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Terrestrial Biosphere ~ Atmosphere Carbon Storages and Fluxes
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Global Sources and Sinks of CO,(C)
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Temporal Patterns

Anpual cycle
daily phase angle FAABONE
2 en l—cos[m‘dayi
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Litter fall relative intensity

begin_fall_date := 240-d end_fall_date := 285-d
fall_period := end_fall_date -begin_fall_date

K
@4 = 2 period
beginfall(z) := i.f[mod[ day,, y]<begin_‘fa11_date ,0,1 ]
endfall(z) .= if[mod[ dayz,y]>cnd__fall_datc,0, 1]
fall(z) := beginfall(z) -endfall(z)

l-cos[mw'[modf day;,y] - l-fall(i)}
+ (-begin_fall_date) |

startt+3 'y
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Tonatants

=1
W= 0.0009-d maximm photosynthesis rata constant referenced to persantal standlng stock
K= 275'Pg half saturation conatant for photosynthesis refaranced to total atmospharic ©
-1
If '=0.2-d aaximm 1ftterfall rata constant
. -1
wf = 0.02'y woody litter annual turnover rate constant
) -1
plOSS .z 002'y anoual satural ioss of parannial vegetation
. ploss
ap .= annval contribytion to perennial vwgatation, 0.114/y ls ratis to achieww steady state at
[0 114,},‘1} 1808 3D comtiticns
f1 := 0.80 fraction of annual litter production late organic pool 1
2 .= 0.161 fractian of annual !itter production into crganic poul 2
£f3 :=0.029 fraction of annual littar productlon ints organic peol 3
f4 := 0.009 fraction of asaval Litter production Into orgeaic pool 4
fs = 0.001 fractlon of anmeal litter production lnto organic pool §
. -1
kd]. = 14'}’ deccaposition rate constant for soil organic carbom poal 1

k41 | =0.714286 -y

kd2 = 02‘y decomposition rata comstant for soll organic carbon pool 2

-1
kd3 = 0.04'y decompositicn rate constant for soil organic cachon pool 3
-1
kg3 ~ =25-y
-1
kd4 = 0.004'y deccaposition rate constant for soll ocganic carbon pool 4

kd4‘—1 '—'2.5‘102 'y

-1
kds = 0.001 'y decomposition rate constant for soil orqanic carbon pool 3

kys T =110% +y

i -1 piston velocity for surface ocemaic ga# exchengw (1700 m/y -~ Broacker (1374), 1000 m/y
Vp = 1700 m"y SaH, 1981)
S'=5m 'd—l rinking velocity for particulate ¢

fraction of woody litter going into soil organic pool 2

fwl ;= 0.66667



flopgtant Quantitise and Initial Values

153 -1 -1 fenry's constant for CO2, 298 K. Pelates pC0Z (amm
KH = 10 ‘molC-] " -atm to E2003%; Glven as molC par llter pec atm, but note
that rhare L3 one wol of € par ml -f any specles of
inorganic € i
-6
K1:=10
-9.11 squilibriom constants for inorqanic cacbon species
K2:=10"7"
pH =382
1
o o[ KL, KI'K2
[V TIO'PH T[ - 5 traction of lnorqanic cacbon diffusing into seawater that remalns as E2C03¢
10PH]
—3
@y =5.586974-10
£ o= (29-g)
pf - 17 conwverslon factor for mess to mole fraction of ¢ In the atmospiwre
[ 12:g°52+10 -kg]
_— . . » . conversion factor for mass of C in the aboosphaze to partial
PACOIIV = fpf (760 torr 2377 tOﬂ') pressure of COZ (atm} at sea lawel. 2% g/mol  atmowphece
11
assumed. 32 x 10 kg ls total meas of stmosphers (SiM, 1981),
23.71 tarr  Ls partial pressure of wvater vapor in saturated
atmosphere at 298 K.
50 = 361 . 106 'kmz surface area of the ocean
DO - 75’!11 dapth of the mixed ccean
VO = SODO wolume of the mixed ocean
Tl-..'s ma s oorrc:,avmls ) Prajeeu adrm. mass a¥ ZovD AD
Ma,, = 880.6456-Pg inltial mass of atmospbaric carbon (600 Pg corzesponds to about the yesz 1800)

PAconv-Mag = 3.964738-10° DPMV iattiat stnsrpheric ¢ concantration

KH-PAconv-Mag =0.011701 -molC 'm-sm 42003* capcantration catculated to bs In wquilibiom

vith the atmospberic ration this initlaliration

Mvag, := 8.925243-Pg {nitial maga of aanual vegetation (lecluding leaves of woody plants)

Molg := 116.9627 Pg initial mass of quickest tumnover soll organic carbon

Mo2, := 242.9495-Pg initial mass of second quickest turnover soll organte cacbon

Mo3, ;= 394.8443-Pg {nitlai masy of third slowest turnower soll ergasle carbon

Mod, := 356.5545Pg initial mass of econd slovest tumnover soll organic carbon

Mo5, = 151.3712-Pg initial mass of slowest turnover soll organic carban

MQg, = [KH'MaO'PAconv 'VO]'[ ao]_l mt:::: :: t:.“::.::;ﬁ vf:: .&mm

MO, =6.804364°10” -Pg e chls latelalizaticn
MO, -5 -1 concantration this initiaiisation calculated directl
——'ag = 1.170077+10 *molC-1 should ba identical to inltlailetion from Mad Y

MO, := 656.2087 -Pg



€

L(MVA . f) = If-MVA-f L{v) 1s littmcfall flux

D(wl, w2, w3, wd, w5,5) := s kyp "Wl +k g "W2+K 43 W3 +k g4 *wé +k s W5 |

P(MA, MWV 5) = p MWV -MA s O } is decomposition flux
K+MA P{) L1 photaeynthesis flux
atmospheric carban "\r
DMa(MA, MWV MO, wl,w2,w3,wd, w5 »$,u) = | F(u) +B(u) +D(wl W2, w3, wd w5 ,s) ...
ay MO
+~-50+ Vp KH*MA PAconv ~
+-P(MA , MWV s)
cacbon in woody vegetation
DMwv(MA,MWV,s,u) := ap:P(MA, MWV, $) ~ploss-MWYV -B(u)
rarbon in annual vegetation
DMva(MA,MVA , MWV £, s) := (1 -ap)'P(MA , MWV s)-L(MVA,f)
pool 1 soil arganlc carbon
DMol(MVA , wl,f,s) = fl ‘LIMVA,f)-k4q-s-wl
pool 7 soil organic carbon (assumed to recelve the fraction fwk of the weody littar) ?

DMo2(MVA , MWV w2 ,£,s5) := f2-L(MVA, f) +fwl-ploss-MWV-kd2 *gew2

pool 3 soil organic carbon [assumed Lo receivw the remaindar of woody littar

DMo3(MVA , MWV, w3 ,f,s) := f3-L(MVA, ) +(1-fwl) 'pIOSS'MWV—kd3 *s w3
pool § soil organic carbon

DMod4(MVA,w4 ,£f,s) := f4-L(MVA,f) ~k qq "s-wd

pool 5 30il organlc carbon

DMo5(MVA,w5,f,s) := fS'L(MVA,f)—kds s w5

oceanls carben

ao'MO otO‘MO

VO

“S'riO'

DMO(MA ,MO) := SO{Vp’[KH'MA'PAconv—

Integration

rqu:i_,_l] ] 'Mai+dh.DMa[Mai,vai,Moi,Moli,Mozl,Mosi,MoeLi,Mosi,aoi.dayi]'
M\ra[i +1] Mva; +dh-DMva{ Ma;, Mva; ,Mwv, , 8,, soi] o
MWV, 1] Mwv, +dh-Dva[ Ma;, Mwv,, 8q,, dayi] E
Mol[;, ;] Moli+dh-DMol[Mvai,Moli,Sq;i,sol]
Moy 41 ]:= Mozi+dh-DMoz[ Mval,vai,MQZi,&pi,sql] ?
Mo, 1] Mo3; +dh-DMo3] Mva;, Mwv;, Mo3,, 3, 50, o
Modr; 1] Mod; +dh-DMod4] Mvay, Mod;, 8¢i,60i] pomt
MoS[ i+1] Mos5; +d.h-DM05[ Mva;, Mo5,, 8o, , 80'1] ;

| MA ] | MO, +dh-DMO[ Ma;, MO, | N

el mgp Speop 5300



esm for Global Carbon Storages and Flows
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maximwe annual COZ input to the atmosphera

Fmax = 40.Pg'y from future fossil fual axidaticn
FO = 40°Tg'y-1 asmumed 1300 rata of fossil fual oxidation
F -F
A= [ max 0 ]
Fo

-2
a = 0.009Pg-
g Y assumed linear {a) and logistlc (b) rates
af fossil fuel oxidation

b= 0.02782+y |

F max

F(z) 1= a*(z) +[ 1 +A.[ e'b'z]]n

-1
Fl pax = 33-Pg-y

Flg = 0.1"1'g'y‘1

Al :[Flmax-mol
Flg
¢ 1= 0.0485+y "
= .0007-3;_1
Pre = ?.'Pg°y_1
,
F(z) := meb' I T 4-[Pre-[1—e_[°°'[z]]]] e%r,tha« S ws ef
[1+A'[e z]] [1+A1'.ec z]] «p@f‘ o% scera-rids

F(60-y) =0.291831-Pgy ' F(180-y) =4.837744-Pg’ y'1
F(150-y) =2.496032-Pg+y ' F(192+y) =6.095853 Pg: y !

A'PPVOKI:nk‘ﬁ::ﬂ- 'J’D 0{5! M (Lb Wu.k/

7'Pg'y—1

ibnd

0'Pgy b | [ I !
1800y - 1800-y +day,; 2000y




B(z) = if'lz>yend ,g.pg.y‘I‘HBmax _ela'LZ“}'maXJJH.[_ | Yend ~Z] J‘ .

B
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B[ dayi]

-1
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[Yend'ymax]
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CO2 Concentrations (ppmv)
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v82 =6.552-10°
last_decade = y82 .. now
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Results

1200 ppmv [~ '

270" ppmv ‘ L g | I !
20007AD day; +1800°y 2200°AD
y2100 := 10036 3
y2110 := 110-36 y2100 =3.6-10

y2110 = 3.96°10°
decade := y2100..y2110

o =0.518296 N ;ole Soduchron on below
gz leved.
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Rasults

Celealekd Ao, 2000~ 2200 4D wittout e.q,,g:,,) b puclly
ZV:'vujﬁ{’?;F o V“cjéi[?’r?f"”«;"‘

BOO*ppmvi I T

L 1 | |

270 ppmv | I
2000°AD day, +1800°y 2200°AD
y2080 := 80-36 - a3
Y2070 := 70+36 y2080 =2.88-10
y2070 =2.52°10
decade := y2070.. y2080
Py~
M M » Pr"'\ﬁ\
2080~ 2070 R
o= Y Y § May 2080~ Mayz070 (,)w‘\ e
dh Z F[daydecade]ﬂ \\2\ (\_d-'f ac)‘,&""
decade \e u'o\ w ;n . o
R
- bele? e
a =0.328689

Mrborne fraction
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-1
F nax = 40°Pgy
Fo = 40-Tgy '
Pre .= 2-Pg-y41
cec = .000’/")/_l
A::[Fmax'FO}
Fo

a= 0.01‘13’g°y—2

b= 0.02782+y !
¢ = 0.0485y !

F

F(z) :=

max

maximm anpual CO92 input to tha atmesphora F1 max
from future fossil fuai oxidatien

isaumed, 1300 rate of fossll fuql oxidation

Flg == O.I'Tg'y-]'

[Flpax ~Flg |
Flg

Al =

A =9.99.10°

assuved limear (a) and legistic (b) rates
af fozsil fuel oxidatiom

a*(z-1800-y)
F1

= 3»3'Pg'y‘1

Al =3.29999+10°

a*day, = 18 'Pg-y-1

day, =2.1110° +y
max T_'{Prc'[l__e—{:cc‘[z-18()(.)'}(]]]:'

FIata 1800'3’”]-[ teatfe 1z 18C'Q'yﬂF(zoso-y) =8.972674+Pg-y |

F(1860-y) =0.291831 -Pg-y 'F(1980+y) = 4.837744-Pg-y IF(21 10+y) =4.233108 Pgy "
F(1950+y) =2.496032+Pg-y F(1992+y) = 6.095853 +Pg-y

-1[T T T T T 3 T ; T T
10-Pg-y |. /—\ _
o
- st
0°Pg*y N7} ] | | | L L !
1800°AD day, 2100°AD
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Resulks
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¥2080 := 80+36 o3
2070 := 7036 2080 =2.88 103

y2070 =2.52°10
decade := y2070.. y2080

Ma,5080 ~May2070

= s M -M
th Z F[ daydecade]ﬂ 2y2080 "~ V'4y2070
decade
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