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METH S, R A MI, SO (2328, kKb, Vro=v, IBE. A
Beme) 12, SMAEFERSDE AR T DO BRI NV A —ABERETLHEICLIVHEETE S
(Lambers et al., 1998), Z D 5% HV T, Poorter(1994) 1%, Uik X v UNEE L /=M O #iLfk f »
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HTFEH@OO 2FENRATIIND, £ L TEHREICBT HMREOAFHEN, BEARMEK L AN
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#1537 (Appendix B6), fHL, ZDO7 —% & v MIIERHEEIEHIER (BoND) DOHIEM N F
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FIWCERZET NV AWMHATL2HFICED 1 HHRCRERKBBAZEN Lz, ZhbD 5 5, TeBS,
BoBS, BoNS ?JE LR 4A H O FHIZ 1T, Botta et al. (2000)DE T /L A7 AEEH L=, 2,
ET —Z D RIEFRIEH ORKRSMAEHTE L. ZNEBIT D720 F— LI hGHE 72 7
/BT NEZDNRTA—E—5 52128 DTH D,

Raingreen woody PFT (TrBR)
Statwater > 10 A BB 7 B EHE T 0.5 28 A7 RICREHN~AD & LT,
Summer green broad-leaved-woods (TeBS, BoBS)

1A 1H (FE¥EROEAITTA 1 H) »BINE ST 5°C~X—2 GDD 73, -68 + 638 expl -0.01 1]
B A BICERERL, 7=/ v —% 6T 55813 gddbm THD, ZTHiE, 11 A1 H (M
FEROGEIE 5 H 1 H) KVINESEHFEHKIED 5CE FRI>TZHETH D, E->T, 2D
AATOERT =/ a o —IlB0 T, X0 LELEBE 5252 LI12kd, b, RER
E XD OICEEERL H O day of year 23, ALFEROLAIL S0+ D 130+HEE £ T, M
ROGEIL 212-0E 6 3124 £ T, LW o Rz L7z,

Summer green needle-leaved woody PFT (BoNS)
BT 60 HFIZBW T, BEHRIBNR-5CU ETh 7= B (ngd) 15 B x7-H,
Grass PFT (TeH, TrH)

latope 73 7 ARG CIE L 2o 72 By IWEIHIC A>T D, HAKRKE b, 14 AfICHEZ Y EA
FEOITBEIR Z A AT REEIRICi i S8 5 2 L T, 2GR A2 NS S8/, AL, BAPFT
IZBWTIX, BEENREEER (Jaip:, EHRIIHLR) ITELTNDHIZOWTHE, Zofs{klx
ELIERNoT,

B REER]

B TOEENE PET 12OV C, BERLEND 60 H 2 GBI, (KIRM~DU W x24I 7%
1 HEIBR CRIE T 5, RIRMICAD &, ZDH%O 14 HEZMNT T, 2TOESL A~ 2 (KA
PFT) FE72i3H BEAA A~ (BER PFT) 2NV ¥ —~fHAAEND, ZL T, b LIRIRANICA
%W CORTEEIRAY, 100 g DM / individual (KA PFT) %£7-21% 50 g DM / m2 (¥4 PFT)
DIARIEYETTE T2 22 WIB AT, Z ORIKIEREICET D & CAPREIRZ K8 L &85, [HE#n
SRR~ 0 8 2z 0L T kD ST TH S, b DOEHEIL Arora and Boer (2005) % X
— A IZL T35,
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Raingreen woody PFT (TrBR)

NPP (PFT &) 258@k 7 A2 > 72 H,
Ttemperate broad-leaved summer-green woody PFTs (TeBS)
HE2S 11 BRI LT 4+ £HERE 11°CLUT L e o 72 H,

Boreal broad-leaved summer-green woody PFTs (BoBS)
THEREEN 2°CLUL T & 7272 H,

Summer green needle-leaved woody PFT (BoNS)

HAP#)5R S 7 B RIHEREC-5CLL T &R o 72 H

Grass PFT (TeH, TrH)

laiope D> 7 HERE TR E RS2 H,

IS DM SR VIR Y IIKIRMIA~OBITIIR &, Lt THEERLERSA T
% PFT & FEERCITE ML L TR # S,

RAEDF &

FaEDX ¥ v TETNTIE, KEREENOT v lr— a VBRSO —ELETITh
FETWD, L, KRETAVTEIMERNRT A—=F =% O T I, ERKREERITE 2 DN
D FCTHAMAFEREE Ik KILT % &9 dynamic allocation scheme % i H L 7=, AAK PFT @
PR X, BRERE - HRERRE - FRER TR INDIEY 2 — A L > THI SN D,

Daily computation

MM FATREZR G IR (massavaitavte) 75 0 LLEDRAKIZOWT, RO T mE ANIARFATIND, (H
UIRIRBIFIC I, 2 62 TOFIENE N D,

(1) & LEAFEDOHIRAA A~ 2 (masswoe) DHERERINT LV AE OFERE (massiear+ FRratio)
ZZ FEE, TORESEZFATREERNELS 72500 R DR S5, 7B, FRratio I3AK
PFT 413 1.50, HA PFT O¥4A13 1.00 #0E L T\ 5

Q) IPEEIROMIE « b LIFREIRE (massstck) WNHAEEE L T DEENAL I~ A (massiead
ZTFESD L9 THIUE, ZOmMEN T 5% ThHEEEEZEASES, (HL., BEHICA-
T 30 HUNOHBAIZIZ, ZOFIEFE»ND,

(3)Daily computation DIHEAT »v L, BETH D, FEEORBER T, 1ARY A X, 2.
WM & Bk R, S MREARGIEE. O3 -DHKNEYE b, ZRENOHKNT i
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KIBEEE max:, maxs, maxs (2 CgDM) LU TFDOXHIICERT D,

Max; = (CrOWNarea + T X CrOWNgiameter X CrOWNgepth ) X LAMax/SLA (28)
dbh ? 2
max, = ALM, x|« @b Bpeartwond + sapwood | _ 7 % I SLA  (29)
2 2 2
MaXz = MasSSavailable/ RGt. (30)

= ZCSLAEPFT I 5 2 HALD BN A v A b= ) OERRECH Y  Wright et al. (2004)
DOF—2%y NEVEEZST- (Appendix B4), 7272 L, ZOT —F & v MIERIEEIES TR

(BoND) # & £7eed, EDHEFHA 3 7 A LKE L. Reich et al. (1997)DENFA L Y SLA
EHEE LTZ,

Z 2T LAmax (X, BUEOBA R (H L, FHEIERLS) HI2 0 ITBRERERERERFETH Y |
% PFT 52 5%, ALMIZEETH Y BERFEH 7= 0 (B0 M Wi i % 753 % (Shinozaki
et al. 1964a, b), BIEEA[FEREERN N1 4~ 2% min(max;, maxs, max) & L. Z DEIZHLED
BEREANA A~ AN T2 TR, E DR DIEREZ massavaitavle 72 IV TERE S D,

Monthly computation

HIZ1E, ROTav ZANIEICEITEND, (B LEEN woody PFTs IZ oW Tl IRIRAEER 5
SHMLINITETOFIENE L, FT-EEZ B L CLIEO NPP 34 CEEEIRO A IR H
b E LT,

(1) 25l : A A~ AN 10 kg DM ZH 2 52 TOMEKIZHONT, Z 0SB 25/ TfeE
TR (massavailanie) D 10%1%, BHEICH WO D LIREL., U v X —IZHAEANOND,

(2) MORE : 2 ORRTHEET 22 TORMRTREEIRIL, LM A A~ A (masssapwood D IR
HNbiLd, ST OMPORAITTERSND ELTNLOT, EHENRT v —a 3T
IR, WA~ ZAOHKRIL, M EE(dbhsapwood & 1K (heigh) DR ZFE9 N, Zh %
NOMENE (Adbhsapwood & Aheight) 1%, LLTFIZ#HAY 5 2 -5 Trunc mechanics #1724 X 9
IZEMERIZ R D B b,

Trunc mechanics @ 1 2D, BIZEIT D31 4~ A L B2 E OB TH D, B A4
~ A, MEEREARDOE SO E L TKRAIZE>TERI NS,

dbh + dbh
ALM s v 7[( sapwood heartwood )2 % he'ght

MasStrunk = 2 (31)
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ZC ALM:IIMEE CToH Y . BoNS IZ Schulze et al. (1995) L VW EA2157-, Z LSO AAR PET

DOBAIE, SHERNT 374X 103 (g/m3), JAEERHE 492X 103 (g/m3) & Lz, ZHbDOfEIX. AML
¥y R7 w7 Q98I STV 5 HARPE R EBFEORNMEEE % | SIIER (n=24) & | ZER
=46) I L7 TH D, HL, ZNHIEEICHABENLELNKETH Y, KOME
ErHTH AT =THOBTPREGEN TV RWRICEET A2V ERDH S, 72k, EoAXT
X, BOBREAMAELIELTBY, BFOLODNAA I~ AT\ RHEE S R DB, ZOFET L
DEZRETITHRIZER EFHDOANAA AL EENTNDTZD, ZHUTEREIRFEVITEC N ESE
Z 1,

Trunc mechanics @ 2 2L, WA TRIMBEH LHORI LEDOBERTH S

-1

1 1

height < +
wood + DA, )  HGTmax

32
HGTs x(dbh (32)

sap eartwood

*:?HaﬂmxkHG%u\%m%h%ﬁiPFMﬁfﬁi%ht%kﬁ%km%ﬁﬁﬁﬁf%
%R Appendix B4 2t L= & 912, HGTmax & HGTs 1%, BVEM & IR MEIAZERT X Kohyama et
al. (1999). EHMES-EERHT Nishimura (personal communucatlon) FEH AL Takahashi et al.
@mnibm%ﬁtOML ATV TITEER TEHENF CZEME Ho 2 FRTERNE LT
WD, BIE ORISR U TIZERB RGBT o256 0830 5, £0O X 9 RGE121E,

DBH 2 EFUT ERE L 72> ThH, TORIKL RIZIfmiImR T e Lz (e 20Y;
B, K THEVWESBEL D),

(3) BHEWTEHFRE O K : HiV T, BORE RIS U CEENmEL IS5, BEROR K
HEf (X, Reinecke's rule (Zeide, 1993)|23& . ROBURTH X BN D, T 2 TALMITERT
&Y, FHERITIX 100.0. JREERNE 200.0 & 52 72,

crown,,,, < ALM , x(dbh

area SapPwWOoO

. +dbh, 6 (33)

eartwood )

2 SRR ORI IE, B AT THRGEA R CZ2[H] 2 5 0 720 & 5 RE IS D < 22 R
WEZbND, £, BHEOEREN, 4 PFTIZRE SN2 KE (CDnax) 2B Z 7200 &0 5 il
LR SRIRVIALARS

Annualy computation :

1 Fomhs BIEIZ crown disk 2% F SERBHEORN EIFA21T9 2 & T, crowndepss % T 5,
ZOMENL, 12 A 31 HIZER 7 =/ n U —IZBb 0 < 3T7E N5, FHEAT 10disk
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3% T L. 4 crown disk O S1E 10ecm ThH DD T, FMHKT 1 mEOB@BFENH N D,
T &% crown disk DEUFTRO L D IRz, £F, B Nind 5 10 B E T crown disk D%
NEIUTDWT, EE—E O statiearB it ZHHT 5, 22T statiearlIHFED 1 g4 1 HHOF|
% (in g DM g DM day DOHIFHETH Y . WA TER SN D,

1
X
SLA 10xcrown,,,,

stat,,,, = gpp, —CoSt X (34)

gppilX crown disk 7 (281 D HAIEE H 72 0 LA EGn ¢ DM g DM day 1), cost [T HA 3 E
EHEFF T A2 DI ERETHY (ngDM gDM day ), ROXTEHE L, 22 CTrlt r2
X, TNENEE L HIROMEFFERHEE TH Y (g gt day ), K24 5 PFTwICEH SN D,

—. (35)
365 ) FRratio

cost:(r]+RGfxTOf]+(r2+RerT0fj 1
365

Z D statiear DVEF—FEMOEGH %, Bk EL A v—L ORI Tik L., 2D ALMLLT TH
D, REPORBIESORIBRIEFRENPEN LT oD E Lz, 7272 L. crowndeps 7 1 mEL T &
DX DTIERN B E L, o, BN BIFTE L A iR, 7o & ZORRENSGE

SNZELTH, BOEELDIT DI LIFHRRWE Lz,

F7o. RIUEIC—E, BUEAEZ FFHORHZEN TV D Fa~AKCEBE S 7, 2, BA
MIERZEM DB 5 F A~ A MIE L TN Z & TRERENENT 2L 2RB LD TH D,
IO X ARG HT-0IE, SEIB-DGVM [ LEAR DR 23 F U4 %A S Rn 2 & 2 RE
LTEY, ZOaEEZEANLRWIRY | B OFHIE & o TEAROED R I HIR S 41,
L ZBERTH THBIEBABD L7 > CLE-TONEETH D, B, #HEEOFR
DOALEDSEHEEER O3 ET 2 F TEHEITBEI ATRE L L, BHEO R KB ENHE L 20cm/year &
E LTz,

BEARDRE (daily computation)
HAROEEN—F 3, EMMIZOR 1 BERBTHECHEND, ZOL—F  TIELLTOFIA
DINEIZFATS DM, FIHATRRRERNRE L ZATEILEND,

(1) RONA A~ ABFEN, LEE (gmassr FRratio) \ZFEL TWRITHIE, TOfMES%4E
PET D,

@b LITEERENBFRE L CWAEERELZ FEDH X5 Thhu, ZomEn—HT 5 £ T
BRSPS E5, AL, BEHICA-T30 HUNOBEAEIZIZ., ZORXT v FI3E N5,
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(3) HEDOBAFEN, H LAI (Jazp:in m2/m2) @ —i# [l running mean (23 L TV W & & (203,
FHUCET HETEEZRESES, T 2 Tl LAT &% nppe R KIZT 5 LAI THY , LLTFD
BHEA966)ORUITME-T 1 H I EICEIEND, 728, nppeX gpps — cost x laid SLA & 7EF
., 19 &34 LvFEiashb,

In par,,., —In Poat | (1 _ cost | SLA )21
lue 0.09093 xdlenx p_,

lai,,, = e (36)

(4) Z O TEEL TWARIHATRE/ZRE IR (gmassavaiabie) 1%, & TEIEICHNGILD EBE L.
A=A AND, 7272 L, & OBFEWFRIIREMIZA - T 30 HLUW, 27 ER 100g
DM m2 % F[a % KR ZIZAE Ui,

BT (FELLADOERIZ L D)

FETIEL, AA PFT TOHBIRIZHVY, HA PFT TidE W Turnover rate (2 & - CHIFEAYIZE
BIND, KARPFT O/ —F NIHFIC—E FRICETIN D, £DIRT X, Background
mortality, Heat stress. Bioclimitic limit mortality ¢ 3 FE¥EDIET-RDEFTH v (Sitch et al.,
2003)., MAFEICHHENS, ek, FHO NPP 23 10 DM g UL FOM[E, #OEED 1m &8
Z T BIRIE, #HE 200 4E(25E L7- TeBS & BoBS Ok (3 X OMis 500 423 L= st o
KA PFTs i) 1%, 3<ITHTTDE L, £io, Bl —FELPNITER LIEARKITIER R0 &
L7z, T, TNENDOHEEDERIZOWTHD,

Background mortality £, slEZRITIGZCHTERTH S, MENFIFTRIEA b L A~DMHMED B
WRIE & LT 5TV 5 (Warning, 1983), Background mortality (2B L T, FEHER 72 BRI
fFELZ2W =, SEIB-DGVM Tid, WD LD IZEFK LT-, T 2T anpp 1 ZEOEKRD 14/
OfiAER (g DM) . lamean /T E—FMICI T 5 HRERFE (m2), £L T MI ( <1.0)
EM2 (21.0) 1T, BAKPFTICEA LN TWENRTA—Z—ThD,

M,
anpp

M2 Iamean

(37)

Heat stress |C L AT L, ZEHFMAAR PFT @ 3FE (BoNE, BoNS, BoBS)IZ>W T DA R
Mo THIHE 2, Zhix, €57, /T A —4%—32 LPJ-DGVM (Sitch et al 2003) L v #37=,
B, tmpaldit d BIZBIT5KIRTH 5,
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365
min{l.O,Zmax(0.0,tmpair(d) ~23.0) /300} (38)
d=1

Bioclimitic limit (Z X 23E 1%, 4 PFT MICERE SN EFARRRREHBCHY . 7L, N
7 A—% —3L|Z Prentice et al (1992) X W #57-, £ D52 FIXHM T, #MZE 20 FEICHB T H5& D
A OFEKIEN, woody PET fHIZED HNTME (ONT A= — 1 TCOnin) % FlEIFUE, D
PFT I35 CEXRNEWVWI LD TH D, Fio, %%‘ﬁ?ﬁ“%ﬁ%ﬁ(EoNE)@ﬁ IZOWTIL, b
WH LR BIEPOA & OFERIRDOED, 20 FRIOFET 43CE2 TR THEICH, AT
e Uiz, BT LEIRIL, 2ORTONRAL I~ ANY Z—| _#ﬂﬁLiﬂéo

#EL (kK)

BEELER & LTI EDBERE LTz, KKET /LI, Thonicke et al. (2001)7% LPJ-DGVM
~OMIARNCEFE LTZET VAR Lz, ZOFETICENT, kKL biomass & litter DA
23200 g Cm2 LU EEFE L CWDEEICOBRFEL, TOHEO 1FEMO KSR EmRIT, TARX
DS 1 EEKEOEBKE LTEZBND,

S X exp s—1 (39)
0.45(s 1) +2.83(s —1)° +2.96(s —1)+1.04

BL., ZBHsix

365

s= ) exp

day =1

365 (40)

2
[ podlyy 1
W..xDepth,, m,

sat

Z 2T melI AR L BEARIZHT HIKEOENEMIET HHETH Y, (M EEARA A A~ A/
HARNA T~ R) X 0.3+ FEFEAR NS A F v A B AASNA F = R)X0.2 LEFR LI, B, Kk
SR U © AR TR E 2 W ERE LT,

KEIFITH T DARROAFERIZIZ, PFT HICFRAOEDR 52 5 d (Ms, Appendix B5), Z Of
t, kKFEAEET VL EFR UL Thonicke et al. (2001) & W #5372, kKDL& UKW CTlE, BEADH
AL T R BARRERDEERE S A A~ A BEIELTEARKROG N, T~ ADN5y, V24—
— VDM CO2 & LTSNS ERE LTz, L LIZAKRMEED EFRLIS DA < 2T,
BTV E—T—~LBANLND & LT, RTOEEEPFT O¥ER 7 =/ a o —34t7 L &
Nb, b LSS, A PFT OiTEE IR R (gmasssocd) D EEKAE(50 g DM m2)% FE[% X 5 T
b, TOREDE Y X =IO S ',
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+ 5T

HIWC—BE, V& — & BRABIRFE O M THON D, SEIB-DGVM Tl HHErFI i f (2 b i
#EEE7 /L DEMETER-1 (Foley, 1995) D U & — « HRAIRFBDMET V%2, —HOD/T A —
B — R B LT L, U Z —OFEBSIRE k(year )X FXTH X HILD, 22T aet 13
AR OZRFE IR (D mm year) TH D,

K — min(l 0 10(71.4553+0.0014175xaet)) @1)
| = -Y,

SHRSNTZD X —D 5B T0%ITREHIC COz & LT S 7% 5 30%78 THEAT RS bR ITHLA A
END, TDIH 98.6%ILH R D3 ARIHE 2 RO EHAIRE T — v (poolsemsing C/m2) (T

1.5% 7N B W iR FE A R TR IRE 7 — I (pookoemz in g C / m2) ~BIM&EN 5, [HLL
Foley(1995)121E W, Hijl 20°CIZ 3517 B HHEA IR 3R O -4 turnover Ri# (7O, TOsiow in year?)
. TRER 115, U750 year! LiEF# L1z, THINOOMFREIZ, Zhb 3RADOFEREDE
Fre LT, A—REREMRE NS, 2O A MR (kiin month'l) TR TH 272,

k= {TOH

12

ZZTg & i, WGEEICBITDRE L TEGSKEDRELERT LB THY . TNER
K CTERIND, 2B, tmpsoi\ZIXERT 1 » H OBENIFEE 2 AJ)3 5 (in Celsius),

xg(tmp,,,)x{(pool )} (42)

1 1
(tmp_,) = 308.56 - 43
SN o) = 5P *166.02  tmp. +46.02 *3)

pool,,

f(pool ,,,) =0.25+0.75(
POy .« X Depthy,,

(44)

728, Foley(1995)1%. g(tmpsoidlZ Q10 % FAWT-FaEU B A E L TV DAY, Z VT KIRRIC
B B L ARIEFE 28/ MZEHE LT L& 9 © T, SEIB-DGVM Tl Lloyd and Taylor (1994)

DIREEZMERE W, ek, oS BERFITATCO & LTSNS,

IRT A =5 —FHBDO—F]

BEXRPFT

FRARERICBWT, WEEL R bR BET 2 DITFEFKETH D, M EHFER NPP %
ANPP (g W #/m2/year), KKk E%Z APPT(mm/year) THR$ L, 7 A U A HRSEFIZ BTl
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¥ ANPP=—34 + 0.60 APPT. 7 V7O FEFUZELBWT ANPP=-30 + 0.59 APPT & EiR[A]
BT D Z LA TE 2% % Sala (Q00D)I1TR Lz, MRITAWCESEITRY | 272 % KEERHSHA
7uIMT, ZOBAICKREIRENRNZ ENGND, TI T, ZOBBRNKRET NV THATE
HEDIT, BT NVERE L, T AU DFRIEED 2 7 Osage Prairie (Oklahoma, N36.95,
W96.55) & Central plains experimental range (Colorado, N40.82, W104.7)IZ8\ T, EHLFIC
T U7 BSFERER 2 AT — 212N T 100 EFH D> X = b—3 a3 2170 APPT & 100
- H DR ANPP & OFORRZ G-, £ LT, C3EAL C4 EATNZEND PMAX % i+
5HZ X o T, ZOBf%R%E Sala (2001)DENFXITIE ST e, Z2d, ZOYIal—va TR
AKDEFIFTECRNZ L ZUEL TWD, FEOMRZM 5 1R T, WThOLFTThH, £
KEAY 400mm/year LA FCix, ANPP (ZFERFEAKRICED LT —EIZEONTLESTCH DD, #4
CTRAEDMmEZT/ERT L LN TE T,

AKX PFT

AAPFT OEIRECEEFLIZ T 280D /RT A — 2 —(PMAX, ALM;:, ALMy, LAmax, Pestabiish, M1,
and Mz) ZFHFEL, ¥ a2 b—va M E FEHME & OFT (DO EIREE S/, =L
TQBRRBORERE, OMELZETST 2, ZOFIMEIZLY , FAROBREL AEICBIT ok b
AR FFEPN BB INDITT Th D, 2RI, BIFILHRRO YA XHEE & BUFARARNA F~
R b F BB IARRY A XM OBES & HRIRDOEFEN L 2 | BRI LR THLNETH D,

Z DFEEITIEAAR PFT HI2ATV, ZNENDAAK PFT % exclusive 728 5Tl & 925 45 OEIRE
T—H2EFH L TITo7z, EEIEEICB T 2 b—y 3 U Cld, iR OAR PFT O A0
EBRETEDE LT, BT A MIBWTHEFEARIR & FERKE L DHE SN TWD5EITE.
ENHIZEDLETET VAT —2ZM L LI, Thbb, KJURT —ZIZiX—EELE 2 LED
52 ETHEEHKIRZ FNICADLY, BNRITERMNSET 2 2 & TERKELZ FZRIZAE DY,
FEHKIRZ ML LA, RUELAHEICO R L, £, EaDOANMELHEMEICE D
HCAN L, ZOPFHEOHEREZK 61277, 723, #5FE) TrBR, TeNE, BoNS 7> bRk S i
HERMOBNEET — X 2 AT 5 Z ENHKRNST2DT, ZbD/RXT7 A —4%—(PMAX, ALM;,
ALMy, LAmax, Pestavlish, M1, and M2)\%, ZiLE 4 TrBE, TeBS, BONE Ot O %#F|H L7z (H L,
TrBD ® PMAX Z 2T ld, Wright et al (2004) D7 — 4%+ > k X 0 11.9 pmol mol-! COz m—2 s-1
LIEZEET),
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Appendix A

Al. 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 (¢£mpaiin °C ):

(A1)

ap =1013.25x eXp( ~0.2838472x 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 = ap x humid . (A2)
0.622+0.378 x humid
The saturated vapor pressure vpsa (hPa) was given by Tetens' equation:
7.5tmpy;,
VP, = 6.1078x 107 MPer ( tmpair > 0.0) (A3)
9.5tmp,;,
VP = 61078107 (tmpair £0.0), (A4)

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

pressures:
vpd = VPsa — VP. (AS)

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

7.5tmp,;,.

_ 6.1078x(2500 - 2.4tmp,,,, ) 10773+ mp.;

slope. =
PCops O.4615(tmpal., +273.15)2

(tmpair > 0.0) (A6)
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9.5 tmpair

6.1078 x2834.0 xlom

slope, = = tmpair < 0.0). A7
P = 0.4615(tmp, . +273.15)° (tmPair < 0.0) (A7)
The density of air dnsa (kg m=3) is:
dnsa=1293— AT & 11 _0378¥P |, (A8)
tmp,,, +ZAT  1013.25 ap

A2. Solar radiation (computed daily)

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

equations:
sin(Slhgt) = sin(LAT) x sin(Slgec) + cos(LAT) x cos(Slgec), (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/sd ); 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

Slhet'
radintact = 1367 x sin(Slhgt) X (ESDmean/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 ZSDmean represents the annual mean ESD (=1.46:108 km).
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(ESDumeanl ESD)? can be approximated by:

(ESDmean/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
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) as

follows:

rad = radintact X ( 0.8964 — 0.5392 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 gifuse = rad x [ 0.958 — 0.982 (rad/radintact) ] (A15)
rad giect = rad — rad gifuse, (Al6)
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 gituse = 4.2 x 0.57 x rad giffuse (A17)
par giect = 4.6 x 0.43 x rad girect (A18)
par = par giffuse + P 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).
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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:

radnet eq = [rad x (1 — albedo veg) + radnet ong] x (1 — ir) (A20)

radnet soi = [rad x (1 — albedo sii) + radnet ong] x i, (A21)

where iris the shortwave interception by leaves:

Ir = exp{pzﬁ: (— 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 0.24 for forest biome and 0.15 for other biome (Jones 1992). On
the other hand, albedos.i was assumed be a function of soil albedo (ALBEDO) and the amount

of snow on the ground:
albedo i = ALBEDO + (0.7 — ALBEDO)/[1 + exp(—0.05(p00lsnow—70.0))]. (A23)

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

formula:

radnetiong = 5.67 x 107 x (tmpair+ 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
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equation (15):

Pp = w , (A25)
Py +lUex X

where psar is single-leaf photosynthetic rate under light saturation (in pmol CO2 m=2 s71). xis

the PAR at the top of the leaf layer (in pmol photon m2 s-1). In woody PFTs, we substituted

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,,,

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

(for C; PFTs)  (A26)

lue = 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):

ce

(tmp,, T, tmp,, —T...)
— air max air min , A29
” (tmpair _Tmax )(tmpair _Tmin)_(tmpair _topt )2 ( )

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:
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topt = Topto + 0.0l C020e|| (for C3 PFTS) (A30)
topt = Topto (for C4 PFTS), (A3 1)

where Toprois the minimum value of Zop¢ at a very low coZeen. For grass PFTs, top:1s assumed to
be a 20-year running mean of air temperature in the growth phase (maximum range
10°C-30°C for TeH and 20°C—40°C for TrH), because grass PFTs includes a varieties of

species adapted to a wide range of climatic zones.

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

co2,, —co2,

ce,, =0.30+0.70 x - (for C5 PFTs) (A32)
+coZ2,,
co2,, —coZ,,

ce,,, =0.50+0.50 x - (for C4 PFTs), (A33)
+co2,,

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 psaz, 1s as same as statwater

Cewater = V Statwater * (A36)

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:
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Gsbz x ptop
X1+vpd/GS,,)"

Sip = GBSy, +
Pop " (co2,,, —co2

cmp

(A37)

where GSpi, GSpz, and GShs are PFT-specific parameters; gszwp affects the intercellular COq

concentration (coZ.erin pmol mol-1) following Leuning (1990):

ptop
S, /1.56°

top

C02,, =C02,, — (A38)

cell

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

we calculated prwp, lue, and gswp of each PFT every simulation day.
Ab. 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 (A39)
Depth ma

1.4
(pOO]W(J) /Dept—b(y) B Wmat :| , < pOO]W(U < VV[I (A40)
W W Depth,,

sat mat

pny, =(prec,,, —ic +twh1 —[

p-n(o) = 0.0 s Wﬁ < M, (A41)
Depth ,

where Wpma, 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(2)
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= 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:

K o)
pool ., | Depth ,, - W ool
pn, =K_,  \pool, , —W,;x Depth, ) PO i
() 1(n) ( () fi () W Sat_Wﬁ' i < Dept]z "
(A42)

K
pool, .,/ Depth ,—W, .\ """
P, = Kul(n)(poojw(n) =W oar X Depﬂ%n){ o/ <2 t > W poo!

w(n)
Ws‘at _Wmat ) Deptb(n) < !
(A43)
pﬂ(n) = 0.0, pOO] w(n) <W v (A44)

Depth ,

The coefficients Kuitw), Kuzw), Ksit, and Kszw) 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) — 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:

0.5xradnet; xslope
695{slope

ws T1012xdnsaxvpd x ¢

aero ’ (A45)
+ 0667(1 0+ Caero /C50i| )}

ev,, =dlenx

vps
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0.5x radnet,,, xslope,,, +1012xdnsaxvpd xC,., .
tr,,, =dlenx —ic, (A46)
695{sl0pe,, +0.667(1.0+ Cpery / izt )

vps

where 0.5 x radnetves 1s the daily average of net radiation at vegetation when daily change of
radiation was approximated by sin2. The constant 1012 is the specific heat of air (in J kg!
K-1), 695 is the latent heat of vaporization (in Wh kg-! H20), and 0.667 is the psychrometer
constant (in hPa K-1); caero, Csoi, and ciear are aerodynamic conductance, soil surface
conductance, and canopy conductance, respectively; caers, aerodynamic conductance is

proportional to wind velocity:

~ 0.41% xwind

aero ~ 2 (A47)
[log(a)]

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 17.4 for forest biome and 146.0 for other biome. csi, soil surface

conductance, is in proportion to the fraction of soil layer 1 that is saturated with water:

2

) poolw(l)

Cyy = 0.0224 x min| | ————@__| 11, (A48)
Wfi 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 m2 s71] to [m3 HoO m=2 s-1].

Due to the limited water availability, evapotranspiration rates were reduced from their
potential values, evpm and trpm, to their actual values, ev and {r, as approximated by the
quadratic functions:
0.85 (3.0xev)2 — (a + evpm) (3.0xev) + a x evpy =0, (A50)
0.85 tr* — (b + trpm) tr + b x trpn =0, (A51)

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

poolw@—Depth@x Wwilt). Actual evaporation and transpiration rates are as follows:

(a+evpm)—\/(aJrevpm)2 —4x0.1xaxev,

ev = , AS52
2x0.1 ( )

. (b+tr,, )—y(b+tr,, J —4x0.1xbxtr,,
2x0.1

: (AS3)

Actual evaporation, ev; is charged only for soil layer 1. Actual transpiration, fr, is charged for

soil layers 1 and 2 in proportion to the soil wetness of each layer.
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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

Mortality

Disturbance

Climatically favored PFTs establish as small
individuals.

Annual NPP per leaf area, heat stress,
bioclimatic limit, and fire

Fire as an empirical function of soil
moisture and aboveground biomass

Sitch et al. (2003)

Kistler et al. (2001)
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B3. Parameters and constants in the model’s equations

Fixed parameters (begins with a capital letter)

Soil properties (Grid specific)

Wat

Wi

Winat

Wit
ALBEDO
Depth

: soil moisture at saturation point (m m-1)
: soil moisture at field capacity (m m-1)

: soil moisture at matrix potential (m m-1)
: soil moisture at wilting point (m m-1)

: soil albedo (fraction)

: depth of soil layer n (mm)

Soil properties (Global value)

Kuiw, Kuztw
Ksitw), Ks26)

Location
LAT
ALT

: percolation coefficients of unsaturated soil of soil layer n (dimensionless)

: percolation coefficients of saturated soil of soil layer n (dimensionless)

*latitude (degree)
> altitude (m)

Allocation and Allometry (PFT-specific)

HGTmax
HGTs
LAmax
CDmax
SLA
ALM;i, 2, 4
ALM 5
FRratio

* maximum tree height (m)

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

 maximum crown diameter (m)

: specific leaf area (one sided m2 g DM-1)

: allometric parameter 1, 2, 4 (dimensionless)

: allometric parameter 3 (g DM m—3)

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

Respiration and turnover (PFT-specific)

PNy s, r
RM

RGt s+
RGstockin
RGstockout

‘nitrogen mass per biomass for foliage, sapwood, root (g N g DM-1)

‘maintenance respiration rate at 15°C for unit nitrogen mass (g C g N-1 day-1)

‘specific growth respiration rate for foliage, sapwood, and root (g DM g DM-1)
‘growth respiration rate for stock resource (g DM g DM-1)

‘growth respiration rate from stock resource to available resource (g DM g DM-1)
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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 CO:2

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

tmpair : air temperature (°C)
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tm | Dsoil
cloud
prec

humid

wind

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

: daily precipitation (mm day-1)

: air humidity (g g1

: wind velocity (m s1)

Woody biomass (for each individual tree)

massieat
masStrunk
ImassSroot
ImassSstock

massSavailable

Grass biomass
gmassSieat
gmassSroot
gmassSstock

gmassSavailable

: leaf biomass (g DM)

: trunk biomass (g DM)

: fine root biomass (g DM)
: stock biomass (g DM)

: available biomass (g DM)

: leaf biomass density of grass (g DM m-2)
: root biomass density of grass (g DM m-2)
: stock biomass density of grass (g DM m-2)

: available biomass density of grass (g DM m-2)

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

height
CroOwndiameter
Crowndepth
CrOWnarea
dbhs, pwood
dbhheartwood
la

Ilamean

: tree height (m)

: crown diameter (m)

: crown depth (m)

: cross sectional crown area (m2)
: sapwood diameter (m)

: heartwood diameter (m)

: leaf area (m2)

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

Photosynthesis conditions

Ptop
Dsat
lue
CO?cmp
€0Zcell

topt

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

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

: CO2 compensation point (imol CO2 mol air-1)

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

: optimum temperature for photosynthesis (°C)
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ZStop  midday leaf stomatal conductance of H20 on top of the leaf layer (mol CO2

m-=2 s-1)

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

ZStop  midday leaf stomatal conductance of H2O on top of the leaf-layer (mol CO2
m-=2 s-1)

CcCONwood : stomatal conductance of H20 of tree canopy, day time mean (mol HoO m-2
s1)

CCONgrass : stomatal conductance of H20 of grass leaves, day time mean (mol HoO m-2
s1)

ccon : stomatal conductance of H20, day time mean (=cconwooed+ cCONgrass, mol
H20 m—2s1)

Production

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

gppi : gross primary production of each crown layer (g DM day1)

8PPg : gross primary production of grass layer (g DM day-! m-2)

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

statieat : benefit per cost of mainaining leaf mass (g g-1)

Other metabolic variables

lai : leaf area index of each PFT (m2 m-2)

laig : leaf area index of grass layer (m2 m—2)

Statwater : state of water availability for each PFT (varying 0.0—1.0)
qt ' temperature sensitivity of respiration (dimensionless)

Soil water cycle

Precrain : precipitation, rain (mm day-1)

Precsnow : precipitation, snow (mm day-1)

p00olwe : water content at soil layer n (mm)

POoOlsnow : water-equivalent snow depth (mm)

tw : snowmelt rate (mm day-1)

pn @ ! penetration rate for soil layer n (mm day-1)

ev : actual evaporation rate from soil layer 1 (mm day-1)

eVpm : potential evaporation rate from soil layer 1 (mm day-1)

tre) : actual transpiration rate from soil layer n (2= 1 or 2) (mm day)
trpm : potential transpiration rate (mm day1)
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ic
aet
Caero
Csoil

Cleaf

* 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
vp

: 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)

: actual vapor pressure (hPa)
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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, ALM:; ALMs; HGTmax HGTs FRratio SLA LAmax CDmax

m’

(M (ratio) SRR

T wy ™

TrBE 7000 200 492000 0.50 76.5 1650 150 0.010 5.0 30.0

TrBR 7000 200 492000 0.50 35.0 1500 150 0.013 5.0 15.0

TeNE 4800 100 374000 0.38 43.0 65.0 1.50 0.004 4.0 15.0

TeBE 4800 200 492000 0.38 17.0 1543 150 0.007 4.0 15.0

TeBS 18000 200 492000 0.23 37.0 1590 150 0.015 5.0 15.0

BoNE 5500 100 374000 0.20 35.0 130.0 1.50 0.004 2.0 10.0

BoNS 5500 100 287700 0.20 28.3 1643 1.50 0.015 2.0 10.0

BoBS 8500 200 492000 0.22 350 2000 1.50 0.016 4.0 10.0

TeH - - - - - - 1.00  0.020 - -

TrH - - - - - - 1.00  0.015 - -
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B5. PFT-specific dynamic parameters

PFT M]_ M2 M3 Pestab”sh TCmin TCmax GDDmin
(no (no (no (m* °C) °C) (5°C
dimension) dimension) dimension) year ') base)
TrBE 0.015 1.5 0.12 0.040 15.5 - -
TrBR 0.015 1.5 0.50 0.040 15.5 - -
TeNE 0.018 1.0 0.12 0.040 -2.0 22.0 900
TeBE 0.018 1.0 0.50 0.040 3.0 18.8 1200
TeBS 0.005 1.2 0.12 0.020 -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 0.005 1.0 0.12 0.005 - -2.0 350
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B6. PFT-specific respiration and turnover parameters

PFT RM PNf RGf RGS RGr RGstockin RGstockout Tof TOS TOr

(gC

4, (N (¢cDM (DM (¢eDM  (gDM  (gDM 1 1 4,
gN i N N 0 N . (year ) (year ) (year )
dayfl) gDM ) gDM ) ¢gDM ) gDM ) gDM ') gDM )

TBE 01 0016 156 168 134  1.10 .10 059 005  0.76
TXBR 0.1 0022 156 168 134  1.10 110 159 005  0.76
TeNE 0.1 0012 156 168 134 110 110 022 005  0.64
TeBE 0.1 0012 156 168 134  1.10 110 038 005  0.64
TeBS 0.1 0022 156 168 134  1.10 110 217 005  0.64
BoNE 0.1 0012 156 168 134  1.10 110 022 005 042
BoNS 0.1 0026 156 168 134  1.10 110 400 005 042
BoBS 0.1 0025 156 168 134 110 .10 333 005 042

TeH 0.1 0027 1.50 - 134 1.10 110 3.19 - 0.40

TrH 0.1 0.018 1.50 - 1.34 1.10 1.10 6.70 - 0.90
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B7. PFT-specific photosynthesis parameters

mol
(n N (mol (umol
mol (mol
no H,O no (umol CO;
CO, ) ) CO,mol (C°) (C°) (C°) P ) (hPa) N »
,  dimension 0 m dimension mol™)  mol
m photon ) 0 ]
1 s ) air)
S
TrBE 6.5 0.50 0.05 275 2.0 475 0.01 10.0 100.0 33.0 50.0
TrBR 6.5 0.50 0.05 275 20 47.5 0.01 10.0 100.0 30.0 50.0
TeNE 4.0 0.50 0.05 25.0 0.0 45.0 0.01 10.0 100.0 30.0 50.0
TeBE 4.0 0.50 0.05 25.0 0.0 45.0 0.01 10.0 100.0 30.0 50.0
TeBS 5.2 0.50 0.05 225 20 42,5 0.01 10.0 100.0 30.0 50.0
BoNE 5.2 0.50 0.05 18.0 -4.0 38.5 0.01 10.0 100.0 30.0 50.0
BoNS 6.3 0.50 0.05 180 -4.0 385 0.01 10.0 100.0 35.0 50.0
BoBS 6.3 0.50 0.05 180 -4.0 385 0.01 10.0 100.0 35.0 50.0
TeH 7.0 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 35,0 2.5 550 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 < LAlpax

Tropial deciduous forest TrBR 2.5 < LAlpax

Temperate evergreen forest TeNE 1.5 < LAlmax

Temperate evergreen forest TeBE 3.0 < LAlmax

Temperate deciduous forest TeBS 2.5 < LAlpax

Boreal evergreen forest BoNE

Boreal deciduous forest BoNS or BoBS

Group 4

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

Group 5

Grass land / Savannass / Steppe any 0.2 < LAlpax

Desert (arid) any LAl <0.2

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

LAInax: maximum leaf area index of the previous year (m2 m-2)
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] 0> E5i BA

B 1

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).

X2

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

X3

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

X 4

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

X5

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).

X 6

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.

50



