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Appendix A

A1. Atmospheric environments (computed daily)

Atmospheric conditions were calculated daily based on input climate data. Air pressure (ap in

hPa) was approximated by site altitude (4L7'in m) and air temperature (£mpa;in °C ):
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(A1)

ap =1013.25 eXp( ~0.2838472 x ALT J |

8.3144(tmp,, +273.15)

where the multiplier 1013.25 is the control air pressure (in hPa) at sea level at 15°C, and the
multiplier 8.3144 is the universal gas constant (in J mol-! K-1). Actual vapor pressure (vp in

hPa) was a function of air pressure ap and humidity Aumid (g g-1):

vp = apx humid . (A2)
0.622+0.378 x humid
The saturated vapor pressure vpsa (hPa) was given by Tetens' equation:
7.5tmp,;,
VP = 6.1078 x 10> +1mPar (tmpgir > 0.0) (A3)
9.5tmp,;,
VP, = 6.1078 x 107%™ (tmpair <0.0). (A4)

The vapor pressure deficit vpd (hPa) is the difference between saturated and actual vapor

pressures:

vpd = Vpsat — V. (A5)

The slope of saturated vapor pressure slopevps (hPa °C-1) is:

6.1078 x (2500 —2.4¢mp,.) . g s
slope, . = 27 5 1O (tmpgir > 0.0 A6
P, O.4615(tmpal.r +273.15)2 (tMPair ) (A6)
slope 6.1078 x 2834.0 10 265-3+mps (tmpar < 0.0). (A7)

#* = 0.4615(tmp,, +273.15)°

The density of air dnsa (kg m=3) is:
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ZAT ap

dnsa=1.293 X
tmp,, + ZAT 1013.25

x[1—0.378£j. (A8)
ap

A2. Solar radiation (computed daily)

Angular solar elevation above the horizontal at midday (sl was calculated by the following

equations:
sin(Slpgt) = sin(LAT) x sin(Slgec) + cos(LAT) x cos(Sl dec), (A9)

where LAT is the site latitude (-90 < LAT'< 90 in degree) and sl is the solar declination of
the earth's orbit in degrees. sliec has a maximum value of 23.4 on the summer solstice, and a
minimum value of —23.4 on the winter solstice, and a value of 0 on equinox days; thus, it can

be approximated by the following equation:

Slgec = 23.4 sin( 360x(doy—81)/365 ), (A10)
where doyis the days of the year (1-365, ignoring leap years). Using s/, the hourly angle of
the sun from sunrise to midday can be calculated as arccos( —tan(ZA7) x tan(s/swd ); thus, the
day length in hours (dlen) will be:

dlen= 2 [ arccos(—tan(LAT) x tan(Slgec) )/15 ]. (A11)

Shortwave radiation at the top of the atmosphere at midday (radintacc in W m2) is a function of

Slpgt:

radintact = 1367 x sin(Shgt) x (ESDmea/ESD)?, (A12)
where the multiplier 1367 is a solar constant (in W m-2), £SD1is the distance between the sun
and the earth (in km), and ASDmesn represents the annual mean ESD (=1.46:108 km).

(ESDumeanl ESD)? can be approximated by:

(ESDimea/ESD)? = 1.000111 + 0.034221 cos(X) + 0.00128 sin(X) + 0.000719 cos(2X) +
0.000077 sin(2Xx), (A13)

where xis the seasonal angle of the earth's orbit ( x= 360 x doy/365 ). In the troposphere, the
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incident solar radiation radintzace (W m=2) is attenuated by clouds and airborne particles. This
effect has been empirically formulated as a function of cloud cover (0.0 < cloud < 0.8) by Igbal
(1983), as follows:

rad = radinac x ( 0.803 x 0.34 cloud x 0.458 cloud®), (A14)

where radis the amount of solar radiation that reaches to the biosphere (in W m-2).
In addition to this attenuation effect on irradiance, scattering in the atmosphere optically
alters the ratio between direct and diffuse radiation:

rad gisuse = rad x [ 0.958 — 0.982 (rad/radinact) ] (A15)

radgrecc = rad — rad gruse, (A16)

where radiitruse and raddirect are diffuse radiation and direct radiation within rad, respectively.
Diffuse and direct radiation differ in their fractional content of photosynthetically active
radiation (PAR: 400-700 nm) in the total spectrum; diffuse radiation contains 57%, while
direct radiation contains 43%. Thus, photosynthetic photon flux density of PAR is given by the

following:
par giffuse = 4.2 x 0.57 x rad gifuse (A17)
par giret =4.6 x 0.43 x rad girect (A18)
par = par dgiffuse + PAr girect (A19)

where paris photosynthetically active radiation at midday (in pmol photon m-2 s-1), and par
ditfuse and par direct are the diffused and direct radiation components of par. The multipliers 4.2
and 4.6 are for unit conversion from [W m-2] to [imol photons m-2 s-1] for diffuse and direct

radiation, respectively (Larcher, 1995).
A3. Net Radiation (Computed Daily)
To estimate the transpiration rate of leaves and the evaporation rate of soil, the net radiation

at vegetation (radnetvesin W m-2) and at the soil surface (radnetsoirin W m-2) were calculated

as-:
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radnet veg=[rad x (1 — albedoeg) + radnet jong] x (1 —ir) (A20)
radnet i = [rad x (1 — albedo ;i) + radnét jong] x i, (A21)

where iris the shortwave interception by leaves:

Ir = exp{pf‘ (— eK , x lai, )j (A22)

P

and albedoves and albedos.ii are the albedo of vegetation and the soil surface, respectively;
albedoves was assumed to be 0.20, while albedossii was assumed be a function of soil albedo
(ALBEDO) and the amount of snow on the ground:

albedo o = ALBEDO + (0.7 — ALBEDO)/[1 + exp(~0.05(p00lsnon~70.0))].  (A23)

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

formula:

radnetiong = 5.67 x 107 x (tmpa; + 273.15)* x (1 — 0.65 cloud) x [0.39 + 0.058/(vp +
1.0)], (A24)

where the constant 5.67 x 10-8 is Stefan—Boltzmann's constant (in W m-2 K-4).

A4. Parameters of Photosynthesis and Stomatal Conductance (Computed Daily)
Appendix B7 shows the definition of PFT-specific photosynthesis parameters. To estimate
photosynthesis and stomatal conductance, midday photosynthetic rates at the top of the leaf
layer (prp in pmol CO2 m~2 s-1) were calculated for each PFT every simulation day, using

equation (15):

Py xluex x

ptop - 5 (A25)
Pe +luexx

where psar is single-leaf photosynthetic rate under light saturation (in pmol COz m=2 s71). xis

the PAR at the top of the leaf layer (in pmol photon m=2 s-1). In woody PFTs, we substituted
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the PAR above tree canopies for x; in grass PFTs, we substituted the PAR below tree canopies
for x. lue is the light-use efficiency of photosynthesis (in mol CO2 mol photon-1), which is

formulated to conform to the data in Osmond et al. (1980) as follows:

52 —-tmp,,. co2,,,

Iue = LUFE x X
3.5+0.75(52 —tmp,, ) 90+0.6xco2,,

(for C; PFTs)  (A26)

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

where LUFE is the potential maximum value, and coZeer is the intercellular CO2 concentration
(in pmol mol-1). The single-leaf photosynthetic rate, psa, under light saturation (in pmol CO2
m~2 s71), is calculated by multiplying its potential maximum of photosynthetic rate (PMAX) by
the coefficients of temperature, CO2 level, and soil water effects (cetmp, cews and cewater,

respectively):

Do = PMAX x Cppy X CE,py X CE

water *

(A28)

cetmp, the temperature-dependent function of psa, is a bell-shaped curve that reaches the
maximum (1.0) at the optimum temperature and tapers off in warmer or cooler temperatures
(Raich et al., 1991):

tmp,, - T tmp, —T..
an.p — ( ( mpa.lr max )( mpa.lr mll’l) (A29)

v b
trnpajr _Tmax )(tmpajr _Tmin)_(tmpair _topt)
where Tmax, Tmin, and top+ are the PFT-specific maximum, minimum, and optimum
temperature for photosynthesis, respectively (in °C). For Cs PFTs, fo¢ increases with the
intercellular COz2 concentration because of photorespiration:

topt = Topto + 0.01 C020d| (for C3 PFTS) (A30)
topt = Topto (for C4 PFTS), (A3 1)
where Topto is the minimum value of typ: at a very low coZeen. For TeH (Cs grass), topr is

assumed to be a 20-year running mean of air temperature in the growth phase (maximum

range 10°C—30°C). This is because TeH includes a varieties of species adapted to a wide range
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of climatic zones.

The cecoz, the CO2-dependent function of psat, 1s expressed by a Michaelis-type function:

co2,, —coZ,

ce,, =0.30+0.70 x - (for C5 PFTs) (A32)
+co2,,
co2,, —co2,

ce,,, =0.50+0.50 x - (for C4 PFTs), (A33)
+coZ2,,

where KM is the coefficient of CO2 concentration sensitivity; coZemp is the CO2 compensation

point, which is adjusted by temperature for Cs species (Brooks and Farquhar, 1985).

c02,,, = COZempfl +0.0451(¢mp,,, —20)+0.000347¢mp,;, —20)| (for C; PFTs)  (A34)

coZ,,, =C02cmp (for C4 PFTs), (A35)

where COZcmp is the control value of coZemp at 20°C; cewater, the water availability effect

coefficient of psas, is calculated as follows:

cewater = Y S ta twater : (A3 6)

The midday leaf stomatal conductance of H20 at the top of the leaf layer gswp (mol H20 m~2
s71), is obtained by equation 20:

GS,, x Piop
(cozatm — 02, )(1 +vpd/GS,;)’

gstop = GSDI +
(A37)

where GSpi, GSks, and GSks are PFT-specific parameters; gswp affects the intercellular COq

concentration (coZeerrin nmol mol-1) following Leuning (1990):
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ptop

Cozcell = Cozatm T 1 e
gS, /1.56

(A38)

where 1.56 is a factor to convert gs into CO2 conductance. Using equations A25 through A38,

we calculated prwp, lue, and gswp of each PFT every simulation day.

A5. Soil water percolation (daily computation)

Water infiltration, percolation and runoff were simulated daily with a modified version of a
submodel of MAPPS (Neilson, 1995), which is based on Darcy's law (Hillel, 1982).

Calculations were made in the following order: (1) infiltration, (2) percolation from soil layer 1

to 2, (3) percolation from soil layer 2 to 3.

Daily infiltrated water to soil layer 1, pnw), is:

png, = prec,,, —ic+tw, P%lo _y
Depth

(pool,, | Depthy) W,

n,, =|\prec. . —1ic+twhkl—
p ©) (p rain |: W _W

sat mat

pool )

pn = 00 s W, <
v g Depth ,

1.4

mat Dep ¢ 1%1) =" h

(A39)

(A40)

(A41)

where Wpmay, Wsat and Wg are the soil moisture at matrix potential, saturation point, and field

capacity, respectively. These are location-specific parameters. Depthm) is the depth of soil

layer n, which is assumed to be constant irrespective of location (Depth) = 500 mm, Depth(z)

= 1000 mm, and Depthi~= 1500 mm). The constant 1.4 is an infiltration parameter, which is
adjusted daily (unpublished data of Conklin and Neilson, 2005). All daily excess water at the

soil surface is removed as runoff water.

Water in soil layer nis percolated to the next layer according to the following:

pn, =K ., (p00] win —Wg x Depth (11){ W
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W..—W, mat Depth,,, a

sat mat
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(A43)

pl’.l(n) = 0.0, pOO] wn) W . (A44)
Depth ,, ~ "™

The coefficients Kuiw), Kuzt, Ks1w, and Ksoa) are adjusted daily (Appendix B8; unpublished
data of Conklin and Neilson, 2005). The actual amount of water allowed to percolate is the
lesser of the calculated flux from a given layer (layer 1 or 2) or the available water-holding
capacity (Ws x Depth@m) — poolw) in the layer below (layer 2 or 3). Percolated water from soil

layer 3 is immediately removed as runoff.
A6. Evapotranspiration (Computed daily)

The potential evaporation (evpm) and transpiration (#rpm) are estimated by the

Penman—Monteith method (Monteith and Unsworth, 1990), assuming an abundant water
supply:

slope,,, x radnet,; +0.2813 x dnsaxvpd x c

695{slope,,, +0.6671.0+c,,, /c.;)}

ev,, = dlenx e, (A45)

vps

slope, . x radnet,,, +0.2813xdnsaxvpd xc,,,, .
tr,, = dlenx 2 i —1ic, (A46)
695{slope,,, +0.667(1.0 +c,,,, | C1..;)}

vps

where the constant 0.2813 is the specific heat of air (in Wh kg-1 K-1), 695 is the latent heat of
vaporization (in Wh kg-1 H20), and 0.667 is the psychrometer constant (in hPa K-1); caero, Csoil,
and crar are aerodynamic conductance, soil surface conductance, and canopy conductance,

respectively; cCaero, aerodynamic conductance is proportional to wind velocity:
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_ 0.41% xwind

04l xwind (A47)
[log(er)]

aero

where 0.41 is Von Karman’s constant and wind is the wind velocity (m/s) at height o (m). We
assigned « a value of 10 because we used wind data at 10 m for simulation experiments in
this study. cseiz, soil surface conductance, is in proportion to the fraction of soil layer 1 that is

saturated with water:

/
.. =0.0224x— L% (A48)
Wsat x Depth,,,

where the multiplier 0.0224 is water-saturation conductance. Finally, cearis

Cloar = 0.0224 x ccon (A49)

where the multiplier 0.0224 is the unit converter from [mol H20O m=2 s71] to [m3 HoO m=2 s~1].

Due to the limited water availability, evapotranspiration rates were reduced from their
potential values, evpm and trym, to their actual values, ev and {r, as approximated by the

quadratic functions:
0.85 (3.0xev)2 — (a + evpm) (3.0xev) + a x evpm = 0, (A50)
0.85 tr* — (b + trpm) tr + b x trpm =0, (A51)

where 0.85 and 3.0 are the empirical convexity of the available water to the actual
evapotranspiration curves; a and b are available water for evaporation and transpiration,
respectively; a = poolwa), b = max(0, poolw)-Depthax Wwil) + max(0,

poolwi@—Depth@ex Wwilt). Actual evaporation and transpiration rates are as follows:

oy = (a+evpm)—\/(a+evpm)2 -4x0.85xaxev,, K. (A52)
2x0.85

~ (b+t1"pm)—\/(b+t1"pm)2 -4x0.85xbxtr,,

tr = (A53)
2x0.85

5
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where the coefficient Kevis 1/3. Actual evaporation, ev, is charged only for soil layer 1. Actual
transpiration, tr, is charged for soil layers 1 and 2 in proportion to the fine root biomass

distribution in the virtual forest.
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Appendix B

B1. Inputs and outputs of the SEIB-DGVM

Input

(1) Location
latitude, altitude

(2) Soil (fixed in time)

soil moisture at saturation point, field capacity, matrix potential, wilting point, albedo

(3) Climatic data (daily)
air temperature, soil temperature, fraction of cloud cover, precipitation, humidity, wind

velocity

Outputs

(1) Carbon dynamics (daily—yearly)
terrestrial carbon pool (woody biomass, grass biomass, litter, soil organic matter), CO2

absorption and emission rates

(2) Water dynamics (daily)
soil moisture content (three layers), interception rate, evaporation rate, transpiration rate,

interception rate, runoff rate

(3) Radiation (daily)

albedo from terrestrial surface

(4) Properties of vegetation (daily—yearly)
vegetation type, dominant plant functional type, leaf area index, tree density, size distribution

of trees, age distribution of trees, woody biomass for each tree, grass biomass per unit area
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B2. Processes in the SEIB-DGVM, and the approaches used to represent each process

Process Approach Source
Physical process
Radiation Beer's Law within spatially explicit virtual
forest
Evapotranspiration = Penman—Monteith evapotranspiration Monteith and
Unsworth (1990)
Soil water process ~ Empirical analogs of Darcy's law: saturated Neilson (1995)
and unsaturated percolation in three soil
layers
Physiology
Photosynthesis Michaelis-type function
Maintenance The respiration rate is in proportion to the Ryan (1991)
respiration nitrate content of each organ.
Growth respiration  The respiration rate is based on the Poorter (1994)
chemical composition of each organ.
Stomatal A semiempirical model Ball et al. (1987)
conductance modified by Leuning
(1995)
Phenology A set of semiempirical models; parameters Botta et al. (2000)
were estimated from satellite NDVI data.
Decomposition Three carbon sources: litter and soil organic Foley  (1995) and
carbon with slow and fast decomposition Lloyd and Taylor
rates (1994]
Vegetation dynamics
Establishment Climatically favored PFTs establish as small
individuals.
Mortality Annual NPP per leaf area, heat stress, Sitch etal. (2003)
bioclimatic limit, and fire
Disturbance Fire as an empirical function of soil Kistler et al. (2001)

moisture and aboveground biomass
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B3. Parameters and constants in the model’s equations

Fixed parameters (begins with a capital letter)

Soil properties (Grid specific)

Wiat : soil moisture at saturation point (m m-1)
Ws : soil moisture at field capacity (m m-1)
Winat : soil moisture at matrix potential (m m-1)
Wit : soil moisture at wilting point (m m-1)
ALBEDO : soil albedo (fraction)

Depth @) : depth of soil layer n (mm)

Soil properties (Global value)

Kuiw), Kuzty) : percolation coefficients of unsaturated soil of soil layer n (dimensionless)
Ks1t), Ksz2) : percolation coefficients of saturated soil of soil layer n (dimensionless)
Location

LAT *latitude (degree)

ALT > altitude (m)

Allocation and Allometry (PFT-specific)

HGTmax * maximum tree height (m)

HGTs * initial value of relative growth rate, height to diameter (m m-1)
LAmax * maximum leaf area per canopy surface (m2m-2)

CDmax  maximum crown diameter (m)

SLA : specific leaf area (m2 g DM-1)

Proot : proportion of root mass in soil layer 1 (varying 0.0—1.0)

ALM;, 2 4 : allometric parameter 1, 2, 4 (dimensionless)

ALM 3 : allometric parameter 3 (g DM m—3)

FRratio : ratio of foliage mass to fine root mass (ratio)

Respiration and turnover (PFT-specific)

PN¢ s, » ‘nitrogen mass per biomass for foliage, sapwood, root (g N g DM-1)
RM ‘maintenance respiration rate at 15°C for unit nitrogen mass (g C g N-1 day-1)
RGr s » ‘specific growth respiration rate for foliage, sapwood, and root (g DM g DM-1)

RGstockin  ‘growth respiration rate for stock resource (g DM g DM-1)
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RGstockout  ‘growth respiration rate from stock resource to available resource (g DM g DM-1)
TOs s, » ‘turnover rate for foliage, sapeood, and root (DM-! year-1)

TOpst, slow ‘turnover rates for fast and slow soil organic matter (SOM) (DM-! yr-1)

Photosynthesis (PFT-specific)

PMAX  maximum photosynthesis rate (umol mol-! CO2 m—2 s-1)

EK : light attenuation coefficient for vertical direction (dimensionless)
LUK : control value of light-use efficiency for photosynthesis (mol CO2 mol photon-1)
Topto ‘optimum temperature for photosynthesis at very low intercellular COs2

concentration (°C)

Tmin  minimum temperature for photosynthesis (°C)

Tmax : maximum temperature for photosynthesis (°C)

GSh1 : parameters for stomatal conductance (mol HoO m-2 s-1)

GS'p2 : parameters for stomatal conductance (dimensionless)

GSh3 : parameters for stomatal conductance (hPa)

KM : dependence of photosynthesis on intercellular CO2 concentration (umol mol-1)

CO2cmp : COz compensation point at 20°C (umol COz mol-! air)

Establishment (PFT-specific)

Pstablish : establishment probability at vacant patch (m-2 year-1)
GDDmin  minimum growth-degree-day sum (5 °C base)
TCrmax  maximum coldest-month temperature (°C)

Mortality (PFT-specific)

M; : a parameter for background mortality (dimensionless)
M= : a parameter for background mortality (dimensionless)
Ms3 : probability of survival after fire (varying 0.0—1.0)

T Crin  minimum coldest-month temperature for survival (°C)

Other fixed parameters
ESD : distance between sun and earth (km)
FESDmean : annual mean of £SD (km)

Variables (Begins with a lowercase letter)

Daily climatic data
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tmpair > air temperature (°C)

tmpsoil : soil temperature at 10 cm depth (°C)
cloud : total cloud cover (fraction)

prec : daily precipitation (mm day1)
humid : air humidity (g g-1)

wind : wind velocity (m s1)

Woody biomass (for each individual tree)

massieat : leaf biomass (g DM)
masStrunk : trunk biomass (g DM)
massSroot : fine root biomass (g DM)
MmasSstock : stock biomass (g DM)
MAasSSavailable : available biomass (g DM)

Grass biomass

gmasSieat : leaf biomass density of grass (g DM m-2)
£Mmassroot : root biomass density of grass (g DM m-2)
ZmasSstock : stock biomass density of grass (g DM m-2)
gmasSavailable : available biomass density of grass (g DM m—2)

Morphology and characteristecs for woody PFTs (for each individual tree)

height : tree height (m)

Crowndiameter : crown diameter (m)

Crowndepth : crown depth (m)

CroWnarea ! cross sectional crown area (m2)

dbhsapwood : sapwood diameter (m)

dbhheartwood : heartwood diameter (m)

Ia : leaf area (m2)

lamean : annual mean leaf area in the previous year (m2)

Photosynthesis conditions

Dtop : midday photosynthetic rates at top of the leaf layer (imol CO2 m—2 s-1)
Dsat : light saturated photosynthetic rate (uCO2 m=2 s-1)

Iue : light-use efficiency of photosynthesis (mol CO2 mol photon-1)

€02emp : CO2 compensation point (imol CO2 mol air-1)

coZcell - intercellular COz concentration (imol CO2 mol air-1)
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topt

gStop

gs

gStop

CCONwood

CCONgrass

ccon

Production

gpp
8pp!
&PPs
anpp

Statieaf

: optimum temperature for photosynthesis (°C)

: midday leaf stomatal conductance of HzO on top of the leaf layer (mol COz

m-2 s1)

 midday leaf stomatal conductance of H20 (mol CO2 m—2 s-1)

: midday leaf stomatal conductance of H20 on top of the leaf-layer (mol CO2

m-2 s1)

: stomatal conductance of H20 of tree canopy, day time mean (mol HzO m-2

s1)

: stomatal conductance of H20 of grass leaves, day time mean (mol H20 m-—2

s1)

. stomatal conductance of H20, day time mean (=cconwooed+ cCONgrass, mol

H20 m—2 s1)

: gross primary production of each tree (g DM day-1)

: gross primary production of each crown layer (g DM day-1)
: gross primary production of grass layer (g DM day-! m-2)

: annul net primary production of the previous year (kg DM)

: benefit per cost of mainaining leaf mass (g g1)

Other metabolic variables

lai
laig
Statwater

qt

Soil water cycle
PreCrain
PIréCsnow
poolw)
POoOlsnow

tw

pn@w

ev

€Vpm

tr)

: leaf area index of each PFT (m2 m-2)
: leaf area index of grass layer (m2 m—2)

: state of water availability for each PFT (varying 0.0—1.0)

' temperature sensitivity of respiration (dimensionless)

: precipitation, rain (mm day1)

: precipitation, snow (mm day-1)

: water content at soil layer n (mm)
: water-equivalent snow depth (mm)

: snowmelt rate (mm day-1)

! penetration rate for soil layer n (mm day-1)
: actual evaporation rate from soil layer 1 (mm day-1)
: potential evaporation rate from soil layer 1 (mm day-1)

: actual transpiration rate from soil layer n (n=1 or 2) (mm day-1)

36



trpm
Iic
aet
Caero
Csoil

Cleaf

: potential transpiration rate (mm day-1)

* intercepted precipitation by plants (mm day-1)

: actual evapotranspiration of the previous year (mm year-1)
: aerodynamic conductance of evaporation (dimensionless)

: soil conductance of evapotranspiration (dimensionless)

: canopy conductance of transpiration (dimensionless)

Radiation conditions at midday

radintact
rad
raddirect
rad, diffuse
radnetveg
radnetsoil
radnetiong
par
pardirect
pardiffuse
parwood (, n)
PAarlgrass

fpardirect(, n)

Ipardittuse®

fpar direct

Slhgt

Sldec

dlen

eK

ir
albedoveg
albedosoir

Air characteristics

ap

: shortwave radiation at top of atmosphere (W m-2)

: shortwave radiation entering biosphere (W m-2)

: direct radiation within rad (W m—2)

: diffused radiation within rad (W m—2)

: net radiation at vegetation surface (W m-2)

: net radiation at soil surface (W m—2)

: net longwave radiation (W m-2)

* midday PAR (umol photon m—2 s-1)

: direct radiation component of par (umol photon m—=2 s-1)

: diffused radiation componetn of par (umol photon m-2 s-1)

: midday PAR on crown layer /of individual tree n (umol photon m-2 s-1)

: midday PAR at the grass layer (umol photon m—2 s-1)
: relative intensity of direct PAR of crown disk /7 of tree n at midday
compared to the forest top (dimensionless)
: relative intensity of diffused of forest layer /at midday compared to the
forest top (dimensionless)

‘relative intensity of direct PAR of crown disk / of tree n at midday

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 (dimensionless)

: shortwave interception by leaves (fraction)

- albedo of vegetation surface (fraction)

: albedo of soil surface (fraction)

: air pressure (hPa)
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vp : actual vapor pressure (hPa)

VDsat : saturated vapor pressure (hPa)

vpd ! vapor pressure deficit between saturated and actual vapor pressures
(hPa)

coZatm : ambient (canopy) COz2 concentration (umol CO2 mol-! air)

slopevps : slope of saturated vapour pressure (hPa °C-1)

dnsa : density of air (kg m-3)
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B4. PFT-specific allocation and allometric parameters

PFT ALM; ALM, ALM3 ALMs; HGTmax HGTs FRratio Proot S A LAmax CDmax

- (m) n(lnll) (ratio) (fraction) gr}; lfnmzz) (m)

TrBE 12000 200 492000 0.20 76.5 1650 1.50 0.79 0.010 1.0 30.0

TrBR 12000 200 492000 0.20 35.0 150.0 1.50 0.88 0.013 1.0 15.0

TeNE 9000 100 374000 0.20 43.0 65.0 1.50 0.70 0.004 1.5 15.0

TeBE 9000 200 492000 0.20 17.0 1543  1.50 0.86 0.007 1.5 15.0

TeBS 18000 200 492000 0.25 37.0 159.0 1.50 0.86 0.015 1.5 15.0

BoNE 11000 100 374000 0.15 35.0 130.0 1.50 0.96 0.004 1.5 10.0

BoNS 11000 100 287700 0.15 28.3 164.3  1.50 0.96 0.015 1.5 10.0

BoBS 15000 200 492000 0.15 35.0 200.0 1.50 0.96 0.016 1.5 10.0

TeH - - - - - - 0.50 0.96 0.020 - -

TrH - - - - - - 0.50 0.88 0.015 - -
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B5. PFT-specific dynamic parameters

PFT M, Mo Ms; Pestablish TChrin TCrrax GDDmin
(no (no (no (m* °C) Q) (5°C
dimension) dimension) dimension) yearﬁl) base)
TrBE 0.010 2.0 0.12 0.040 15.5 - -
TrBR 0.010 2.0 0.50 0.040 15.5 - -
TeNE 0.020 2.0 0.12 0.040 2.0 22.0 900
TeBE 0.020 2.0 0.50 0.040 3.0 18.8 1200
TeBS 0.010 2.0 0.12 0.012 -17.0 15.5 1200
BoNE 0.013 1.2 0.12 0.005 -32.5 2.0 600
BoNS 0.013 1.2 0.12 0.005 - 2.0 350
BoBS 0.010 2.0 0.12 0.010 - 2.0 350
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B6. PFT-specific respiration and turnover parameters

PF T RM P Nf RGf RG S RGr RG stockin RGstockout Tof TOS TOr

(gC

4, (N (¢sDM (DM (¢gDM  (gDM  (gDM g o i
gN i O N 0 N . (year ) (year ) (year )
dayfl) gDM ) gDM ) gDM ) gDM ') gDM ') gDM)

TrBE 01 0016 156 168 134  L10 110 059 005  0.76
TTBR 0.1 0022 156 168 134 110 110 159 005 076
TeNE 0.1 0012 156 168 134 110 110 022 005  0.64
TeBE 0.1 0012 156 168 134 110 110 038 005  0.64
TeBS 0.1 0022 156 1.68 134  1.10 110 217 005  0.64
BoNE 0. 0012 1.56 168 134 110 110 022 005 042
BoNS 0.1 0026 156  1.68 134  1.10 110 400 005 042
BoBS 0. 0025 156 168 134  1.10 110 333 005 042

TeH 01 0027 150 - 134 1.10 .10 3.19 - 0.40

TrH 0.1 0.018 1.50 - 1.34 1.10 1.10 6.70 - 0.90

41



B7. PFT-specific photosynthesis parameters

PFT PMAX EK LUE Topo  Tmin Trmax GSu GS», GSs KM CO2cmp
mol
(n N (mol (umol
mol (mol
no H,O no (umol CO,
CO, ) ) CO,mol (C°) (C°) (C°) . ) (hPa) O »
,  dimension 0 m dimension mol™)  mol
m photon ) 1 )
1 s ) air)
S
TrBE 7.0 0.50 0.05 275 2.0 475 0.01 10.0 100.0 33.0 50.0
TrBR 7.0 0.50 0.05 275 2.0 475 0.01 10.0 100.0 30.0 50.0
TeNE 5.0 0.50 0.05 250 0.0 450 0.01 10.0 100.0 30.0 50.0
TeBE 5.0 0.50 0.05 250 0.0 450 0.01 10.0 100.0 30.0 50.0
TeBS 9.0 0.50 0.05 225 2.0 425 0.01 10.0 100.0 30.0 50.0
BoNE 5.0 0.50 0.05 180 -4.0 385 0.01 10.0 100.0 30.0 50.0
BoNS 5.0 0.50 0.05 180 -4.0 385 0.01 10.0 100.0 35.0 50.0
BoBS 6.0 0.50 0.05 180 -4.0 385 0.01 10.0 100.0 35.0 50.0
TeH 9.0 0.50 0.05 - -1.0 45.0 0.01 10.0 100.0 37.0 50.0
TrH 12.0 0.50 0.05 350 2.5 55.0 0.01 10.0 100.0 10.0 5.0
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B8. Soil percolation parameters for each soil layer (dimensionless)

Soil layer Ky Koy Kis Kas
1 0.80 2.5 0.30 2.0
2 0.15 3.0 0.30 3.0
3 0.01 10.0 0.30 10.0
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B9. Classfication scheme of vegetation type, taken from Haxeltine and Prentice (1996)

with some simplifications.

Vegetation type conditions Dominant PFT Other

Group 1

Desert (polar) any GDDy < 150

Group 2

Arctic / Alpine-tundra any GDDs < 350

Group 3

Tropial forest TrBE 2.5 < LAl

Tropial deciduous forest TrBR 2.5 < LAl

Temperate evergreen forest TeNE 1.5 < LAl pax

Temperate evergreen forest TeBE 3.0 < LAl pax

Temperate deciduous forest TeBS 2.5 < LAl ax

Boreal evergreen forest BoNE

Boreal deciduous forest BoNS or BoBS

Group 4

Xeric wood-land / scrub Tropical woody or TeBE 1.0 < LAl yax
Boreal woody or TeNE or TeBS 1.5 < LAl

Group 5

Grass land / Savannass / Steppe any 0.2 < LAl max

Desert (arid) any LAl pax < 0.2

Priority of classfication: Goup 1 > Goup 2 > Goup 3 > Goup 4 > Goup 5
GDDy: growing-degree-day at 0 °C base
GDDs: growing-degree-day at 5 °C base

LAInax: maximum leaf area index of the previous year (m2 m-2)
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Representation of individual trees in the SEIB-DGVM. Each tree is composed of a crown,
trunk, and fine roots. The trunk is composed of heartwood and sapwood. Trunk biomass
includes branches and coarse/tap roots. The crown consists of 10-cm-deep ‘disks’. The trunk
and the crown both have cylindrical shapes, while the fine roots are formless (.e., represented

only by biomass).

The carbon flow through a terrestrial ecosystem as simulated by the SEIB-DGVM.

The water flow through the terrestrial ecosystem as simulated by the SEIB-DGVM.

Schematic diagram of how to allocate direct radiation in the SEIB-DGVM.

Relationships between mean annual precipitation and aboveground net-primary-production.
The broken line represents the regression from field observations in the U.S. central plains,
while solid lines are the simulated results in Osage Prairie (Oklahoma, USA) and the Central

Plains Experimental Range (Colorado, USA).

Observed (left array) versus simulated (right array) tree size distributions (histograms, left
scale in tree deinsity per ha) and size dependent growth rate (line chart, right scale in
mm/year). DBH class definitions are in 5-cm intervals starting from 5 cm (i.e., 5~10 cm, 10-15
cm, ..., and above 50 cm). For the each simulation site, only one woody PFT that corresponded

with the dominant trees of the observation site was allowed to establish.
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