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A% 238 (land surface model, LSM)2] 3F142l simple bio-
sphere model 2 (SiB2, Sellers et al. 1996a)= A 715X & (global
climate model or general circulation model, GCM) &2 Z3+ % 7]
2 ¥(regional climate model)®] WFol| A A xH] BAL &5
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radiation), =%(temperature), 5°%7]%}(vapor pressure),

S ol(upward short- and long-wave radiation), &% (sensible heat

flux) ¥ L (latent heat flux) 5 AXH A= ] 84F
71289 a2l o) 7] 7 Al S (atmospheric boundary layer)

o RjAzE A ”o}‘ &S FFelehGarratt 1993, Betts et
al. 1996, Pitman et al. 1999). 53] SiB2 g2 T2 N EHLY
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1) 2JA9] %3} assimilation) F2} FAK(transpiration) & &
17137

Aol Befsh= 3 %= (photosynthesis-conductance)

23S AT lekSellers ef al. 1992 and 1996a).
2) Ao AEZ ZFo|(phenology)S YERNE AW 2|4 (leaf

area index, LAI)= 13-SR5 7T o] & 5 o] Z th(Sellers et

719 FE A,

SiB2-Paddy, Simple Biosphere model (SiB2)

al. 1996b).

olge EA& A+ SiB2+= A EH(biosphere) 3} th 7]
(atmosphere)9] Ao 284S B} FAH 07 Wolsle] 7] 74
S el vl 7]/ 8Hmicrometeorology) 2 AINF A} £ AE
2to] A2 A e Sk(physiological ecology)d EAMT} TlE-o] E ok
A €] Sh(hydrology) | E7HAE BE 7HsskAl Hol A%
Hell Al dojuh= A @S TBHOE AY JH53lES
o mEbA SiB2E A 5& BARZRE AEo] 58 ]
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Absle] ?ﬁ%}i} s 4 A9 H(Colello ef al. 1998), EF RHOZ
59 CO, EH E9] Z(evaporation) F L ZHE A H| g}
Hog Fad gnE 7 e AHA @9 AN
2 (net ecosystem productivity) 2
FR8T F A gk YoprbdE o5 el FFs 3 A4S
T4 AT 34 wste] wE AELE wES o5t 19
o1& g sl=d ARE-E o] X thRandell e al. 1996, Sellers et al.
1996c¢, Zhang et al. 1998, Sellers et al. 1997).
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Simple Biosphere model 22 W +2 % +9 4523y

Simple Biosphere model 2 (SiB2)E AEW K &(land surface
model) 9] SFEA, T5& 918 A AR (forcing data) 2 7]
AR 73R, A FF B wsFo] 123 E
o] 5 2 Arefol 3 A K (Sellers ef al. 19962)S L E 3k
ol YFAEE thgst ANAGES 7ML e SiB2 iR
o] 29 9 EF(submodel)ol] HEA, o 7FA oo
(prognostic variables)(Sellers et al. 1996a)(Table 1) ¥ ZE&HF
(diagnostic variable)7} Al4FE oI H, o] & wlgrOZ U 7]-2]A)-
E9 ouA], H0 123 CO,9l =8kl 3 Z FKoutput data)
So] AatgolAty FAHOE FQ23 YL FES AyHH,
A 47HE 8% F 9

A HAZ F oA A 54 L ¥ (radiative transfer sub-
model)°] ATk (A 1). FoI AYEF ARE HHH2E Y
AR = ) S S = i = O]ﬁé]—oi A3 goke] I HkA}
, 5E, FHEEEYH 4 e e Yo, HE5HeR
-t B oehet ghs Al Wik o7]A o] G E g
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L2 AT E B3
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Sellers et al. 1996a).
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Rn=f;‘o”mfowF(A'”>(1—al,#)d#dA—Fth teF 4l (1)
R, = net radiation, (W m’?)
A = wavelength, (um)
o = cosine of angle of incident radiation
F, .= incoming radiation flux, (W m'z)
@i, = surface reflectance
F, 41 = outgoing longwave radiation, (W m?)

F / dl = incoming longwave radiation, (W m'2)

& = surface absorptivity/emissivity; assumed to be unity
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u , = wind speed at reference height (m s

k= von Karman's constant (0.41)

d = zero plane displacement height (m)

olgf ol a2 SWAAZ (), AT IF=0l@), w3 Wl &
WA 9Tt 7Y & E0l(z), AR TR =) E BA 2
AET2EA 2,3 z Aol A= & (2)ell Ao o] YubQl
o S50 MEL, 2,9 Akl 9] F71E AN AR GFE
wrol 277 Mol A von Karman's 4491 0415t & 348 77t
9] =ololx HsA Frk oA F7) AZHaerodynamic resis-
tance)> SHALE F IHE FHAF] wpES whodste] Ad

3 A1tk 2,3 AW AlololAe] F7)

2 (shear stress)=

o] T2 UNkY 4RSS E 4 ()8 EYERA uE AZVE

As HEs 2oz Agto] Fa Tk oA 7t oA Al
H R mek t71e A4 Feze oA, &, Co, 29
2 B ool o)A HtkSellers ef al. 1986, 1989, 1996a). ©] ¢} 7+
S GREAS 5 7] A dex Bk AR e
EF A8 gk(soil resistance)> E T ]E Zubo]] ks
FAAHRA R FUFS AAse T8 8900] ArkSellers

et al. 1996a).

ARAZ FA-71FHE 319 23 (photosynthesis-conductance
submodel)©] Atk SiB27} A& AAE A LFAS eRH
T RO EA O ARH EYH P Btk 1 AF
S AuE 4, A5 A TR0 E g Y9 T3
Zassimilation; A; mol m® s)& Far] & FH|AF
(rubisco)®] A 3FH2 B AWEE( 4y ; mol m” s"), FEIH( ’
) 283 TR AME
sHE9] A7EA B34 A s 2 A(limiting factor) S C3/C4E
Bato) =9t (4] 3~6)(Collaz et al. 1991, 1992).
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Table 1. Governing equation for SiB2 prognostic variables
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A<Min(w ., w,, w) (©))
Ci_F*
W=Vl T K+ 0K, | for &
=V, , for(4 Q)

Vo

¢ ; = partial pressure of CO; in leaf interior (Pa)

= maximum catalytic capacity of Rubisco (mol m” s™)

O , = partial pressure of O in leaf interior (Pa)
I* = CO, compensation point (Pa) = 0.5 0/S
S = Rubisco specificity for CO, relative to O,
K _ = Michaelis-Menten constant for CO, (Pa)
K, =

inhibition constant for O, (Pa)

— I
w,=(F,- n)eg(l—w,[)[cc"_*_izlz], for C3

=(F, we,(1—-w,), for 4
F , = (vector) flux of PAR incident on th leaf (W m”?)

©)

s = vector of leaf normal

€ 4 4 = intrinsic quantum efficiency for CO, uptake for C3, C4
photosynthesis (mol mol” or mol)
= leaf-scattering coefficient for PAR (w = w )
w,=V,/2, for C3

=2x10'V ,,c;/p, for C4

p = atmospheric pressure (Pa)

(6)

shyel Sao] $8 AAAGE Folo] BE Wo| S|
2] W) A48 Fold B e B4 S Fol7t
WA ik e Bl Al el 1A whE FulaT Ea
o Aol B4E 4 ()3} 2o] ABHOE AGHoIA T, YA

A3 2 EAFE (photosynthetically active radiation, PAR)®l| Tt
A A W dEol FEshA STt st 4 8)F 2

o] Yehdth
Vi, = Vo, € " (7)
V ax o V ax L= values of leaf Vpa at the top of the

canopy, (0), and under a LAI L, respectively (mol m” 5"

k = time-mean(radiation-weighted) extinction coefficient for
PAR

F,- nzF”D[f/E'L—Ll]e ‘7 ®)

}_&_]

. }_]H

SHAE A A 27 A A4S

i

F = incident PAR flux (W m'z)

0

G(ye) = projection of leaves in direction of incoming radiation
flux (W)

HNE w A @ w A6 402 w40
of datA HH o~ g BAA . w, LEL g Jt
ZEA AXEoR A4 AAS st 2 Ao /Hd(Big leaf
model) &2 A7 H Fg] 712E SiB2ol A= AHESHAL e
& F7h Ak ol 5 Fato] A9 T34, GPP)o] FEAH
(2] 9) (Sellers 1985, 1987), T8+ 2] (10)& E3 24 71543

(canopy stomatal resistance(r.); conductance(g.)=1/r. )= T-3HA &
THBall 1988).
oV —
ACZAMI VNe  *dL=A , Il )
Am, = fz,(Vmaxw ')yfe(an ');fs(Vmax[" ot ')
= Net assimilation rate( 4 ,) for leaves at the top of the
canopy (mol m” s™)
¥/ = canopy cover fraction (V<I)
N = canopy greeness fraction (N<I)
- YNQ=—¢ """
k
II=FPAR/ k
g .= (10)

g . = leaf stomatal conductance (mol m” s'l)

= empirical coefficient from observations,
9 for C3 vegetation

=4 for C4 vegetation
b=

m

empirical coefficient from observations (mol m”
0.01 for C3 vegetation

= 0.04 for C4 vegetation
b

¢ ; = CO, partial pressure at leaf surface (Pa)

s'l)

= relative humidity at leaf surface

p = atmospheric pressure (Pa)

I AL AEA22 43 710
214 112k ol sheks 2
TAAAE A9 Fae
0| 2b5}EFA ] kS A (/k] 12) tsl-oi 2]
assimilation rate; A4,)2 &, A 71F3AE gh=
A% ZAtranspiration) S BTt H A Rl #
(Sellers et al. 1996a).
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0oC
l/gc+27/b (1

AE 4= -W.) (11)
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ek (T ) = saturated vapor pressure at temperature T, (Pa)
e , = canopy air space vapor pressure (Pa)

o, ¢, = density specific heat of air, respectively (kg m?,
Jkg' K7

A,—A-R, (12)

R, = leaf respiration rate (mol m” 57

Simple Biosphere Model 2

(SiB2)9] AEf A &&

A AYA LG AR FUE
1

Potential difference
Resistance

Flux = (14)

olze Tax 4% ARYS

EF-AA-t 7114 9] o

A % (energy balance)oll A3k G olF5 AitatA Hok
R,=714V I3 (able 1). =, GHH AFAIA7} Oh7]9 A4S b= A
(sensible heat), E2] Wit A E = 7 (latent heat) 123
£ 4= 0015 for C3 A oA Fol] BA = A=Y (ground heat)Z L TE o
= 0.025 for C4 714 el yele Stk evapotranspiration) S & %
(runoff) 3} TE0] A EH 43R (water balance) 3 Al % 5&

YA R 7t FE2 A5 SRl ok 2%, #5718 1 A5 E AFsHA =HH, CO, FE e AuA Y o|itstet

3 CO, B2 AJo](potential difference)S Aol AFH &g < olFisted Ees Fr-

Table 2. Fluxes, potential differences, and resistances associated with SiB2

Flux Potential difference Resistance
H, (T.—T)oec, '
H, (T ,—T eoc, 74
H +H (T ,—T,)oc, 7.
AE o4 (ex(T .)—e,)oc,/y (7, +27,)/(1—=W,)
AE (ex(T ) —eoc,ly 27 o/ W,
AE 4 (B girex(T ) —e)oc /7 (7wt 7 )/ (1—=W,)
AE 4 (ex(T ) —e,oc,ly v al Wy
AE 4+ AE ;+AE ,+ AE (e,—eoc,ly 7.,
A.~Rp (c,—c)lp 1-67.+2-8r,
R i (Ccwi—cdlp 1-4r,
A —Rp—Ry (cmw—c)lp 1-4r,
T,,e, = C;:S](inopy air space)l A ] t)7] L% 9 5 - - EopEme] 12 ) AUeE
718 (K, Pa) ex(T) = &% TAA E85F7 (Pa)
o0,c, =379 2= 3 (gm’, I kg’ K W _pros uy gu s@ uy
4 ’;:‘; ]l";j 2+4=(psychrometric constant) W, - BroZ Ui 9t gof mu
vy 2% 7R AT 213 (s m) Ry = B ZH ol ' s)
ry AW} CAS Afolel 271918 A (s m) Cm = T ATeINS o EE (P
v CASS 28 4% Abelsl 719914 4% Ca = CARIAS) CO; 25 (b
¢ m) oy — (2% e Co, Bhol e 4w
7. = £ 9% 29 71T AF (s m?) Al 25k (Pa)
Y ot - AR B A @ EFEE AF € soi = BFERAAN €O, E3H(Pa)
(s m™) b = t718 (Pa)
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Vegetation type Soail type

(Static parameter) (Static parameter)

| |

Calculation aerodynamic properties for turbulence

transfer.

|

—

SHAE A A 27 A A4S

program flow

subroutine

Meteorological data

Forcing data (Variable parameter)

Canopy morphology
(Variable parameter)

Calculation of interception & drainage of rainfall

Effects of partial snow cover.

|

and snow. (Table 1.(b,c))
I / Effect of snow surface morphology and
l water storage.
Radiative transfer calculations and partition of P Temperature change due to addition of
radiant energy. \

precipitation.

Calculation of downward long-wave

Calculation of canopy and ground temperature.
(Table 1.(a))

!

radiation.

Aerodynamic resistance

Calculation of Energy, HoO and CO: fluxes.

(Table 2.)

Canopy & Ground boundary layer

'

Calculation of interflow, infiltration excess and

loss to groundwater

output of results

-

resistance

Canopy photosynthesis using stomatal
resistance(Table 1.(d))

Calculation of snow melt and refreezing

Fig. 1. The brief chart about SiB2(simple biosphere model2) running flow.

AB7A AeE 717k HREHL Fig 17 2 2A2
SiB2 Wi-oll A ALtE oA A Tk
SiB29j9] = B A8

opAlolA o A WA o g B £ s AR §H =&
SiB2ol A ® g AL A=A)/C32 &% Y(agriculture and C3
grassland)®] 215 7]558(plant functional type) 22 #F3led &

olaisl B T us)Ae 852 Balo] =9 Auw o

W24 (energy balance)S Arsj B W, wlo] Ajul 2] EAlo]

2 Qe =R ] %H Al =H, ofol wet thE 9]
(land cover type)Z At Zol7} &S A 4= T} (Tsuka-

moto 1993, Aoki et al. 1998, Luo and Goudriaan 1999).
B0 AAAAEA =X A AHE FAHCE
AEH ANUAFA] 54, =9 E?ﬁ} a8
3 2 S8 #ate] Aulss)E 3k

Fig. 2= =M 9 #54 ouvA 4 4 SiB2E

% ol 24
sl 9]
L B

—4734%—4 Aol & Ye 2 it #&52 UV]" 3H4 3
o] syl 74 F(close path) FaEARIH eddy cova-
riance technique)S ©]-&3}1% 0™,
SiB20o|H, e dEAEE AU FYA
A AEE AT By 15
A=3

Fote] doj &

Z2 B=0 =
S —IE
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Fig. 2. Comparison of simulated and measured energy fluxes for July
15-17, 1999 in Sukhothai paddy field, Thailand. The upper and
the lower plates result in the original SiB2 and the SiB2-Paddy
simulations, respectively. (Rn: net radiation, 1E: latent heat flux,
H: sensible heat flux, G: soil heat flux, W: paddy water heat
storage, Obs: observation, SiB: simple biosphere simulation

result)
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Fig. 3. Transfer pathways as conceptualized and parameterization in
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Fig. 4. Annual mean trend of Runoff(R) and Precipitation(P) in Chao
Phraya river basin in Thailand during 1975 to 1999.
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Application of Simple Biosphere Model (SiB2) to Ecological Research

Wonsik Kim and Jaeil Cho'
Research Institute of Basic Sciences, Seoul National University
]Department of Civil Engineering, University of Tokyo

ABSTRACT : The Simple biosphere model 2 (SiB2), which is one of the land surface models, simulates the
exchange of momentum, energy and mass such as water vapor and carbon dioxide between atmosphere and
biosphere, and includes the biochemical sub-model for representation of stomatal conductance and
photosynthetical activities. Throughout the SiB2 simulation, the significant information not only to understand of
water and carbon budget but also to make an analysis of interaction such as feed-back and -forward between
environment and vegetation is given. Using revised SiB2-Paddy, one sample study which is the evaluation of
the runoff in Chaophraya river basin according to land use/cover change is presented in this review. Hence,
SiB2 is available in order to ecological studied, if revised SiB2 for realistic simulation about soil respiration,
computing leaf area index, vegetation competition and soil moisture is improved.

Key words : Chaophraya river basin, SiB2-Paddy, Simple biosphere model 2 (SiB2), Soil-Vegetation-
Atmosphere interaction, Water budget
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