturation dustance, which is a tuning parameter

Finally, Ciear IS

Croar = 0.0224 x ccon , (A48)

whereccon is mean daytime stomatal conductance of the stedilforest (in mol HO m™?
s 1), and the multiplier 0.0224 is the unit converfirem [mol H,O m 2 s to [m® H,O m >

s ).

Due to the limited water availability, evapotrangion rates were reduced from their
potential valuesevpm and trpm, to their actual valuesv andtr, as approximated by the

guadratic functions:
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0.1ev’ — @+ eVpy) ev +a X evpn = 0, (A49)

0.1tr% — (b + trpm) tr + b x trpm =0, (A50)

where 0.1 is the empirical convexity of the avdeatvater to the actual evapotranspiration

curves;a andb are available water for evaporation and transpmatrespectivelya = pooly ),

b= zilflmax{o, pool ) = 0.10><V\Nvilt]. These equations can be transformed as follow:

(a+ evpm)—\/(a+ ev,,f-4x01xaxev,,
2x0.1

ev =

: (A51)

- 2 _
LA \/(b+ZT2).1 e (A52)

Actual evaporationev, is charged only for top soil layer. Actual tramapon, tr, is charged

for soil layers 1 to maximurRootDepth among existing PFT in the stand.
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Appendix B

B1. Inputs and outputs of the SEIB-DGVM

[nput

(1) Location

Latitude, Altitude

(2) Soil (fixed in time)

Albedo. Soil moisture at Saturation point, Fielgpaaity, Wilting point.

(3) Climatic data (daily)
Air temperature, Soil temperature, Fraction of dlazover, Precipitation, Humidity, Wind

velocity

Outputs

(1) Carbon dynamics (daily—yearly)
Terrestrial carbon pool (Woody biomass, Grass bgsnditter, Soil organic matter), GO

absorption and emission fluxes.

(2) Water dynamics (daily)
Soil moisture content (0~3mm depth at 0.1m intgrvimterception rate, Evaporation rate,

Transpiration rate, Interception rate, Runoff rate
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(3) Radiation and heat cycles (daily)

Land surface albedo. Bowen ratio.

(4) Properties of vegetation (daily—yearly)

Biome type, Dominant plant functional type, Lea¢aindex, Tree density, Size distribution

of trees, Age distribution of trees, Woody biomfmsseach tree, Grass biomass per unit area

46



B2. Processes in the SEIB-DGVM, and the approagbes to represent each process

Process

Approach Source

Physical process

Radiation

Evapotranspiration

Soil water process

Physiology
Photosynthesis

Maintenance
respiration
Growth respiration

Stomatal
conductance

Phenology

Decomposition

Vegetation dynamics

Establishment

Mortality

Fire

Gap formation

Beer's Law within spatially explicit wisl
forest

Penman—Monteith evapotranspiati Monteith and
Unsworth (1990)

Analogs of simple bucket model

Michaelis-type function

The respiration rate is in proportion to th®yan (1991)
nitrate content of each organ.

The respiration rate is based e Poorter (1994)
chemical composition of each organ.

A semiempirical model Ball et al. (1987)
modified by Leuning
(1995)

A set of semiempirical models; parametddstta et al. (2000)
were estimated from satellite NDVI data. except for BONS

Three carbon sources: litter and@gianic Foley (1995) and
carbon with slow and fast decompositiobhloyd and Taylor
rates (1994)

Climatically favored PFTs establistsmall
individuals.

Annual NPP per leaf area, heat stresSjtch et al. (2003)
bioclimatic limit, and fire

Give by an empirical function of soilKistler et al. (2001)
moisture and aboveground biomass

Give by an empirical function. Thislyo Huth and Ditzer (2000)
occurs in tropical rain forest
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B3. Parameters and constants in the model’s equsatio

Fixed parameters (beginswith a capital letter)

Soil properties (Grid specific)

Wt : soil moisture at saturation point (M
W - soil moisture at field capacity (m
Wit : soil moisture at wilting point (m ™)
ALBEDO : soil albedo (fraction)

Depth : depth of soil layer (= 100 mm)

L ocation

LAT . latitude (degree)

ALT : altitude (m)

Allocation and Allometry (PFT-specific)

HGTmax : maximum tree height (m)

HGTs - initial value of relative growth rate, heightd@meter (m )
LAmax : maximum leaf area per canopy surfacé i)

CDmax : maximum crown diameter (m)

9A : specific leaf area (one sided mDM™)

ALM; , . allometric parameter 1, 2 (dimensionless)

ALM 3 - allometric parameter 3 (g DMT)

ALM 456 . allometric parameter 4, 5, 6 (fraction)
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FRratio : ratio of foliage mass to fine root mass (ratio)

Respiration and turnover (PFT-specific)

PNt s« :nitrogen mass per biomass for foliage, sapwoadt, ([@N g DM™)

RM :maintenance respiration rate at 15°C for uniogién mass (g C g Nday?)

RGs s ¢ :specific growth respiration rate for foliagepsaod, and root (g DM g DM)

RGgockin :growth respiration rate from available resouroestock resource (g DM g
DM

RGgockout ~ :growth respiration rate from stock resource toilabée resource (g DM g
DM
TOs s r ‘turnover rate for foliage, sapwood, and root (DNear?)

TOrs, 0w -turnover rates for fast and slow soil organic era(&OM) (DMt yr

Photosynthesis (PFT-specific)

PMAX  : maximum photosynthesis rajerfol CO, m 2 s™)

EK . light attenuation coefficient for vertical ditesn (dimensionless)
LUE : control value of light-use efficiency for phoyoshesis (mol C@mol photon™)
Topto :optimum temperature for photosynthesis at verw lantercellular CQ

concentration (°C)

Thin : minimum temperature for photosynthesis (°C)

Trex : maximum temperature for photosynthesis (°C)
GS : parameters for stomatal conductance (m® iHi?s™)
GShp . parameters for stomatal conductance (dimenssshle
GS3 . parameters for stomatal conductance (hPa)
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KM : dependence of photosynthesis on intercellulag @Bcentrationymol mol™)
CO2cmp : CO, compensation point at 20°@rol CO, mol™ air)

RootDepth : Soil depth that plant can absorb soil water (A0c

Establishment (PFT-specific)

Pestablish : establishment probability at vacant patchi(year?)

GDDmin : minimum growth-degree-day sum (5 °C base)

TCrax : maximum coldest-month temperature (°C)

PARmMIN : minimum annual average of midday PAR for estaioient (imol

photons ¥ s7%)

Mortality (PFT-specific)

M3 : parameter for background mortality (dimensionless
M . parameter for background mortality (dimensios)es
M3 . probability of survival after fire (varying 0.0-0)
TCrin : minimum coldest-month temperature for survival)(

Other fixed parameters
ESD . distance between sun and earth (km)

ESDmean : annual mean d&SD (km)

Variables (Beginswith a lowercase letter)

Daily climatic data
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tMPair : air temperature (°C)

tMPsoil iy : temperature at soil laye(°C)
cloud : total cloud cover (fraction)
prec : daily precipitation (mm day)
humid - air humidity (g g")

wind : wind velocity (m 8

Woody biomass (for each individual tree)

MASS eqf : leaf biomass (g DM)
MAaSStrunk : trunk biomass (g DM)
MasS oot : fine root biomass (g DM)
MaSSstock : stock biomass (g DM)
MaSSavailable : available biomass (g DM)

Grass biomass

gMass et : leaf biomass density of grass (g DM3n
gmasSoot : root biomass density of grass (g DM%n
gMasSsock : stock biomass density of grass (g DMPm
OMaSSavailable : available biomass density of grass (g DM)m

M orphology and char acteristics for woody PFTs (for each individual tree)

height . tree height (m)
CrOWNgi ameter : crown diameter (m)
CrOWNgepth : crown depth (m)
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CrOWNarea : cross sectional crown area?jm

dbhsapwood : sapwood diameter (m)

dbhreartwood : heartwood diameter (m)

la : leaf area ()

| Qmean : annual mean leaf area in the previous yedy (m

Photosynthesis conditions

Pave . daily average of photosynthetic rates for eaclodyoindividual (1mol
CO, m?s™)

Peat : light saturated photosynthetic rateCQ, m2s™)

lue : light-use efficiency of photosynthesis (mol £@ol photon?)

CO2mp : CO, compensation poinfinol CO, mol aif™)

CO2cq| - intercellular CQ concentrationg(mol CQO, mol aif™)

topt . optimum temperature for photosynthesis (°C)

gs - single leaf stomatal conductance afHmol HO m?s?)

JSave : mean daytime leaf stomatal conductance & Kmol O m?s™)

CCOMNwood : stomatal conductance of,@ of tree canopy, day time mean (mol(H
m?2s?

CCONgrass : stomatal conductance of,@ of grass leaves, day time mean (meDH
m2s?

ccon : stomatal conductance of,8, day time mean (=CC@gbg+ CCONyrass MOl
H,O m?s?

Production
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app
app
PPy

anpp

stat)eaf

: gross primary production of each tree (g DM dpy

: gross primary production of each crown layeb{d day™)

: gross primary production of grass layer (g DM dan )

: annul net primary production of the previousryga DM year”)

: benefit per cost of maintaining leaf mass {ydgy™)

Other metabolic variables

lai
laig

qt

Soil water cycle
Precain
PréCsnow

rain

POO ()

POO snow

tw

: leaf area index of each PFT{m™)
: leaf area index of grass layer’(m™)
. state of water availability for each PFT (varyi®.0—1.0)

: temperature sensitivity of respiration

: precipitation, rain (mm daj)

: precipitation, snow (mm dal)

: expected number of rain in a day (dfay

. water content at soil layer(mm)

. water-equivalent snow depth (mm)

: snowmelt rate (mm daj)

: penetration rate for soil layar(mm day’)

: actual evaporation rate from soil layer 1 (mmdpy
: potential evaporation rate from soil layer 1 (rday™)
: actual transpiration rate from soil layemm day?)

: potential transpiration rate (mm ddy
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aet

Caer (0]

Csoil

Cieaf

- intercepted rainfall by plants (mm d3y

: actual evapotranspiration of the previous yean(year’)

: aerodynamic conductance of evaporation
: soil conductance of evapotranspiration

: canopy conductance of transpiration

Radiation conditions at midday

radntact
rad
radgirect

r adiffuse
radnetyeg
radnet;
radnétiong
par

Par direct
Par ditfuse
Parwood (1, n)
pargrass

fpar girect(, n)

fpar gifruseq)

fpardirect

- shortwave radiation at top of atmosphere (W)m

: shortwave radiation entering biosphere (W)m

- direct radiation withiad (W m™)

: diffused radiation withimad (W m™)

: net radiation at vegetation surface (Wm

: net radiation at soil surface (Wh

: net long wave radiation (W)

: midday PAR gmol photon m? s%)

: direct radiation component pér (umol photon m?s™)

- diffused radiation component pér (umol photon m?s™)

: midday PAR on crown layérmof individual treen (umol photon m? s

: midday PAR at the grass lay@mn{ol photon m*s™)

. relative intensity of direct PAR of crown diskof tree n at midday
compared to the forest top (dimensionless)

. relative intensity of diffused of forest layeat midday compared to the
forest top (dimensionless)

‘relative intensity of direct PAR of crown didkof tree n at midday
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gt

Sldec

dien

eK

ir
albedoyeg

al bedoso”

Air characteristics
ap

vp

VPsat

vpd

coZatm
slopeyps

dnsa

compared to the forest top (dimensionless)

. solar angle at midday (degree)

: solar declination of the Earth’s orbit (degree)

: day length (hour)

. light attenuation coefficient at midday (dimesrgess)
: shortwave interception by leaves (fraction)

. albedo of vegetation surface (fraction)

: albedo of soil surface (fraction)

. air pressure (hPa)

. actual vapor pressure (hPa)

: saturated vapor pressure (hPa)

: vapor pressure deficit between saturated anagbeapor pressures (hPa)
: ambient (canopy) C&oncentrationymol CO, mol™ air)

: slope of saturated vapor pressure (hPd)°C

- density of air (kg nT)
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B4. PFT-specific allocation and allometric paramete

PFT ALM; ALM, ALMs; ALM, ALMs ALMs ©7 Her, PBHim FR o SA LAmx CDmx
max it
(g DM . . . (m . (m*  (m?
- - _ ratio ratio ratio m _ m ratio _ _ m
S0 (ato) (ratio) (o) (m) M (m) aio) [ [T (m)
TrlBE i i 62800 i 02 037 680 1400 156 400 0010 50  39.0
TrZBE ; ; 57800 ; 02 928 680 1000 066 400 0010 50 165
Tr?EfE i i 37800 i 02 (28 540 950 045 400 0010 50 113
TrE’E ] ] 78800 ] 02 0928 420 950 024 400 0.010 50 6.0
49200
TBR 7000 200 0 0.50 ] . 350 1500 1.00 150 0.013 40 150
TeNE 4800 100 378‘00 0.38 ] . 430 650 1.00 150 0004 40 150
49200
TeBE 4800 200 ¢ 0.38 ] . 170 1543 100 150 0.007 40 15.0
49200
TeBS 14500 200 5 0.20 ] . 370 1590 1.00 150 0.015 2.0 150
37400
BONE 6000 100 ' 0.20 ] . 350 1300 100 150 0.004 2.0  10.0
BoNS 6000 ; ] ] ] . 317 165 1.00 017 0014 4.0 8.0
49200
BoBS 8500 200 g 0.30 ] . 350 2000 04 150 0.016 3.0  10.0
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TeH - - - - - - - - - 1.00 0007 -

TH - - - - - . - - - 1.00 0007 -
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B5. PFT-specific dynamic parameters

PFT M, M, Ms  Pesyin  TCmn TCmx GDDmin  PARmin
—2 mol

dim(ennc;ion) dim(ennosion) dim(ennosion) y(ergr‘l) cC)y (O S;;(e:) %fﬁj

TrBE1 : : 0.12 0.020 155 : 3000 20

TrBE2 : : 0.12 0.004 155 : 3000 20

TrBE3 : : 0.12 0.048 155 : 3000 200

TrBE4 : : 0.12 0.002 155 : 3000 20

TrBR  0.015 15 0.50 0.015 155 : 3000

TeNE  0.018 1.0 0.12 0.040 20 220 900

TeBE  0.008 1.0 0.50 0.040 30 188 1200

TeBS  0.010 25 0.12 0.013  -17.0 155 1200

BONE  0.013 1.2 0.12 0.005 -325  -2.0 600

BoNS  0.003 2.0 0.00 0.013 : 2.0 350 350

BoBS  0.015 2.0 0.12 0.020 : 2.0 350 700
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B6. PFT-specific respiration and turnover paranseter

P FT RM P Nf RGf RG S RGr RGstocki n RG stockout Tof TOS TOr

(9C
~ (N (DM  (gDM  (gDM  (gDM  (gDM _ _ _
gN?t o . . . . . (year’) (year’) (year)
4, 9DM™) gDM™) gbDM™) gDM™) gDM™) gDM™)
day")
TBE1 01 0016 156 1.68 1.34 1.10 1.10 0.59 - 0.76
TTBE2 0.1 0.016 156 1.68 1.34 1.10 1.10 0.59 - 60.7
TTBE3 0.1 0.016 156 1.68 1.34 1.10 1.10 0.59 - 60.7
TIBE4 0.1 0.016 1.56 1.68 1.34 1.10 1.10 0.59 - 60.7

TrBR 0.1 0.022 1.56 1.68 1.34 1.10 1.10 0.59 0.05 .76 0
TeNE 0.1 0.012 1.56 1.68 1.34 1.10 1.10 0.22 0.05 .64 0
TeBE 0.1 0.012 1.56 1.68 1.34 1.10 1.10 0.38 0.05 .64 0
TeBS 0.1 0.022 1.56 1.68 1.34 1.10 1.10 2.17 0.05 .64 0
BoNE 0.1 0.012 1.56 1.68 1.34 1.10 1.10 0.22 0.05 420

BoNS 0.1 0.016 1.56 1.68 1.34 1.10 1.10 4.00 - 0.16
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BoBS 0.1 0.025 1.56 1.68 1.34 1.10 1.10 3.33 0.05 .420

the 0.1 0.027 1.50 - 1.34 1.10 1.10 3.19 - 0.40

TrH 0.1 0.018 1.50 - 1.34 1.10 1.10 6.70 - 0.90

60



B7. PFT-specific photosynthesis parameters

PFT PMAX EK LUE Topto Tmin  Tmax GSu1 GSy; GS3: KM CO2cmp RootDepth
mol mol mol
(n (mol ( (v
COo; no . . o H20 no (umol  CO,
o _CO;mol (C°) (C°) (C°) , . X . (x10cm)
m dimension . m“ dimension mol™)  mol”
_ photon™) _ ,
s) sY) air)
TrBE1 9.4 0.50 0.10 275 2.0 475 0.01 5.0 10.0 33.0 50.0 5
TrBE2 9.9 0.50 0.06 275 2.0 475 0.01 5.0 10.0 33.0 50.0 5
TrBE3 26.0 0.50 0.06 275 2.0 475 0.01 5.0 10.0 33.0 50.0 5
TrBE4 16.3 0.50 0.09 275 2.0 475 0.01 5.0 10.0 33.0 50.0 5
TrBR 14.1 0.50 0.05 275 2.0 475 0.01 5.0 10.0 30.0 50.0 5
TeNE 9.0 0.50 0.05 25.0 0.0 45.0 0.01 5.0 10.0 30.0 50.0 5
TeBE 9.0 0.50 0.05 25.0 0.0 45.0 0.01 5.0 10.0 30.0 50.0 5
TeBS 12.0 0.50 0.05 225-2.0 425 0.01 5.0 10.0 30.0 50.0 5
BoNE 9.3 0.50 0.05 18.0-4.0 38,5 0.01 5.0 10.0 30.0 50.0 5

BoNS 13.0 0.50 0.05 20.0 5.0 35.0 0.01 5.0 10.0 30.0 50.0 5
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BoBS

the

TrH

9.0

8.0

10.0

0.50

0.50

0.50

0.05

0.05

0.05

18.0-4.0 385 0.01

- -1.045.0 0.01

- 2.5 55.00.01

5.0

5.0

2.0

10.0 35.0

10.0 37.0

10.0 10.0

50.0

50.0

5.0

10
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B9. Classification scheme of vegetation type, taikem Haxeltine and Prentice (1996) with some sifigaltions.

Vegetation type conditions Dominant PFT Other
Group 1

Desert (polar) any GDDy < 150
Group 2

Arctic / Alpine-tundra any GDDs < 350
Group 3

Tropical forest TrBE 2.5 LAl
Tropical deciduous forest TrBR 29 Al ax
Temperate evergreen forest TeNE 2 Al rax
Temperate evergreen forest TeBE SI0Al rax
Temperate deciduous forest TeBS 2 BAl ax
Boreal evergreen forest BoNE

Boreal deciduous forest BoNS or BoBS

Group 4

Xeric wood-land / scrub Tropical woody or TeBE E.0Al o

Boreal woody or TeNE or TeBS 18 Al

Group 5
Grass land / Savannas / Steppe any <2l
Desert (arid) any LAlmax < 0.2

Priority of classification: Group 1 > Group 2 > G3 > Group 4 > Group 5
GDDy: growing-degree-day at 0 °C base
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1
2
3

GDDs: growing-degree-day at 5 °C base
LAl : maximum leaf area index of the previous yearrii)
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Figures

Figure 1

Representation of individual trees in the SEIB-DGMBAch tree

is composed of a crown, trunk, and fine roots. Thek is

composed of heartwood and sapwood. Trunk biomadsdes

branches and coarse/tap roots. The crown congidi8-om-deep

‘disks’. The trunk and the crown both have cylidfi shapes,

while the fine roots are formless (i.e., represgntmly by

biomass).
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Figure 2

The carbon flow through a
terrestrial ecosystem as simulated by

the SEIB-DGVM.
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@D Figure 3
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The water flow through the terrestrial
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Figure 4

y
e

Schematic diagram of how to allocate direct

radiation among trees in the SEIB-DGVM. See

text for explanation.
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